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specificity 
Although scattered reports indicate that a small herd of hoats has 

been spotted near Tuktoyaktuk, Canada, it is believed that the heat à 
pictured above is the only one in captivity. Upon capture, experi- Cell-mediated 
ments were begun to study the breeding habits of the creature. 

These were very difficult with one animal. We did note, however. x - 

that the creature becomes very excited during intense lightning immunity 


storms. It is hoped that another hoat will be found for further . 2 
experiments. In the meantime. a hoat trap is being designed. 
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ognized and rigidly controlled 
diets and dietary ingredients. 

Recognizing that the basal 
diet is the factor generally most 
responsible for variation in bi- 


ological response, we enclose protocols show- 
ing the exact formulation and control inspec- 
tion with each polyethylene-sealed diet. 
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We can help you with special 
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vision will formulate special diets 
at a very nominal charge, and 
keep your formulation in strictest 
confidence. Just write your spe- 
cial diet requirements to us. We 
assure youourfullest cooperation. 

Write today for our new and 


free Diets Manual. If you wish, we'll also mail 
vou our free Research Biochemicals Catalog 
containing over 3500 items. 
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Ir is, of course, a welcome sign of the times that the 
Department of Education and Science and the Com- 
mittee of Vice-Chancellors have started talking over 
the problems that will arise, a décade from now, when 
the numbers of people clamouring at the gates of 
British universities will be 40 per cent greater than 
at present. The educational system may comfort itself 
. that it is merely the victim of its own success, for the 
number of qualified candidates for entry to the univer- 
sities is in part a reflexion of the way in which the 
secondary schools have been able to educate decently 
still larger crowds of young people, and it remains a 
sobering truth that the sixth-forms of British schools 
are still the fastest growing parts of the whole system. 
But is this enough ? And is it sensible that the univer- 
sities should pow be talking to the government about 
the projection of the present system into the seventies 
without substantial changes in the structure of British 
higher education as a whole? With an election round 
the corner, it will be a feat of great bravery if the 
Department of Education and Science goes out of its 
way to encourage radicalism among the vice-chancel- 
lors, and that is not a tendency to which they easily 
fall prey. 

For others, to whom the health of the university 
system is as important as to the professional academics 
and the Department of Education and Science, there 
are elements of farce as well as tragedy in the present 
situation. The most serious complaint is that the 
present troubles have been plainly in the offing 
for several years, ever since the first publication of the 
Robbins Report in 1963. In spite of a gargantuan 
increase in the numbers of university places available, 
there has been a chronic problem in squeezing into the 
universities a quarter or so of the people who have 
been formally qualified. If now there should be a need 
to prepare for the shortages of the seventies, why has 
there not already been some serious effort to increase 
the existing capacity of the universities to meet the 
present need ? And now, with polytechnics in existence 
as an alternative system of higher education variously 
known by euphemisms such as “parallel” and “binary”, 
would it not at least be logical for the Department of 
Education and Science to be clear in its own mind 
whether it really wishes to pursue this divisive develop- 
ment ? 

The most striking measure of the difficulty created 
with the new system of polytechnics is the way in 
which the problem is ignored in polite academic society. 
People do not wish to incur the odium of pulling 
skeletons, even fresh skeletons, out of the cupboard. 
But what will be the outcome ? On present form, the 
universities will continue with something like their 





Crisis (continued) =~ 


present methods of selection and will thus secure as 
entrants a substantial proportion of the gifted people 
in the British population. Justly or otherwise, the 
polytechnics will be labelled as second-class universi- 
ties. It is true that the more ambitious among the 
polytechnics will do their best to be like the good 
universities, and many of them will no doubt come 
close to success, yet the going will alwa ys be hard. 
Research grants will be hard to come by. ‘Teachers 
will usually prefer to teach at accredited universities. 
The built-in anomalies in the government of the 
polytechnics will be a brake on innovation except when 
such an institution has the backing of a vigorous and 
even ruthless Jocal authority. The central government 
will shy away for as long as possible from the awkward 
questions about the ways in which these institutions 
should be financed. 

For as long as the polytechnics are comparatively 
undistinguished institutions, the universities will tend 
to ignore them, but signs of successful development 
will in present circumstances only exaggerate the 
tendency of the universities to emphasize their academic 
character, already too much in evidence for the times. 
And the result will be not merely a waste of the national 
resources represented by the expenditure of the 
University Grants Committee and the local authorities 
which act as sponsors for the polytechnics, but of the 
potential talent now likely to be less fully developed 
than it might be. In these circumstances, it would 
do the academics credit if they roundly declared that 
there is no point in having discussions at the Depart- 
ment of Education and Science about the immediate 
problems of the universities if there is not also a 
promise that there will soon be a chance to re-examine 
the basis on which British higher education is being 
planned. 

To imply that the universities have neglected funda- 
mental questions for those of more immediate interest 
is, however, unjust, for even short-term issues have been 
neglected. Several years have now gone by since it 
was first recognized that there must be a reform of 
the interaction between the universities and the schools, 
yet the schools continue to provide too specialized an 
education and the more liberal aniversities are then 
impelled to undo some gf the educatienal damage 
which has been done. In"recent years, studies like 
that of the Dainton Committee have demonstrated all 
too clearly that one of the penalties of the present 





system is education in science at all levels, and jerre 


true that the Standing Conference on University 
Entrance and the Schools Council have between 


them set up a committee to brood on tHfis question. * 


From time to time, there are noises which suggest, 


+ 
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that the committee continues to meet, but hope is 
fading fast’ that there will be a quick change in the 
selection system. Until then, however, the incentive 
to provide more liberal arrays of courses within the 
universities will be less evident than it should be, with 
the result that the traditional departments of the tradi- 
tional universities will remain bases of real power 
But this is also one of the reasons why ordinary 
academics—not the heads of departments but fheir 
underlings--are frequently oppressed by a sense of 
being second-class people. They have freedom but 
no power, which in turn implies that they are less able 
than the system needs them to be to contribute to 
what should be a continuing process of change. And 
so, like a row of dominoes, one error spells another. 
Minor reforms are never more than palliatives. The 
system has much less sparkle than its stock of talent 
would allow. 

This is why things have almost come to such a pass 
that nearly any important change would be better 
than the long search for a recipe for change that will 
pass unnoticed. A few years ago, the Committee of 
Vice-Chancellors seemed to have recognized that such 
a policy would accomplish very little, but in spite of 
its record of minor good works, the committee’s good- 
will is now beginning to run out. So what is to be 
done ? If there were time, it would now be seen to be 
essential that there should be a thorough public inquiry 
into the structure and the functioning of the system of 
higher education. But why should that be, with the 
Robbins Report only half a decade ago? The trouble 
is that Robbins dealt with the largely numerical 
problem of how much higher education there should 
be, and the chief consequence of that estimable work 
is the widespread acceptance of the doctrine that higher 
education is beneficial for people and for society at 
large to an extent which is determined by the amount 
of it. On structural problems, on the other hand, 
Robbins was weak and even, sometimes, muddle- 
headed. How else could there have sprung up the 











Governments as Patrons 


Tue letter on page 93 from a group of distinguished 
moletular biologists raises several important and 
difficult questions about the relationships between 
private ‘scientists and governments, their own or 

other people’s. By all accounts, the matter was 
brought to a head by the summer school in Spetsai 

* earlier this year, and in this sense the letter from Dr 

. e, F. H. C. Crick and his associates should be read in 
e conjunction with that from a group of students at 
the summer school at Spetsai earlier this year, and 
blished a few weeks ago in Nature (228, 1186; 

1969). The immediate problem is to define the cireum- 
stances in which scientists can with propriety agree to 

- hold meetings in countries where governments have 
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crégted an atmosphere which is hostile to intellectual 
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large number of small universities now scattered through 
the cathedral cities of England ? 

The difficulty with formal inquiries, unfortunately, is 
that they often postpone desirable solutions. Is it 
too much to hope that the government could arrive 
at a sensible solution more or less by pure;reason ? 
The most reasonable first step would be to give all 
institutions of higher education a greater degree 
of independence and responsibility than they have 
at present. It is all very well to blame the univer- 
sities for the lack of initiative (as above), but 
their will to act sensibly on their own behalf is now 
seriously undermined by the degree of their direct 
dependence on central funds. The complamt is not 
that universities should be run as private institutions 
—that is neither attainable nor desirable-—but that 
the uniformity of the rules which govern their financing 
tends to make them all atike, and a little colourless. 
Universities compete less vigorously among each other 
than they should. There is no means by which bad 
universities can sink into oblivion. There is no 
guarantee that a well run university can put a mark 
on the society it serves. The need, then, is for some 
device by means of which universities can sink or 
swim by their own endeavours and not às a result of 
decisions taken by some grave committee of the 
University Grants Committee. Almost certainly, such 
arecipe would include a measure of financial autonomy 
for the universities and for the polytechnics. (Civil 
servants devoted to helping universities spend public 
money as wisely as would Solomon should be told that 
it is sometimes in the national interest to see which 
institutions do not have the wit to know which side 
their bread is buttered.) If this means more contract 
work, the introduction of student loans (and the 
accompanying noisy demonstration by the National 
Union of Students) and possibly even some 
recognition that academic tenure is not an inalienable 
personal liberty, no harm would be done, but only 
good. 





of Science 


life and possibly to science in particular, or where 
governments behave in a way which is simply illiberal 
by the standards of people outside. The general 
problem is to know how groups of scientists should 
regulate their relationships with governments and 
other official bodies in such a way as not to compromise 
themselves or be exploited for quite unscientific ends. 

The signatories of the letter are right to start from 
the principle that science is international. It is no 
joke that young people in England are brought up 
with the tale of how Davy and Faraday went jaunting 
around the academies of Europe at the height of the 
Napoleonie Wars. It is also fair that the present 
Foreign Secretary of the Royal Society should be fond 
of telling public officials that the Royal Society 
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thought it wise to have a Foreign Secretary before 
the British Government had appointed one. The 
point is simple but essential. The progress of science 
is necessarily fitful but certainly the more efficient and 
_ effective when scientists everywhere are able to con- 
tribute towards it. The fact that people live in different 
countries is often not so much an impediment as an 
incentive to collaboration—people often learn more 
from each otherewhen they work in different environ- 
ments. This, no doubt, is a part of the reason why the 
Cern laboratory at Geneva has been such a success. 
This, too, is why research programmes such as that 
which has taken a British group to the Russian thermo- 
nuclear laboratories turn out to be especially ystimulating, 
These, however, are only conspicuous ways in which 
science is known to be larger than the sum of its 
national parts. The remarkable way in which the 
scientific communities of Nerth America and Western 
Europe have been cemented together, since the war, 
simply by trans-Atlantic visiting is a proof that science 
could not continue as it has become without the free 
movement of scientists. If the international character 
of science may occasionally help to smooth the way for 
other kinds of international relations, that is a valuable 
but uncovenaħted benefit. — 
_ In the circumstances, it is also proper of the signa- 
tories of the letter to imply that there was nothing 
reprehensible in the holding of the summer school at 
Spetsai. Nobody seems to have much love for the 
undeserving Government of Greece, but it also seems 
to be the case that the Spetsai conference owed almost 
nothing to the colonels. It is important that money 
is often a simple measure of propriety in circumstances 
like these. If a government has paid the bill for the 
holding of a conference, it can rightly take some of the 
credit for what success there may be to boast about. 
So does it follow that all public money is tainted ? 
And should people travel to conferences on air tickets 
paid for out of their own pockets ? Conferences would 
quickly die out if that rule were applied. The test is 
that public money should not be spent directly by 
governments on the patronage of science but, rather, 
given first of all to learned societies or other organ- 
izations which can be counted on to spend what funds 
there are without prejudice. And here, of course, it is 
essential that those whose presence at a conference is 
considered desirable should be free to attend. Briefly, 
a government wishing to have a conference on its 
doorstep must reckon to provide visas for all those 
whom the organizers would invite. Since the war, 
this has been a recurring source of trouble, and there 
is even now no means of knowing how successful 
would be some kinds of international conferences in 
Brazil. And would Cuban scientists be welcome to 
come and go from international conferences in the 
United States ? This is a matter to which ICSU should 
give its attention. But in circumstances in which the 
freedom to come and go is established, there may be 
great advantages in holding conferences in hostile 
environments, not the least of which is that of lifting 


some of the sense of isolation from which members of 


an oppressed intellectual community myst s 

But what if a government should be free with 
and even tolerant of the ways in which the reci 
of conference money wish to spend their funds? ~ 
necessary for scientists still to worry about the reflect 


glory w hich a meeting such as that on Spetsai is like ly ee 


to bring? The trouble here, of course, is that the 
bodies of scientists whigh are usually concerned with 
the érganization of conferences are not especially able 
at making collective decisions about the worthiness of 
governments. Committees are never quick and usnaily 
divided on matters not directly relevant to their 
existence. In the circumstances, it is unrealistic to 
expect that the organizers of conferences can diserimin- 
ate between governments, picking the goats from the 
sheep. The best they can do, and the most that can 
be expected of them, is so to arrange their affairs that 
no direct benefits acerue to any government. This, 
to be sure, is a fierce doctrine. It would, for example, 
suggest that learned societies should not accept public 
money earmarked for purposes which are specified in 
detail, A general fund for conferences would be 
permissible, but not a gift of money for a specific 
meeting. Present practice is more lax than this ascetic 


doctrine, and the signatories of the letter on page 93 


would not go as far, but there is a case for thinking 
that a substantial measure of self-denial by the scientific 
community is a part of the price which must be paid 
to allow the scientific community fairly to cherish its 
international character. | 

But if scientists hold governments at arm’s length, 
is there not a danger that the coolness will be recipro- 
cated? This will no doubt be the fear m the minds 
of many treasurers of learned societies, not to mention 
many would-be participants at international confer- 
ences. It is most probably an unrealistic fear, By 
now, governments have come to appreciate the value 
of a genuinely independent scientific community. 
Raising money without strings attached is a much 
easier matter than before the Second World War. 
Indeed, many governments have come to appreciate 


the ways in which independent learned societies cam‘ 
accomplish things which are beyond the reach of 


governmental organizations. The European exchange 
scheme which is being administered by the Royal 
Society (where the United Kingdom contribution is 
concerned) and by other Evropean academies is a ready 
illustration of this principle. The moral of tha dis- 
agreement about Spetsai is that societies and the 
scientific community which they represent should be 
less afraid than in the past of seeking and proclaiming 
financial independence, 


NUCLEAR POWER 


seeds of Doubt 


THE failure of a series of small steel components im 
six “Magnox” feactors operated by the Central Elec- 
tricity Generating Board has given the British nucleay 


; cae Bt é 
power industry a nasty jolt. The corrosion of these 
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components, chiefly nuts and bolts, by the carbon 
dioxide gas that transfers heat from the reactor to the 
turbines is certainly more serious than implied by the 
bland statement of the CEGB that the reactors, 
although working at reduced power, are still producing 
electricity at more than the preseribed 75 per cent 
load factor. The plain fact is that the failure, which 
is one of basic design, is costing the CEGB about 
£25,000 a day in extra generating expenses and the 
situation is unlikely to be remedied for many months 
ahead. 

Why has such a basic design weakness only now 
come to light? Was the design team responsible for 
the Magnox reactors taking a sensible risk or a wild 
gamble in advocating the use of these mild steel 
components in an environment of carbon dioxide at 
the elevated temperatures of the Magnox system ? 
And what would have happened if the CEGB had not 
smelt a rat in its inspection of Bradwell station last 
year ? 

The CEGB is, naturally enough, taking refuge in the 
experimental status of the Magnox programme when 
it was conceived. It was accepted practice, according 
to the CEGB, to assume that mild steel parts would 
endure the thirty year life-span of the reactors without 
corroding, and it was only when sample baskets were 
removed from the Bradwell reactor last year that the 
possibility of a serious defect was realized. A different 
mild steel was involved there. but attention soon 
switched to the other components and the corrosion 
was discovered. Of the seven Magnox reactors operated 
by the CEGB, only the one at Berkeley, which runs 
at a lower temperature, was found to have escaped 
unscathed. 

Fears that the advanced gas cooled stations may 
be blighted by the same trouble are thankfully un- 
founded. Although carbon dioxide is also used in the 
AGR system, the operating temperature is so much 
higher that completely different corrosion resistant 
components had to be used from the outset. The 
Magnox reactors may now have to be fitted with 
components of the same design, although it appears 
that the engineering factors involved in replacing or 
modifying the bolts, clamps and nuts have not yet 
been clarified. The CEGB says that it is hard to find 
‘the exact temperature conditions which are critical 
for the steel components because each reactor has its 
own particular features, and it seems that the CEGB 
is still groping to find a satisfactory explanation of the 
mishap. 

Although the commissioning of the Oldbury reactor 
in 1968 marked what must surely be the rounding off 
of thé Magnox programme, the disclosure of the fault 
has come at an unfortunate time for the nuclear power 
industry. The new consortia are very conscious of 
the need to clinch a major export contract soon, and, 
although both the SGHWR and AGR systems differ 
markedly from the Magnox design, the lack of a clear 
explanation for the faults can hardly bolster confidence. 

There is also some doubt as to whether the CEGB 
has been as forthcoming as it might have been about the 
corrosion faults. The costs of switching the generation 

00 MW of electricity from nuclear to coal stations, 
as required by this turn of events, may well mount to 
two or three million pounds, and such sums of money 
can hardly he swept under the carpet without treading 
on somebody’s toes. 

e 
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UNIVERSITIES 

University Statistics 

STaTIstics just published by the University Grants 
Committee indicate that the total number of full-time 
students at British universities rose from 184,799 in 
1966-67 to 200,121 in 1967-68. In the same period, 
the number of staff rose from 23,609 to 25,353. The 
8-5 per cent increase in student numbars was therefore 
accompanied by an 11-5 per cent increase in the 
number of teaching and research staff paid directly 
from university funds, and this maintained the student— 
staff ratio at about efght to one. 

The percentages of students in particular disciplines 
remained approximately constant during this period, 
except for the proportion taking arts subjects, aa 
reflecting the swing towards the arts in the sixth forms, 
rose from 20-4 per cent of the total in 1966 to 21-3 per 
cent in 1967. However, the proportion of women in 
the total reached 27-4 per cent, continuing a slow but 
steady upward trend, and they showed a greater 
affinity for arts subjects than the men did--L1-1 per 
cent of the women and 6-0 per cent of the men reading 
arts subjects. But the most striking comparison is 
that 22-0 per cent of the men read engineering subjects, 
compared with only 0-9 per cent of the w omen, and 
that this percentage has remained fairfy steady for 
the “past few years. The total recurrent expenditure 
by the universities increased by £17-1] million to £139-5 
million, while non-recurrent expenditure fell slightly 
from £79-9 million during the 1965-66 academic session 
to £79-4 million in 1966-67. These figures represent 
total university ex penditure, towards which the 
Government provided £220-8 million, the rest being 
supplied mainly by industrial research contracts and 
donations. Salaries swallowed up over one-third of 
the recurrent expenditure, and departmental expendi- 
ture met by research grants took a further 12 per cent. 

Figures for univer rsity expenditure are now pub- 
lished two years after the session for which they apply, 
and those for student numbers are one year old, It 
seems that the reason why they are so late is because 
of the difficulty in gathering the necessary information 
and in subsequently compiling the statistics. 


HIGHER EDUCATION 


Talks on Universities 


Mrs Sareuey Wruitams, Minister of State for Educa- 
tion and Science, met the Committee of Vice-chancellors 
and the University Grants Committee last week to 
talk over the way in which higher education should 
develop during the next ten years, The talks, which 
took place at University College, London, were chaired 
by Mr Kenneth Berrill, chairman of the UGC, and are 
described as informal by the Department of Education 
and Science. They are on how the universities can 
accommodate the expected increase in demand for 
places in higher education. 

Official projections indicate that if children at 
present in primary schools are to have the same chance 
of getting to university as the sixth formers now, 
the numbers of students in higher education, about 
360,000, must double by 1980. Expansion of this 
order is 40 per cent more than that recommended 
in the Robbins Report, and the DES projections 
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require that there should be about 630,000 places by 
1976 and 780,000 by 1980. Such an expansion would 
put a very severe strain both on finances and on man- 
power, and the talks this week centred on how a 
variety of possible measures in the university sector 
could alleviate the situation. Most of the measures 
canvassed “in very general terms” have been bandied 
about before, and have caused alarm in various 
quarters. Four-term years, student loans, regionaliza- 
tion of intake, staff--student ratios and the extension 
of part-time and correspondence courses seem to have 
been predominant in the discussions. In particular, 
student loans and regionalization of intake have been 
consistently attacked by the National Union of 
Students, and the fact that the talks have begun 
without any formal student representation will no 
doubt cause resentment in the student body. 

Although the DES statement said that “no con- 
clusions were sought at this meeting”, it also indicated 
that decisions will have to be made on many of these 
issues next year. Parliament could therefore be faced 
with a higher education bill during the coming session 
or the measures canvassed are likely to find expression 
in the UGC recommendations for the 1971-76 quin- 
quennium., 


PARTY CONFERENCES . 


Conservative Science 


Tue Conservative Party Conference in Brighton next 
week will follow hard on the heels of the Labour 
Conference. Like the previous occupants of the Top 
Rank Centre, the Conservatives are unlikely directly 
to have much to say about science and technology— 
the only motions of much concern are those on educa- 
tion and on the Common Market. Although these 
are largely restatements of accepted party policy, 
education will probably be a highly charged issue at the 
conference. The second “Black Paper” on education, 
which is due to be published on the eve of the education 
debate, could cause some embarrassment to Sir Edward 
Boyle, whose views are generally considered to be more 
liberal than those of most of his colleagues and of 
the first so-called Black Paper. That publication, 
which sold more than 25,000 copies, was primarily 
designed to draw attention to an alleged decline in 
educational standards in Britain and argued for main- 
taining a system of selective secondary education. 
The second paper is obviously intended to influence 
the conference when it votes on the motion proposed 
by the Workington Divisional Association, condemning 
the Government for talking of making local authorities 
introduce comprehensive education. Conservatives 
will be urged next week to take “any necessary action 
to remedy this proposal’ when they next take up 
office. 

A motion proposed by Mr Eldon Griffiths, on behalf 
of the Bury St Edmunds Conservative Association, 
merely restates the Conservative policy accepting the 
need to join the Common Market. “A major contribu- 
tion to the security and prosperity of Britain” and the 
enhanced ability “to discharge more effectively its 
responsibilities for the maintenance of peace and for the 
improvement of conditions in the developing countries” 
are the chief arguments for joining the Common 
Market put forward in the motion. There are, however, 





énough hostile motions submitted to : 
to suggest that this motion will not he 
passage through the conference. 


* 


SPACE 


Busy Weeks Ahead 


from our Astronomy Correspondent 


Evex without the launch of Apollo 12 on November 
14 for a landing site in the Ocean of Storms, the weeks 
ahead are going to be busy in space. By now, ESRC 
fourth satellite should be in orbit, and launch s are 
being prepared for the first Skynet satellite for British 
defence communications, the first German satellite 
and the third in the Italian series of “San Marco” 
satellites, 

At the same time, the space agencies are going 
through an introspective phase. In the United States, 
people are wondering what sort of programme NASA 
should carry out within the framework laid down by 
the task force under Vice-President Agnew which 
reported last month. And Europeans are considermg 
how best to set up a space organization which would 
combine the functions of ELDO and ESRO and yet 
have escape clauses for countries such as Britain which 
are not enamoured by part of the programme as it 
stands. 

If the number of successful satellites produced is a 
fair barometer of ESRO’s health, then the organization 
must be glad to have its fourth satellite on the stocks. 
The launch comes at a time when the always meagre 
finances of ESRO are being threatened by a proposed 
reduction in the French contribution. But it is difficult 
to see how ESRO can gain much confidence from the 
latest satellite, which is nothing more than the spare 
flight model of the ESRO 1 satellite launched a year 
ago. Approval for the launching came at an ESRO 
council m eeting in March where it was the most modest 
of the projects which received the go-ahead. After 
ESRO lb, as it is called, the next European satellite 
will not be until 1971. 

Like its predecessor which was launched almost 
exactly a year ago, on October 3, 1968, ESRO Ib is to 
be placed in a polar orbit to study ionospherie and =. 
auroral phenomena, in particular over the northern — 
polar regions in winter. The eight experiments which 
it carries are of course the same as in ESRO 1, but with 
minor improvements. Five of the experiments—from 
the Radio and Space Research Station (Slough), 
Kiruna Geophysical Observatory (Sweden), the Danish 
Space Research Institute, the University of Bergen. 
and the Norwegian Defence Research Establishmént— 
are to count electrons and protons of different energies 
and in different directions. Two experiments from 
University College. London, are Langmuir probes to 
measure positive ion composition and temperature 
and also electron density and temperature, The eighth 
experiment is from the Norwegian Institnte of Cosmic 
Physics and consists of photometers to measure 
auroral luminosity. 

The Skynet satellite, which was to have been launched 

















by a Delta rocket early in October for the British » 


Ministry of Defence, has been postponed until Novem- 
ber, and an investigation of the series of Delta failures 
continues. Since September last year, fgur satellites 
have been lost because of Delta failures, including 
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two Intelsat 3 satellites. Skynet was built by the 
Philco Ford Corporation and is to be placed in a 
geostationary orbit over the Indian Ocean, where it 
is to relay messages through ground stations in Britain, 
Cyprus, Singapore, Bahrein and Gan. There are also 
two portable stations which can be airlifted, and 
stations on HMS Intrepid and Fearless. 


RESEARCH COUNCILS g 


New Faces Again 


AFTER serving the statutory four years, Professors 
J. L. Gowans, W. Melville Arnott and D. G. Evans 
retired from membership of the Medical Research 
Council at the beginning of October. Under the 
MRC’s new charter, granted three years ago, scientific 
members of the council are not eligible for reappoint- 
ment until at least a year has elapsed, but retired 
members must usually wait much longer than that 
before being invited back. The three new members 
appointed by Mr E. Short, Secretary of State for 
Education and Science, are Professors A. S. V. Burgen, 
the Cambridge pharmacologist, Professor W. S. Peart, 
professor of medicine at St Mary’s Hospital, London, 
and Professor R. E. O. Williams, professor of bacterio- 
logy at St Mary’s and also dean of the medical school. 

Mr Short has also announced the appointment of a 
new lay member of the council. Although it is no 
longer a statutory requirement that the council shall 
include a peer and a member of the House of Commons, 
tradition persists. Mr Laurence Pavitt, MP for 
Willesden West. who has had considerable experience 
of medical matters and who was National Organ- 
izer for the Medical Practitioners’ Union from 1956 
to 1959 and a member of the North West Metropolitan 
Regional Hospital Board from 1965 to 1969, succeeds 
Mr David Marquand. Lay members, unlike scientific 
members, can be immediately reappointed after up to a 
four year stint on the council, but Mr Marquand, acting 
as a stopgap, served for only a year. 


SHIPPING 


Towards a Plastic Navy 


from our Special Correspondent 


Britisu defence research laboratories have recently 
been opening some of their doors to the public, and 
the Naval Construction Research Establishment in 
Fife last week held its first ever open days. NCRE 
has its headquarters at Dunfermline, but the heavy 
work goes on at Rosyth naval dockyard, to the west 
of the northern landfall of the Forth Road Bridge. 
On a spit of reclaimed land, NCRE tests the effects of 
pressure and explosions on ship structures to its heart's 
content. Part of its equipment is a Heath Robinson 
barge which can be towed into the River Forth 
to see what effect explosive shocks have on naval 
machinery, and the establishment has before now 
blown up obsolete destroyers and submarines on their 
way to the breakers’ yard. 


ge - Something like 10 per cent of NCRE work is civil, 


according to the superintendent, My K. G. Evans, 
and the establishment could probably do more, but it 
‘would haveeto be at the expense of defence research. 
What the establishment has to sell just now is the 
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results that can be obtained from an apparatus which 
tests almost full-scale models of hull sections. So far, 
the test frame has been used on a seven-eighths model 
of a frigate section and on two three-quarter scale 
sections of minesweepers, but the next tests early next 
year will be on a one-eighth model of a centre tank 
and associated wing tanks of a 250,000 ton super- 
tanker. The aim is to check a computer program 
which started life as an aid to warship design but which 
has been adapted by NCRE to the three-dimensional 
structural analysis of supertankers. NCRE is particu- 
larly proud of the program because it is quick, 
and therefore cheap, to run compared with earlier 
programs—£35 instead of £20,000 were the figures 
given last week. Once the tests are over next June, 
the program will be available to the shipbuilding 
industry through the British Ship Research Association. 
The next step in this Ministry of Technology sponsored 
research is to be the structural analysis of design 
studies for 400,000 and 1,000,000 ton tankers. 





HMS Broadsword being blown up. The stern was broken off 
and severe whipping, which can be seen here, broke the ship’s 
back. 


The Mechanical Properties Division also believes it 
has knowledge valuable to the oi] industry, especially 
now that a neoteric Manhattan project has shown that 
tankers can sail the north-west passage to the Alaskan 
oilfields. This is because the division makes a speciality 
of the study of brittle fracturing in steels, which 
tends to happen at temperatures from 0° to —10° C. 
Brittle fracturing became a problem in the first all- 
welded vessels—the American Liberty ships—because 
the cracks can propagate across welds, and the tem- 
perature at which it occurs goes up with thickness. 
For a six-inch-thick plate, brittle fracturing is ap- 
parently difficult to avoid even at +30° C. NCRE has 
a 1,200 ton machine which can test plates up to six feet 
square and helps to predict the temperatures and 
stresses at which fracturing starts, and the establish- 
ment claims that because of this research brittle 
fracturing is unknown in the Navy. 

On the military side, the potentialities of glass- 
reinforced-plastic hulls are being investigated. Plastic 
ships have a number of advantages including high 
strength for low weight, transparency to radar, mag- 
netic and acoustic detectors, and little tendency to 
corrosion, and a 140 foot long mine hunter is to be 
built out of glass-reinforced-plastic for the Navy. 
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ENGINEERING 


Engineers of Britain, Unite 


ONE more attempt to unify the engineering profession 
in Britain was set under way in May this year by the 
official foundation of the United Kingdom Association 
of Professional Engineers (UKAPE). Having found its 
feet and its first fifteen hundred members, UKAPE 
emerged to face the world on September 24, and is now 
starting actively to campaign for members among 
what the vice-president, Mr R. L. Clarke, claimed to be 
200,000 potential recruits. 

The association owes its existence to the absence of 
a trade union or similar body covering the interests of 
professional engineers. The Engineers’ Guild, which 
since 1938 has been trying to overcome the fragmenta- 
tion of the profession, suffers from its legal status as 
a company in that it is not entitled to enter into 
negotiations on such topięs as conditions of employ- 
ment. It was in fact ten leading members of the guild 
who decided towards the end of 1968 that a new body 
was needed which could act to promote the interests 
of members, and the result of further discussions was 
the establishment of UKAPE. 

Although UKAPE has no official connexion with the 
Council of Engineering Institutions (CEI), it does in 
practice use membership of one of the fourteen insti- 
tutions affiliated to the CEI as a criterion for eligibllity. 
The term “professional engineer” is thus effectively 
given a definition, which covers two groups—corporate 
members of an institution, who may become full 
members of UKAPE, and non-corporate (including a 
fair number of technicians who are on the way up), 
who are eligible for associate membership. But does 
this stipulation of what it is to be a professional have 
the effect of creating a new division among engineers 
by preventing a whole section of those who are employed 
in engineering from joining UKAPE? Apparently 
this demarcation is quite intentional, so it may be that 
the price for bringing together the professional engin- 
eers will turn out to be their further separation within 
the engineering industry as a whole from those who are 
not ‘professional’. 

UKAPE is endowed with the legal powers of a trade 
union, but expects to be very sparing in its use of them. 
It will not, for instance, seek affiliation to the TUC, 
and seems to be totally horrified at the thought of 
strikes. What it does intend to do is not really clear 
at all—Mr Clarke said, for example, that within the 
engineering profession UKAPE was concerned with 
“those areas where the chartered engineer is unpro- 
tected or his interests inadequately promoted”, and 
to qualify this, added only that “time will show where 
these areas are”. Its basis for action will be what was 
referred to as “the ethics of the engineering profession”, 
defined on request by the president, Mr G. B. M. 
Oliver, as “something that every engineer knows in 
his heart”. 

The future of UKAPE may in the end depend on two 
factors—how successful it is in winning new members, 
particularly in fields where other unions are relatively 
strong, and how far it is able to steer a middle course 
between militancy and merely giving advice without 
giving the appearance of ineffective compromise. 
Perhaps a common reaction will be that of Mr W. 
Howie, MP for Luton, and himself a chartered engineer, 
who remarked that he was pleased to be asked to join 
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‘but that “I’ve just looked at the fee—and I’m wonder- 
ing”. 


WOMEN ENGINEERS 


As part of the campaign to attract girls into engineer- 
ing, the Central Office of Information has produced 
an 48 minute film: “The Engineer is a Woman”. The 
picture shows Sally Craven, one of the four engineers 
featured at work. Her job as a maintenance engineer 





provided plenty of opportunity for wide vistas of 
factory floors. Girls should be impressed by their 
chances of breaking into a man’s world, although the 
drawing office may appeal to some more than the 
dry dock. 


PLANT PHYSIOLOGY 


How Roots Work 


from our Botany Correspondent 


ALL manner of complex plant physiology was on show 
when the Letcombe Laboratory of the Agricultural] 
Research Council opened its doors to visitors last 
week for the first time since its name was changed 
from the Radiological Laboratory earlier this year. 
Most of the work in progress is concerned with plant 
roots and soil, which have taken up more and more of 
the laboratory’s resources sin¢e the need to monitor 
environmental radioactivity began to decline after 1962. 

One of the many unsolved problems facing agricul- 
tural botanists is the extent to which different soils 
restrict the growth of roots. The approach t this 
problem at Letcombe is to grow cereals in beakers 
containing small glass beads through which an aerated 
culture solution is passed. When the beads measure 
3 mm across they restrict growth very little, but when 
they are only 1 mm across growth is quite distorted at 
the apex, and lateral roots proliferate, making the 
whole root system look stunted. . 

But of course this does not mean that small soil 
particles necessarily restrict growth in the field, where 
there is no constraint on the soil equivalent to the 
sides of the beaker. And so the glass beads were put 
between flexible plastic, and preliminary results indi- 
cate that although there is less restrictign, the 1 mm 
beads still affect the morphology of growing roots. 

a 
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It is likely therefore that soil can exercise restraint 
on growing roots, and further work on artificial systems 
should define the effects more fully. 

The Letcombe Laboratory has also turned its sophis- 
ticated hardware to the time honoured problem of 
the uptake of nutrients into roots. One interesting 
finding has been that the unreattive silica, long 
thought to enter roots passively, actually seems to 
enter by an active process stmilar to ion uptake. 
An offshoot of this work has been the production 
of stingless nettles, grown in a medium free of the 
silica which concentrates in the hairs and hardens 
them into stinging organs, 

The radiobiological expertise at Letcombe is of 
course extremely useful for tackling problems of root 
physiology. Autoradiography of sections of root 
cultured in radioactive media can tell a great deal about 
the behaviour of various substances after uptake. 
The old idea that aluminium stops root development 
by blocking cell division has been investigated using 
scandium-46 (the most suitable isotope available). 
Autoradiographs of onion roots have shown that 
scandium-46 enters the cells of the meristem well in 
advance of cell division which would certainly be 
expected if it were going to block division. 

The development of a procedure for identifying 
soils that are deficient in copper is one of the uses that 
the laboratory's monitoring equipment has been put 
to. There are also schemes for measuring the uptake of 
nutrients in the field, the utilization of nitrogenous 
fertilizers and the distribution of roots in the soil. 
At the same time the environmental radioactivity 
department still keeps a watchful eye on the strontium- 
90 in milk, which continues to decline. 


FACSIMILES 


Magellan Translated 


MaAGELLAN’S first circumnavigation of the Earth has 
been described by Mr R. V. Skelton, retired super- 
intendent of the Map Room of the British Museum, as 
“an event which inspired men’s imagination as much 
as the launching of the first satellite did in 1957”. 
Now, 450 years after Magellan’s fleet first set sail, 
Yale University Press, fresh from its dubious triumph 
with the Vinland map, is publishing a reproduction in 
fascimile and a translation by Mr Skelton of a French 
manuscript describing the voyage. 

The manuscript, attributed to Antonio Pigafetta, an 
Italian volunteer crew member of Magellan's fleet, 
is one of four surviving from the early sixteenth cen- 
tury ənd the first to have been translated into English. 
Two of the other manuscripts are in the Bibliothéque 
Nationale, Paris, and there is an Italian version in the 
Biblioteca Ambrosina, Milan. The Yale manuscript 
has had a chequered existence. Style and quality of 
craftsmanship suggest that it was probably destined 


* for someone of high social standing, and indeed the 
e „first records of its existence are in the Court of the 


€ Gugliemo Libri. 


Cardinal of Lorraine. By 1720, it was part of the 
library of M. Beaupré, a judge of Nancy. Eventually 
it was bought by a London bookseller, and then by 
In 1862, Sir Thomas Phillipps 
bought the manuscript for his collection in Chelten- 
ham, where it remained until it was purchased by 
Messrs Robirfson Brothers in 1945. In 1964, it was 
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A facsimile page from, Pigafetta’s manuscript. 


bought by Mr Bemecke and presented to the Beinecke 
Rare Book and Manuscript Library at Yale. 

Pigafetta, the author of the manuscript, came from 
a wealthy Venetian family, and he was about thirty 
years old when he set sail with Magellan in 1519. His 
powers of description and vivid imagination combine 
to give an impressive account of the three-vear voyage 
whieh gave Europeans their first introduction to the 
people and customs of the Pacific, and the account 
which Pigafetta brought back did much to change 
man’s conception of the world. In the manuscript, 
Pigafetta describes the mutiny of the sailors and the 
turning back of one of the fleet, and the hunger, thirst 
and illness which constantly troubled them, but perhaps 
the most enlightening parts of the story are those 
which describe the customs of the Pacific Islanders. 
In one encounter with these people, Magellan was 
killed, and in fact, of the 270 people who set sail, only 
eighteen survived the voyage. 

The Yale publication will contain full colour illustra- 
tions and twenty-three maps, the only charts derived 
from originals made during the voyage. Among the 
illustrations will be one of the three known examples 
of the terrestrial globe made in 1526, which was de- 
picted in the foreground of “The Ambassadors” by 
Holbein. By publishing a facsimile and translation of 
the manuscript, Yale is hoping to bring the manuscript 
within the reach of both scholars and interested lay 
people, but the price of £45 for the two volume edition 
will probably restrict the market largely to libraries. 


DEMOGRAPHY 


How Many Britons is Best? 


Tue Institute of Biology has a nose for topicality. Last 
year, it devoted its annual symposium to biology and 
ethics; this year it set its speakers to grapple with the 
theme of “the optimum population for Britain”. The 
issue neatly segregated the social scientists into the 
hawkish camp, which saw no danger in Britain's 
present rate of population growth, and the biologists 
and politicians into the legion of doves, which believes 
that Britain is already overpopulated. 

The symposium, which was held in London on 
September 25 and 26, produced a resounding demo- 
cratic victory for the doves. Sir David Renton, MP, 
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astutely asked the audience to vote on the motion that 
Britain is already overpopulated and counted 131 ayes 
to 15 noes. The intellectual victory, however, fell to 
the hawks by an equally large margin. Whether the 
bawks are right is quite another matter. 

The debate was opened by Miss Jean Thompson of 
the Registrar General’s Office, who described the demo- 
graphic history of Britain’s 54 million inhabitants. 
The salient trend over the past century has been for 
completed family size to fall from six children for 
women who married in the 1880s to about two children 
for those who married in the 1930s, which is slightly 
below the population replacement level. The post-war 
recovery has brought the average family size up to 
2-4 children in the 1960s. Official projections are that 
there will be 66 million Britons by the end of the 
century. 

Asked whether she believed the official projections, 
Miss Thompson confessed te the difficulty of the ques- 
tion since she drew them up herself, but by and large 
she thought them as good as any and better than most. 
An interesting light on the official figures was cast by 
Mr A. J. Boreham of the Ministry of Technology, who, 
as it happens, was Miss Thompson’s predecessor at 
the Registrar General’s Office. In the preprint of his 
address, he stated that the population of Britain in 
AD 2000 would be 75 million. This, Mr Boreham 
explained, was the projection that he had made int his 
erstwhile capacity but he now accepted that Miss 
Thompson’s figure of 66 million was correct. This 
sweet agreement aside, members of the audience were 
left in the dark as to how the population growth after 
30 vears could have been misjudged by a whole 11 
million people, which is almost 100 per cent more than 
the total increase at present expected. 

Although it would be unfair to extend the un- 
certainties of the demographer’s art to other social 
sciences, the appearance of this 100 per cent error to 
some extent overcast the expertly argued case of the 
economists and sociologists. Mr Boreham, for example, 
contended that the objeetives of economic policy are 
not likely to be affected one way or another by the 
size of Britain’s population, at least during the next 
70 years. Dr D. E. C. Eversley (University of Sussex), 
the star of the hawks’ team, upheld Mr Boreham’s 
thesis and argued that there is no obvious relation, in 
an economically developed country such as Britain, 
between the rate of population growth and the rate of 
growth of per capita income. Half of Britain’s popula- 
tion is crowded into 3 per cent of the total land area, 
but the need to redistribute the population is a different 
thing from overpopulation. 

There is no evidence, Dr Eversley said, that social 
benefits such as child allowances are an incentive to 
fecundity and at the same time it seems that 90 per 
cent of the population are practising birth control. 
What, then, do the advocates of population control 
want the government to do? It is unlikely that either 
setting up more family planning clinics or withholding 
allegedly pronatalist social benefits would have any 
effect. In any case, the signs are that the birth rate 
will drop below the replacement level within a few 
years and then, Dr Eversley predicted, “We shall get 
a new wave of pro-populationist hysteria. This will 
come all the more quickly if the fertility of white 
Britons falls more rapidly than that of the immigrants 
who belong to socio-economic groups which, whether 





white or black, have higher fertility”. Everi sup 
that we could decide on an optimum populatic a 
have no means of ensuring that such a target could be ~ 
reached by democratically acceptable methods. hie 

Mr G. P. Hawthorn (University of Essex) put forward 
the only tangible oriterion of overcrowding in Britain— 
the number of people to a room. The dwelling densities 
recorded by the Registrar General show that in 1961 
about 2-6 per cent of families were living at densities 
of 1-5 persons per room or more, whereas in 1966 the 
figure was nearer 1-5 per cent. Unsatisfactory as this 
criterion may be, it argues against any positive 
relationship between population growth and over- 
crowding. 

Mr Hawthorn disputed the favourite argument of 
the biologists that overcrowding in human populations, 
like that of animal populations, leads to psychological 
stresses which produce the high crime rates and suicide 
rates of cities. It seems just as likely that these 
indices are descriptive of the social classes who live in 
city slums rather than of population size as such. 

If the theme of the hawks’ argument can be summed 
up in a single sentence, it would be in Dr Eversley’s 
comment that we are in any case heading for a popula- 
tion equilibrium and that there is nothing the govern- 
ment needs to do other than the steps it has already 
taken. To this should be added the figures adduced 
by Mr Hawthorn that Britain’s annual excess of births 
over deaths could be reduced from 300,000 to 30,006 
simply by eliminating unwanted births. These might 
be said to include the 70,000 illegitimate births, at 
least half of the 40,000 children born to teenage brides 
pregnant at marriage and some 180,000 marital preg- 
nancies which there is reason to believe may be 
unintended. 

The most vigorous propagandist on the doves’ side 
was Professor Paul Ehrlich (Stanford University), 
whose principal argument was that the developed 
countries of the world would not long be allowed to 
consume their disproportionate share of the world’s 
food supplies and finite mineral resources. Professor 
Ehrlich perhaps weakened his case by prophesying a 
wave of human deaths from hydrocarbon pollutants 
of the environment. This outcome was flatly denied 
by Dr Kenneth Mellanby (Monks Wood Experimental 
Station), who thought it unlikely that pollution would 
be a limiting factor in Britain’s population growth. 

Supporters of the overpopulation case, such as the 
Rt Hon. Douglas Houghton, MP, Mrs Madeleine Simms 
(Abortion Law Reform Association) and Lady Medawar 
(Family Planning Association), explicitly assumed that 
the British Isles are overpopulated without ever pro- 
viding any evidence for their belief. (Certainly the 
hawks’ case would have been strengthened if they had 
proposed criteria by which to recognize overpopulation 
when it occurred.) This lack of basic groundwork was 
not made good by Professor T. R. E. Southwood 
(Imperial College, London}, who discussed the con- 
sequences of overpopulation among animals but neg- 
lected to prove that the analogy holds good for man. 
Perhaps another omission of the symposium was the 
question of eugenics, which is to some extent implicit 
in the concept of population control. Not even Profes- 
sor Sir Alan Parkes (Galton Foundation), who fearless! y 
criticized the lamentable record of the medical profes- 
sion in the history of family planning, saw Qt to embark 
on the wider implications of population control. 
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How Does Rifampicin Function ? 


Axy new antibiotic or family of antibiotics inevitably 
stimulates a spate of research to discover how the 
compound kills bacteria and how many species of 
bacteria it is effective against. This, however, is only 
part of the reason for the intense research activity 
centred around the new antibiotics rifampicin and 
rifamycin and their relatives. Rifampicin is an anti- 
viral agent as well as an antibiotic. In April, Heller 
and his colleagues in Jerusalem and Subak-Sharpe’s 
group in Glasgow reported in Nature (222, 273 and 341; 
1969) that rifampicin selectively inhibits the multi- 
plication in mammalian cells propagated by tissue 
culture of several types of animal virus—vaccinia, 
cowpox and adenovirus, for example. In May, Becker 
and Zakay-Rones reported from Jerusalem (Nature, 
922 851-1969) that the trachoma agent could be added 
to the list of microorganisms sensitive to rifampicin. 
Now, on pages 29 and 33, Becker's group take the 
story one stage further. They have now shown that 
rifampicin will inhibit the growth of trachoma agent 
in the eye of a baboon. Apparently, trachoma agents 
isolated in different parts of the world are all more or 
less equally susceptible to rifampicin. 

Now, however, the crucial question is, of course, 
whether rifampicin can inhibit the growth of trachoma 
that is established in the eve. On the basis of one 
experiment with a baboon, the answer seems to be 
encouraging. Becker’s group find that after eighteen 
days’ infection, by which time the baboon’s eyes show 
all the symptoms of trachoma, a daily dose of 200 ug 
of rifampicin given for a month reverses the symptoms 
of trachoma without any obvious deleterious side 
effects. This experiment will have to be repeated many 
times, but rifampicin promises to be a powerful new 
weapon in the armoury of tropical medicine. 

Showing that rifampicin inhibits trachoma in the eye, 
of course, says nothing about how the antibiotic causes 
the inhibition of viral and trachoma multiplication, the 
question of overriding importance for the molecular 
biolggists and biochemists. Tocchini-Valentini and her 
colleagues (Nature, 222, 533; 1969) have established 
that rifampicin is an antibiotic because it blocks the 
addition of the first ribonucleotide at the very initia- 
tion of synthesis of an RNA chain by RNA polymerase, 
the enzyme which is responsible for copying RNA off 
bacterial DN'A temp lates and hence effecting expression 
of genes. In bacteria, rifampicin stops the initial step 
in this reaction but cannot inhibit the synthesis of an 
RNA chain once it has been started. 

But is rifam picin an antiviral and antitrachoma agent 
for the same reason that it is an antibiotic? At first 
sight, the most likely explanation is that it selectively 
inhibits the synthesis of viral RNA by a viral RNA 


polymerase in infected mammalian,cells while not 
affecting the RNA polymerase of the host cell. In 
April, both Heller’s group and Subak-Sharpe’s group 
inclined to this explanation. 

Heller’s group, for example, reported that the doses 
of rifampicin which inhibit the multiplication of DNA 
viruses completely fail to inhibit the multiplication of 
RNA viruses growing in the same sort of cultured cells. 
This is no surprise, for the RNA polymerase of RNA 
viruses copies RNA off RNA templates and is known to 
be a different enzyme from the RNA polymerase which 
copies RNA off DNA templates. Perhaps the differing 
sensitivity of RNA and DNA viruses to rifampicin is a 
reflexion of the different sorts of RNA polymerase they 
specify. If this is true, the conclusion is that rifampicin 
inhibits the DNA dependent RNA polymerase of DNA 
viruses. 

Subak-Sharpe’s group have produced much more 
persuasive though by no means conclusive evidence for 
the same idea. They have managed to isolate mutant® 
of vaccinia virus which are resistant to inhibition by 
RNA polymerase, which is strong evidence that rifam- 
picin affects the function of a protein specified by the 
vaccinia virus. This group also showed by autoradio- 
graphy that rifampicin inhibits synthesis of viral RNA. 
The obvious conclusion seemed to be that rifampicin 
inhibits DNA dependent RNA polymerase and that the 
resistant mutants were indeed RNA polymerase 
mutants. The mutation had presumably rendered the 
normally sensitive enzyme insensitive to the rifampicin. 

These interpretations may, however, have to be 
revised in the light of the latest results of Becker's group 
(see page 31 of this issue). The suggestion now is that 
“rifampicin does not interfere with the synthesis of 
viral messenger RNA molecules” but that, instead, 
the effect of the antibiotic “completely blocks protein 
synthesis late in the virus growth cycle”. What: is 
the evidence for this unorthodox suggestion? ln 
essence Becker et al. have shown that if rifampicin is 
added to a culture of cells exposed to vaccinia virus for 
15 minutes, during which time the virus enters the cells, 
viral messenger RNA can be isolated from the cells 3 
hours later. Furthermore, after 8 hours’ incubation 
with rifampicin, a pulse of radioactive amino-acids fails 
to label viral protein. In other words, rifampicin seems 
to inhibit the synthesis of the viral proteins usually 
made at this late stage in the growth cycle and which 
are needed for the maturation of virus particles, but it 
does not inhibit synthesis of messenger RNA at earlier 
stages in the growth cycle. 

The evidence that Becker’s group have so far obtained 
shows that late viral proteins are not made in the 
presence of rifampicin, but that is a long way from a 
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proof that rifampicin directly inhibits the translation 
of messenger RNA. Indeed, the result could be ex- 
plained equally well by saying that the drug has 
inhibited the synthesis of the messenger RNAs for 
late proteins. But because, during the first 3 hours 
after infection, viral messenger RNA is made in the 
presence of rifampicin, it is tempting to think that 
early and late messenger synthesis are not equally 
susceptible to rifampicin. Is that out of the question ? 
The experiments certainly do not rule out the idea that 
two sorts of polymerase with differing sensitivity to 
rifampicin are involved in vaccinia multiplication. Or 
could there be a single polymerase, the sensitivity to 
rifampicin and template specificity of which is altered 
by some factor? Subak-Sharpe’s mutants may be in 
the gene which specifies such a factor or species of poly- 
merase normally sensitive to rifampicin. 

Until the experiments have been done, dismi ssing 
entirely the notion that the antibiotic and antiviral 
actions of rifampicin are related goes against the grain. 
On the other hand, the only real reason at present for 
suggesting that rifampicin blocks viral RNA poly- 
merase is that it is known to function that way in 
bacteria. That might prove to be nothing more than 
ared herring; rifampicin’s antiviral properties mayebe 
completely unrelated to its antibiotic properties. 

The problem now is how to reconcile these results 


than protein synthesis. As things stand, the lack of 
experimental data leaves the mechanism of the anti- 
viral action of rifampicin quite open. Becker's latest 
results, for example, can be reconciled with the idea 
that rifampicin inhibits viral RNA polymerase by 
making a few not wholly implausible assumptions. 
For example, vaccinia virus particles are known to 
contain molecules of RNA polymerase which go into a 
host cell with the rest of the virus on infection. It might 
be that these polymerase molecules, bound to the viral 
DNA, have actually initiated a round of RNA syn- 
thesis. Once inside the cell they could make some viral 
RNA even in the presence of rifampicin because they 
would have passed the rifampicin sensitive step, 
initiation, in their previous host while they were being 
wrapped up into the virus particles. Similarly Becker’s 
failure to detect synthesis of viral protein late in the 
infectious cycle and Subak-Sharpe’s rifampicin resistant 
mutants may also be the two sides of the same coin. 


PALAEONTOLOGY 


Forged Fossil with False Teeth 


A FORGED fossil has been detected in the British 
Museum (Natural History). The forgery is no Piltdown 
skull with false jaw—merely a Cretaceous echinoid 
with false teeth. Nonetheless, the specimen has played 
a traitorous part in a century old battle and has 
deceived palaeontologists for more than 50 years. 

The discoverer of the forgery, Porter M. Kier of 
the US National Museum in Washington, comments 
that “although echinoid workers generally have not 
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become very aroused in their controversies, two sub- 
jects have caused considerable heat: the question 





whether Bothriocidaris was an echinoid (now resolved. 
in the affirmative) and whether or not Conulus had 
teeth” (Palaeontology, 12, 488; 1969). Conulus is a 
Cretaceous echinoid that is found abundantly in the 
s 4 bed , 
chalk deposits of Eufope. Structures considered to be 
teeth were first described in Conulus in 1850, but the 
tide ,of battle flowed the other way in 1884 when 
P. M. Duncan dogmatically declared that Conulus 
teeth were imaginary. 

Supporters of the belief that Conulus carried an 
Aristotle’s lantern (the enduring structure of which 
the teeth are a part) meekly retreated until 
their hour of victory in 1911 when H. L. Hawkins 
discovered in an old collection at the British Museum 
(Natural History) a specimen of Conulus subrotundus 
with four fine teeth. 

There the matter lay until Dr Kier began a study of 
echinoid lanterns. Anxious to examine a Conulus 
lantern he dissected hundreds of fossils but found 
that in none had a lantern or teeth been preserved. 
Turning to Hawkins’s original specimen, he found that 
the teeth were false. They are attached to the fossil 
by a chalky substance which appears, suitably enough, 
to resemble dental cement. The glistening surface of 
the teeth suggests they are Recent rather than Creta- 


eeous. Kier concludes that Cenulus never bore a 
lantern. 


How did the British Museum Conulus come by its 
false teeth ? The date of acquisition of the specimen 
is not recorded, other than that it comes from an 
“old collection” in the Museum’s possession. Dr Kier 
believes the false teeth are the work of a hoaxer. On the 
other hand, nineteenth century collections of fossils 
quite often contain forgeries which were made not to 
deceive but simply to embellish. Fossils in those 
days were more often than now sold as curios. It 
may be that whoever discovered the Conulus thought it 
looked incomplete and added the teeth to improve 
the price of his find. 


PROTEINS 


Enzymes Synthesized 


from a Correspondent 


Tue chief attractions of the fourth meeting of the 
Chemical Society Protein Group, held at Liverpool on 
September 22, were the first total synthesis of enzymati- 
cally active material, preliminary accounts of which 
appeared earlier this year. : 

R. B. Merrifield (Rockefeller University) reviewed 
the use of his solid phase method for the synthekis of 
bovine pancreatic ribonuclease A and discussed the 
reasons for the low activity of the final material. It 
was interesting that the crude product contained less 
total activity than the purified material, suggesting the 
presence of erroneous sequences with inhibitory 
activity in the crude synthetic enzyme. Merrifield 
also mentioned what is perhaps the first experiment 
using a synthetic protein for the study of structure- 
activity relationships in enzymes: when ribonuclease 
S’ lacking residvfes 21-25 was synthesized by the solid 
phase method, some enzyme activity was obtained,, 
This seems to be a case where the entfe primary 
sequence is not essential for some activity, s 
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R. F. Hirschmann (Merck, Sharp and Dohme 
Research Laboratories, New Jersey) gave a critical 
account of the principal features of his group’s synthesis 
of ribonuclease S’. Here again the final material had 
low activity, but one of the causes of this has been 
located: some of the side-chain benzyloxycarbony! 
protective groups of lysine seem to have been removed 
during acidolysis of N-terminal ¢-butoxycarbony! 
groups, so that some of the peptide bonds constricted 
in subsequent steps were not formed in a completely 
specific manner. No doubt the recognition of this 
problem will lead to an improved synthesis. 

The rest of the proceedings revealed some unexpected 
difficulties in the synthesis of -alanine peptides 
(reported by J. Lowbridge and C. N. C. Drey, Borough 
Polytechnic, London). The recent solution of the 
crystallographic structure of insulin by Dr Dorothy 
Hodgkin and her colleagues made the contribution (by 
D. G. Lindsey and S. Shall, University of Sussex) 
on the specific introduction of mercury atoms into 
An extremely sensitive 


belong to the £ and all alloisoleucines to the p series”. 


SUICIDE 


How to Reduce the Rate 


from a Correspondent 


SUICIDE is now one of the ten most important causes 
of death in many countries. Successful suicide preven- 
tion programmes require, first, the ability to detect the 
potential stficide, second, the provision of services 
for the high risk groups—this includes the training 
of personnel—and third, evaluation of the services 
provided. The conference of the International Associa- 
tion for Suicide Prevention held in London last week 
reported some steps in these directiony 

The prospective and retrospective epidemiological 
‘approach has been particularly valuable in delineating 
high risk groups. K. A. Achté (Helsinki), reporting 
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the mortality of 6,500 brain injured people from the 
1939-45 Finnish wars, showed that 107 deaths, 9 per 
cent of the total, were due to suicide; and I. Thomson 
(Graylingwell Hospital, Sussex), who was able to 
locate 99-5 per cent of a cohort of 600 depressives 
referred for treatment in 1960, found that twelve, 
14 per cent of all deaths, had killed themselves. Other 
studies have shown that high risk groups, besides 
depressives and those with head injurigs, are attempted 
suicides, schizophrenics, alcoholics, drug addicts and 
epileptics, particularly those with temporal lobe 


epilepsy. 
A consecutive series of 100 suicides in southern 


England studied by B. Barraclough (Graylingwell 
Hospital, Sussex) and his colleagues showed that more 
than 90 per cent were rated as mentally ill as judged 
by a psychiatric panel. Nearly 80 per cent were 
diagnosed as suffering from a depressive illness and 
10 per cent there were alse alcoholics, Three-quarters 
had seen their doctor or psychiatrist in the previous 
three months. A similar pattern was reported from 
Buckinghamshire by J. Crammer (St Johns Hospital, 
Aylesbury, Buckinghamshire), and both these papers 
confirm similar studies from the United States and other 
countries. The suicide thus appears to be both ill and to 
be in touch with his doctor. 

Studies to differentiate patients who are likely to 
attempt suicide again were reported by Van de Loo 
(Psychological Laboratory, Nijmegen). H. Heyse and 
G. Kockott (Max Planck Institute for Psychiatry, 
Munich) and C. Bagley (Institute of Psychiatry, 
London). In Bagley’s comparison of twenty-nine 
south London patients who repeated a suicide attenipt 
with 348 who made no further attempt during three 
years, “repeaters” were found to be younger, more often 
diagnosed as having personality disorders and less 
often given psychiatric help. In Germany “repeaters” 
were found to have a history of previous suicide 
attempts, long standing suicidal ruminations and to 
have consulted a doctor or priest shortly before the 
attempt, thus giving an opportunity for medica] 
intervention. 

The provision of services was a matter largely dis- 
cussed by contributors from the United States, where 
the government has invested in “suicide prevention 
centres”. The Johns Hopkins University in collabora- 
tion with the National Institutes of Mental Health has 
established a course in “‘suicidology” for the training 
of people from various professional and non-protes- 
sional backgrounds to work in these centres. It must 
be said that there is no evidence that existing centres 
in America are successful in reducing the suicide rate. 

What conclusions can be drawn ? First, the preven- 
tion of suicide seems likely to remain a largely medical 
and medico-social matter, if only because in Britain 
three-quarters of suicides see their doctor shortly 
before death as compared with 3 per cent who contact 
the Samaritans. This being so, the onus is on doctors 
to reconsider their present fatalistic attitude to the 
subject and initiate a review of their present approach 
to known high risk groups and, having done this, 
commence in certain areas suicide prevention pro- 
grammes that can be evaluated. 

When other matters were discussed, D. M. Shaw 
(MRC Laboratories, Carshalton, Surrey) deseribed the 
rich potential of the brain of the suicide as a source for 
studying cerebral metabolism in the mentally ill. P. 
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Sainsbury (Graylingwell Hospital, Sussex) showed a 
0-9 correlation between the suicide rates of foreign 
born immigrants to the United States and their coun- 
tries of origin—one of the most important of recent 
observations. This disproves the idea that national 
differences in rates (for these countries) can be explained 
by differing procedures of ascertainment. 


AEROBIOLOGY ° 


Microbes in the Air 


from a Correspondent 


DENTISTS are at greater risk from aerobiological hazards 
than the crews of Polaris submarines, as delegates 
learnt at the international symposium on aerobiology 
held at the University of Sussex from September 15-19. 

H. Watkins (US Naval Biological Laboratory, 
California) reported that there is no special aerobio- 
logical hazard to Polaris submarine patrols, but W. J. 
Hansler (University of Iowa) described the perils 
besetting the modern dentist using a high speed air drill 
which aerosolizes the microflora of the patient’s mouth. 
Space flight, too, poses special aerobiological problems, 
for in those conditions infective particles are not 
removed from the air by gravity. The absence of 
sedimentation, however, reduces the retention of small 


In hospitals, apparently, aerosol infection usually 
plays a minor part and little would be gained from 
expensive installations to reduce it, unless autoinfec- 
tion could be eliminated and much higher standards of 
hygiene imposed on medical and nursing staff. The 
cost is justified in special cases such as a burns unit. 
according to J. F. Burke (Massachusetts General 
Hospital). It would also be justified when operations 
are carried out to implant artificial hip joints, as J. 
Charnley (Centre for Hip Surgery, Wigan) pointed out, 
or where immunosuppressive drugs are used. 

W. S. Miller (Lunar Receiving Laboratory, Houston) 
reported the surprising discovery that bacterial spores 
can be killed at pressures of 10-5 torr at 120° C. This 
information arose from the need to sterilize vacuum 
tanks for handling moon rock without chemicals 
or excessive heat. S. Gard (Karolinska Institute, 
Stockholm), reviewing mechanisms of immunity in 
virus infection, referred particularly to the greater 
protection conferred against measles by y globulin than 
by an inactivated vaccine, and speculated on the 
nature of the additional factor. 

Discussing infections by respiratory syneytial virus 
in children, R. Charnock (National Institutes of Health, 
Bethesda) concluded that severe cases occur in the 
absence of secreted IgA in the respiratory tract, but in 
the presence of circulating IgG, and that they are a con- 
sequence of antigen-antibody reactions of unspecified 
type. P. Gardner (Royal Victoria Infirmary, New- 
castle upon Tyne) suggested that bronchiolitis and 
“eot death” result from second infections producing 
hypersensitivity reactions. 

The problem of compounding a suitable vaccine for 
influenza was discussed by D. Tyrrell (Common Cold 
Research Unit, Salisbury). Monovalent vaccines of 
the epidemic type are 60-70 per cent effective, but the 
appearance of different serotypes continues to hamper 
progress. Inhaled live vaccines require small amounts to 
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protect and stimulate local immunity in addition to — 
circulating antibody, but there were doubts as to — 
whether such a vaccine could be prepared and tested . 
in time for an impending epidemic. R. Waldman — 
(University of Florida) has found intranasal administra» 
tion of rubella as effective as the subcutaneous method 
for stimulating circulating antibody, and twice as 
effective in producing antibody in nasal secretion. The 
report that oncogenic viruses of animals can be trans- 
mitted by the aerosol route, from A. Hellman (Nationa! 
Institutes of Health, Bethesda) and E. Larson (Fort 
Detrick), and the fact that they are not species specifie 
should sound a loud note of caution in laboratories 
handling this material. 

Tackling the question of rapid diagnosis, P. 
Chadwick (Queens University, Ontario) described how 
micro-colonies of bacteria can be used after four hours 
of development to determine antibiotic resistance. 
They can also be used to detect——by means of fluores- 
cent antibody, for example—enteropathogenie E. coli 
in stool specimens in concentrations of one for every 
10° other organisms. J. F. Hers advocated the use of a 








(Fort Detrick) 


NEUROBIOLOGY 


Mechanisms of Excitation 
from a Correspondent 


THE unification of neurobiology out of a diversity of 
studies which are only just beginning to link up will 
have been encouraged by the international meeting 
of neurobiologists held at Sandfjord, Norway, from 
September 15 to 17. The meeting brought together 
workers in ultrastructural research, biochemistry, 
electrophysiology and information transfer to talk 
about excitatory synaptic mechanisms. 

The meeting saw a setback for the vesicle hypothesis. 
Acetylcholine is released in packets or quanta from 
presynaptic terminals, and it has been sugested 
that the structural basis for this is the storage and 
release of transmitter by the vesicles seen in electron 
micrographs of nerve terminals. V. P. Whittaker 
(University of Cambridge) described. biochemical 
evidence that isolated synaptic vesicles contain 
acetylcholine in about the right quantities. But he 
has also found that detached presynaptic nerve 
terminals contain a second pool of acetylcholine, and 
that acetylcholine released on stimulation is probably 
derived from both compartments. B. L. Ginsborg 
(University of Edinburgh) showed that quantal release 
could be accounted for by a process in thé presynaptic 
membrane which would not necessitate the prepackaging 
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of transmitter. Although the vesicle hypothesis 
cannot be discarded, it is, contrary to general opinion, 
clearly still a long. way from being proved. 

Some controversy still surrounds the case for gluta- 
mate as an excitatory transmitter in invertebrates. 
Glutamate is present in individually isolated crustacean 
nerve fibres, and the total excitatory activity of extracts 
of these fibres is largely due to glutamate (together with 
a certain amount of the less potent aspartate). Gi A. 
Kerkut (University of Southampton) has found a 
release of glutamate when nerves are stimulated, 
while E. A. Kravitz (Harvard University), working on a 
rather diffcrent situation, has not. Possibly some rather 
efficient removal mechanism is at work. K. Krnjevic 
(McGill University) also referred to glutamate, but in the 
context of the vertebrate central nervous system, where 
it has an extremely quick and rapidly reversible 
excitatory action. Clearly its excitatory role could be 
widespread in the animal kingdom. 

Several contributors discussed how transmitters 
work once they have been released. Kerkut, working 
on identified neurones in the snail brain, has found 
several such mechanisms for different transmitters 
and also a more novel situation in which acetylcholine 
may act through an electrogenic pump. Such a 
mechanism may also be widespread—Krnjevic de- 
scribed cells from the vertebrate central nervous system 
which responded to acetylcholine in a comparable 
way. H. P. Rang (University of Oxford) discussed 
desensitization, an effect of transmitter which he 
proposed might be a necessary concomitant of activa- 
tion. He described experiments showing that different 
stimulant drugs desensitize to different extents, and 
that different antagonists have selective affinities for 
normal and desensitized receptors, which he interpreted 
in terms of a cyclical model of receptor desensitization. 

The allure of the central nervous system—that it 
might give some insight into conscious experience 
is as remote as ever: but at a more down to earth 
level, many intriguing problems are being tackled 
in much the same spirit as questions about the peri- 
phery. The difference is, of course, that the experi- 
mental situation is technically so difficult with the 
central nervous system. This means that the predic- 
tions of theoretical treatments, such as those of W. 
Rall (National Institutes of Health, Bethesda) and 
J. Jack (University of Oxford), are often difficult to 
test. Nevertheless, this kind of approach is clearly 
much preferable to the Charybdis of more “electro- 
anatomy’. Also in a theoretical vein, R. B. Stein 
(University of Alberta) discussed some general features 
of the transmission of information by neurones, particu- 
larly ¢he variability of background discharge which he 
showed may make it possible for a neurone to convey 
information about higher stimulus frequencies than 
would be possible if it were discharging more steadily. 





FOSSILS 


‘New Fauna Found 


from our Vertebrate Palaeontology Correspondent 


è A. a 
THE most recent advances in vertebrate palaeontology 


have arisen from the discovery of new faunas, together 

with the usę of modern techniques of preparation. 

This- emerged clearly at the annual symposium of 
s 


e 
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vertebrate palaeontology and comparative morphology 
held at the University of Newcastle upon Tyne on 
September 23 and 24. The most striking such advance 
is the new Gogo fauna of Australia, an inter-reef fauna 
of early Upper Devonian age. It includes arthrodires, 
antiarchs, palaeoniscids, a few rhipidistians and 
dipnoans (the occurrence of which im such a marine 
habitat is particularly interesting). 

The material is especially valuable, npt only because 
of its early date, but also because it is uncrushed and 
can be developed with acetic acid. R. S. Miles (British 
Museum, Natural History) gave a brief account of 
the Gogo placoderms and dipnoans, showing an impres- 
sive selection of completely cleaned, three dimensional 


specimens. B. G. Gardiner (Queen Elizabeth College, 
London) described how the Gogo  palaconiscids 


(earliest actinopterygian fish) show the first evidence 
of a rhipidistian-like ventral intracranial joint in the 
Actinopterygii. Study of the Gogo fauna will clearly 
provide a flood cf new evidence on the structure, 
early evolution and relationships of the bony fishes. 

The difficulties that may be experienced in 
collecting vertebrate fossils were clearly shown by 
Zofia Keilan-Jaworowska (Academy of Sciences, War- 
saw), who gave an account of the recent Polish— 
Mongolian expeditions to the new Cretaceous deposits 
of the Gobi Desert. Interesting new types of dinosaur 
have been found, while long hours of careful search 
have also produced new specimens of early mammals 
—at the rate of one per person per week’s work. 

The abrasive spray technique has revealed to A. L. 
Panchen (Neweastle) much new information about the 
skull of Crassigyrinus. The labyrinthodont-type of 
ornament on the skull, and its large orbits, suggest 
that it is that of an amphibian rather than a fish. If 
so, it is very primitive in several features, such as the 
position of the orbit, the presence of a preopercular 
bone and, apparently, the sunken position of the lateral- 
line canals. Because it is probably from the Viséan 
(Lower Carboniferous) Gilmerton Limestone of Scot- 
land, Crassigyrinus may be one of the earliest, as well 
as one of the most primitive, tetrapods known. 

The most controversial discussion arose from two 
papers on the ornithischian dinosaurs. P. Galton 
(Peabody Museum, Yale) suggested that the birds 
and the ornithischians may both have arisen from a 
cursorial biped. A. J. Charig (British Museum, 
Natural History), on the other hand, considered it 
more likely that the two groups were not closely 
related but that, if they were, then their common 
ancestor was a non-cursorial quadruped. 

There were two specially interesting papers on living 
vertebrates. R. Lawson (Salford) showed that the 
waves of tooth replacement which pass along the jaws 
of reptiles can also be found in the living amphibia. 
As many as fourteen histological stages and five 
osteological stages can be identified in the teeth of 
coecilians, but some stages are passed through rapidly, 
others more slowly. The replacement waves are more 
straightforward than in the Anura, in which they 
seem to cross from time to time. This crossing seems 
likely to result from an occasional abnormality, a 
particular tooth developing unusually quickly or 
slowly. Karen Hiiemäe (Peabody Museum, Yale) 
showed how a comparatively simple analysis of the 
musculature and jaw-movements involved in chewing 
provides an explanation of the principal divergent 
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modifications of the teeth and skull architecture in 
herbivorous and carnivorous mammals. 


FOOD CHEMISTRY 


Finding Unpleasant Flavours 


„from a Correspondent 


THE gaps in knowledge about the non-volatile pre- 
cursors of aroma volatiles could keep the average 
university chemistry department happy for many 
years to come. This was the méssage from a sympo- 
sium on flavour-contributing substances in food 
formation, composition and assessment held by the 
Food Group of the Society of Chemical Industry in 
London on September 24. 

P. A. T. Swoboda (Food Research Institute, Norwich} 
described the work leadire to the identification of 
dimethyl trisulphide as a constituent of roast chicken 
aroma. The component is present only to the extent 
of approximately 1 ug in 100 g of meat (1 in 108), but 
the flavour, described as cabbage-like by some, could 
be detected at one part in 10! of water. A.J. MacLeod 
(Queen Elizabeth y discussing the 
flavour volatiles of cooked cabbage itself, emphasized 
the importance of being fully aware of the complete 
history of any vegetable subjected to flavour analysis. 
He explained how even slight variations in growing 
conditions, post-harvest treatments and cooking 
methods could radically affect the produced volatiles. 
It is therefore not sufficient, except in the very simplest 
of qualitative analyses, to quote results for a foodstuff 
of unspecified origins and treatments. 

R. L. S. Patterson (Meat Research Institute, Lang- 
ford) and N. M. Griffiths (Food Research Institute, 
Norwich) described the work leading to the determ- 
ination of boar meat taint as 5a-androst-16-en-3-one. 
The presence of this steroidal aroma component renders 
the meat objectionable, particularly during cooking, 
although this is not necessarily the case afterwards. 
The most interesting fact about this steroid taint is 
that although nearly all women tested could detect 
the odour (92-4 per cent), only about half of the men 
could (55-7 per cent). Furthermore, men mostly found 
the odour to be neutral or at worst slightly unpleasant, 
whereas women generally found the steroid to have a 
very unpleasant odour. The odour was described as 
sweet in dilution but sweaty and of urine when more 
concentrated. Such extensive sex differences in odour 
sensitivity and interpretation have not been observed 
before. D. G. Land (Food Research Institute, Norwich) 
made a plea for the greater use of the sensory evaluation 
of flavour constituents and described his methods for 
odour characterization using the human nose by sniffing 
the emerging separated volatiles at the exit ports of a 
gas chromatograph. 

A lively discussion centred mostly on the problems 
of sensory evaluation and odour characterization. 
There was debate about the value of such work at 
present, particularly when so many factors such as 
odour interactions, dilution effects and even the 
physiology of the perception of flavour itself are not 
understood. At the end one was left with nothing but 
admiration for those grappling with the deeper prob- 
lems of sensory evaluation: but, bearing in mind all the 
papers presented on the subject, this was tinged with 


the suspicion that as yet there are so many unanswered ~ 


problems that any deductions relating to the applica- 
bility of such results must be made with extreme care. 


It must be accepted, however, that flavour is a subjec-. 


tive problem and simple chemical analysis on its own 
ean never supply,the complete answer in this respect. 

One thing with which all were in complete agreement 
was the request by H. E. Nursten (Procter Department 
of Food and Leather Science, Leeds) for more financial 
support and better facilities for flavour research, and 


when these are more extensive perhaps many of the 


problems highlighted by this valuable symposium 
may be solved. 


PARTICLE PHYSICS 


Interacting Electrons and Photons 


from a Correspondent 


DARESBURY’S 4-5 Gev electron synchrotron was 
the star attraction at the conference on electron 
photon interactions held at the University of Liver- 
pool from September 14 to 20. NINA, however, is 
comparable with several other facilities in the world 
and is not an advance in energy or intensity, so that 
contributions from Daresbury, although well represen- 
ted, did not as in previous years dominate the meeting. 

A successful departure from customary practice was 
the elimination of contributed papers, which were 
replaced by rapporteur summaries. The conference 


strong interaction electromagnetic processes, the vector 
dominance equivalence of photons and vector mesons, 
elastic and inelastic scattering of electrons. Unfor- 


progress since their last reported results at the Vienna 
conference a year ago. 

H. Harari (Weizmann Institute} discussed photo- 
production processes as a test of current strong inter- 
action theories. For small four-momentum transfers, 
photoproduction processes seem to be very sensitive 
to the nature of the exchanged particle. At inter- 
mediate momentum transfers, the processes throw 
light on the nature of the so called “nonsense zero” 
dips; at high momentum transfer values the processes 
seem to become “statistical” in nature and demonstrate 
close similarities. Considerable scepticism wat ex- 
pressed as to the existence of “nonsense zeros, and 
most high energy theorists seem to be turning to 
theories without “nonsense zeros” and involving cuts 
or absorption. 

Vector meson photon equivalence as usual came in 
for its share of heated discussion. It was universally 
agreed that it provides an excellent semiquantitative 
guide, but few physicists still maintain that it is exact. 
Discussion on the experimental determination of 
ye?/41 by measurements of coherent production of rho- 
mesons on complex nuclei gave rise to some bitter 
exchanges, and the experimentalists concerned were 
unable even to agree as to what they disaggeed about. +’ 

Considerable experimental progress had been made 


* 


16 
d 

on “deep” inelastic electron scattering and rough 
values of the longitudinal cross-section were available 
from SLAC. These did not support the specific vector 
dominance model proposed by Sakurai (Chicago) for 
this process. The usual wide range of conceptually 
very different explanations continued to exist for these 
data, although experimental differéntiation between 
the various possibilities still seems remote. 


MOON 


Cratering under Low g 


from our Astronomy Correspondent 


A twrs-prop C-131B aircraft, a KC-135A jet and a 
1-8 m? vacuum chamber have been used in a bizarre 
experiment to see how gravity and atmospheric pres- 
sure affect the formation of craters in sand (Johnson 
et al., J. Geophys. Res., 74, 4838; 1969). The aim was 
to produce information which would be useful if civil 
engineering works are ever undertaken on the Moon, 
and to provide a baseline for the analysis of craters in 
the lunar soil. The technique was to detonate small 
quantities of explosives in boxes of dry sand with 
particle sizes between 0-4 and 0:85 mm. To simulate 
low and high gravity, the time-honoured method of 
flying the aircraft in a vertical parabola was used, and 
the experimenters from the Air Force Institute of 
7 cennOWeY Teport results at O-17g (lunar gravity), 
038g and 2-5q. 

The investigation was not without its formidable 
difficulties, how ever, and it seems to have been im- 
possible to combine the variable gravity tests with the 
effects of atmospheric pressure. Thus the influence of 
pressure was tested separately in a vacuum chamber 
on the ground. Because the crater shape in the dry 
sand was destroyed as the aircraft pulled out of the 
parabola, the experimenters had to rely on ciné films 
of what happened. And they had to satisfy themselves 
that the finite size of the box and reflected shock waves 
from the sides and bottom could be ignored. (This 
was only true if the depth of sand in the box was at 
least 35 em.) 

The conclusion is that the ratio of crater diameters 
formed under different gravities is inversely pro- 
portional to the ratio of gravities to the power n, 
where n increases with the depth of the explosive, 
but is always less than 0-16. In the pressure range from 
300 to 1,000 mm of mercury, the ratio of diameters is 
inversely proportional to the ratio of pressures to the 
power 0-044. Below 300 mm of mercury and down to 
5x104 mm of mercury the exponent is smaller, but 
hardeto define from the data. But, on average, craters 
formed below 1 mm of mercury had diameters roughly 
1-1 times those of craters formed at terrestrial atmo- 
spheric pressure. 


LATTICE DYNAMICS 


Gregarious Phonons 


from our Solid State Physics Correspondent 


THe importance of the interference between one phonon 
and multi-phonon scattering processes 1 in a crystal may 
well have been badly underestimated, ‘judging by the 
uncompromising results of an experiment by R. A. 
Cowley, E. _ Svensson and W. J. L. Buyers on the 


* 
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scattering of neutrons by ionic crystals (Phys. Rev. 
Lett., 23, 525; 1969). This may not be entirely sur- 
prising, as the tacit acceptance of the division into 
single-phonon and multi-phonon processes for an 
anharmonic crystal has always been somewhat anoma- 
lous, although largely motivated by the lack of any 
sound theory to couple the products of the harmonic 
model. Cowley et al. have now worked out the scattering 
cross-section for X-rays and neutrons in an anharmonic 
crystal in terms of the anharmonic self-energy of the 
crystal, and they deduce some marked effects on the 
line shape and intensity for groups of scattered particles. 
They have tested the predictions on NaCl and KBr, 
and obtain remarkably good agreement with experi- 
ment. 

The interference between one-phonon and two- 
phonon processes, which is the important interference 
contribution, gives rise to two “adjustments” to the 
cross-section. Cowley et al, have sought to explain the 
intensity modulation in the X X-ray diffuse scattering 
from NaCl—hitherto something of a riddle—in terms 
of this interference contribution, and they have 
obtained a very reasonable fit to the measurements. 
They deduce that most of the intensity variation is 
attributable to interference terms, although some 
contribution from changes in the form factor due to 
the ionic motion is possible. 

They have carried out a separate experiment 
on KBr which gives further backing to the theory. 
They selected the branch of the dispersion curves 
expected to give the largest interference contribution, 
the LO branch, and have measured the variation with 
temperature of the intensity of neutron groups scat- 
tered by the crystal. The results are impressive. 
Anharmonic effects are notoriously difficult to pin 
down accurately, but these turn out to give agreement 
between the predicted and measured variations to 
better than a standard deviation. Even allowing for 
pessimism about the ability to subtract off the back- 
ground accurately at the three temperatures employed, 
94 K, 298 K and 450 K, the agreement is encouraging. 

A noticeable gap in the dispersion curve data on 
alkali halides has been filled by J. R. D. Copley, R. W. 
Macpherson and T. Timusk (Phys. Rev.,182, 965; 1969), 
who have measured the phonon frequencies in potas- 
sium chloride at 115 K with slow neutrons. The 
abundance of models vying for attention to fit the 
alkali halide frequencies, however, indicates that there 
is still some way to go before the multiparameter 
empirical model can be regarded as an early relic in 
the same way that Born von Karman models for metals 
are now treated. 





METALLURGY 


Ordered Alloys 


from our Materials Science Correspondent 


A GROWING interest in ordered alloys was evident at 
the conference devoted to this topie and held at Bolton 
Landing, New York State, by the American Institute 
of Mining, Metallurgical and Petroleum Engineers from 
September 7-10. There are several reasons for this 
growth of interest during the past ten years. es 
electron microscope, for one thing, has rev ealed a great 

deal about the structural aspects of order, such as 
antiphase domains and superdislocation morphology 
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The modification of mechanical behaviour by ordering 
of the atomic distribution in a solid solution has proved 
to be unexpectedly subtle; the design of superalloys 
for use in the hot components of gas turbines has 
depended on the presence of a coherent ordered 
precipitate y’, the properties of which depend on the 
precise mismatch between the lattice parameters of 
matrix and precipitate. All this was discussed in detail 
at Bolton Landing, and so were current ideas about the 
nature of the forces that cause solid solutions to become 
ordered. 

P. C. Clapp (Kennecott Copper Corp.) examined 
theoretically the validity of the “quasi-chemical”’ 
approach to ordering theory: since the classical paper 
by Bragg and Williams, the formation of order in alloys 
has been analysed in terms of interaction energies 
between nearest neighbours. This approach is still 
useful but will not cover all situations: elastic strains 
resulting from atomic size, disparities, and collective 
electron energy caleulations resulting from changes in 
shape of Brillouin zones on ordering must also be 
taken into account. 

Several contributions were concerned with the atomic 
movements involved in the ordering process. Beeler 
presented the results of some interesting computer 
simulation experiments, which showed, ier alia, 
that a vacancy migrates in a peculiar pattern; it stays 
in one locality—effectively a microdomain—priacip- 
ally in a tight cluster, then streaks off to a new ordered 
nucleus. This study linked with a useful survey by 
Gupta and Lieberman of the diffusional behaviour of 
orderly alloys above and below their critical tempera- 
tures. U. S. Arunachalam (National Aeronautical 
Laboratory, Bangalore) and R. W. Cahn (University 
of Sussex) reported a study of the influence of smail 
stresses applied during anneal on the distribution of 
domain orientations in an alloy, CuAu, which forms a 
non-cubic superlattice. An excellent Russian paper 
from Sverdlovsk, presented (as so often) in absentia, 
also reported on the ordering mechanism in CuAu 
studied by electron microscopy. 

The rest of the conference was devoted to mechanical 
properties of alloys with superlattices; several papers 
had a pronounced practical bias. P. R. Strutt (Univer- 
sity of Connecticut) and R. A. Dodd (University of 
Wisconsin) and N. S. Stoloff (Rensselaer Polytechnic 
Institute) and I. L. Dillamore (BISRA, Sheffield) 
surveyed the influence of atomic ordering respectively 
on creep and on fracture strength and ductility (sub- 
stantial in some alloys). Whereas the influence of order 
on creep is not substantial in a homogeneous alloy, the 
situation can be very different in a two-phase material. 
Several papers dealt with the structure and behaviour 
of “superalloys”, which usually consist of a disordered 
face-centred cubic y matrix coherent with and strained 
by a slightly mistitting ordered y’ phase. R. G. Davies 
and T. L. Johnston (Ford Scientific Laboratory) 
described the design of a superalloy to meet a specific 
performance criterion. This involved careful control of 
the magnitude of the lattice misfit by appropriate 
ternary alloying. Davies and Johnston were candid 
about the problems involved in compromising mutually 
conflicting requirements: thus lowering chromium 
content to improve creep resistance sharply impaired 
corrosion stability. Hamm reported a quantitative 
theory of the creep resistance of y/y' alloys which 
satisfied Davies and Johnston’s preferred criterion, 


+ 


that is, “no parameter mismatch of the two phases”. 
H. Gleiter (Harvard University) presented an - 
genious experimental measurement of the variation of 
antiphase domain boundary energy for small ordered — 
particles as their size is decreased, and H. Warlimont 
(Max Planck Ingtitute, Stuttgart) and others pre- 
sented a controversial model for certain alloys in the 
Fe/Al, Cu/Al and Cu/Zn systems which appear to 
consist of a stable dispersion of micro-ordered domains 
in a disordered matrix. 






MATERIALS 


Products for Play 


from a Correspondent 


THE requirements of the sports industry for high- 
performance high-quality products present a unique 
challenge to the materials scientist. This was doubtless 
in the minds of members of the Materials Science Club 
meeting at Worcester on September 19 and 20. The 
topic of the meeting was materials in leisure and sport. 

R. C. Haines (International Sports Co. Ltd) explained 
that the design of golf clubs has changed very little 
from the gradually evolved form, although the hickory 
shaft and laminated maple head have been replaced, 
in one case, by an all plastic club with glass fibre shaft 
and injection moulded head. In principle this has been 
achieved with no scientifically measurable change in 
performance, although the expert can sense significant 
variations through the subtlety of the wrist, 

Carbon fibre reinforced materials offer certain advan- 
tages, particularly now that there is every indication 
that they will become less expensive. D. G. Pearce 
(AERE, Harwell) described how they can be used in 
skis and boat masts. Carefully designed experiments 
to measure torsional stiffness at various sections in 
existing skis have made it possible to caleulate per- 
mitted stresses and deflexion characteristics so that 
the design can be achieved with a considerable saving 
in weight. Such skis would presumably require less 
effort to manoeuvre and should therefore allow for 
better personal performance. Within the strictly 
controlled classes of sailing boats, one way of achieving 
better performance is by improving the aerodynamics 
of the mast. This can be achieved by making the mast 
more slender, but because the load is great, the mast 
needs to be reinforced. From the load patterns 
obtained in two sets of conditions, namely, close hauled 
and 15 m.p.h. boat speed in a 40 m.p.h. gale, data for 
the design of an aluminium carbon fibre reinforced 


A starting point for the selection of material for sails 
is the shape of the stress-strain diagram. On this basis, 
“Terylene’ can be shown to be superior to nylon, rayon 
and cotton, and M. R. Dixon (ICT, Harrogate) discussed ¢ ‘ 
those factors in textile production that are important ~ 
if this property is to be exploited. Consolidation of 
‘Terylene’ cloth by a hot rolling technique gives a super- 
ior material for sails by modification of extensions in ® 
both warp and’ weft. And photogrammetric studies of 
sail extension during loading make possible new designs 
based on changes in the geometry of the panelling. 

* 


* 
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Welfare of Domestic Animals 


by 
W. H. THORPE 


Sub-Department of Animal Behaviour, 
University of Cambridge 


Ix June 1964, the Minister of Agriculture appointed “A 
Technical Committee to enquire into the Welfare of 
Animals kept under Intensive Livestock Husbandry 
Systems”. This committee, chaired by Professor F. W. 
Rogers Brambell, is generally known as the Brambell 
Committee. It reported unanimously at the end of 
1965 (ref. 1) after having visited sixty-three farms and 
taken evidence from twenty organizations. While this 
report made it clear that the members felt that a great 
deal more research work was necessary in many aspects 
of the subject, it was agreed that, besides enunciating 
details for proper control of feeding, housing, diet and 
management, there were some basic general principles 
for which the scientific evidence was already sufficiently 
clear to allow them to be enunciated immediately as an 
absolute minimum. 

Besides these basic principles, the Brambell Committee 
also recommended the establishment of a Farm Animal 
Welfare Standing Advisory Committee to give continuing 
advice to the Minister of Agriculture on all matters on 
which the Brambell Committee had reported. It also 
stated emphatically that the new advisory committee 
should not be representative of the interests concerned, 
but the persons appointed should serve because of their 
knowledge and experience in various fields and their 
personal qualities. They should not be more than ten in 
number and should include among the specially qualified 
members an expert on animal behaviour or comparative 
psychology, a zoologist or physiologist, persons know- 
ledgeable in animal husbandry and farm buildings and a 
legal expert®. Last summer, Parliament approved an 
Agricultural Miscellaneous Provisions Act 1968, under 
which the new Standing Committee was duly set up. 
Unfortunately, the recommendations as to its composition 
were largely disregarded. This Standing Committee has 
issued “The Revised Draft Codes of Practice’ which are 
now before Parliament. It is noteworthy that its recom- 
mendations were far from unanimous, and that the latest 
dissentient, Major W. N. Scott (who formally resigned 
last week, September 26), at a recent Egg Marketing 
Board conference, criticized the committee of which he 
was a member, and the codes which he had signed, by 
saying that the recommendations appeared to have gone 
to some trouble to justify existing commercial practices 
and that it was unfortunate that the committee included 
no member capable of expressing authoritatively the 
current views and results of scientists working on animal 
behaviour’. Major Scott thus supports the members of 
the Brambell Comrnittee when they say that the densities 
* tof stocking defined in the Codes are, In many cases, a 
" compromise approximating to current practice: “a com- 
promise of a compromise for which no case otherwise than 
commercial expediency exists’”*. 

Although the Brambell Committee members, in the 
letter I have mentioned, welcomed several of the points 
established byw the Revised Draft Codes, their criticisms 
of sgme of the details are important. 


On October 13 and 14, Parliament is to debate Revised Codes of 
Practice governing the welfare of domestic animals. These codes 
do not reflect all the findings of the Brambell Committee, nor do 
they take into account the evidence of animal behaviour studies. 


They concern the so-called “five freedoms’ -sufficient 
freedom of movement for an animal to be able without 
difficulty to (1) get up;.{2) lie down; (3) groom normally; 
(4) turn around; and (5) stretch its limbs. In regard to 
these, perhaps I might paraphrase a section of an appendix 
I wrote as part of the Brambell Report and which I think 
expresses the views of all. Having stressed the need for 
further detailed research in several special lines of animal 
behaviour study which would have to be undertaken for 
some years before a fully scientific answer to some of our 
problems could be achieved, I concluded that we are 
safe in stating that conditions which lead to physical 
deformity and to highly abnormal nutritional physiology 
must be considered cruel. With regard to deprivation, the 
problem is more difficult because we have to draw a line 
at a point where there may be no clear distinction, only a 
degree of difference; and the permissible limits to stress 
ultirlately will depend on our own judgment. The 
Brambell Committes, however, felt that even here there 
are certain basic facts clear enough to justify action. 
While accepting the need for much restriction, we con- 
cluded that on scientific grounds the line must be drawn 
at conditions which completely suppress most of the 
natural, ‘innate’? urges and behaviour patterns charac- 
teristic of actions appropriate to the high degree of social 
organization which all domesticated farm animals share 
and which have been little, if at all, bred out in the process 
of domestication. 

The Revised Codes pay lip service to the desirability 
of avoiding unnecessary distress (see Clause 1 of the Act of 
1968) but, behind all the pleasant verbiage of the docu- 
ments, every system for intensive husbandry in use today 
(apart from the sweat box for pigs) is condoned—and 
stocking rates at present in use for those systems are 
generally approved. Thus the Revised Codes do not firmly 
recommend a standard for the stocking of cattle. But they 
do advise the provision of a dry lying area for all cattle, 
though this need not be bedding. They admit that for 
ealves up to 12 weeks old straw or its equivalent may be 
an advantage, but they do not make this a firm recom- 
mendation. Again, a farmer giving calves a milk substitute 
is encouraged to deny them the roughage which the 
Brambell Committee believed to be essential. 

As to the question of the prevention of suffering in the 
sense of actual pain, little need be said. A great deal of 
work has now been done, both physiological and psycho- 
logical, on the sense of pain in both human beings and 
in animals (especially mammals)’. 

It is when we come to the assessment of stress that 
difficulties begin to arise. Stress results from a threat, 
real or apparent, to the biological integrity of the animal. 
More simply—a “stressor” can be defined as any stimulus 
or situation which causes maladaptive behaviour. To 
quote Wood-Gush®, stressors may be divided into (a) fac- 
tors referable to the physical environment, (6) factors 
derived from particular genotype-environmental inter- 
actions, and (c) factors operating through the social 
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milieu of the animal. Each of these can be sub-divided 
into those that have a direct effect on the physiology of 
the animal, and those that operate through learning 
processes and later produce somatic effects. These classes 
can again be sub-divided into those that have their 
maximum effect during the otogeny of the animal, and 
those that operate on mature animals. Thus, nutritional 
deficiencies would be type (a) stressors; genetic factors 
would be type (6) stressors; and behavioural or social 
stressors, which I am chiefly concerned with here, are 
factors such as overcrowding, social hierarchy, peck-order 
dominance and so forth, so common in domestic animals, 
oe as 1 have said, all DR animals are species of 

y The social stressors 
oda Pn of many kaeni kinds ranging from 
extreme physiological imbalance, leading quickly to death, 
to grave behavioural deficiencies such as self-injury, dis- 
placement activities (irrelevant or compulsive move- 
ments), and many other changes in movement and 
expression indicative of vdrying degrees of emotional 
strain and tension. In all these cases, information applic- 
able to domestic animals, particularly information on the 
physiological side, is far more abundant for mammals 
than for birds. Nevertheless, it is clear that the same 
general principles, such as approach—-avoidance conflict, 
underlie the behaviour of all the higher animals which 
have been investigated. 

It is well to remember that there is not always elose 
correlation between the intensity of the behavioural 
responses of the organism and the intensity of internal 
stress. Nor, of course, is high productivity reliable 
evidence for the absence of severe stress. Thus it has been 
shown’ that even the apparently harmless process of 
long exposure of ungulates to Pavlovian conditioning 
inevitably results in neurotic ilness—though not suffi- 
ciently severe to cause a significant shortening of life in 
the adult. 

By contrast, however, conditioning in isolation of the 
young organism, still dependent on the mother, typically 
results in death within a year. Furthermore, separation 
from the mother for an hour following birth also commonly 
results in the death of a lamb or kid at an early age. So 
in this context the word “conditioning” should be extended 
to include mutual interaction between mother and new- 
born by which the mother’s presence becomes the con- 
ditioned security signal to her offspring. It has been 
known since the time of Pavlov that the presentation of 
difficult conditions of choice where a difficult discrimina- 
tion has to be made can easily result in behavioural 
breakdown, the animal showing every sign of stress, 
dejection and anxiety. It is now known that along with 
these behavioural symptoms a whole syndrome of physio- 
logical disturbances can be elicited. A great deal of the 
basic work on this topic is due to Selye and co-workers’. 
It is now known that prolonged stress, even if not 
apparently very severe, frequently results in duodenal or 
gastric ulcers in a wide range of mammals from the rat 
toman. The fact that it applies also to domestic ungulates 
is clear from the quoted work of Liddell e¢ al. on 
sheep’, 

It will be noted that freedom to groom normally, 
turn round and stretch concerns in each case restriction 
of the patterns of locomotion. There is a great deal of 
information on this topic in the extensive literature 
concerning experimental neurosis in mammals. There is 
ample evidence that confinement, just because it restricts 
what is both physiologically and ethologically one of the 





most basic and al -pervading activities of animals, namely 
the locomotory responses, is most powerful in its effeets; 
hence the Brambell Committee’s stand against the per 
manent tethering and close confinement of domesti 
mammals. Moreover, it has long been known that. 
disturbed behaviour caused either by noxious or ambiva- 
lent stimuli is greAtly enhanced if the stimuli are applied 
when the animal is in elosely confined conditions. Now 
it has been discovered» that confinement alone, even in 
the’ absence of such disturbing stimuli, can cause gastric 
ulcers in the laboratory rat, tame and docile animal though 
it is'-t, The way in which such restriction exerts its 
effects is still uncertain; but of the effects there is no 
doubt. Wolpe! suggests that preventing escape may 
result in cumulative action of stimuli which cause anxiety; 
this anxiety may become associated with the surroundings 
in which the experiments are carried out. and that 
autonomic responses may become stronger in the absence 
of the outlet provided by activity of the skeletal muscles. 
(For useful discussion of these points, read Barnett.) 
Coming to social stressors, it is well known from the work 
of Barnett and others that the effect of confining mam- 
mals such as rats and mice in a small space with strange 
kindred can set up such severe stress that the animal may 
die solely from its effects without actually having been 
attacked, still less without having suffered physical 
injury. 

Freedom to groom, preen and scratch normally; in 
other words, freedom to take normal care of the body 
surface, is here again based on such strong scientific 
evidence it hardly requires detailed discussion. There are 
few refiex responses more firmly ingrained and stereotyped 
than those concerned with cleaning, preening and serateh- 
ing. The freedom to turn round requires a little more 
discussion. In all the mammals and birds in which this 
has been investigated, it has been shown that normal 
behaviour of whatever kind—-eating, drinking, reproduc- 
tion, nest building and so forth—cannot take place in 
anything like a normal manner, if at all, until the animal 
has familiarized itself with its environment. The labora- 
tory rat provides an excellent example of this. A rat 
which has been deprived of food and water for, say, 12 
or 24 hours, and is therefore quite ready to eat and drink, 
is placed in a clean new cage which is similar to the one 
in which it has been accustomed to live, and in this cage 
are placed food and water in the ordinary kinds of con- 
tainer to which the animal has become used. It is found 
that the rat will refuse to eat or drink until it has taken 
at least 10 minutes—often much more—in thoroughly 
investigating every part and feature of its new quarters. 
Even though it encounters food and water immediately, 
this is ignored until the exploration is complete. This 
shows that the tendency to explore the immediate en- 
vironment is paramount and is the first objective of the 
animal when moved into new quarters, Behaviow? of this 
type plays, of course, a very important part in the success 
of young animals in avoiding their enemies and preserving 
themselves from attack. Until the young animal has 
explored its immediate environment, established ron- 
ways, shelter places and so on, it is almost completely 
at the merey of attack by predators, for it does not know 
where to run to; it has to acquire the feeling of safety 
which familiarity provides before doing anything else. Tt 
seems therefore that complete denial of the opportunity 
to exercise this*very basic behaviour pattern is bound to 
be a substantial contribution to the load of stress to which 
the animal is subject}. 
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So far I have been referring to m&mmals where the 
physiological data are extensive. Finally, I wish to con- 
sider the situation in regard to birds. Here, the physio- 
logical evidence is, very far from complete (but see the 
papers of Siegel quoted later). All our behavioural 
knowledge of the birds, however, indicates the presence 
of the same type of “‘approach-avoidance” behaviour, of 
the same kind of displacement activities, of the same kind 
of re-direction behaviour, and similar, if not identical, 
depressive states in response to social stress. It is therefore 
almost inconceivable that the same general rules do not 
apply to this group also. It is sometimes stated that 
modern breeds of domestic fowl have been so adapted by 
the geneticist that even the closest confinement no longer 
involves stress. This I believe to be a serious error due to 
a misunderstanding of the situation. I know of no pub- 
lished work which invalidates a statement that I made on 
the subject two years ago', to the effect that the genetic 
changes produced so far during domestication, while 
obviously affecting the degree of excitability or placidity 
of the organism and important though they are to the 
agriculturalist, have left untouched the basic behavioural 
potentialities of the species. It is these basic potentialities 
which are frustrated by excessively close confinement and 
which give rise to stress when frustrated. The degree of 
elaboration of the social organization of the domestic 
fowl is in fact very easily underestimated. There seems 
to be no essential difference between the behavioural 
organization of the wild ancestor and a modern breed 
such as the white leghorn. The mother hen accepts 
strange chicks up to 2 to 5 days after hatching provided 
they are the same colour as her own, but after that time 
repels or even kills strangers irrespective of their colour. 
Social order is important in the life of chickens and begins 
to develop fairly early. Young chicks settle the pecking 
order by real fighting in which all members of a brood 
often simultaneously engage in single combat. A rather 
permanent social stratification results from age grouping, 
cocks being generally dominant over hens, but young 
cocks having to fight their way up by vanquishing every 
hen of the flock. Social rank order does not mean 
permanent aggression between the fellow members of a 
flock and an established place in a community is a very 
real need for the individual. Social grooming is frequent 
and may lead, in abnormal circumstances, to the bad 
habit of feather eating. Examples of what seems to be 
social aid have been described'®}!*. The cock drives stray 
hens back to the flock and there are many interesting 
cases of learning and long term memory and some very 
surprising examples which suggest a highly complicated 
mental process by which human aid may be exploited to 
the great advantage of the individual. 

There is also a considerable amount of physiological 
information as to signs of stress in the work of Siegel. 
which tg important. This indicates the effect of stress on 
the size and histological structure of the adrenal glands!®»**. 
Guhl’s work”! is central to this field and, fortunately, an 
extensive summary of it has just been published. In 
short, the domestic fowl is a highly socialized, highly 
intelligent species, endowed with surprisingly well de- 


J veloped powers of learning and retention. All this pro- 


vides strong presumptive scientific evidence for the 
conclusions of the Brambell Committee concerning the 
stocking rates allowable for hens in battery cages. And, 
indeed, the Farm Animal Welfare Stamding Advisory 
Committee seems to have accepted the Brambell view- 
point in its Pêultry Code where paragraph 24 states that 
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“all domestic fowl should have sufficient freedom of move- 
ment to be able without difficulty, to stand normally, 
turn round and stretch their wings. They should also 
have sufficient space to be able to perch or sit down 
without interference from other birds”. This admits the 
validity of the Brambell Committee’s argument and 
sounds encouraging until one comes to examine the stock- 
ing rates actually recommended in the Poultry Code. On 
a floor space of 20 inches x 18 inches, five light hybrids 
may be kept throughout their adult lwes! The wing 
span of one such bird is about 30 inches. The Brambell 
Committee recommended only three birds in such cages 
so that one bird at a time could at least spread out one 
wing. Finally, then, ‘there is ample scientific evidence 
supporting the five “freedoms”, and I know of no pub- 
lished scientific work which has appeared since the Bram- 
bell Committee reported, that warrants the denial of 
any of these *‘freedoms’’—nor, indeed, for other proposed 
changes such as that calves should be deprived of roughage. 
In conclusion, we must a8k whether the Codes should 
be rejected by Parlament. I think they should not be 
rejected if there is reasonable opportunity for amendment. 
The amendments required seem to be (1) that all animals 
should at least have room freely to turn round; (2) that 
the Brambell recommendations for space for all poultry 
should be substituted for those suggested in the Codes of 
Practice; (3) a dry bedded area should be provided for 
all syock; (4) palatable roughage must be readily available 
for all calves older than 1 week; (5) sows should only be 
kept in stalls for feeding and straw must be provided; 
(6) beak-trimming for fowls and other surgical procedures 
should only be permitted when done by, or under the 
direct supervision of, a veterinary surgeon; and the use 
of spectacles on fowls should be prohibited. As to surgery, 
there is obviously a great deal of difference between 
operations carried out by a veterinary surgeon and those 
merely carried out “on their advice’’—which is what the 
new Codes propose. The procedures which are to be 
tolerated if the new Codes are passed in their present 
form would constitute a retrograde step and would, in 
fact, condone in farming practice operations which would 
not be tolerated, and which could be the basis for prosecu- 
tion if they were carried out in a scientific or medical 
laboratory in this country without special licence. 
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The University of Michigan, Department of Psychology, Ann Arbor, 
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Cognitive Psychology will publish empirical and theoretical 
papers, methodological articles, and critical reviews dealing 
with memory, language processing, perception, problem 
solving, and thinking. The Journal will emphasize work on 
the organization of human information processing. There 
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the theory and practice of behaviour therapy. Occasionally 
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principles of learning and motivation. Monographic reports 
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erence is given to longer, more substantive papers. Brief 
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the use of the statistical test, a discussion of the measure of 
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Quasi-stellar Objects—A Progress Report 


G. R. BURBIDGE 

E. M. BURBIDGE 

Department of Physics, 

University of California, 

San Diego, and 

institute of Theoretical Astronomy, 
University of Cambridge 


THE first quasi-stellar object--3C 48—was identified in 
1960 by comparing an accfrate radio position of the 
source 3C 48 with the Palomar Sky Survey photographs 
and finding a fairly faint star-hke object with unusual 
properties at the position. The star-like object had strong 
ultraviolet radiation, a wisp of nebulosity around it, and 
an emission-line spectrum that at first defied interpreta- 
tion. Eventually Maarten Schmidt, observing another 
QSO-——3C 273—discovered that the peculiar emission lines 
in the spectrum were actually ordinary lines to be expegted 
in a gaseous object with a central exciting source of 
energy, but shifted to the red end of the spectrum by 
quite a large amount. Since 1960 both optical and radio 
astronomers have devoted a considerable amount of 
effort to investigating the properties of the QSOs. The 
observational milestones along the way have been: 


(1) The original identification of 3C 48 in 1960. (2) The 
first red-shift determination of 3C 273 in 1963. (3) The 


determination in 1965 of a red-shift as large as A/A = 2; 
this imphed enormous distances according to the obvious 
interpretation that the red-shifts are due to the expansion 
of the universe. Many red-shifts as large as this are now 
known. (4) The demonstration that the objects vary in 
both radio and optical fluxes made in the period 1960-65. 
(5) The demonstration, in 1965, that there was probably 
a very large population of QSOs, both radio and radio- 
quiet objects; further studies have confirmed this. 
(6) The identification of the first absorption lines in 1966. 
(7) The identification of absorption lines displaying 
multiple red-shifts in 1968. (8) The measurement in the 
past few years of exceedingly small diameters for radio 
sources associated with both QSOs and radio galaxies. 

It is generally agreed that the line spectra arise in hot 
gas which surrounds and is more extensive than the 
continuum source. The emission lines probably arise in 
gas arranged in a filamentary structure, a situation similar 
to that often found in hot gaseous nebulae in our own 
Galaxy. As far as one can tell, the chemical composition 
of this gas is fairly normal, that is, it is similar to the 
composition of the Sun and the young stars in our Galaxy. 
Several calculations for the line-producing regions in 
QSOs have been made. 

The theoretical developments have come as follows. 
Parallel with the observational discoveries in 1963 came 
the proposal by Hoyle and Fowler! that the very large 
amounts of energy which are released to give rise to strong 
radio sources must come from the collapse of massive 
stars. While this idea was put forward to explain the 
properties of the strong radio galaxies, the proposal did, 


After nine years, quasars are still puzzling astronomers. This review 
. brings the story up to date. 


in a sense, predict the generation of star-like radio sources 
which are closely related to the radio galaxies. This pro- 
posal caused tremendous interest in gravitational collapse, 
and relativists again began to work on this topic. We 
shall return to these developments later. 

Next, the discovery of variability of the flux from 
QSOs led to the realization that rather severe theoretical 
limits could be placed on the classes of model required to 
explain the continuous radiation. The generation of very 
large photon fluxes in very small volumes means that the 
radiation will be a powerful factor, because it will interact 
strongly with the charged particles which must be present. 


Variability 

It was the variable nature of the QSOs which first led 
some to question the nature of the red-shifts. Earher, 
Terrell? had proposed that QSOs were objects being 
thrown out from the central part of our Galaxy at rela- 
tivistic speed, but few found this idea attractive, and to 
the physicist the principal problem was, and still is, how 
coherent objects could be accelerated to relativistic speeds. 
The reasons why variations in radio or optical flux caused 
some doubts about the cosmological nature of the red- 
shifts were, in part, simply intuitive-—the idea being that 
very distant objects a hundred times more luminous than 
galaxies could not be so small that they would vary 
significantly in times of the order of years or months (or 
days as we now know). These arguments translated into 
physical terms by Hoyle, Burbidge and Sargent* led them 
to point out that there seemed to be severe difficulties in 
logical distances. These were theoretical arguments, and 
several attempts were made to rebut them or to make 
models which would overcome the difficulties. The various 
ideas have different degrees of plausibility to different 
people. Behind this discussion is the really fundamental 
question. If the QSOs are not at cosmological djdtances, 
their red-shifts cannot simply be due to the expansion of 
the universe; there must be large red-shift components 
which are directly associated with the objects, Now the 
only alternative explanations are recession at high speeds 
in a local region, or the presence of strong gravitational 


fields. A third alternative, that the masses or charges of \ 


nuclei or electrons are different in these objects, faces 
many difficulties, and has not been taken seriously up to 
the present. 

If, for example, the QSOs have been thrown out of 
many galaxies at high speeds, not only should red-shifts 
be seen, but also blue-shifts, and because objects moving 
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toward the observer will seem to be much brighter than 
those moving away, then in a survey down to a given 
apparent brightness, blue-shifted objects will predominate. 
The fact that no blue-shifts have ever been found provides 
a powerful argument against this hypothesis. 

Gravitational red-shifts are another matter. Soon after 
the discovery of QSOs, Greenstein and Schmidt! showed 
that conventional models explaining the observed red- 
shifts as being due to gravitation faced severe difficulties. 
In these models it was assumed that the line spectrum 
comes from a thin shell of gas surrounding a massive 
object. Several years later, however, Hoyle and Fowler’ 
showed that in principle it is possible to overcome this 
difficulty if the gas giving rise to the line spectrum is 
concentrated at the bottom of a deep gravitational 
potential well in the centre of a massive object. Because 
this massive object must not be opaque to the line radia- 
tion, it could be made up of many very compact stars— 
neutron stars or white dwarfs. But no satisfactory model 
of this type which could explain the red-shifts observed 
has so far been constructed. We now turn to observations 
that are more difficult to interpret. 


Distribution in Sky 

Observational evidence in favour of the idea that the 
QSOs and related objects are not at cosmological distances 
has been put forward by Arp*®. He has looked for correla- 
tions between the positions and alignments of such objects 
and various peculiar galaxies; all of these galaxies are at 
distances of $50 Mpc. Because his statistical arguments 
are open to criticism (see, for example, ref. 7), his work 
has been disregarded by many, but one cannot fail to be 
impressed by some of the examples of alignments between 
galaxies and QSOs shown by Arp. For example, the case 
involving the peculiar galaxy NGC 520 and four QSOs 
aligned with it is shown in Fig. 1. If alignments such as 
this are not due to chance, there must be a genetic con- 
nexion between extragalactic objects with very different 
red-shifts, and despite the difficulties the most plausible 
idea is then that the QSOs are being thrown out of the 
nuclei of galaxies. Now undoubtedly evidence is accumu- 
lating that in the phenomenon of explosion on the galactic 
seale coherent plasma clouds are ejected. If we exclude 
the QSO phenomenon for the moment, we have evidence 
of the following kinds. 

(1) In the famous radio galaxy with the jet, M87, it 
seems that the radio and optical structures in the jet are 
made up of several very small condensed objects which 
presumably have been ejected from the centre, and Wade’ 
pointed out many years ago that the neighbouring small 
radio source, 3C 272.1, which is associated with the 
galaxy M84, is exactly aligned with the jet in M87 (Fig. 2). 

(2) Detailed studies of the strueture of the radio source 
generated by NGC 1275 m the Perseus cluster? suggest 
that sgall clouds of plasma have been ejected and have 
travelled through the cluster forming a fan-shaped distri- 
bution. In fact. the distribution of the galaxies in the 
Perseus cluster follows a highly elongated contour, and, 
though most of them are normal galaxies, the distribution 
is somewhat reminiscent of some of the configurations 
around near galaxies shown by Arp (Fig. 3). 

(3) Frequently, high resolution studies have shown that 
very small radio components (diameter <0”-01) are asso- 
ciated with radio galaxies and the fact that they can 
sometimes be found at great distances from the parent 
galaxies suggests that coherent objects have been thrown 
out. . 
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(4) In a chain of galaxies known as V V172 one compact 
galaxy has a red-shift more than twice as large as the other 
members, The chance that this is a background object 
is small. If it is physically associated with the other 
systems, either it is being ejected with a velocity 0-07 c 
(21,000 km/s), or it must have a red-shift compoypent that, 
is not a Doppler shit. | i 

Recently one object with a small red-shift (¢= 0-095) 
(ref. 24) originally classified as a QSO has been found to 
lie in a cluster of galaxies (unpublished work of J. N. 
Baheall, M. Schmidt and J. E. Gunn). The line spectrum 
and the colours of the object are, however, closer to those 
found in N-galaxies and Sevfert galaxies than to these 
properties in QSOs. In addition, the object is fainter 
than several of the galaxies in the cluster. Thus it is most, 
probably either an emission-line compact galaxy or a 
Seyfert or N-type object. 


Absorption and Emission Red-shifts 

Finally, we come to the réd-shifts themselves. For the 
first few years after the discovery of QSOs only emission 
lines were seen in the spectra, Analyses of the line 
strengths led to the conclusion that as far as the com- 
position was concerned there are no very large enoma- 


lies. In fact, the composition and physical conditions 
are not too different from those found in gaseous 


nebulae in our own Galaxy. The surprises have come 
larggly with the detection of absorption features in the 
spectra, and through the pile-up of red-shifts at certain 
values, and their apparent absence beyond values some- 
what greater than 2. 

If the QSQs are at cosmological distances, then absorp- 
tion by intervening matter may be expected to be detect- 
able. The intervening matter might be in the form of a 
diffuse intergalactic medium, condensed clouds, or fore- 
ground galaxies. There is very little, if any. other direct. 
evidence for intergalaétie matter (the recent discussion of 
whether or not the soft background N-ray flux is thermal 
bremsstrahlung from a hot intergalactic gas is a matter 
of controversy at present), and therefore this method of 
probing the intergalactic medium by means of QSOs 


showed first that there was no real evidence for diffuse 
matter (thus either setting very low limits to the density, 
p210- gem’, or indicating that the QSOs were much 
closer) and the studies of the first QSO in which strong 
and easily identifiable absorption lines were seen, 3C 191, 
showed that Zem™ Zap © 1-95: this indicated that the 
absorption was taking place in the QSO and not in the 
intervening medium. 

Since 1966 a considerable number of QSOs with absorp- 
tion lines in their spectra have been found. In most of 
these it 1s found that Zans ~ Zem, and there are several cases 
in which Zaps<Zem and/or Zans3>Zem by small amounts. 
Several QSOs, however, have been found to have more 
than one absorption red-shift in addition to an emission 
red-shift; four of them are shown in Fig. 4. The most 
complex object so far found, PAS 0237-23, has at least, 
five absorption red-shifts in addition to an emission red- 
shift!!!" (Fig. 4). We have discussed all of these data 
more extensively elsewhere!*. Several attempts have been 
made to argue that multiple absorption red-shifts are to 
be explained as due to intervening matter, but the 
spectroscopic arguments suggest that they are more likely 
to arise in the objects themselves. Of course, this is a 
crucial matter again, when we return to the debate con- 
cerning the nature of the red-shifts since, if very different 
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Fig. 1. NGC 520 and a line of QSOs (reproduced from O print of National Geographic-Palomar Observatory Sky Survey). Inset is NGC 520 
reproduced from the plate taken with the 200-inch Palomar telescope and published in the Atlas of Peculiar Galaries by H. C. Arp. 
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Fig. 2. M87 and M84, showing alignment with direction of jet in M87 (reproduced from © print of National Geographic- Palomar Observatory 
Sky Survey). Inset is reproduction of plate taken with the 84-inch Kitt Peak telescope, from paper in press by J. E. Felten, H. C. 
Arp and C. R. Lynds, 
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Fig. 3. Perseus cluster of galaxies, reproduced from E print of National Geographic-Palomar Observatory Sky Survey. Contours give four 
of the radio isophotes, taken from Ryle and Windram’, showing alignment with the direction to the strong radio galaxy NGC 1 
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Fig. 5. Red-shift-apparent magnitude relation for 136 QSOs. 
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red-shifts arise in the same object. at least the difference 
between them must be intrinsic to the object, and, while 
one may not be able at present to understand their nature, 
the existence of large intrinsic red-shift components would 
be established. 

The existence of peaks in the red-shift distribution is 
again a matter of considerable argument. Some years 
ago it was pointed out that there seemed to be a sharp 
concentration of absorption red-shifts at 1-95 and now it 
seems that this effect is also present in emission. If it is 
real, as we believe, it necessarily implies a Lemaitre-type 
model for the universe, or the existence of large intrinsic 
red-shift components. The discovery of another peak in 
the red-shift distribution close to 0-06 in QSOs or related 
objects, and the possible existence of minor peaks at 
multiples of this value with a stronger effect close to 0-6, 
has also been pointed out. Some will argue that this is 
not yet established. If it is real, then undoubtedly 
intrinsic components are present. 

The dearth of red-shifts beyond z~2 is generally 
accepted to be a real effect. This is very clearly shown 
in the red-shift-apparent magnitude diagram for 136 
QSOs shown in Fig. 5. This effect could be attributed 
to a Lemaitre-type universe or a universe in which the 
frequency of QSOs is a strong function of epoch so that, 
as we go back in time, we reach a period before which 
there was little activity (a similar argument is used by 
Ryle and Longair' in their interpretation of the log N— 
log § curve for radio sources, but this is strongly disputed 
by Hoyle"). Alternatively it could be attributed in the 
non-cosmological picture to the fact that the nature of 
the red-shifts is such that values greater than some upper 
limit ~ 2-5 are not allowed. 


Physical Models 

Everyone is agreed that the QSOs are closely related 
to the active nuclei of Seyfert galaxies and radio galaxies. 
There is clearly a period in the history of a galaxy or a 
compact superstar when it releases non-thermal energy in 
huge amounts, giving rise to optical flux, infrared radiation 


and radio flux, and excites large amounts of gas. To 
provide the energy, very large masses confined m very 
small volumes must be present and the common view 
is that gravitational energy is being released. Several 
proposals have been made as to the way in which this 
occurs—star collisions, very frequent supernovae explo- 
sions in which the energy released is largely gravitational 
in origin, gravitational collapse of a single massive object 
and so on. None of these models has found general 
favour, for each accounts only in a very schematic way 
for what is seen, and initial conditions from which the 
results are derived must be postulated. Furthermore, 
the accumulating evidence that coherent plasma clouds 
are ejected from radio galaxies and possibly QSOs as well 
is not explained by any of these theories, except possibly 
in a model in which a single coherent object collapses and 
breaks up. 

A really fundamental problem that has been uncovered 
is that in all cases it is necessary to postulate the existence 
of very large masses with sizes no bigger than about a 
light year in the centres of galaxies and QSOs. Now the 
densities normally seen in the centres of galaxies are 
very much smaller than the densities of such objects, and 
it is not at all clear how such dense objects can evolve 
from much lower density configurations in a time scale 
of the order given by the expansion rate of the unPverse 
(~ 10% years). This has led some to argue that the objects 
themselves have a cosmological origin-—-they ar relics of 
an early phase in an evolving universe, or they are regions 
of creation in a steady state universe. There is no general 
understanding of this situation at present. but these 
ideas are becoming increasingly attractive. 

Whatever its origin, it must be concluded that there is a 
very small centre which is releasing gravitational energy 
and converting it to non-thermal flax by the synchrotron 
process. z 
gravitational fields much stronger than those found any- 
where else must be present. The centre is also probably 
capable of ejecting plasma clouds which giwe rise to the 
radio variations at high frequeney, and possibly also 






+ 
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coherent plasma objects. The physical conditions in 
which the particles and magnetic field are generated are 
not understood. We have already mentioned the problem 
set by the short time scale for variability of the QSOs. 
Briefly, the dimensions of the source of radiation should 
not be much larger than crt, where ¢ isethe velocity of light 
and tthe time scale for variation, or else coherent varia- 
tions would not be seen. The small dimensions that 
result, coupled with the very large flux of radiation from 
cosmologically distant QSOs, would mean that high energy 
electrons, if these are the radiating particles, would lose 
their energy by inverse Compton effect instead of by 
interaction with the magnetic field. No generally accepted 
answer to this paradox has been given. One can either 
argue that the emitting region is moving highly relativistic- 
ally, as Rees originally suggested!*, or assume that the 
objects are much closer, in which case the radiation density 
is reduced. 

The nuclei of galaxies which are much closer than cosmo- 
logically distant QSOs are also known to be variable, and 
this has led some to argue that a similar situation prevails 
in these as in the QSOs, and thus that the problem raised 
by the great distances and hence very high radiation 
densities of cosrmologically distant QSOs is more apparent 
than real. But, if one looks at this situation quantita- 
tively', one finds that for the variable nuclei of galaxies 
the paradox is marginally present, whereas it is strongly 
present in cosmological QSOs. For example, the nucleus 
of the radio galaxy NGC 1275 is variable at high frequen- 
cies, but its distance, which is not in question, is so much 
less than that of a cosmologically distant QSO that the 
condition R<c7z does indeed give a realistic mit to the 
size R of the nucleus, so that it is not expanding relativistic- 
ally. Variations have been measured over time scales 
~ 1 year”, and a direct measurement of the size is 07-0012 
which corresponds to a dimension ~ 0-8 light-year at the 
distance of NGC 1275 (50 Mpec)?!**, Yet some workers 
have attempted to construct models avoiding this condi- 
tion R <er for QSOs. 

We mentioned earlier that the emission line spectrum 
arises in a filamentary structure surrounding the central 
energetic core. The absorption lines associated with the 
QSOs are in general very narrow and deep, and shells of 
absorbing gas with very small internal motions must 
completely surround these QSOs. If absorbing layers are 
present with very different red-shifts, that is, if the 
multiple absorptions occur in the atmospheres of QSOs 
rather than in an intervening medium, then several dis- 
erete shells of absorbing gas with different velocities must 
be present. Alternatively, if the red-shifts have a gravita- 
tional origin, the shells must le at different discrete 
gravitational potentials. No models have yet been pro- 
posed which even begin to explain these phenomena as 
far asghe physics is concerned. But very recently Ander- 
son and Kraft (private communication) have discovered 
similar absorptions in the spectrum of a nearby Seyfert 
galaxy. 


Red-shifts and Cosmology 


Earlier we described some of the results and the problems 
arising out of the observational data on the red-shifts. 
Despite the problems and the unexpected results, most 
astronomers probably still take the view that the cos- 
mological interpretation of the QSOs is the more plausible 
one. The red-shift-apparent magnitude relation and the 
counts of Q%Os lead them to the conclusion that we live 
in gn evolving universe, possibly of Lemaitre type. Even 
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then it must be admitted that the existence of objects 
with multiple red-shifts, which in this picture must be 
due to intervening clouds, is exceedingly hard to under- 
stand. 

The frequency of radio-quet QSOs is now kngwn to be 
very high, and it amounts to something like 10° objects 
down to magnitude 22 (ref. 23). If these objects he at 
cosmological distances they are still rare compared with 
ordinary galaxies. It must be remembered, however. that 
several arguments suggest that the quasi-stellar phase m 
the overall lifetime of a galaxy (if this is the underlying 
object) or of a massive object is only 108-107 years so the 
number of underlying ‘objects may be ~ 10!°-10"! and this 
makes them comparable in numbers with galaxies. They 
may indeed be galaxies or the precursors to them in this 
picture. 

If they are not at cosmological distances, but are closer. 
and they may be more frequent than galaxies of average 
mass and luminosity in the universe. 

In either event, if QSOs are a manifestation of a new 
class of extragalactic objects and not simply exploding 
galaxies, they probably make a significant if not a donun- 
ant contribution to the mass energy in the universe. 

Several astrophysicists are now taking very seriously 
the possibility that the QSOs are not at cosmological 
distances. In this case the strange red-shift phenomena 
suggest that an understanding of them, while it will not 
have a direct bearing on the classical cosmological 
approach, and will make QSOs irrelevant when it comes to 
studying the universe in the distant past, may throw light 
on some of the most difficult problems involving strong 
gravitational fields and the relationship of general relativ- 
ity to microscopie physics. It has been frequently 
emphasized in recent years that, whatever the nature of 
the QSOs, the explosive phenomena found in them and 
in the nuclei of galaxies and other radio sources all indicate 
that new classes of phenomena in which strong gravita- 
tional fields play a dominant part are being seen. 
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Catecholamine Chemical Species at the Adrenergic Receptors | 
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THREE common characteristics of adrenergic drug receptor 
theories have been an emphasis on eleectrostatic-van der 
Waals’s interactions between the agonist molecule and the 
receptor; a particulate treatment of the functionalities of 
the catecholamine, and considerable liberty taken with 
the chemistry of imaginary constituents of receptors!~*. 
In what follows I shall concentrate on the small molecule 
agonist, which is the only identifiable component of 
adrenergic interactions between drugs and receptors. 


Beta Adrenergic Agonist Species 

The convenience of Ahlquist’s alpha and beta adrenergic 
classification is used here in its simplest, noncontroversial 
sense?®1!, As well as compounds derived from I and IT”, 
other structures which are documented to approximate 
isoproterenol as direct-acting beta agonists are soterenol 
TIT 14, salbutamol IV**!8 gquinterenol Vi? and tri- 
methoquinol VI}, 
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The common functionality in structures I-VI is a 
4-hydroxybenzyl alcohol or amine. An integrated capacity 
of this system is the ability to undergo quinone methide 
formation’®, In this connexion the problems involved 
in the resolution of noradrenaline®® and the racemization 
and reaction of adrenaline with bisulphite®! are readily 
explained on the basis of quinone methide intermediates. 

Structures isomeric to IIT and IV, in which the meta 
and para functionalities are transposed, are “inactive” 
as beta adrenergic agonists'*.®, Analogues of VI lacking 
the 6,7-dihydroxy groups are also inactive as beta 


The quinone methide intermediate could be the characteristic species 
for a beta adrenergic agonist. For the alpha adrenergic agonists the 
characteristic catecholamine seems to be an aziridine, an internally 
cyclized quinone methide derivative. 


adrenergic stimulants’, The beta adrenergic activity of 
VI is difficult to rationalize in terms of any current drug 
receptor theories. Quinone methide formation from VI 
involving an internal amine leaving group, to give VIL 
offers no chemical challenge. The reverse series of 
compounds related to II cannot undergo quinone methide 
formation; they can, however, undergo iminoquinone 
methide formation (VIII). The series isomeric to IV ts 
incapable of any p-quinone methide transformation. Thus 
it is proposed that quinone methide potential (Ib, scheme 
Į) is a chemical characteristic of beta adrenergic agonists. 
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A more detailed analysis of the beta agonist species 
and the beta agonist response suggests the following 
(scheme I): stereoselective activation of the benzylic 
hydroxyl Ia, elimination of the benzylic hydroxy! or its 
activated derivative, in situ generation of the quinone 
methide Ib, and finally reaction of the latter with an 
external receptor nucleophile. 
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Alpha Adrenergic Agonist Species 


Two alternatives are possible: either the same chemical 
species is involved With a difference in biological substrate, 
or a different chemical species is required. In view of the 
disparate structures of alpha adrenergic agonists, It is 
difficult to conceive that quinone rnethide formation 
should be absolutely required. Restricting attention to 
the eatecholamines, it is possikle to suggest quinone 
methide participation. Compounds related to HT and IV 
bearing a small substituent on the amino nitrogen atom 
are alpha adrenergic agonists!*, Analogous structures 
from the two reverse series are essentially inactive as 
alpha agonists, a situation identical to that for the beta 
adrenergic agonist structures. 

In the sequence noradrenaline, adrenaline, N-ethy!- 
noradrenaline and isoproterenol two general progressions 
pertain. Isoproterenol is essentially only a beta agonist 
and noradrenaline is a better alpha agonist than 1b is a 
beta agonist®:*?, It is significant that isoproterenol can- 
not mediate responses that adrenaline and noradrenaline 
do. The only change in this sequence is the nature of the 
alkyl group substituted on the amino nitrogen. Several 
parameters have been considered for measuring or defining 
the differences brought about by the amino substituent 
groups: pKa®?-*, o* (ref. 25), lipophilicity and steric 
effects!-7-25, The most pertinent change seems to be in 
bulk. For steric effects to be most significant. the dis- 
placement reaction should also be assumed. Displacement 
reactions involving the amino group or the benzylic 
carbon atom have not been incorporated mto existing 
theories. 

In this light the aziridine form Ie (scheme I) is proposed 
to be characteristic for catecholamine alpha adrenergic 
agonist actions, The activated complex for the alpha 
agonist actions is indicated as Ia, exactly as for beta 
adrenergic activation. There seems to be little or no 
justification for not suggesting a common activated com- 
plex at this time. It is not possible to ascertain whether 
this is a hydrogen-bonded species or an ester such as 
carboxylate or phosphate. 

The observations of Chapman and Triggle**, who 
discussed the potent arylethyleniminium alpha antagon- 
ists, become prophetic: “Indeed the closer the aryl 
structure of the antagénist to that of adrenaline the 
greater the potency’. The relative chemical stability of 
phenethanol- and unsubstituted ethanolamines has him- 
dered conception of an aziridine form for the catechol- 
amines. It does not seem to be necessary to postulate 
the direct. intervention of a discrete carbonium ion species 


undergo its facile substitution-displacement reactions 
does not depend on the presence of a formal positive 


adreneMwe agonist, it is also difficult to invoke a discrete 
benzyhe carbonium lon. 
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Alpha-Beta Agonist Ratio 


The molectlarity of the several species given in scheme 
T allows a chemical interpretation of alpha/beta adrenergic 
effects. In the presence of a population of “beta adrenergic 
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receptors” the eatecholamime (1) will react through (1b) 
to initiate a beta adrenergic response. When the catechol - 
amine bears a bulky group on the ammo nitrogen, internal 
cyclization becomes increasingly more difficult. and 
eventually only the beta adrenergic response can be 
mediated. The ratio between alpha and beta adrenergic 
propensities becomes a balance between the relative avail- 
ability of two chemical species, Ib and Te. The relative 
availability of the two reactive species Ib and Ic is 
governed primarily by internal steric con#derations which 
are regulated by the amino substituent. Examination of 
molecular models for a phenyl aziridine clearly reveals 
the severe steric interactions that can exist between the 


terminal C-—H bonds “of the ethyl, isopropyl or t-butyl 
group substituted on the amino nitrogen and the ortho 
C-H bonds of the benzene ring. 


There are also steric factors unfavourable to the forma- 
tion of aziridine in the reactant. Data from nuclear 
magnetic resonance andè?! molecular orbital studies*® 
indicate that the energetically preferred ground state for a 
phenethanolamine is the conformer XI, in which the 
benzene ring and amino group are anti to cach other. 
For aziridine formation, through a concerted mechanism 
X. the hydroxyl and amine need be anti to each other. It 
is not difficult to visualize that as the nitrogen substituent 
becomes appropriately larger, conformer XIE becomes 
even less favoured. 


NHR NHR 


S OH CeHs 


Cos OH 
XI XH 


In the absence of a concerted mechanism X, and after 


‘complete sp? hybridization about the benzylic carbon In 


the quinone methide, steric restrictions in the reactant 
no longer pertain. This chemical support for the quinone 
methide as a discrete intermediate in aziridine formation 
is also more consistent with the biological requirements. 
The internally modulated alpha/beta adrenergic agonist 
actions of noradrenaline and adrenaline now become a 
competition, for the same quinone methide, between an 
external nucleophile and the internal amino nucleophile. 


Other Chemical Considerations 


No attempt is made in scheme I to maintain acid-base 
balance. A subtle role for pH is possible in that ionization 
of the phenolic p-hydroxy! should facilitate the expulsion 
of the benzylic functionality. Also, the rate of aziridine 
formation would be proportional to the concentration of 
unprotonated amine, 

With the catecholamines only one optical isomer elicits 
significant adrenergic action. The formation of quinone 
methide results in the loss of tetrahedral asymmetry and 
a potential gain of geometric isomerism. Nucleophilic 
attack can be conceived to be either random or directed 
to only one side of the quinone methide. Random elimina- 
tion and attack would not discriminate between the optical 
isomers: each would be biologically active. Stereoselec- 
tive elimination with random attack is indeterminate. 
Random elimination and stereodirected attack would 
discriminate with a catechol system.  Stereoselective 
elimination and directed attack would discriminate for 
the catechol and mono-p-phenolic systems. 

A tertiary amine group in a catecholamine is not 
attended with the sarne level of biological action as occurs 
with the corresponding primary or secondary amines. 
The specific teaching with regard to the tertiary amino 
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structure in beta adrenergic agonists is less clear. In 
view of the beta action of VI and the inability of this 
structure to form an aziridine, the role of the amino 
group is more probably one of regulation. The accumula- 
tion of suggestions! that the phenolic or catechol system 
is of prime importance for beta agonist actions is sup- 
ported by the following chemical evidence. Beta adrener- 
gic responses are mediated by the reaction of the quinone 
methide with an external nucleophile, the internal amino 
group playing only a supporting, discriminatory part. 


Miscellaneous Adrenergic Substances 


With the 3-hydroxyphenethanolamines, phenylephrine 
type, XIII, recourse to quinone methide-aziridine forma- 
tion is impossible. If a displacement of hydroxyl on 
carbon by amine is to be operative, it becomes necessary 
to promote the leaving capacity of the benzylic functional- 
ity by some other less efficient mechanism(s). There is 
still the biological conversion of the benzylic hydroxyl 
to an activated derivative. The studies of the hydrolysis 
of benzyl halides and the Hammett functions for such a 
reaction reveal some interesting information. 


EEN EIS H,O/acetone BS sity game t i 
C,H,CH. =~ C,H CHO o= = 1-668 
60° 


The interrelationship of the s and o values is such that 
a negative o value has the greatest effect in facilitating a 
reaction with a negative p value**, The substituent with 
the largest negative o value is the 3-oxy group (6 = 0-7) 
(ref. 31). If the reasonable assumption is made that the 
internal displacement of the activated benzylic hydroxy] 
would also have a negative reaction constant, the 3-oxy 
group would provide the greatest non-conjugative assist 
for displacement of hydroxy, or an activated derivative, 
from the benzylic carbon atom. Phenylephrine is about 
one order of magnitude less active than adrenaline as an 
alpha adrenergic agonist}?. 


CHOHCHNHCH, CHOHCHNHCH(CH3), 


10O HO 1O 


XHI XIY 

With metaproterenol, XIV, the same general pattern 
holds. In this case, however, internal cyclization is 
inhibited by the isopropyl group, and the molecule reacts 
with an external nucleophHe. The overall result is 
analogous to that involving the quinone methide mechan- 
ism. Metaproterenol is from one to two orders of magni- 
tude less potent as a beta agonist than 1s Isoproterenol)? ??, 

For the phenolic and catecholamines there is one other 
subgroup which is presumed to have direct, weak sym- 
pathomimetic activity: epinine and dopamine, XV (refs. 
33 and 34). Chemical consistency with the suggestions 
already presented allows two speculations. Either these 
structures are active after first having been substrates 
for the generation of noradrenaline or its x-methyl 
derivative by dopamine beta-hydroxylase; or they under- 
go transformations—dopamine, XV, dopamine-quinone, 
XVI, and tautomerism—to the quinone methide Ih 
identical with that derivable from the corresponding 
beta-hydroxy compound. The potential for the occurrence 
of Ib from XVI has a precedent in the nature of the 
reaction products arising from fully substituted alkyl- 
quimones!® and the isolation of noradrenaline from N- 
carbobenzoxydopaminequinone*>. 

In summary, I have suggested that the quinone methide 
intermediate is the characteristic species for a beta adren- 
ergic agonist. The internally cyclized quinone methide 


© © © 


CH3CH3NH3 CH2CH3NH3 CHCH NH, 


oN 
| 


ii 
= GO D Dex 


Ny `“. as H 
XY AVI ib 
derivative, an aziridme, is projected as the form of a 


catecholamine characteristic of alpha adrenergic agonists. 
The amino or substituted amino group serves as a dis- 
eriminator between these two new forms of a catechol- 
amine and provides the basis for defining alpha/beta 
agonist propensities or ratios. The total chemistry of a 
catecholamine derives from a synchronous relationship 
between all the functionalities of the molecule. and is a 
result of a trilogy of structures: the classical phen- 
ethanolamine, the quinone methide and the aziridine form, 
Studies directed toward elucidation of the total mole- 
cularity of adrenergic interactions between drugs and 
receptors will only be meaningful to the extent that the 
integrated chemical potential of catecholarnmes is used. 

I thank Dr W. T. Comer. R. H. Uloth and Mrs Leanna 
Burger for encouragement and assistance. 
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Densities of the Terrestrial Planets 


by ° 
W. H. McCREA 


Astronomy Centre, 
University of Sussex 


LyrrLeeron?! has suggested that the Earth, Moon and 
Mars may originally have formed a single rotationally 
unstable planet, and that Mercury and Venus may have 
formed another such body. He has shown that this is 
possible in accordance with the theory of rotating fluid 
masses and with the dynamics of the solar system. This 
indicates that it might be instructive to consider some 
numerical properties of the two bodies that would be got 
by reassembling the material of these two sets of present 
planets. (For conciseness I here call the Moon a planet.) 
When we use the latest available determinations of the 
parameters of these planets, the outcome is indeed 
remarkable. 

The most recent comprehensive revision of the required 
parameters, on the basis of modern radar and optical 
observations, seems to be that published in 1967 by Ash, 
Shapiro and Smith®. They derive new values of all the 
required masses (with the solar mass as the unit) and of 
the radii of Mercury and Venus. Here I use the values 
they get for the “general relativity fit”, but the dif- 
ferences between these and the “Newtonian fit” are very 
small. 

As regards parameters not evaluated by these authors, 
for the volume of Mars, I use the value inferred by 
Lyttleton? from the work of de Vaucouleurs; for the 
volumes of the Earth and the Moon, I use the values 
listed by Allent. Also I use the value of the solar mass 
given by Allen in order to express the results in familiar 
units. The results are shown in Table 1. The density 
e(MV) of Mercury and Venus combined is simply the total 
mass divided by the total volume of the two bodies; 
similarly, for the density of the Earth, Moon and Mars 
combined, o(EMM). The density p(T) of all combined 
is the total mass of all these bodies divided by the total 
volume, The values are rounded off to the number of 
decimals shown. 

The remarkable result is the near equality of the 
densities of the combined systems. Were Mercury and 
Venus combined into one body of the same total volume, 
and the Earth, Moon and Mars into another, we see that 
their densities would differ by less than 2 parts in 1,000 
from the mean. So far as densities serve to indicate 
composition, we should have two bodies of effectively 
identical composition. 

The, numerical result does seem to be significant for 
severa reasons. (a) If the same calculation is applied to 


place of the densities e(MV)=5:25 
shown in Tahle 1, we find e(MV)=5-13 and p(EMM)= 
5-28. Thus the effect of the much improved precision, due 
mainly to the radar measurements, is to reduce the dif- 
ference between the combined densities from 0-15 to 0-02. 


It is in the direction e(EMM)> o(MYV), and this is what 

we should expect if the combined chemical compositions 

are indeed the same. For the compressibility of the 

material would have most effect in the case of the Earth, 
+ 


Recent determinations of the masses and radii of the planets may be 
interpreted as showing that the systems Earth-Moon-Mars and 
Mercury-Venus could have resulted from the break-up of two 
unstable planetary bodies of identical 
Thereby various features of planetary evolution would be elucidated. 


chemical composition. 


which is the most massive of all the individual bodies, so 
overall there must be a little more compression in the 
bodies EMM taken together than in the bodies MV taken 
together. Thus the fact that there is this very small 
difference in the densities is actually evidence in favour of 
identical combined chemical compositions. (c) As we 
shall now see, the result makes sense of the apparent 
vagaries of the densities of the individual bodies, and in 
doing so lends further support to Lyttleton’s suggestion. 


Table 1. MASSES (MULTIPLES OF 1027 g) AND DENSITIES (g cm) OF 
TERRESTRIAL PLANETS AND OF COMBINATIONS OF THESE 


Mass Density Mass Density 
Mercury 0-330 S47 Earth 65-974 § 51 
Venus 4-872 5°24 Moon 0-073 aod 
a Mars 0-639 3°90 
MY com- EMM 
bined 5 202 5.25 = MV} combined 6-687 5-27 = of EMM) 


All combined: mass = 11-889; density = 4°26 = ¢(T) 


The values shown in Table 1 are plotted in Fig. 1. This 
shows that, as these planets exist now, there is no simple 
pattern in their densities as associated with their masses. 
Neither is there any clear trend in the densities as asso- 
ciated with the distances from the Sun. Now the variety 
of densities demonstrates that there are wide differences 
in the chemical compositions of these bodies. This would 
be astonishing were the bodies formed separately out of 
the same raw material (in the absence of a correlation with 
mass, that might arise from different rates of loss of 
certain constituents, or of a correlation with distance from 
the Sun, that might result from a sorting out of con- 
stituents of the raw material). The difficulty is elegantly 
resolved if the planets as they exist now were in fact 
produced by the break-up of two bodies having identical 
overall chemical composition. This is a compelling argu- 
ment in support of this process of formation. 
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Fig, 1. Masses and densities of the terrestrial planets: EMM shows 


mass and density for Earth-Moon~Mars combined; MV shows mass 
and density for Mercury-Venus combined. 
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I recently? pointed out that the densities of the Earth, 
Moon and Mars are apparently understandable if these 
bodies resulted from the break-up of a single rotationally 
unstable planet. In that case, the smaller portions have 
the lower densities, and this seemed to be a natural 
consequence of their coming from the outer part (mantle) 
of the unstable body after its material had undergone 
some segregation. Here the original planet was con- 
sidered to become unstable as a whole and then to break 
up in accordance with Lyttleton’s discussion. In the 
MV case, on the other hand, if the core of the original 
planet became rotationally unstable, before the body as a 
whole became unstable, then Lyttleton’s ideas would 
have to be applied to the core and.snot to the whole body. 
If the core broke up in accordance with those ideas, then 
the smaller part would carry away with it proportionate! y 
less of the surrounding lighter (mantle) material and so 
this would ultimately produce the portion having the 
higher density. As regards the general notion that fission 
of a rotationally unstable core might be of astrcnomical 
significance, Roxburgh? hase already considered this as 
the fundamental process in a theory of the formation of 
a certain class of binary stars. As regards the possibility 
of some difference in rotational behaviour between the 
MV and the EMM systems, Lyttleton has in this context 
recalled that the Earth and Mars rotate with periods 
both about 24 h, whereas Mercury and Venus have very 
much longer periods of axial rotation. 

The main point is that, in order to start with a common 
supply of raw material and to finish up with several 
planets possessed of a variety of masses and densities 
showing no simple correlations among themselves, we 
know no alternative but to suppose that one or more 
bodies were formed as an intermediate stage, that segrega- 
tion of material occurred within them, and that these 
bodies then broke up in various ways to yield the existing 
planets. The only mechanism we know for such a break-up 
is rotational instability. From the work of Lyttleton and 
others, we know the possible outcomes: in particular, the 
break-up of one unstable body yields two main fragments 
of disparate mass. In order to produce the planets under 
discussion, two intermediate bodies are therefore needed. 
These, being formed directly out of the raw material. would 


have identical compositions. The foregoing discussion 
makes it highly likely that two such bodies did in fact 

The raw material, and the bodies formed directly frora 
it as the intermediate bodies just mentioned, would have 
eluded much light gas, mainly hydrogen and helium. 
Such gas would hate been lost in the subsequent evolution. 
This would not affect any of the arguments because 
the loss would affect both intermediate bodies in the 
same way. It is, however, a crucial feature in two respects. 
In the first place, it implies that the intermediate bodies 
were formed by condensation from relatively slowly 
rotating bodies of more diffuse material. This would 
explain how they became unstable, as a result of the 
increasing angular velocity produced by increasing con- 
densation. In fact, it is in principle the only way we 
know in which a body could become rotationally unstable 
in nature. Were it built up “in the cold” directly from 
planetesimals, which is the other means of forming planets 
frequently discussed, it would never be unstable: contrari- 
wise, this is a means of avoiding the “angular momentum 
problem” that leads to instability. In the second place, 
the process of condensation must result in segregation of 
materials in the manner discussed in previous work®?, 
Thus the unstable body would also be a body of non- 
uniform composition whose break-up would produce 
fragments possessing different densities. Conversely, if 
we regard the characteristics of the present terrestrial 
planets as evidence for the earlier existence of rotationally 
unstable planetary bodies, this would afford evidence 
that such bodies were originally in a much more diffuse 
state containing a large excess of hydrogen and helium. 
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Rifampicin Poxvirus and Trachoma Agent 


Rifampicin appears to inhibit the replication of poxvirus by blocking 
the synthesis of virus protein late in the growth cycle. The anti- 
biotic inhibits the multiplication of trachoma agent in vitro and in 
vivo; it has been used successfully to treat trachoma infection of a 
baboon’s eye. The hydrazone side-chain of rifampicin appears to 
be essential for its anti-viral and anti-trachomal activity. . 


Rifampicin and Poxvirus Replication 


Rıramricixt, a hydrazone derivative of rifamyein SV (ref. 
2), inhibits the replication of bacterial cells’, trachoma 
agent? and bacteriophages*:’ when added in small quanti- 
ties to the culture medium. The parent molecule, rifamy- 
cin SV, has similar antimicrobial properties*. Rifampicin 
inhibits growth of microbial cells by binding to the DNA 
dependent RNA polymerase® and preventing the stabiliza- 
tion of the DNA-enzyme complex’. The finding that 
vaccinia virions contain a specific DNA dependent RNA 
polymerase! prompted studies on the effect of rifampicin 
on the replication of poxviruses in mammalian cells which 
demonstrated that rifampicin inhibits the replication of 
poxviruses®!° and gives rise to drug resistant mutants, 


# 

These results were taken to indicate that rifampicin 
prevented virus replication by inhibiting the virus specific 
DNA dependent RNA polymerase®!9, The observation 
that rifamyecin SV has no inhibitory effect on poxvirus 
replication, and that rifampicin inhibits vaccinia replica- 
tion only at high concentrations (100 ug/ml.) and alse 
when added late in the virus growth eyele, led us to 
investigate the effect of rifampicin on the synthesis of 
viral DNA, mRNA and proteins during different stages 
of the replicative cycle of vaccinia virus. 

We used the WR strain of vaccinia virus propagated 
in HeLa S, cells grown in spinner cultures. The virus 
was purified in sucrose gradients! and used for infection 
according to procedure A of Becker and Joklik*', The 
techniques to determine the synthesis of viral DNA, 
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Fig. 1. The effect of rifampicin on the replication of vaccinia virus in 
HeLa cells. A culture containing 16 x 10° HeLa cells was infected with 
the WR strain of vaccinia virus at a multiplicity of infection (m.o.i,) of 
400 virions/cell, at a concentration of 10° eelis/ml. Atthe end ofthe 15 min 
adsorption period the culture was diluted ten-fold and divided Into two 
batches: one was treated with rifampicin (100 pg/ml.) and the second was 
left untreated. At different time intervals samples of 10° cells were 
removed from both cultures, sonicated (1-5 A for 1-5 min ina MSE sonic 
vibrator) and the titre of the virus progeny was determined by titration in 
monolayers of BSC, cells. @— @, Infected cells: @--- @, rifampicin 
treated infected cells. 
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Fig. 2. The effect of rifampicin on the synthesis of vaccinia virua DNA in 
the cytoplasm of infected cells. Two batches of 7 x 107 cells each were 
concentrated and infected with 400 virions/cell. At the end of a 15 min 
adsorption period, the cells were diluted ten-fold and one culture was 
left untreated while rifampicin (100 ug/ml.) was added to the second. 
At different time intervals samples of 1:5 x 10 cells were incubated for 
10 min with 1 wCi of *H-thymidine (specific activity 17-4 Ci/mM, obtained 
from the Radiochemical Centre, Amersham, England), The cells were 
then washed and the cytoplasmic fractions were prepared. Samples 
were removed from the total cell homogenates and from the cy toplasmic 
' fractions and the radioactivity was determined. @—®@, Infected cells, 
total cell homogenate; ©--- ©, eytoplasm from infected cells; 
— ‘gy, total cell homogenate, rifampicin treated infected cells; 
M- fl, eytoplasmie fractions of rifampicin treated infected cells. 


now 
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viral messenger RNA, and for the isolation of polyribo- 
somes were as reported previously Y-", The infectious 
virus yield was determined by titrations in BSC, mono- 
layers. To determine the effect of rifampicin on protein 
synthesis late in the virus growth cycle, HeLa cells were 
infected as described by Holowezak and Joklik'’, pulse 
labelled with radioactive amino-acids and the polyribo- 
somes were isolated’®. 

100 mg/ml. of rifampicin, added at the end of the 15 
min adsorption period, inhibited the replication of vaccinia 
virus in HeLa cells (Fig. 1) as was shown for other cell 
systems®!°, Investigation of the effect of rifampicin, 
and the parent molecule rifamycin SV, on the replication 
of viral DNA showed that the maximal rate of viral DNA 
synthesis in the infected cell cytoplasm occurred at 2 to 
3 h after infection (Fig. 2). Rifampicin, but not rifamycin 
SV (Table 1), reduced the rate of thymidine incorporation 
as compared with untreated infected cells. This result 
agrees with the findings of Subak-Sharpe et al? that 
rifampicin reduces the number and size of the eytoplasmic 
sites of DNA replication, but does not prevent their 
formation. 

The effect of rifampicin, added at the end of the adsorp- 
tion period, on the synthesis of 168 virus specific mRNA 
at 3h after infection"? and on its binding to ribosomes** 
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Fig. 8. The nature of viral mRNA species synthesized in the cytoplasm 
of infected cells in the absence and presence of rifampicin. Two batches 
of HeLa cells, each containing 4 x 10’ cells, were infected with vaccinia 
virus at a m.o.i. of 400 virions/cell, At the end of the adsorption period 
the cells were diluted ten-fold; to one batch rifampicin (100 gimi. was 
added and the cultures were incubated at 37° È . A third batch of 
4x 10? cells was uninfected and used as a control. 2 h 50 min after 
adsorption, each culture was labelled for 10 min with 30 «Ci of uridine- 
2.4 (specific activity 60-7 mCijmM, obtained from the Radicchemical 
Centre, Amersham, England). At the end of the labelling period the 
cells were poured on crushed frozen RSB buffer. After thawing, the 
cells were washed and the cytoplasmic fractions were prepared and 
treated with sodium dodecylsulphate (SDS, 1 per cent wiv, The 
cytoplasmic extracts were layered on top of 15-30 per cent (w/w) 
sucrose gradients prepared in SDS buffer and centrifuged in the SW 
25-1 rotor of the L-2 preparative Beckman nitracentrifuge for 18 h at 
23,000 r.p.m. at 25° C. The gradients were collected and the radio- 
activity in each fraction was determined. A, Radioactivity in the cyto- 
plasm of infected (@--®) and uninfected (G-—-O©) cells. B, Radio- 
activity in the cytoplasm of rifampicin treated cella (@-—@}, em 
absorbance 260 nim. 


NATURE VOL. 224 OCTOBER 4 1969 


Table 1. EFFECT OF RIFAMPICIN AND RIFAMYCEN SY ON THE RATE OF THYMI- 
DINE INCORPORATION INTO THE CYTOPLASM OF VACCINIA VIRUS UNFECTED 
HELA CELLS 


Hours post- Rifampicin  Rifamycin SV 
infection Untreated treated treated 
Cpm. 

H 820 860 1,320 

a 2 4,500 5.120 3,060 

3 16.260 18,460 18,320 

. 4 16,540 12,060 18,120 

5 12,440 8.420 13,660 


Three cultures, 7 x 10° cells each, were concentrated and infected with 
400 virions/cell. At the end of a 15 min adsorption period the cells were 
diluted ten-fold. One, culture was left untreated and to each of two cultures 
rifampicin or rifamycin SV (100 gg/ml. each) were added. At different time 
intervals, samples of 1-5 x 10? cells were removed and incubated for 10 min 
with 1 «Ci *H-thymidine (specifie activity 17-5 Ci/mM, obtained from the 
Radiochemieal Centre, Amersham, England). The cytoplasmic fractions 
were obtained and the radioactivity was determined. 

a 


was studied by ineubating HeLa cells infected with vac- 
cinia virus with rifampicin for 2 h and 50 min and then 
labelling with radioactive uridine for 10 min. Cytoplasmic 
fractions were obtained from rifampicin treated and 
untreated cells, the nature of the viral mRNA was analysed 
in SDS sucrose gradients (Fig. 3) and its association with 
ribosomes examined (Figs. 4 and 5). The synthesis of 
168 RNA (Fig. 34) occurred in the cytoplasm of infected 
cells in the presence of rifampicin (Fig. 3B). Rifampicin 
did not affect the sedimentation coefficient of the viral 
165 mRNA (Fig. 3B) or its presence in the 40S region in 
the sucrose gradients (Fig. 4B). Furtherrnore, rifampicin 
did not affect the binding of the viral mRNA to ribosomes 
to form virus specific polyribosomes (Fig. 5). These 
results indicate that rifampicin does not interfere with the 
synthesis of viral mRNA molecules. y 
Because rifampicin inhibits the formation of mature 
virus when added at the end of the latent period’, at the 
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Fig. 4, Distribution of viral mRNA in the cytoplasm of rifampicin 
treated and untreated infected HeLa cells. The cells were infected, 
treated and labelled as described in the legend to Fig, 3. The evto- 
plasmic fractions were obtained and analysed in sucrose gradients 
(15-30 per cent w/w) prepared in RSB buffer. The gradients were centri- 
fuged in the SW 25:1 rotor of the L-2 preparative Beckman ultracentri- 
fuge for 18 h at 15,000 r.p.m. at 5° C. The gradients were collected and 
the radioactivity in each fraction was determined. A, Analysis of the 
eytoplasmic fraction of infected untreated cells. B, Analysis of the cyto- 
plasmic fraction of rifampicin treated infected cells. @—@, Radio- 
activity; — , absorbance 260 nm. 
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Fig. 5. Association of viral mRNA with polyribosomes in the cytoplasm 
of rifampicin treated and untreated infected cells. HeLa cells were 
infected, treated with rifampicin and labelled as deseribed in the legend to 
F ig. 3, except that the cells were labelled for 10 min with 20 pCi uridine- 
2-4C. The cytoplasmic fractions of the infected untreated (4), uninfec- 
ted (A) and rifampicin treated cells (B) were prepared and centrifuged 
in the SW 25-1 rotor of the L-2 Beckman ultracentrifuge for 140 rain 
at 24,000 r.p.m.ats° ©, The radioactivity in each fraction was determ- 
ined. @--@, Radioactivity jin infected cells; O-O, radioactivity 

in uninfected cella; e- absorbance 260 nm, : 





time when high molecular weight proteins are synthe- 
sized ~, we examined the effeet of rifampicin on the 
ability of the infected cells to incorporate amino-acids 
into nascent peptides. Infected HeLa cells were treated 
with rifampicin immediately after adsorption and ineu- 
bated together with the drug for 8 h and then pulse 
labelled with 4C-amino-acids for 30s. The polyribosomes 
were isolated from rifampicin treated and untreated infected 
cells by zone centrifugation in sucrose gradients. By 
contrast to infected untreated cells (Fi g. 6A), rifam picin 
prevented the incorporation of amino-acids by the cyto- 
plasmic polyribosomes (Fig. 6B). : 
The effect of rifampicin on the incorporation of amino- 
acids by uninfected cells was also determined (Fig. 7 k 
It was found that the drug, at a concentration of 100 
ug/10* cells, affected the distribution of the nascent 
radioactive polypeptides present im the polyribosome 
region (Fig. 7B) as compared with uninfected ‘untreated 
cells. Rifampicin, however, only slightly affected the 


synthesis of peptides in vaccinia virus infected cells. 


Further experiments are needed to determine the nature 
of the proteins synthesized in the presence of rifampicin. 

The present experiments show that rifampicin partially 
inhibits the replication of the viral DNA and completely 
blocks protein synthesis late in the virus growth evele. 
It did not, however, affect the avnthesis of viral mRNA 
at 3 h after infection. This suggests that the molecular 
events occurring during the initial stage of the virus 
growth cycle were not markedly affected. The partial 
inhibition of DNA replication might possjbly be caused 
by the effect of the drug on the virion associated DNA 


* 


dg 

e 
dependent RNA polymerase*. But in vitro studies on the 
effect of rifampicin on the enzymatic activity present in 
the viral core demonstrated that only high concentrations 
of the drug had an inhibitory effect (R. Koren, E. H. and 
N. G., unpublished results). 

The most conspicuous effect of rifampicin in the 
infected cells is its mhibition of protein synthesis by virus 
specific polyribosomes late in the virus growth cycle. 
This indicates that rifampicin selectively interferes with 
the synthesis of virus specific proteins and thus prevents 
virus maturation. This agrees with the observation that 
rifampicin inhibits virus formation when added at the end 
of the latent period (E. H. and N. G., unpublished results). 
It is noteworthy that in its effect on virus maturation, 
rifampicin resembles the effect. of isatine-3-thiosemicarba- 
zone (IBT) which also prevents the synthesis of viral 
protein®. Unlike IBT, however, rifampicin had no direct 
effect on the sedimentation coefficient of the viral 165 
mRNA (ref. 21). 

The finding’? that rifampicin, but not rifamycin SV 
or rifamide, interferes with poxvirus molecular processes 
emphasizes the importance for its antiviral activity of the 
hydrazone side-chain in the rifampicin molecule. Pre- 
limimary experiments indicate that part of the side-chain 
is essential for the antiviral activity (Y. B. and R. Meshu- 
lam, to be published) and experiments are now in progress 
to determine the effect of different derivatives of rifamycin 
SV on poxvirus replication and to elucidate the mode of 
action of the drug. 
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Fig. 6. The effect of rifampicin on amino-acid incorporation in vaccinia 
virus infected HeLa cells. Two spinner cultures, 4 x 10° cells each, were 
infected with an 1n.0.1. 1,000 virions/cell. After adsorption for 15 min 
the cells were diluted to 10° cells/ml. One of the infected cultures was 
treated with rifampicin (110 ug/ml.) and the second was left untreated. 
The cultures were reincubated and at 7 h after adsorption the medium 
was removed and a fresh medium, lacking amino-acids and containing 
1 per cent calf serum and 100 ug/ml. of rifampicin, was added to the cells. 
The cultures were incubated at 37° C for one additional hour and then 
each was pulse labelled with 50 “Ci culture of 4C-protein hydrolysate 
@ (specific activity 54 mCi/m Atom C, obtained from the Radiochemical 
Centre, Amersham, England) for 30s. The cella were, poured on frozen 
erushed RAB buffer, the cytoplasmic fraction was prepared and centri- 
fuged in 15-30 per cent (w/w) sucrose gradients for 2 h at 24,000 r.p.m. 
at 5° C. A, Analysis of the cytoplasmic fraction of infected cells: 
B, analysis of the cytoplasmic fraction of rifampicin treated infected 
cells. @-—@, Radioactivity; ————, absorbance 260 nm. 
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Fig. 7. The effect of rifampicin on amino-acid incorporation in uninfec- 
ted HeLa cells. Two batches of HeLa cells were treated as Infected 
cells (Fig. 6}; one culture was left untreated while the second was treated 
with rifampicin (100 gg/ml.) The cells were labelled with **C-algal 
protein hydrolysate for 30 s and analysed in sucrose gradients as described 
in the legend to Fig. 6. A, Analysis of the cytoplasmic fraction from 
uninfected untreated cells: B, analysis of the cytoplasmic fraction from 
uninfected, rifampicin treated cells. O— O, Radioactivity; =e] ; 
absorbance 260 nm. 
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Rifampicin Inhibition of Trachoma 
Agent in vivo 


Rirampicin', an inhibitor of bacterial RNA polymerase? °, 
inhibits the replication of trachoma agent and the related 
psittacosis-lymphogranuloma (PLT) agents in cell cultures 
in vitro and in embryonated eggs zn vivo®. Rifampicin 
was found to inhibit the development of trachoma agent 
in infected cell cultures when added during the initial 
developmental stages of the growth cycle. In this respect 
the sensitivity to rifampicin of trachoma agent, a micro- 
bial obligate parasite of mammalian cells?:*, resembles 
that of bacterial celis*. To assess the usefulness of rifampi- 
cin as an antitrachoma drug we investigated: (@) the 
sensitivity to rifampicin of three additional strains of 
trachoma agent, isolated in different parts of the world: 
(b) the effect of rifamycin SV and rifamide on the replica- 
tion of trachoma agent in cultured cells in vitro; (c) the 
comparative ability of rifampicin, rifamycin SV, ritamide 
and achromycin to inhibit the replication of trachoma 
agent in embryonated eggs gn vive, and (d) the ability of 
rifampicin to interfere with the development of trachoma 
agent in embryonated eggs and in the monkey’s eye 
when added after the onset of the trachoma infection. 

We used five strains of trachoma agent (Bour (TRIC// 
USA-Cal/CAL-1/OT); T'ang Sag RC-PK/PK-2/OT); 
SA-1 (TRIC/la/SAU/HAR-1/OT); G-17 (TRIC//WAG/ 
MRC-17/OT) and a local strain of trachoma (Camal) 
isolated in our laboratory. Two strains of psittacosis 
agent (6BC and meningopneumonitis (MP)) were also 
used. The agents were propagated and titrated im cell 
cultures and embryonated eggs as previously reported®:!!. 
Rifampicin, rifamide and rifamycin SV (a gift from the 
Research Laboratories, Lepetit, Sp.A., Milano, Italy) and 
tetracycline HCI (achromycin Syn., obtained from Teva 
Ltd, Pharmaceutical and Chemical Works, Jerusalem) were 
studied. The drugs were added at concentrations ranging 
from 0-01 to 100 ug to each culture or embryonated egg 
immediately after infection. 100 ug of rifampicin was also 
injected in each infected embryo at different time intervals 
after infection. Uninfected embryonated eggs treated 
with rifampicin were used as controls. The embryonated 
eggs were candled daily, dead embryos were removed and 
the presence of elementary bodies in samples of the yolk 
sacs was determined. 

The antitrachoma activity of rifampicin was also studied 
ina male baboon, weighing 8 kg, which was experimentally 
infected m both eyes with the Bour strain of trachoma 
agent. The yolk sac suspension, which contained trachoma 
elementary bodies, was rubbed on the tarsal conjunctivas 
of both eyes. The monkey’s eyes were examined regularly. 
The presence of inclusion bodies in the conjunctival 
scrapings was determined. Pathological changes m the 
conjunctivas, such as hyperaemia and inflammatory 
infiltration, as well as the presence of multiple specific 
follicles on the upper and lower fornix were determined 
and cored according to severity”. 


Table 2. EFFECT OF RIFAMPICIN, 


RIFAMIDE AND RIFAMYCIN SV ADDED AT ZERO TIME AFTER INFECTION ON THE YIELD OF ELEMENTARY BODIES 


33 


e 
Table 1. EFFECT OF RIFAMPICIN ON THE REPLICATION OF DIATRRER? 
TRACHOMA AND PSIPTACOSIS AGENTS FROPAGATED IN EMBRYONATGD GGS 


Inoenlum Rifampiein a a : (nelega) 
Agent Strain ElD segg OOL O1 l 5 1a S0 106 
Trachoma Camal ie" ğ O ST-1* MOO 100 a 100 i00 
SA- 104:3 a Ob 7>0 100 100 100 100 100 
G-17 10+ O 428 100 100 100 160 106 
Psittacosis MP 107- ğ 0 8 Ü 9 22 1090 HK 


* Per cent inhibition of the development of elementary belies in infected 
yolk sacs, 


We found that the three strains of trachoma agent 
(SA-1, G-17 and Camal)*were highly sensitive to rifampicin, 
as were the four trachoma strains previously studied’. 
Rifampicin added at a concentration of 5 yg/ege imined- 
ately after infection inhibited the replication of the differ- 
ent strains of trachoma agent. 50 ug/ege of rifampicin, 
however, was needed to inhibit the development of psitta- 
cosis agent (strain MP) in embryonated eggs (Table 1). 
These results demonstrated that trachoma agents isolated 
in different parts of the world resembled each other in 
respect of their sensitivity to rifampicin. 

The importance of the hydrazone side-chain in 
saci Save molecule for se antitrachoma Beate 


the 
was 
and 
fare on the replisation of the Tang s rain of t a 
agent in FL cells and embryonated eggs. Rifampicin, at 
a concentration of 0-01 ug/culture, prevented the replica- 
tion of trachoma agent in FL cells (Table 2). 1-0 ug/ 
culture of rifamide and 0-1 ug/culture of mfamvem SV, 
however, were needed completely to inhibit the dev elop- 
ment of trachoma agent in vitro. Rifamycm SV and rifam- 
ide were also found to be less effective than rifampicin 
in inhibiting the development of the T’ang and Bour 
strains of trachoma agent in embryonated eggs in vive 
(Table 3). By contrast to rifampicin, which inhibited the 
replication of trachoma agent at a concentration of 5 
ug/egg, rifamide and rifamycin SV were oniy aie at 
: The 
e activity of Sea in vivo was paed 
with that of a tetracyclme compound (achromycin). 
Achromycin completely prevented the development of 
the Bour strain of trachoma agent tn vive at a concentra- 
tion of 5 ug/egg, as effectively as rifampicin (Table 3). 
The effect of achromycin on the replication of trachoma 
agent in vivo in our experiments was simular to that re- 
ported by Tarizzo and Nablil’, We also found (Table 3) 
that rifampicin and achromycin completely prevented the 
development of the psittacosis agent in embryonated eggs 
at a concentration of 50 ug/egg. Rifamy cm SV and 
rifamide were less effective and had only a partial inhibi- 
tory effect even at a concentration of 100 ug/egeg. J 
To determine the ability of rifampicin to interfere with 
the course of trachoma infection im viro when added at 
late stages of infection, the antibiotic was papa to 


ti 


mediately ater infection and at daily intervals ye after. 
We found that rifampicin, introduced into the infected 
embryos on the first, second, third or fourth day after 
infection, prevented not only the appearance of elementary 


PETER- 


MINED AT 48 H AFTER INFECTION OF FL CELLS BY THE T'ANG STRAIN 


Exp. Un- sae ie {ug/ml} Rifamide (2@/ml.} yen RV (ug/ml, 
No. treated 0-001 0-0 0-1 16 100 0-001 0-01 0-1 10 100 0-001 OL OF PO 100 
Titre (p.f.u./mi.) Titre (pfu. mi} Titre ip.far/mb3 
1 59x 10# 5:3 x 10% <10 <10 <10 <10 65x10 65x10 12x10? <10 <10 &1x 108 2-3» 108 <10 <10 <10 
2 7üxIO 8-3 x107 <10" < 10? <i10? <10? 68x10? 56x10 POx~108 <10? <20% TOKIO’ Lux T0® < 70° <1 e10 
3 3-0xx 10? 50x 107 4x10 10x10? <10? <10% 30107 26x10 50108 <10? <10% 30x10? 10x107 POx TOF «< 10% < 108 


Table 3. EFFECT OF RIFAMPICIN, RIFAMYCIN SV, RIFAMIDE AND ACHROMYOIN ON THE REPLICATION OF TRACHOMA AND PSITTACOSIS AGENTS IN EMBRYOS ATED 
EGGS in vico 


Rifamycin SV 


Agent Strain Tnoculum Rif ampicin 
EliD,/egg 5 10 25 60 100 HS E f 
Trachoma Bour 10%% 1007 100 100 100 106 0 ù 
T'ang EO * 100 100 100 100 160 Oo p 
Paittacosis BBC 103-° 0 20 25 100 100 ov 0 


Antibioties (2g/ega} 


Rifamide Achromye! in 
5 


* Percentage inhibition of the development of elementary bodies in infected yolk sacs. 


25 50 100 5 10 25 100 5 18 28 pO 109 
O 15 50 0 28 50 100 100 190 186G 100 100 180 
0 15 100 Oo 50 50 80 100 SH B0 100 100 100 
0 a 57 9 16 25 40 40 $ G 425 100 109 

* 
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50 


40 


30 


20 


Percentage of dead embryos 


10 





& 7 8 9 p lil 142 


chick embryos. Six-day old embryonated egg 

107 EID, of the Bour strain of trachoma agent. Parts of the infected 
and uninfected embrvonated eggs were treated with rifampicin (100 
vegiegg) immediately after infection and reincubated. Uninfected 
embryos, untreated and treated with rifampicin, served as controls. At 
daily intervals. batches of infected cells were injected with rifampicin 
and reincubated until the twelfth day after infection. The eggs were 


candled daily and the dead embryos were removed. @-—@, Trachoma 
infected embryos: ©-—O, trachoma infected embryos treated with 


pe gece t 


rifampicin immediately after infection; Loik uninfected embryos 


treated with rifampicin at zero time; x --- x, trachoma infected 


embryos treated with rifampicin at 5 days after infection. 


bodies in the infected yolk sacs (Table 4) but also pre- 
vented the death of the infected embryos (Fig. 1). In the 
presence of rifampicin the sequence of embryo death 
resembled that of uninfected, rifampicin treated embryos. 
Injection of rifampicin to infected embryos on the fifth 
day was still effective in preventing the formation of 
elementary bodies (Table 4) and the death of part of the 
embryos (Fig. lL). These results indicate that rifampicin 
can intervene in the development of trachoma agent 
in vivo even at late stages of the infection and prevent 
further damage to the embryo. The ability of rifampicin 
to inhibit trachoma agent in vivo is probably due to the 
fact that multiple cycles of infection exist in vivo while 
in cell cultures in vitro only one growth cyele of the agent 
occurs’. 

The finding that rifampicin inhibits the development 
of trachoma agent in embryonated eggs in vivo, even 
when added late during infection (Fig. 1), prompted the 
study on the effect of rifampicin on the course of trachoma 
infection in experimentally infected baboon’s eyes. 
Within 3 days after infection specific multiple follicles, 
accompanied by hyperaemia and infiltration, appeared on 
the upper and lower fornix in both eyes. The number and 
size ofthe follicles gradually increased and at 18 days 
after infeetion the disease was scored as 2, according to 
Vozza and Felici#?, At 18 days after infection the baboon’s 
right eye was treated twice daily with one drop of rifampi- 
cin (100 ug/drop) for 1 month. The left eye was not 


Table 4. EFFECT OF RIFAMPICIN, ADDED AT DIFFERENT TIME INTERVALS 
AFTER INFECTION, ON THE REPLICATION OF TRACHOMA AGENT IN EMBRYON- 
ATED EGGS 


Percentage inhibition 
of the development of 


Ratio negative/total 


Rifampicin Ra 
infected embryonated 


(100 pelezg) added 


at hrs post-infection elementary bodies eggs 
0 100 18/18 
24 100 25/25 
48 100 23/23 
72 100 25/25 
96 * 100 15/15 
120 80 12/15 
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treated. In the latter eye, the trachoma infection con- 
tinued to develop (Table 5), and the number and size 
of the follicles markedly mereased and were accompanied 
by hyperaemia and infiltration. The trachoma infection 
in the right eye, however, was markedly inhibited after 
treatment with rifampicin for a few days (Table 5). 
Within 14 days of treatment the follicles became gradually 
smaller and finally disappeared. At this stage "the con- 
junctivas had a normal appearance. These preliminary 
results indicate that rifampicin effectively inhibited the 
development of trachoma infection in the baboon’s eye 
without any deleterious side effects. 


Table 5. EFFECT OF RIFAMPICIN ON TRACHOMA INFECTION IN THE MONKEY'S 


EYES 
. Follicles Hyperaemia and infiltration 
Days after Untreated Treated Untreated Treated 
treatment eye eye eye eye 
0 2s 2 2 2 
2 3 1 2 3 
4 3 1 2 1 
10 3 O-1 2 0 
14 3 H-1 2 0 
24 3 0 2 Q 
30 3 ®) 2 Q 


* The maximal score is 3 (ref. 12). 


The present experiments show that different strains 
of trachoma agent, isclated in various parts of the world, 
are highly susceptible to treatment with rifampicin at low 
concentrations. Larger quantities of rifampicin are 
needed to inhibit the replication of psittacosis agent in 
vevo. Rifampicin mbibits the replication of trachoma 
agent in vivo when added both in embryonated eggs or 
in the baboon’s eye, at late stages of infection. It is 
also noteworthy that rifampicin has a higher antitrachoma 
activity than the parent molecule rifamyecin SV or the 
amide derivative. The importance and role of the hydra- 
zone side-chain present in rifampicin for its antitrachoma® 
and antiviral! aetivity is currently being investigated. 
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DURING spore formation, cells of Bacillus subtilis synthesize 
enzymes which are not foynd in vegetative cells? In 
addition, certain vegetative enzyme activities disappear 
as cells pass from growth to sporulation’. Little is known 
about the mechanism of change in gene expression pre- 
sumably responsible for such changes. An interesting 
possibility was suggested by the discovery that a protein 
factor associated with RNA polymerase purified from 
Escherichia coli determines template specificity in vitro® 4, 
The factor, termed o, is necessary for transcription of 
phage T4 DNA but not of calf thymus DNA. There might 
be other factors similar to s and these factors could act as 
positive control elements regulating the transcription of 
different classes of genes, for example, in the change in 
transcription from the early to the late genes of certain 
bacteriophages’. The changes in enzyme activities during 
sporulation of B. subtilis might thus be due in part to a 
change in the template specificity of RNA polymerase. 
possibly as a result of the replacement of factors asso- 
ciated with vegetative RNA polymerase by sporulation 
specifie factors. This in turn could prevent the transcrip- 
tion of certain vegetative phase genes and might also 
initiate the transcription of sporulation specific genes 
which are not expressed in vegetative cells. 

To test this hypothesis we have taken advantage of 
the properties of the virulent subtilis phage ge’. When 
this phage infects vegetative cells it gives rise to a large 
burst of progeny. During sporulation the host bacteria 
cease to support multiplication of ge or the expression of 
at least three early phage genes. Furthermore, infection 
at a particular stage of sporulation results in incorporation 
of the phage genome within the developing spore, where- 
upon the phage genome is carried in the mature spore and 
expressed only after germination. One mterpretation of 
the behaviour of this phage is that transeription of the 
pe genome, like transcription of some vegetative genes of 
B. subtilis, is dependent on the normal function of a 
“vegetative” RNA polymerase which is altered in sporu- 
lating cells. In that case it should be possible to use ge 
DNA to demonstrate a change in the template specificity 
of RNA polymerase during sporulation. We have now 
discovered that, while RNA polymerase purified from 
vegetative cells actively transcribes oe, the “sporulation” 
polymerase is mactive with the same template. 


Sporulation RNA Polymerase is Inactive with oe DNA 


DNA-dependent RNA polymerase was purified from 
vegetative and sporulating cells of B. subtilis 3610. The 
age of the sporulating cells at the time of harvesting was 
such that they would fail to support the multiplication of 
phage oe® (Fig. 3). Cells were disrupted by sonication 
and the crude extract was centrifuged at 100,000g for 1 h. 
The supernatant fluid was brought to 60 per cent satura- 
tion with ammonium sulphate! and centrifuged at 90,000g 
for 20 min. The precipitate was resuspended in 0-01 M 


. 


RNA polymerase from sporulating cells of Bacillus subtilis fails to 
transcribe phage ge DNA in vitro while RNA polymerase from 
vegetative cells is active with the same template. 


tris-HCl buffer (pH 7-9) containing 0-01 M MgCl. 0- 0001 M 
EDTA, 0000} M dithiothreitol and 10 per cent glycerol. 
After this step, RNA polymerase activity is completely 
dependent on added template and is linearly dependent 
on protein concentration; moreover, the vegetative and 
sporulation enzymes differ im their template specificities 
(Fig. 1). Sporulation RNA polymerase fails to transcribe 
oe DNA whereas the vegetative enzyme is active with the 
same template. Both enzymes, however, synthesize RNA 
in the presence of synthetic poly dAT, which was used 
because DNA from other sources had very low template 
ay: w oe SIGE oe ar E poly ymerase, 





ad 


was Farther pürifed by DEAE- -Ce elkus Coa ar 
tography, using stepwise elution with 0-13-0-24 M KCI 
according to the method of Burgess’. Vegetative RNA 
polymerase transeribes both oe DNA arid poly dAT, 
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Fig. i. Variation in RNA polymerase activity with protein concentra- 
tion. The assay mixture’ (0-25 mi.) contained 0-04 M irie BO (eH TOR 
0-01 M MgCl, 00001 M EDTA, 0-G001 M Aa oe, tis M KEL 
0-5 mgejmi. bovine serum albumin, 0-15 mM CT P, OTP, and UTP, 
0-15 mM “C-ATP (2 mCimmole), 6-4 mM potassium phosphate to 
inhibit polynucleotide phosphorylase activity, oe DNA (15 sgj or 
poly dAT (4 ug) as template, and the indicated amounts of ensyme. 
The mixtures were incubated for 10 min at 87° ©, chilled, precipitated 
with 5 per cent trichleroacetic acid, and filtered on “Millipore” mern- 
branes. Filters were dried and counted in 10 mi. tohietie—2,5-dipheav!- 
oxazole~1,4-bis-(5-phenyloxazoly!-2)-benzene scintillation fluid. Veget 

tive cells were grown In medium 121B and harvested in mid-log phase: 

sporulating cells were grown in the same medium and harvested 4 bh 
after the end of logarithmic growth, Protein waa determined by the 

method of Lowry ef al *, 6 
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DEPENDENCE OF RNA POLYMERASE of RIBONUCLEOSIDE TRI- 
PHOSPHATES AND INHIBITION BY RIFAMPICIN 


Table 1. 


Incorpora- Tnecorpera- 

Vegetative tion of Sporulation tion of 

AMP HC-AMP 

« (EDIR) : (epum) 
Complete systern 1,403 Complete system 2,260 

ipe DNA) (poly dAT) 
~ ie DNA, + poly 900 — A JAT, + oe 48 
— şe DNA 21 ~ Poly d A'T 44 
~ pnzyme 39 — Enzyme 36 
~UTP, CEP, GTP 25 — UTP, CTP, GTP 70 
~ UTP 42 ~ WTP 43 
— GTP 207 — GTP, CTP 2,236 
~ OTP 56 

+ Rifampicin 48 + Rifampicin 35 


(4 ug/ml.) (4 xg/ml.) 

Assays were carried out as described in the legend to Fig. 1. The reaction 
mixtures contained either 20 ug of vegetative RNA polymerase or 45 ug 
of the sporulation enzyme, both purified through the DEAE-cellulose 
column chromatography step. Except where noted, vegetative engyme was 
assayed with oe DNA as template and sporulation polymerase with poly dAT. 


while sporulation enzyme is active only with poly dAT 
(Table 1). The product of column chromatography and 
that from ammonium sulphate precipitation had the same 
template specificity. Preliminary experiments indicate 
that in mixed extracts the sporulation polymerase causes 
a partial inhibition of the ability of the vegetative enzyme 
to transcribe ge DNA but does not affect the transcription 
of poly dAT. Vegetative RNA polymerase is active with 
ge DNA only when ATP, UTP, GTP and CTP are all 
present in the reaction mixture (Table 1). Sporulation 
polymerase requires UTP in addition to ATP for activity 
with poly dAT. Both enzymes require added template 
for activity and are completely inhibited by rifampicin 
which is known to aet directly on RNA polymerase in 
E. coli? and B. subtilis®. 


Template Specificity does not Change after Zone 
Centrifugation 
Column purified enzyme was analysed on glycerol den- 
sity gradients” (Fig. 2) and a sedimentation coefficient 
of 15 to 165 (a value similar to that found by Kerjean 
Most of 


et al?) was estimated for the vegetative enzyme. 
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the sporulation polymerase sediments at 158, but there 
is another peak at 245 which may be an aggregate of the 
15S enzyme. In the case of the sporulation polymerase, 
those fractions of the glycerol gradients which transeribe 
poly dAT are without activity with oe DNA. The vegeta- 
tive enzyme remains active with poly dAT and oe DNA 
after zone centrifugation. These results suggest ¢hat it is 
the enzymes thernselves or some material associated with 
them that determine the difference m template specificity 
rather than the presence in sporulating cells of a hypo- 
thetical mhibitor of ce DNA transcription (unless the 
mhbibitor happened to co-sediment with the enzyme). 


A Rifampicin Sensitive Component of RNA Polymerase 
is Conserved during Sporulation. 


During phage SPO] infection of B. subtilis’ and phage 
T4 infection of Æ. coli!, a rifampicin sensitive component 
of host RNA polymerase is conserved throughout phage 
development. To test whether a rifampicin sensitive 
component of RNA polymerase is also conserved during 
sporulation, rifampicin resistant mutants of B. subtilis 
3610 were isolated. After ultraviolet mutagenesis, mutants 
were selected as young colonies able to grow on tryptose 
blood agar base (Difco) plates containing 5 ug/ml. of 
rifampicin and capable of continued growth in liquid 
media with rifampicin. During the selection process the 
cells were maintained in rich medium and were followed 
by phase contrast microscopy to ascertain that no sporula- 
tion had occurred. One mutant (Ffr 11) was chosen which 
gave the same number of eee son agar with or without 
rifampicin after growing in rifarnpicin “free medium. The 
Rfr Vi mutation does not affect the ability of the cells to 
sporulate, and Table 2 shows that vegetative RNA poly- 
merase from mutant Rfr 11 is resistant to rifampicin ir 
vitro at a concentration which completely inhibits the 
wild-type enzyme. Cells of Rfr 11 grown in the absence 
of rifampicin were also harvested during sporulation. 
Although the activity of RNA polymerase from these 
cells, with poly dAT as template, was lower than the value 
for sporulation polymerase from wild-type cells. the 
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Fig. 2. Zone centrifugation of RNA polymerase. Samples containing in 6-3 ml. 40 units 
{1 unit incorporates 1 mumole “C-AMP in 10 min) of vegetative RNA polymeraze or 
80 units of sporulation enzyme, both purified through the DEAE-cellulose column 
chromatography step, were lavered on i2 ml. linear gradients of 10 to 80 per cent glycerol 
in buffer containing 0-01 M fris-HCi (pH 7-9), 0-61 M MgCl, 00001 M EDTA, and 
0-0001 M dithiothreitol’. During centrifugation for 13 h at 40.000 r.p.m. in an Interna- 
tional SB 283 rotor at 4° C, fractions (0-4 mi.) were collected and 0-024 ml. of each fraction 
was assayed as described in the legend to Fig. 1. Not all fractions were tested with each 
‘ template. Two molecular weight markers, haemoglobin (4°68) and §-galactosidase (165), 


were centrifuged on a parallel gradient. 
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Table 2, EFFECT OF RIFAMPICIN ON RNA POLYMERASE ACTIVITY FROM 
B. subtilis STRAINS 3610 AnD Rfr il 


Specific activity (units/mg protein) 


Extracted from — Rifampicin +4 ugimi. 
rifampicin 
Vegetative B. subtilis 3610 17:2 0-1 
(ge DNA) 
Sporulating B. subtilis 3610 106 0-3 
(pely dAT) 
Vevetative B. subtilis Rfr 11 17-9 19-2 
(ge DNA 
Sporulating B. subtilis Rfr 11 2°8 30 
(poly dAT) 


Details of the growth and harvesting of vegetative and sporulating cells 
of B. subtilis strains 3610 and Rfr 11, and the purification and assay of 
RNA polymerase, are given in the legend to Fig. 1. Vegetative enzyme 
was assayed with ge DNA as template and sporulation polymerase with 
poly dAT. One unit of specific activity is that amount of enzyme that 
incorporates 1 mumole of 4C-AMP in 10 min. 


. 
sporulation polymerase of Efr 11 was cornpletely resistant 
to rifampicin. Thus a mutation that renders vegetative 
RNA polymerase resistant to rifampicin also results in a 
resistant sporulation polymerase. This strongly suggests 
that, while the template specificity of RNA polymerase 
changes during sporulation, the rifampicin sensitive com- 
ponent of the vegetative enz¥me is conserved. 


Time Course of Change in Template Specificity during 

Sporulation 

Because sporulation polymerase failed to transcribe ge 
DNA, we were interested in determining when in sporula- 
tion this change in template specificity occurs. Samples 
of a culture of B. subtilis were removed at various times 
during growth and sporulation for assay of RNA polymer- 
ase activity. The enzyme was purified through, the 
ammonium sulphate step and assayed for its ability to 
transcribe 9¢e DNA and poly dAT. Other samples of the 
culture were infected with phage ge and the average burst 
size was determined (Fig. 3). Cells grew logarithmically 
for 2:6 h, and then they entered stationary phase and 
began the process of sporulation. Prespores could be 
detected 6 h after the end of logarithmic growth. The 
burst size of phage ge decreased rapidly during the first 
hour of stationary phase and, after an additional 2 h, 
was less than two phages per cell. 

The specific activity of RNA polymerase with ge DNA 
as template also decreased to nearly zero early in station- 
ary phase, and the loss of ability of RNA polymerase to 
transcribe ọe DNA in vitro closely parallels the decrease 
in phage burst size (Fig. 3). In contrast, RNA polymerase 
retained the ability to transcribe poly dAT at all times. 
The specific activity with the synthetic polymer as tem- 
plate was never less than 30 per cent of the value for 
vegetative enzyme and at a late time it rose to a value 
higher than that in the vegetative phase. We conclude 
that the inability of pe to grow on sporulating cells arises 
from the failure of sporulation RNA polymerase to 
transcribe ge DNA and that the change in template 
specificity occurs early in sporulation. 


Implications 


It is clear that early in passing from the vegetative to 
the sporulating state the template specificity of the RNA 
polymerase is altered. This change is not to be attributed 
to an entirely different enzyme because at least a rifampi- 
cin sensitive component is common to the enzyme in both 
states. Possible explanations include the occurrence of a 
structural alteration of the enzyme during sporulation 
known for certain other enzymes''; an attractive alterna- 
tive is that the B. subtilis RNA polymerase is an enzyme 
complex that becomes altered during sporulation. Burgess 
et al? separated E. coli RNA polymerase into a rifampicin 
sensitive core? and an additional protein factor o which 
determines template specificity. Travers!*? found in T4 
infected cells a new RNA polymerase factor that replaces 
theo factor of uninfected cells and directs the transcription 
of a part of the T4 genomes different from that transcribed 
in the presence ofo. The B. subtilis polymerase may have 
a similar structure and become similarly altered during 
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Fig. 3. Time course of change in template specificity during sporula- 
tion. Cells were grown in 2 L of medium 1215 after ayvnchronization 
by dilution’. Growth was followed by measuring turbidity at 540 nm 
with a Klett-Summerson photoelectric colorimeter. The appearance 
of prespores was measured by phase contrast microscopy. Samples of 
450 ml. were harvested at 2, 3-5, 5-6 and 7-5 h, disrupted by sonication 
and purified through the ammonium sulphate step, RNA polymerase 
activity wag assayed as described in the legend to Wig. 1, with poly 
dAT or g¢ DNA as template, Specific activity is delined in the legend 
to Table 2. pra ang of 0-9 ml. were taken at 2-2, 3-2, 5-7 and 7-8 h, 
infected with hage ge at low multiplicity and the barsi size Was 
determined according to the method of A. L. S, and Roscoe, 


sporulation. We are attempting to fractionate highiv 
purified vegetative and sporulation RNA polymerase 
from B. subtilis into factor and core cornponents. 

It is hkely that the changes m template specificity of 
RNA polymerase revealed by the use of ge DNA are 
responsible for altering the pattern of gene expression 
during sporulation by directing the transcription of a 
class of genes not transeribed by the vegetative enzyme, 
and possibly also preventing the transcription of certain 
vegetative genes. 
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Note added in proof. We have now reversibly dissociated 
vegetative RNA polymerase from B. subtilis into factor 
and core components by phosphocellulose chromato- 
graphy. The core transcribes poly dAT but not oe DNA, 
Transcription of the phage DNA can be restored by adding 
to the core either the factor from B. subtilis RNA poly- 
merase or the o factor from the E. coli enzyme. 
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THERE is increasing interest in the antigenic specificity 
of cell-mediated immunological reactions! and in mech- 
anisms involved in the interaction of antigens with 
lymphoid cell populations from sensitized animals*. These 
“Interactions can result in a variety of biological phenomena 
the form of which depends on the environment in which 
the cellular response to antigen is taking place. Recogni- 
tion and assessment of specific cell-mediated immunity? 
have been facilitated by the study of four such phenomena: 
(a) production and cell transfer of delayed-type hyper- 
sensitivity’; (b) transformation of sensitized lymphocytes 
by specific antigen®; (c) the cytopathic or cytotoxic effects 
of sensitized lymphocytes on “target” cell populations the 
surfaces of which bear the specific antigen®; and {d} m- 
hibition of macrophage migration following interaction of 
specific antigen with lymphoid cell populations containing 
macrophages and sensitized lymphocytes’*. We now 
present. evidence that in the guinea-pig these four pheno- 
mena are mediated by cell-free soluble factors, which are 
generated during interaction of sensitized lymphocytes 
with specific antigen, but which are expressed without 
reference to immunological specificity. The generic term 
“lymphokine” is suggested to deseribe this group of 
biological activities. 


Factors generated during Lymphocyte Activation 

Delayed hypersensitivity to bovine y-globulm (BGG, 
Armour) and other protein antigens was induced in Hartley 
guinea-pigs by intradermal immunization 2-3 weeks 
previously with antigen emulsified in Freund’s com- 
plete adjuvant. Lymphocyte-rich cell populations were 
obtained from lymph nodes (cell viability: 50 per cent; 
viable cells: 95 per cent lymphocytes, 2 per cent 
macrophages). Peritoneal lymphocytes (cell viability: 
98 per cent; viable cells: 99 per cent lymphocytes) were 
separated by elution of peritoneal exudate cells from 
Ballotini glass bead columns at 37° C. Lymph node or 
peritoneal lymphocytes were cultured for 22 h in Eagle's 
medium supplemented with 15 per cent heat-inactivated 
guinea-pig serum at 10° viable lymphocytes/ml., with the 
immunizing antigen present at a concentration of 200 
ug/ml. up to 2 mg/ml. After culture, centrifuged super- 
natant fluids were sterilized by membrane filtration. 
Additional cultures from the same lymphocyte popula- 
tions were made in the absence of added antigen: after 
centrifugation of the cultured cells, antigen (for example, 
BGG) was added to “reconstitute”? these culture fluids 
to the working concentration of antigen already present 
in the other (“preincubated”) supernatants. Correspond- 
ing pairs of supernatants were tested for their ability to 
induce (a) intradermal inflammation when injected into 

* Visiting fellow of the National Research Council of Canada. Present 
address: Division of Haematology, Royal Victoria Hospital, Montreal 2. 
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Four principal features of cellular immunity in the guinea-pig 
are mediated by a group of soluble factors generated by antigen- 
activated lymphocytes. 
classical antibodies. 


These ‘‘kymphokines" are different from 


normal guinea-pig skin; (b) transformation of specifically 
and non-specifically sensitized lymphocytes; (¢) eyto- 
pathie effects on monolayer cultures of fibroblasts; and 
(d) inhibition of migration of peritoneal macrophages. 
The results (Table 1) demonstrated that in all these four 
situations the premcubated (P) supernatants had much 
greater biological activity than did the reconstituted (R) 
supernatants prepared at the same antigen concentration. 
In gontrol experiments (Table 1) no such differential 
activity was shown by pairs of supernatant fluids pre- 
pared with antigens not used for sensitization of the 
lymphocyte donors, 


Inflammation produced by Cell-free Supernatants 
Uniform (400 g) Hartley guinea-pigs each received 
triplicate 0-1 ml. intradermal mjections of preincubated 
and reconstituted supernatants prepared from corre- 
sponding cultures of peritoneal lymphocytes. Two Ci of 
257 Jlabelled human serum albumin (°5]-HSA, Radio- 
chemical Centre, Amersham, 2 uCi/mg) was then immedi- 
ately injected intravenously into each gumea-pig. After 
4 h, animals were killed, exsanguinated by aortic per- 
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Fig, 1. Time course of increased skin thickness folowing intradermal 

injection of O-1 mi, volumes of peritoneal lymphocyte culture super- 

natants. Sensitized lymphocytes obtained from guinea-pigs immunized 

with BGG in Freund's complete adjuvant. Antigen in culture: BGG 

(206 pg/ml). O-- O. Preincubated supernatants; @--@, reconstituted 
supernatants, 
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BIOLOGICAL ACTIVITIES OF LYMPHOKINE FACTORS FROM LYMPHOCYTE ¢ 
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‘ULTURES REVEALED BY PARALLEL ASSAY UF PREINCUBATED (P) AND RECONSTITUTED (R) CULTURE SUPERNATANTS 


Biological activity of soluble factors from lym phocyte culture supernatants 


Interaction between antigen and sensitized lymphocytes 
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TE 
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Ovalbumin + FCA 


Significance (¢ test) of differences between activities derived from specific 


*P=0-00] * P <0-001 


*P<O001 


POOL 


kd Po 


interactions (Group A) and non-specific interactions (Grou p R) 


corrected d.p.m. 


Mitogenic: 


A (0-4 h lesions) for each 100 cpm. 1*1 per mi. blood, 
ratio of migration areas after 15 h of culture. 


tuiture (per cent). 
al activity in any one experimental series: 


(pan. FHS 


“Cr released during 0-24 hofi 


Inflammatory : 


Biological effects measured by differences between activities of P and R supernatants, 


x 108 cells)/2 aCi H-thymidine incorporated between 48-866 h of culture. 


P refers to 


Migration : 


Cytopathic: 


+ 
« 


{ 


means and standard deviations are given with number 


xperiments in series 1-3 (specific interactions) and all experlinents in series 4 


constituted (R) supernatants for a particular biologic 


significance of differences between preincubated (P) and rec 


for 


=> 


nificance of differences between all e 


*?P values refer to aig 


not significant (P > 0-05), 


N.S.: 


OA-GPA, ortħanilie acid azo-guinea-pig serum albumin: 


of observations (#7) or experiments (N). 


any one biological activity. 


FCA, Freund's complete adjuvant, 
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fusion, and the fadioactivity of punched-out skin test 
sites of standard area (4:3 em?) was measured, together 
with that of a LO ml. sample of blood, in a well-type 
scintillation counter. Accumulation of #81-HSA in 
skin test sites was thereby corrected for inter-animal 
variation of the cireulatory concentration of isotope’. 
When the antigen in culture (BGG) was that used for 
sensitization of the lymphocyte donors, greater accunulas 
tion of circulating '1-HSA was produced by injection of 
“preincubated” supernatants (35-04 3-9 counts/min for 
each 100 counts/min per ml. of blood) than by injection of 
the corresponding “reconstituted” supernatants (13-7 + 1-8 
eounts/min for each 100 counts/min per ml. of blood). 
This differential effect (Table 1, series 1) was not obtained 
when the antigen in culture differed from that used to 
sensitize the lymphocyte donors (Table l. series 4 and 4), 
Much of this accumulation of albumin occurred during 
the first hour after intradermal injection, indicating 
a relatively “immediate” inflammatory activity of 
specifically prepared lymphocyte supernatants. A more 
“delayed” component was shown by measurements of 
induration (Fig. 1) which revealed differential increase 
in skin thickness between 6 and 10 h after intradermal! 
injection, at which time there was cellular infiltration of 
skin test sites with mononuclear and polymorphonuclear 
cells, This differential increase in skin thickness was not 


tion of soluble inflammatory activity. which is revealed 
as an increased vascular permeability to protein following 
intradermal injection, and confirmed previous observa- 
tions!! of an increase in skin thickness at the time of local 
infiltration with inflammatory cells. The inflammatory 
activity of lymphocyte sonicates was insufficient to 
account for the quantitative differences between pre- 
incubated and reconstituted supernatants, indicating 


Lymphocyte Stimulation by Culture Supernatants 

Test lymph node cells were freshly obtained fromm 
individual Hartley guinea-pigs sensitized with Freund's 
complete adjuvant alone or with adjuvant emulsions of 
BGG or other protein antigens. To triplicate aliquots 
of lymphocyte suspension (3 x 10% viable cells in 1-5 ml. of 
20 per cent serum in Eagle’s) were added 1-5 ml. volumes 
of preincubated and reconstituted supernatants previously 
prepared from sensitized lymph node lymphocytes. 
Cultures were maintained at 37° C for 66 h and lympho- 
cyte stimulation was assessed by liquid scintillation count- 
ing of cellular incorporation of 2 uCi of %H-thymidine 
(Radiochemical Centre, 5 Ci/mmole) added after 48 h of 
culture!?. The results in Table 1 show that when sensitized 


series | and 2); m-a group of thirty-six such experunénts, 


antigens not used for their sensitization (Table 1, 
series 4 and 6), there was no such difference between 
corresponding pairs of culture supernatants (P— R= 
— 99+ 283 d.p.m.; 22 experiments), revealing that the 
generation of this soluble mitogenic factor required a 
reaction of immunological specificity. 

Additional results showed that this mitogenic factor 
could readily stimulate allogencic lymphocytes from 
specifically or non-specifically sensitized guinea-pigs, but 
to exclude the participation of transplantation antigens, 
we further demonstrated that the mitogenic factor could 
activate an animal's own lymphocytes. Individual 
guinea-pigs were immunized by injecting front footpads 
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with BGG in Freund’s complete ad] uvant and hind 
footpads with adjuvant alone. Ten days after immuniza- 
tion, paired supernatants were prepared from axillary and 
subscapular lymph nodes biopsied from a given animal. 
The same animal was killed on the following day and 
popliteal lymph node cells were cultured with the paired 
autologous supernatants. In a series of nine such experi- 
ments, a differential mitogenic activity was obtained 
(P-R = +460+402 dpm.) No such activity was 
obtained when the autologous cells were cultured with 
antigen not used for their sensitization (P— R= — 245+ 
335 d.p.m.); the difference between these values was 
statistically significant (t test; P=0-01). These experi- 
ments revealed that the expression of mitogenic activity 
was not dependent on histocompatibility differences 
between the donor lymphocytes which generated the 
supernatants, and the recipient Ivmphoecytes on which 
the supernatants were tested. 


Cytopathic Activity of Culture Supernatants 


Mouse fibroblasts (LM—L cells; Flow Laboratories) 
were harvested by gentle trypsmization of 3-day mono- 
layers, and 2 ml. volumes (5x 10° cells per ml.) were 
chromated, at 37° C for 1 h in 10 per cent serum in Eagle's, 


by adding 100 „Ci (01-02 ml.) of Na, CrO, (Radio- 
aed Centre). Monolayers of washed chromated 


cells were set up in inclined glass tubes containing 1-5 x 
10° cells in 1-5 ml. 10 per cent gunea- -Pig serum. After 
gentle washing of I8 h monolayers, 0-75 ml. volumes of 
paired preincubated and reconstituted lymph node lympho- 
evte culture supernatants were added to triplicate L cell 
cultures containing 0-75 ml. of 10 per cent guinea- pig 
serum, which was incubated at 37° C for a further 24 h. 
R radioactivity (Cr) released into the medium was 
assayed in a well-type scintillation counter; ĉtCr retained 
in the L cells was assayed after disruption of the mono- 
lavers with saponin. Cytopathic aetivity of lymphocyte 
supernatants was expressed as the difference between 
percentage radioactivity released from monolayers ex- 
posed to corresponding preincubated and reconstituted 
lymphocyte supernatants. When sensitized lymphocytes 
were cultured with specific antigen. preincubated super- 
natants induced greater release of “Cr from L cell mono- 
layers than did the corresponding reconstituted controls 
(Tabl e 1, series 1 and 3). This was not evident when 
lymphocytes were cultured with antigens not used for 
their sensitization (Table 1, series 4, 6, 7). The mean 
incremental activity of specifically induced supernatants, 
tested at one-half dilution, was P — R=8-4+2-1 per cent; 
the corresponding activity of non-specifically induced 
supernatants was P~R=0-8+0:3 per cent. The differ- 
ence between these mean values was statistically signifi- 
cant (£ test: P= 0-001), confirming that the generation 
of cytopathic activity required a reaction of immuno- 
logical specificity. In the presence of reconstituted super- 
natants, L cell monolayers lost between 21 per cent and 
30 per cent of their 3Cr into the culture fluid during the 
24 h exposure. In the presence of preincubated super- 
natayts, most of the cells became vacuolated and rounded 
up: after 24 h, some of the cells had detached from the 
glass stirface. 


inhibition of Macrophage Migration 


Oil-induced peritoneal exudate cells were obtained 
from unimmunized Hartley guinea-pigs and were meu- 
bated in 10 per cent G PSE on columns of Ballotini glass 
beads for I h at 37°. After washing the peritoneal lympho- 
eytes off the columns with Eagle's medium, peritoneal 
macrophages (95 per cent viable; “99 per cent macrophages) 
were recovered by elution with 0-05 M disodium EDTA, 
and were resuspe wded at 3-5 x 107 cells/ml. in preincubated 
and reconstituted supernatants prepared from sensitized 
lymph node cells. After incubation at 4° C for 1-2 h, the 
macrophages vere packed and mounted as capillary tube 
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cell explants in Mackaness chambers filled in duplicate 
with corresponding lymphocyte supernatants adjusted 
to pH 7-6 (ref. 8). Chambers were incubated at 37° C for 
15 h and migration-inhibition was expressed as the ratio 
(P/R) of projected areas of cell migration in the presence 
of paired preincubated and reconstituted supernatants. 
Inhibition of migration of purified macrophages was only 
produced by preincubated supernatants derived from 
interaction of sensitized lymph node Lymphocyte with 
immunizing antigen (Table l, series 1 and 2; compare 
series 4 and 5). Inaf urther series of eighteen experiments. 
oe mgratioN: o ios SP EUe inaUeRA Ja a 


P/R = 0-5 7+0- 18: “ah a activity o nor- 
os induced supernatants was P/R=0 95+ 0-14. 
a similarly significant difference (t test: P= 0-001). These 
results confir m the work of David? mun further show that 


super a iS eh e on e aca a e in the 
virtual absence of lymphocytes. 


Activity of Supernatant Fraqions 

BGG-sensitized lymph node or perit oneal lymphocytes 
were cultured with immunizing antigen (BGG) in 15 per 
cent serum in Eagle's at 107 viable cells per ml. Pre- 
incubated and reconstituted supernatants were fraction- 
ated by gel filtration and salt precipitation in order to 
produce supernatant fractions depleted of both antigen 
(BGG) and guinea-pig y-globulin (GPG). Gel filtration 
was undertaken at 4° C on ‘Sephadex G-100° columns in 
0-05 M NH, HCO, to vield globulin-rich excluded fractions 
(Rao Ry ahd abian i rich included fractions (P,, R3); 
these column eluates were freeze-dried from the volatile 
buffer. Salt precipitation of y-globulins was achieved by 
scan to n Bae ae a solid or buffered 
sa uranio ee un- 


deriv a a om eee premeubated pli 
supernatants, dissolved im tissue culture ee w within fie 
range 50 ug/ml. to 10 mg/ml. Addition of trace-labelled™ 
me -BGG and Pas ‘GPG to He a S ee at ka 
differences in Bie dist ORCO ie +? of in Baron of pe: 
incubated or reconstituted supernatants. Thus, when 
fractionated on ‘Sephadex G@-100°, 96-3 per cent of the 
added !1-BGG and 98-3 per cent of the added -GPG 
were recovered in excluded supernatant eluates (P and R,) 
while 50 per cent sature ated ammonium sulphate pre- 
cipitated 97-5 per cent of added 1°1-BGG and 98-5 per 

cent of the eae 1a “I- C To +. 


tions ar a a e P, Je The 
activity of these P, fractions on lymphocytes (Fig. 2a) 
and macrophages (Fig. 2h) was closely related to the con- 
centration of freeze-dried fractions added to the test 
cultures. After precipitation of y-globulins from the 
culture supernatants with 50 per cent ‘saturated ammonium 
sulphate, preincubated supernatant fractions from peri- 
toneal lymphocyte culture retained greater inflammatory 
activity than the reconstituted control preparations. 
Thus 0-4 h measurements of '57-HSA accumulation in 
skin sites injected with 250 ug of the P or R fractious 
yielded the mean value P— R= + 4-5 counts/min for each 
100 counts/min per ml. blood (n=8; P<0-05), Likewise. 
T vitro activ FHRS of Eo fractions om a me 


increased incorporation of #H-thymidine into 
test lymphocytes C.p.m./culture) 
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({#) Mitogenic, (b) migration-inhibition, and (¢) cytopathic activity of lymphocyte culture su pernatant fractions eluted from ‘Sephadex G-100'. 


Sensitized lymph node cells obtaimed from guinea-pigs immunized with BGG in Freund's complete adjuvant: preincubated (Pand reconstituted Ci) 


supernatants prepared with BGG as antigen, and fractionated on ‘Sephadex G-100’ (see text). 


excluded from ‘Sephadex G-100': 
(non-sensitized) lymph node cells 
recipient lymphocytes in serum medium alone, 
fractions in culture. 


@(Pjand @ (R,). globulin-rich supernatant fractions 


© (P;) and A (Re), albumin-rich fractions of supernatants included by ‘Sephadex G-100’. a, Response of recipient 
to culture with increasing amounts of the four fractions. i 
h, Inhibition of area of macrophage migration related to increasing amounts of the ‘Sephadex’ 
Zero baseline: migration of macrophages in serum medium alone. e, Increase in the release of “Cr from chromated L cells 
cultured in the supernatant fractions related to the concentration of the fractions present in culture. 


Zero baseline (dotted); basal “H-thymidine uptake hy 


Zero baseline: release of Cr from L cella 


cultured in serum medium alone. 


‘Sephadex G-100° (Table 2). The results of these fractiona- 
tion studies therefore indicate that. once induced, the 
expression of the four cell-free biological activities is not 
dependent on persistence of intact antigen, the presersce of 
conventional y-globulin antibody, or the occurrence of 
immune complexes of classical type in the lymphocyte 
culture supernatants. 


Mechanisms of Activity 


_ Interaction of sensitized guinea-pig lymphocytes with 
unmunizing antigen therefore results in the generation of 
four soluble biological activities related to the expression 
of cell-mediated immunity. Once produced, these in- 
flammatory, mitogenic, cytopathic and migration-inhibit- 
ing factors are active in the absence of the cells which 
generated them; and clearly, two of the soluble factors 
(cytopathic and migration-inhibition) do not require 
additional (unsensitized) lymphocytes for expression of 
their activity. The use of BGG as antigen indicated that 
these soluble factors differed from retained anti gen, 
intact antibody and classical antigen-antibody complexes. 
It therefore appears that the various actions of sensitized 
lymphocytes are expressed by immunologically non- 
specific effector molecules, the generation of which is 
governed by cellular reactions of immunological specificity. 

Delineation of the soluble inflammatory factor extends 
our earlier observations'! and those of Bennett and 
Bloom!*, The pleomorphic cellular response to intra- 
dermal injection of the factor, maximal! at about 6 h. was 


Table 2. 


Assay of fractions 
at 2-5 mg/ml. in 
culture 
Preincubated 
Reconstituted 


Preincubated 
Reconstituted 


Fraction of lymphoeyte culture fluids 


Supernatant from precipitation at 50 per cent 
saturated ammonium sulphate 


Albumin-rich eluate from ‘Sephadex @-100° 


Supernatants were 
activity: 


Mitogenic activity (a): 


cells as well as by metabolic processes of lymphocyte 
activation. On this basis the latency of such reactions is 
due to the time taken to generate local concentrations of 


soluble mediator sufficient to permit sequential activation 
of endogenous inflammatory processes!*:?7, 

A characteristic feature of the soluble mitogenic factor 
is its ability to stimulate DNA metabolism of autologous 
or allogeneic lymphocytes from sensitized or non-sensit- 
ized animals. 


result from its action. 
however, whether most lymphocytes in a population can 
respond to pre-formed mitogenic factor, whether such 


Our evidence that a cytopathic factor is generated by 
lymphocyte activation concurs with other recent reports’*. 
The *'Cr experiments provide a biolomeal assay for ibs 
activity and support the view that close cell contact 
between antigen-sensitive lymphocytes and target cells*:** 
is not an exclusive explanation of cell-mediated eytotoxic 
reactions. Generation of cytopathic factor might, how- 
ever, promote cytotoxicity of other lymphoid cells present 
in the environment. Thus a cytopathic effect on the 
surfaces of target cells may facilitate establishment of 
other cell contacts. and release of soluble factor, may 
result In further lymphocyte activation. This interprets- 
tion would indicate how other cells may become itvolvedt 
as “innocent bystanders’ in immunological reactions 
initiated by sensitized lymphocytes’. 


BIOLOGICAL ACTIVITIES in vitro OF LYMPHOCYTE CULTURE SUPERNATANTS DEPLETED OF ANT IGEN AND ANTIBODY 


Migration activity ie}; 
inhibdtion of area of 
macrophage migration 
iper cere) 


Cytopathie activity (4): 
increased release of Cr 
by chromated L cells 
iper cent) 

9-9 + 2-5 (8) 
~O5+0-8 (63 
12-5 + 2-3 (9) 


ee E (5; 


increased uptake of 
*H-thymidine by 
Iymphoeytes (d.p.m.) 
2,055 + 304 (6) 
240% 117 (8) 
2,269 + 331 (12) 
186 + 215 (12) 


Se2 45-3 (12) 


Ge eT) 
O45 44-9 (16) 


nts prepared from BGG-sensitive lymphocyte cultures using BGG as antigen. Supernatant fractions were assayed for (a) mitogeule 
dpm. culture (48-66 h)/2 sti *H-thymidine, less 7H incorporation in serum medium alone: {b) cytopathic activity: 


per cent release of ey 


(0-24 h), less “fr release in seram medium alone: te) migration activity: peritoneal cell migration area in serum medium (0-15 M), legs Cell migration in 


supernatant fraction divided by cell migration in guinea-pig serum x 100 per cent. 


parentheses. 


Data are means and standard deviations with nuniber of observations in 


* 
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It is remarkable that macrophages, not normally subject 
to contact inhibition of movement*, should cluster under 
the influence of a factor generated by lymphocyte activa- 
tion. The ultrastrncture of such adherent macrophages 
T ie chsh of R, R. Po and D. b D. >) 
shows 
suggesting aand mal phagocytes ee Geb eile 
in close contact. Barnet ef al. reported that phago- 
eytosis of sheep erythrocytes by cultured rabbit macro- 
phages is promoted by the addition of sheep erythrocyte- 
sensitized rabbit lymphoey tes; we find that preincubated 
supernatants containing migration-inhibition factor stimu- 
late phagocytic activity of guimea-pig macrophages 
(unpublished results of R. Farkas, A. D. M. Bryceson 
and D, C. D.). When antigen forms part of the cell surface, 
as m leishmania-parasitized macrophages, sensitized 
Ilvmphocytes can exert cytotoxic effects on cultured 
macrophages**, Among the many possible interactions 
between lymphocytes and macrophages, the cellular 
en nyamat may determine whether local activation of 
results in stimulation of macrophage 
eabel an or in impairment of macrophage function®®. 


Nature and Significance of the Factors 


Whereas metabolic studies suggest that these effector 
molecules are protein’ **, it is not yet clear whether 
different cell-free activities are to be attributed to a single 
molecule or to multiple molecular entities. In the guinea- 
pig. the physicochemical behaviour of the migration- 
inhibition and mitogenic factors is that of protein of 
molecular weight 30,000-80,000; the former elutes close 
to albumin from DEAE- cellulose, and runs near the front 
m To at pi 8- 6 on nro a a pelyecryl: 
o e A ELVIS is HOt @alycable 
after treatment with 8 M urea; and all the four biological 
activities can be generated in lymphocyte cultures without 
added serum®*, This suggests that active factors are 
mocrombleru af ae than pound to serum Saas 


Stein of ake: blood- clotting®!, ei inoue and 
kinin-releasing®* systers, nor with undegraded compon- 
ents of guinea-pig serum complement’*. Present evidence 
does not exclude their possible relation to fragments of 
immunoglobulin", but their independent distribution 
from antigen in solution suggests that antibody-combining 
sites of the usual kind would not be involved in the expres- 
sion of pre-formed factors. A different possibility is that 
the active factors are enzymes, generated during lympho- 
cyte stimulation, which may act on cell surface mem- 
branes to produce a variety of cellular responses. 

Ahe. activity il these Balan aa on ATP 
d edi A a. ae may es participate in 
regulation of the immunological response. This views 
their involvement im activation and recruitment of 
inflammatory cells in delayed hypersensitivity?® s, allo- 
graft rejection®? and graft-versus-host reactions®*; an 
reticalo-endothehal stimulation (acquired cellular resist- 
ance) accompanying systemic reactions of delayed hyper- 
sensitivity?>“*; and in parenchymal tissue damage 
accompanying some forms of autoimmunity’. During 
the immunological response, controlled generation of sueh 
factors with lymphoid tissue might supplement antigen- 
concentrating mechanisms*!, or assist recruitment and 
local proliferation of lymphoid cells? Whereas an ad- 
juvant effect of soluble faetors might facilitate cooperation 
between compartments of the lymphoid system, their 
local over-produection might lead to immune paralysis. 
Burnet has suggested that antigen-activated lymphocytes 
generate pharmacologically active even e ita aay 
to mechanisms of cellular surveillance. We sugg 
these soluble products of Sheed activ ation may 
fulfil Burnet% eriteriatt. We propose the generic term 
“iyynphokine” to describe them. Such mechanisms, if 
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operating within the lymphoid system, might intluence 
the balance between tolerance and immunity, and this 
offers a further parameter’ for the study of immune 
regulation. 
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In vitro studies have revealed that antigen-activated 
lymphocytes generate soluble factors thought to effeet 
cell-mediated immunity. Very recent work has shown 
that two of these soluble factors can be produced by 
activation of human lymphocytes: (a) a factor which 
inhibits the migration of guinea-pig macrophages 
(“migration-inhibition faetor’)4; and (b) a factor which 
damages mouse fibroblasts in monolayer culture (“lymphoe 
toxmn’’)5, We now present evidence that antigen-activated 
human lymphocytes generate a third activity (‘mito- 
genie factor”) which stimulates DNA metabolism of 
allogeneic and autologous human lymphoeytes and which 
may be a soluble mediator of lymphocyte transformation. 
+ 


Induction and Expression 


was added to “reconstitute” these control 
(R) supernatants to the working concentration of antigen 
(tuberculin) present in the other “premeubated™ (P) 
supernatants. At the end of the culture period, super- 
natants were sterilized by membrane filtration and were 
stored at —20° C. Mitogenic activity of | vinphocyte 
culture fluids was assayed by culturing fresh allogeneic 
Table 1, 


MITOGENIC ACTIVITY OF LYMPHOCYTE CULTURE 
TESTED ON ALLOGENEIC LYMPHOCYTES 


SUPERNATANTS 


Supernatant Supernatant *H-thymidine 


production testing uptake*® by “recip- Mitogenic 
Expt. Mantoux Tuber- Mantoux ient” lymphocytes activity 
series sensi- culin sensitivity Dilu- in the presence of (P-R) 
No. tivityof (ag/mb.) of re- tion supernatants 
“donor” inculture  cipient™ P R 
1 1:10 100 1:2 4/10 700,404 35,6670 + 348,734 
2 1:10 100 1:10 3/4 7,346 3,892 + 3,284 
1/16 2,315 330 + 24085 
3 1:10 100 L:10 1/4 2,098 1,160 + 1,838 
1/16 2.374 1,391 =+ O83 
4 1: 10° I Neg. 1/10 93,026 4,677 +88,349 
5 1: 10° 1 Neg, 1/10 100,328 29,543 +70.775 
6 1: 10° 1 Neg, 1/10 33,363 24.630 + 8,733 
7 1:10 ] Nex, 1/10 17,413 14,043 +3.370 
& 1:10 30 Neg. 1/3 49,704 16,889 = +42,815 
9 1: 16¢ 30 Neg. 1/3 37,990 3,421 8 +34,560 
10 1:10 30 Neg, 1/3 10,800 §, 806 + 3,094 
11 1:10 30 Neg. 1/3 4.846 5,044 — 198 
12 Neg 100 1:10 1/10 1,806,708 1,545,253 ~ 238,545 
1 1/10 434,969 648,070 — 213,101 
i Neg. 100 1:10* 1/10 492,038 738,879 ~ 246,841 
Neg. 1 1/10 109,648 174,01] ~ 64.363 
15 New, 100 P:10* 4/10 877,399 955,299 -— 77,900 
1 1/10 82,259 84,74) — 2.482 
16 Neg. 30 Neg. 1/3 228 364 — 136 
7 Neg. 30 Neg. 1/3 1,888 1,301 + ERR 
18 Neg, 30 Neg. 1/3 539 640 ~ 11 
19 Neg. 30 Neg, 1/3 293 348 ~ 55 


* d.p.m/3 mi. culture with 2 uci *H-thymidine (120-138 h of culture): 
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A soluble mediator is involved if the transformation of human 
lymphocytes by specific antigen. 


Table 2. MITOGENIC ACTIVITY OF LYMPHOCYTE CULTURE SUPERNATANTS 


TESTED ON AUTOLOGOUS LYMPHOCYTES 
Supernatant production 


and testing *"H-thymidine uptake’  Mitogenie 
Expt. Mantoux Tuberculin in presence of activity 
No, sensi- (agimi) Dhu- aupernatants iP-H)} 
tivity in culture tion P R 
20 1; 10 I 13 163,443 20,576 + 142,887 
2i 1:1 1 1/6 46,273 R612 H RG BHI 
1/9 14,230 2,647 + 11,613 
23 t:l ł 1/3 $8,040 17,854 + 71,005 
Pe Pilg i 172 62,553 SO, G96 + 2,587 
16 8O.576 H4, 582 + 16,044 
1/8 24,913 15,5099 +8,34 
24 1: {9 30 L{3 45,0190 40,027 + 4 002 
25 1: 108 30 1/3 95,565 75,962 + 10,408 
26 1: ig 30 1/3 28,260 17,685 + I0 SBA 
27 1:16 30 1/3 25,236 18,208 + 7,025 
28 1: 10% 30 1/8 73,937 85,694 + ,248 
29 1:10 30 1/3 21,172 18,320 + 2,852 
30 1:1 30 1/3 4,124 2,354 +477 
31 1:10: ł 1/2 297 £05 ~ 11i 
32 1:10 30 1⁄3 8,433 8500 ~ 6? 
33 Neg, 30 1/3 269 241 + 28 
34 Neg, 30 1/3 220 240 20 
35 Neg. a0 1/2 790 Gs — 185 
36 New, 30 173 414 a ~ 10 
7 Neg. 39 1/3 9,450 11,506 =- 2,116 
338 Neg, 30 1/3 8,869 1i, i7i ~ 2,302 
39 Nex. 30 1/3 17,356 23,805 ~ 5,040 
40 Neg, 30 1/3 214,946 270,806 ~ 55,860 


* Asin Table 1. 


lymphocytes at 10®/ml. m 1/2-1/16 dilutions of corre- 
sponding pairs of preincubated and reconstituted super- 
natants. Triplicate 3 ml. cultures were maintained at 
37° C for 6 days and lymphocyte stimulation was assessed 
by liquid scintillation counting of cellular incorporation 
of 2 uCi SH-thymidine added 18 h before termination of 
culture’, Circumstances in which preincubated {P} 
supernatants induced greater lymphocyte stimulation 
than did corresponding reconstituted (R) control super- 


test lymphocytes were obtained from Mantoux-neghtive 
or Mantoux-positive subjects. Lymphocyte supernatants 
from Mantoux-negative subjects, however. showed no such 
incremental mitogenic activity (P-R: negative, expts. 
12-19); the usual negative value of these incorporation 
differences suggests that lymphocytes frorn sorne Mantoux- 
negative subjects may release an inhibitory factor when 
cultured with tuberculin (see also expts. 34-40, Table 2). 
Pairs of lymphoeyte supernatants were assayed for 
mitogenic activity utilizing, as test cells, fresh Ivrnpho- 
cytes obtained on a second occasion from the same 
(autologous) subject. Table 2 shows that whereas lympho- 
cyte culture supernatants from Mantoux -positive sub- 
jects were usually stimulatory for autologous lymphocytes 
(P-R: positive, expts. 21-30), 1 ymphocyte supernatants 
from Mantoux-negative subjects usually lacked this 
activity (P-R: negative, expts. 33—40). ° 
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Specificity and Action 


The results show that when “donor” lymphocytes from 
Mantoux-positive subjects were cultured with tuberculin, 
culture supernatants acquired the ability to stimulate 

greater uptake of *H-thymidine by fresh “recipient” 
lymphocytes than was expected from the amount of 
tuberculin present in the culture medium. This way of 
expressing the activity of the mitogenic factor revealed 
that Mantoux-positive donors « generated lymphocyte 
supernatants with mitogenic activity for allogeneic and 
autologous lymphocytes (21/24 positive) whereas Mantoux- 
negative subjects yielded lymphocyte supernatants which 
usually lacked this activity or were even inhibitory (2/18 
positive). The production of mitogenic factor requires 
interaction of sensitized lymphocytes with specific anti- 
gen, but, once produced, the factor appears active on 
sensitized (Mantoux-positive) as well as unsensitized 
(Mantoux-negative) lymphocyte populations. Its ability 
to stimulate autologous lymphocytes shows that the 
expression of the mitogenic factor is not dependent on 
solubilization of transplantation antigens®?, though this 
rnight contribute to the wide range of v alues when culture 
supernatants act on allogeneic lymphocytes (Table 1). 
This makes it desirable to use autologous lymphocytes 
for assay and identification of the mitogenic factor in 
madi. Mitogenic factor may therefore mediate antigen- 
induced lymphocy te transformation by means of a non- 
specific activation of other lymphocytes in culture. 

Further studies by R. N. Mo J. Longbottom, F. E. 
Hargreaves, J. Pepys and D. ©. D. (unpublished) show 
that in del ayed hypersensitivity, antigen activated human 
lymphocytes usually generate both mitogenic and migra- 
tion-inhibition factors. In the guinea-pig, these factors 
are different from classical antibody, persistent antigen, or 
antigen- -antibody complexes; we have suggested the term 

“lymphokine” to describe them’. In clinical immediate 
(reagimic) hypersensitivity, however, we find that the 
Ivmphoeyte supernatants are frequently mitogenic for 
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inhibit 
M., 


autologous lymphocytes, but usually fæl to 
macrophage migration (unpublished work of R. N. 
J. Longbottom, F. E. Hargreaves and D. C. D.). The 
possibility arises that in man, two cell-free mediators 
might Pepai in antigen induced lymphocyte trans- 
formation; one factor being antibody (mm namediate 
hypersensitiv ity!) and the other factor ‘bei yng of “‘lympho- 
kine’? nature (in delayed hypersensitivity). Our present 
work is directed towards defining the role of antigen and 
antibody in the expression of mitogenic and migration- 
inhibition factors generated by antigen-activation of 
human lymphocytes. 
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Enid Bowers for technical assistance, and the Arthritis 
and Rheumatism Council for general support. R. N. M. 
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Ratcliffe : 
evidence of a correlative nature that eggshell thickness 1s 
decreased by DDT and related organochlorine compounds 
(DDT-ROC) in the environment. Thinner eggshells, 
with consequent egg breakage, was then suggested to be 
the cause of declining reproduction in several bird species. 

To test directly the hypothesis that DDT-ROC cause 
& decrease i in eggshell thickness, we incorporated o,p'-DDT 
and p,p’-DDT into the diet of Japanese quail. We 
measured egg production, egg weight, eggshell thickness, 
eggshell calcium content, bone and blood ealcium, bird 
weight and pesticide residues in the eggs, liver and lipid. 
Forty-two virgm Japanese quail, 39 days old, were 
distributed randomly into three groups of fourteen and 
placed in individual cages on a regime of 14 h light and 
10h dark. 

The contral group were given freely a chick starter diet 
of) low caleium content (0-56 per cent) to provide a calerum 


and Hickey and Anderson? [have provided 


Japanese quail fed 0,p’ and p,p-DDT produced eggs with thinner 
shells and lower calcium content than usual. 


stress during egg laying. The groups on o,p'-DDT and 
p,p -DDT received the same diet modified by the addition 
of 100 p.p.m. of the pesticide. Eggs were collected daily 
during the 45 day experimental period and the presence 
of broken eggs and the premature extrusion of eggs 
(volks) was recorded. Calcium was determined by atomic 
absorption analysis of solutions obtaimed by wet-ashing 
egeehet or os m concentr ated hy o ac id. 


ae using an lecion pede pean Unga H 
thickness was measured at three places at the waist of 

each egg using a micrometer, after removal of the egg 
membranes. The beta backscatter method of James and 
Retzer’, for measuring eggshell strength, was also used 
to investigate the relationship between thickness and 
backseatter of the eggs. 


Birds given the diets containing o.p’-DDT and pip- DDT 
had a lag in egg production during the first half of 
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12 CONTROL 


n 


Mean No, of eags/day 


by 


0 
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CONTROL 


D4 


0-0 


Sü 


Mean weight of egg (g) 





T3 

var p,p'-DOT 
To 

6-6 


4 8 12 l6 80 24 28 
Davs 
Fig. i. A, Effect of o,p'-DDT and pp -DDT on egg production. Values 


are the number of eggs per day averaged for 4 days, (@) Control: 
(x) op-DDT: (5) pp'-DDT. B., Effect of o.g°-DDT and pp-DDE 


on egg weight. Values are egg weights averaged for 4 days. Symbols 
asin A. 
the expermment (Fig. 14), suggesting a leg in ovula- 


tion in these groups. Jefferiest has already reported 
a delay m ovulation produced by p,p’-DDT in the 
Bengalese finch. The eggs produeed by birds on the 
p.p-DDT diet were significantly smaller than those 
produced by birds on the o,p'-DDT or control diet 
(Pig. 1B). The p,p’-DDT diet also produced more 
broken eggs, 15-6 per cent as against 11-1 per cent in the 
control group (Table I). In each group certain quail 
were responsible for most of the broken eggs, and these 
were classified as susceptible (21 to 32 per cent of eggs 
produced were broken). Six of the fourteen quail on 
p-p -DDT were susceptible, in contrast to only three of the 
fourceen controls, In contrast, resistant quail, whether 
on control, 0,p° or p,p’-DDT diets, produced intact eggs, 
only 4 to 6 per ecnt being broken. More uncalcified mem- 
branous eggs (yolks) were noted in the groups given 
op -DDT and p,p -DDT than in the controls. 

Eggs of quail on diets containing o,p'-DDT and p,p’-DDT 
were significantly thinner and contained a smaller per- 
centage of shell calcium than controls (Table 1). Broken 
eggs which fell through the screen floors were not re- 
covered. These broken eggs are likely to have had 
thinner shells and smaller calcium contents. Thus there 


Table 1. 


f Eggs per Egg Thickness 

Group h bird weight (in, x 107+) 
Cemtrol 368 263 8-80 69-5 
o.p-DDT 338 24-2 8-647 66-78 
pp -DDT 314 22-4 T-B68 65:65 


+ 
It should be noted, however, that DDT gave rise to a 
thinner eggshell in both resistant and susceptible quail: 
this is readily seen in Table 1. 

Individual records revealed that as successive eggs were 
laid in a clutch, there was a decrease in thickness and in 
percentage content of shell caleruam im the groups given 
o,p'-DDT and p,p’-DDT, but only a slight decrease in 
eggs of the control‘quail. At the end of a clatch, durmg 
the non-laying interval, the bird restores the drain on the 
calcium balance and the first egg of the next clutch has 
a thicker shell containing more calcium. When all 
data are pooled and the effect is masked, group means 
reflect only part of the decline in calcium, 





shell thickness as clutch size increased, There was a good 
correlation between percentage shell calcium and shel! 
thickness. The beta backseatter method of James and 


Retzer? was applied to a series of quail eggs and gave 
2-29 
oY. 
214 A : 
o> j 
2-06 $ ° . oO | 
x b CONTROL 
1-98 ` 
z x 
z l 0 
= 190 i l 
= Q 
£ y 
4 2 
= ¥ 
= 
T PT l 
1-66 oT 
o.0°-06) 
X 
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1-50 
5 í 6 8 109 13 
* 


Position of egg in clutch 


Fig. 2. Effect of o,p'-DDT and pp -DETE on shell calcium, which is 

expressed as a percentage of egg weight. Values are plotted at the same 

stage of the laying cycle, that is according to the position of the egg in the 
clutch. Common regression lines are drawn. Symbols as in Fig. i 


EFFECT OF o,p'-DDT and p.p’-DDT ON EGG PRODUCTION, EGGSHELL THICKNESS AND PERCENTAGE SHELL CALCIEN 


Per cent 
shell Ca* 


Quail classified ax: 


Broken eggs š 
N Resistant Suaceptible 


Per cent 


2-03 4] lil it 5 
1-95 40 Lis 9 5 
1-96 5 49 13:6 & 6 


* The entire eggshell was analysed for calcium and the value obteined was expressed as a percentage of the fresh weight of the egg. 


t Significantly different from control, P< 6-05. 
į Significantly different from control, P < 0-01. 
§ Significantly different from control, P < 0-601. 
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weshell thickness (inches x 10-4} 


E 
i 
Wet 





2 4 6 8 10 12 
Position of egg in clutch 


Fig. 3. Effect of o,p'-DDT and p,p’-DDT on eggshell thickness. Values 

are plotted at the same stage of the laying cycle, that is according to the 

position of the egg in the clutch. Common regression lines are shown. 
Symbols asin Fig. 1. 


very good relationships between backscatter counts 
and both thickness and calcium content. This non- 


destructive rapid method is suitable for 
experiments of this type. 

There were no significant differences m blood calcium 
concentrations at the end of the experiment: controls 
had 20:-7mg per cent; and those given o,p'-DDT had 
20-5 mg per cent; those given p,p’-DDT had 197 
mg per cent. There was little difference in the calcium 
content of the shaft of the femur in the three groups 
and the amount of medullary bone was the same m each 
case. 

The concentrations of pesticides m liver, lipid and eggs 
were determined at the end of the experiment (Table 2). 
The 20 to l ratio of p,p’-DDT to o,p’-DDT im lipid is 


extremely 


greater than usual in shorter term experiments, 
suggesting that o,p'-DDT is metabolized faster than 


p,p'-DDT. This probably explams frequent failure to 
find significant amounts of o,p'-DDT when samples are 
collected from the environment, despite the presence of a 
considerable amount of o,p'-DDT in the original spraying 
material. In spite of a relatively low body or egg burden of 
o,p'-DDT compared with p,p’-DDT (Table 2), the two 
compounds were equally effective in reducing eggshell 
thickness (Table 1, Figs. 2 and 3). This indicates that 
toxicological effects are most closely related to intake than 
to body or egg burden. 
It avas interesting to find the relatively low amounts of 
pp -DDE in the tissues and eggs. Only about 10 per 
cent of the total pesticide residue was p,p’-DDE, whereas 
pp-DDE usually comprises 80-90 per cent of the total 


Table 2, CONCENTRATION OF PESTICIDES IN LIVER, LIPID AND EGGS OF QUAIL 


Feeding ugig Pesticide residue | 
group Tissue p.p-DDE p.p’-DDD o,p'-DDT pp-DDE 
Control Liver (P24 <00} <00 2] 
Lipid 1-20 O11 < 0-01 4:19 
Eggs 0-06 < O01 <0 O01 O16 
op -DDT Liver 0:25 N.D. 4°66 1-25 
Lipid 1-25 N.D, 557 104 
Eggs 052 N.B. 23-6 2°42 
Bp - DDT Liver 28-2 4-46 < 0-01 210 
Lipid 1638 17-6 < O61 1,375 
Eggs 490 5-35 < 0-01 470 


Each value is the average of values for four birds. 
X.D., not determined, 
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pesticide residue found m avian samples collected from 
the environment??-!©) Walker’, however, has pointed 
out that pp -DDE is the prime:pal residue after longer 
intervals, inereasing in the muscle and liver of the coal 
tit from 20 per cent at 1 week to 59 per cent a vear after 
spraying. Simularly, Noakes and Benfield! found that 
pp-DDE accumulated to a greater extent im «lomestic 
fowl as their experiments progressed. 

In the quail fed o,p’-DDT, amounts of pp-DDE 
significantly above background levels were found. This 
agrees with a report about rats hy Klein ef al. a, who 
suggested an interconversion of op -DDT to pp- DDT. 
Our dosing compound, however, was found to contam 
approximat ely 0-4 per eent p,p’-DDT, sufficient to account 
for the p,p’-DDT residues found m the group fed on 
o,p'-DDT over a period of 45 days. Whether or not the 
isomerization reaction occurs in quail is a subject of 
further mvestigation, 

The mechanisms by which chlormated hydrocarbons 
affect eggshell thickness have not been elucidated. 
Possible modes of action include ia) stimulation of hepatic 
microsomal enzymes which @egrade steroids necessary for 
ealeification; (b) mhibition of medullary bone deposicion, 
the primary source of caletum during eggshell formation ; 
(c) inhibition of the parathyroid gland; (d) imbibition of 
the thyroid; (e) inhibition of calerum absorption from the 
gut; (f mbhibition of carbonie anhydrase activity m 
the avian shell-forming gland, and (g) abnormal stimula- 
tion of the nervous system resulting in premature extrusion 
of eggs. 

Peakall?.™ has demonstrated that hepatic microsomes 
front pigeons treated with DDT form larger amounts 
of polar metabolites from oestradiol, testosterone and 
progesterone than microsomes from untreated birds. 
A direct link between this finding and the ealerfication 
process has not yet been reported. Although an upset in 
hormonal balance may be involved, several of the alter- 
natives we have listed could also form the physiological 
basis for the disturbance in calcium metabolism. 

Our experiments contirm previously reported correlative 
evidence}? that DDT and related organochlorine com- 
pounds induce a decrease in eggshell calcium. By 
incorporating DDT into the diet of Japanese quail, we 
have demonstrated directly that o.p’-DDT and p.p’-DDT 
produce thinner eggshells. "We rece gnize that we used large 
quantities, and that seed-eating birds would probably 
never encounter DDT eoncentrations of this magnitude, 
but there is ample evidence that carnivorous birds have 
been exposed to extremely high concentrations of these 
pesticides. Thus Risebrough et al.” i i ae total DDT 
accumulation of 5,000 p.p.m. and 2,600 p.p.m. m the 
lipid of North Ameriean peregrine falcons, values consider- 
ably above the 1,561 p.p.m. that were found (Table 2). 
These residue concentrations suggest that raptors in the 
field are exposed to body burdens of DDT and related 
organochlorine compounds which could exert the adverse 
effects on calcium metabolism and eggshell thickness 
which we have demonstrated in the laboratory. 
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CORRELATIONS have been found between drastic declines 
in populations of raptors and fish-eating birds. unusually 
thin eggshells in such populations, and environmental 
exposure to organochlorine pesticides, particularly DDT 
(1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane}] and DDE 
[1,1-dichloro-2,2-bis(p-chlorophenyljethylene}!—, DDE 
has been prevalent in wild ducks: it was found in the 
wings of 900 mallards (Anas platyrhynchos) and black 
dueks (Anas rubripes) monitored in 1964 (ref. 4), in tifsues 
and organs of 104 mallards and lesser seaup (Aythya 
affinis)? and in eggs of Atlantic flyway black ducks 
which have been reproducing more slowly than usual 
since 1955 (ref. 6). 

DDE, while widely distributed throughout the environ- 
ment as a stable metabolite of DDT, is not produced 
commercially and not readily obtainable. Controlled 
studies of the effects of DDT on avian reproduction are 
well documented, but we know of only one such investiga- 
tion of DDE”. 

In 1965, 2 year studies of the effects of organochlorines 
on mallard reproduction began at this centre. DDT was 
investigated in 1965-66 and DDE and DDD [1,1-dichloro- 
2,2-bis(p-chlorophenylethane] in 1967-68, We used p.p- 
isomers of DDT and DDE and a technical formulation of 
DDD (64 per cent p.p’-isomer, 20 per cent o,p’-isomer, 
{6 per cent impurities). Test mallards had been hatched 
in an incubator, the progeny of wing-clipped breeders 
phenotypically indistinguishable from wild birds. During 
the Investigation birds were kept in wooden pens on 
concrete slabs supplied with running water and spread 
with straw. A completely randomized design was used 
throughout. Five or six hens and two drakes were allotted 
to each pen, and each treatment was replicated in three 
to five pens. 

Pesticides were administered in diets. DDE and DDD 
were fed in concentrations of 10 or 40 p.p.m.; DDT was 
tested in concentrations of 2-5, 10 or 40 p.p.m. reduced 
to 25 p.p.m. after breeders had died. We chose 10 p-p-m. 
as a residue easily encountered in natural foods. and 
40 p.p.m. as approaching the largest sustained concentra- 
tion not lethal to breeders. Concentrations are expressed 
as p.p.m. of toxicant in dry feed: wet weight concentra- 
tions, as in natural diets, would be about one-third the 
dry weight concentrations. Diets were prepared by 
dissolving the pesticides in corn oil and Mixing one part 
of oil solution with ninety-nine parts of commercial duck 
feed. 

Birds received treated diets freely from several weeks 
before the onset of the first laying season until the second 
year of laying. Eggs were collected daily for 2 months 
during each season and stored at 16° C and 55 per cent 
relative humidity. At fortnightly intervals they were 
examimed for cracked shells. incubated, and candled after 


mallards induced significant eggshell thinning and cracking and a 
marked increase in embryo mortality. DDD and DDT impaired 
reproduction, but less severely than DDE, a widespread breakdown 
product of DDT. 


2 and 3 weeks to measure embryonation and embryo 
survival. Hatchlings were banded on the leg for identi- 
fication with the parental pen and observed on diet free 
of pesticide for 14 days. Productivity data were recorded 
for each pen for every 2 week set of eggs (Table la}. From 
these data we derived the parameters of reproductive 
success presented in Table 16, arranged sequentially to 
reveal stages of development affected by treatments. 

Eggs with sound shells from alternate 2 week sets were 
sampled to measure shell thickness and density. The 
thickness of dried shell plus membrane at the waist was 
measured with a micrometer calibrated in 6-01 mm units. 
Limited measurements of relative shell strength were made 
using a technique® in which beta particles are bounced 
from the shell and backscatter is counted by a spectro- 
meter. The amount of backscatter is related to both shell 
density and thickness. 

All estimates of reproductive success were analysed by 
weighted analysis of variance; pen statisties were weighted 
according to the numbers of eggs or ducklings on which 
they were based. Angular transformations were applied 
to percentages for analysis’; means were separated by the 
methods of Duncan’? and Kramer, 

DDE in concentrations of 10 and 40 p.p.m. severely 
impaired reproductive success (P<0-01). The effects of 
both concentrations were similar except that they were 
initiated more rapidly by the larger concentration. DDE 
evidently affected eggshell formation, so that shells were 
13 per cent thinner than normal (Table 2). Thin shells 
cracked readily: cracking, detectable after 1 month of 
dosage, reached 25 per cent (Table 15). Shell fractures 
varied from hairline cracks to obvious breaks. Eggs with 
hairline cracks hatched at about half the rate of whole 
eggs; those with definite fractures did not hatch. 

DDE caused reduced hatchability of eggs with un- 
cracked shells (Table 16). Embryo mortality during the 
final (fourth) week of incubation varied from 30 4% 50 
per cent higher than expected. even though survival 
during the first 3 weeks was normal. The analysis also 
suggests lower embryonation. The survival of hatchlings 
to 14 days was not significantly affected. 


severely than did DDE. Impairment was cumulative and 
not precipitous. 


& 
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Table la. REPRGODUCTIVITY DATA FROM PENNED MALLARDS MAINTAINED FOR TWO SEASONS ON FEED CONTAINING DDE, DDD or DDT 
Pesticide added to feed (p. par} 


Season None DDE DDD Season None DDT 
: 19 40 1} 40 2-5 10 405 
Pens of birds 1967 4 4 4 3 4 1985 ð 5 5 3 
1968 4 4 3 3 4 1966 4 4 5 4 
Hen-seasons 1967 20 20 20 14°6 20 1965 30 20-9 29 -He 29-7 
(8 weeks each) 1968 17 18 8 li is 1966 19 30-5 28-4 14d 
Eggs laid 1967 696 620 602 4584 339 1965 (data incomplete) 
1968 666 664 317 331 490 1966 319 104 665 341 
Eggs cracked 1967 » 34 G1 liZ 35 32 1985 (data incomplete) 
1968 31 159 79 24 35 1966 13 28 54 Gü 
Eggs incubated 1967 626 330 459 424 477 1965 450 563 563 460 
19638 607 485 228 291 436 L966 2h 355 578 346 
Eggs embryonated 1967 307 399 320 313 352 1965 40% 397 393 231 
1968 543 261, 154 275 302 19306 199 310 446 160 
Live 3 week embryos 1967 492 384 27 299 325 1983 374 372 357 204 
1968 518 232 128 266 2s 1968 180 287 388 124 
Normal hatchlings 1967 357 205 131 150 18d 1965 253 226 197 LIZ 
1968 318 9i. 38 lil 143 1966 135 192 248 RS 
14 day old ducklings 1967 327 167 113 136 166 1865 210 203 183 T 
1968 274 69 26 94 {28 Loga 115 169 209 44 


* Bose of 40 ppm. reduced to 25 p.p.m, after first season. 


Vable Ib. SEQUENTIAL PARAMETERS OF REPRODUCTIVE SUCCESS AMONG PENNED MALLARDS MAINTAINED THROUGH TWO SEASONS ON FEED CONTAINING DDE, 
DDD or DDT 


Chemical and p.p.m. added to feed 
DDD 


Parameter Season None DDE Season None DDT 
40 10 40 2-5 10 40-25" 
hags laid per hen in 8 weeks 1967 34:8 31-0 30°14 gga 27-0 1965 (data incomplete) . 
1968. 392 36-9 39:6 30-1 272 1966 16-5 19-7 23-4 242 
Per cent cracked eggs 1967 5 10F 19t 7 6 1965 (data incomplete} 
1968 5 2i t 25 t È 7 1966 4 6 8 int 
Per cent empryonated of eggs 1907 al 75 70 è 74 74 1063 83 71 70 a 
incubated 1968 59 54t 88 5 69 1966 70 ST TF Oo 
Per cent embryos alive at 3 weeks’ 1967 97 96 86 06 92 1985 92 94 ot Be 
incubation 1968 95 xi} 83 a7 93 1966 ag i" 87 Pha 
Per cent normal hatchlings of 3 week 1967 73 53t 47t a+ 57 1965 §8 ft 55 s 
embryos 1968 61 39+ 304 42 Di 1966 T5 67 64 49 
Per cent normal hatchlings alive at 1967 92 81 a6 G1 90 1965 83 90 93 664 
14 days 1968 R6 7 83 a5 90 1366 x5 BS 4 oe 
Per cent 14 day ducklings of 1967 64 42} 35t 437 47% 1065 al al 47 32 
embryonated eggs 1988 56 267 177i 34 42 1966 53 55 47 2t 
14 day ducklings per hen § 1987 Itt B-4t a7 t 9-3 S34 1965 TË 68 6-2 Ta 
7968 16-1 3-8 i 33: sÂ? Tit 1086 #0 8-2 F a 
Statistics are based on the data in Table la. 
* Dose of 40 ppm. reduced to 25 ppm. after first season. 
+ Difference from control statistically significant {P < 0-05), 
t Difference from control highly significant (P < 0-01). 
§ Ratios unadjusted for 5 per cent of sound eggs per treatment removed for residue analysis and shell measurement, 
Table 2, THICKNESS OF EGGSHELLS OF PENNED MALLARDS MAINTAINED THROUGH TWO SBASONS OX FEED CoNTAENING DDE. DDD on DDT 
Pesticide added to feed (pupun) 
Season None DDE DDD Season Nene DDT 
10 40 10 40 25 10 §0~25* 
No, of eggs 1067 20 25 23 21 26 1968 (shells not measured) 
L968 28 21 10 16 19 1966 12 12 12 12 
Sheli thickness 1967 0:38 +35 033+ 0-37 0°37 1965 = vn me 
(mim) 1968 0:37 0-33 + 0-32 0-35 0-35 1066 6-38 0-36 0-35 Sat 


* Dose of 40 p.p.m. reduced to 25 p.p.m. after first season. 
+ Difference from control highly significant (P < 001). 


and So stored metabolic DDE may have mduced thinning. James for a beta backscatter facility and Mr E. J. Koch 
DDT in a concentration of 25 p.p.m. also reduced duckling for statistical consultation. 

survival (P <0-01) approximately 35 per cent. The 50 _ 

per cent deficit in ducklings per hen approaches signi- Received May 12; revised June 27, 1969. 

ficance but fails because of variation in pen fertility rates. 
DDT in concentrations of 2-5 and 10 p.p.m. did not have 
measurable effects on reproduction. None of the treat- 
ments induced crippling among hatchlings. 

Only eggs saved for residue analysis were available for 
beta backscatter counts. Shells produced by birds re- 
ceiving DDE and 25 p.p.m. of DDT yielded counts 13 per 
cent below those of control CESS the ae perernisee 3 James, P. E. and Retzer, H. J. Poultry Sei, 46, 1200 (1967). 
difference found m measurements o f shell thickness. * Snedecor, G. W., and Cochran. W. G., Statistical Methods, sixth ed, (Towa 
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DDE. Mr C. Vance for carrying out aviculture and © Duncan, D. B., Biometrics, 1. 1 (1955), 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 
Pulsar PP 0943 


THE radio astronomy station of the P. N. Lebedev Physical 
Institute of the USSR Academy of Sciences in Pushchino 
(near Serpukhov) is investjgating pulsars in the metre 
wavelength range. The east-west arm of the cross radio 
telescope DCR-1000 is used, and we can observe a pulsar 
for about 1 mm each day. 

During these investigations we detected a new pulsar, 
which we first observed on December 2, 1968, at fre- 
quencies of 89-6 and 90-4 MHz. Further observations 
during the next 2 months were also made at frequencies 
of 70 and 80 MHz; during this time we detected the new 
pulsar on eight occasions (Fig. 1). 

We found that the intensity of the new pulsar, PP943, 
varies within wide limits. There is a considerable change 
of intensity between adjacent pulses. Usually a succession 
of 5-10 pulses is recorded, and then the pulses disappear. 
The strongest pulses have intensities of about 70- 
270 x 1078 Wm Hz-}, at a frequeney of 70 MHz with a 
bandwidth of 80 kHz. Because the bandwidth of a single 
pulse is more than 80 kHz, the data are equal to the spectral 
density of the pulsed radiation. Even when the band- 
width is as wide as 250 kHz, this pulsar seldom gives 
good records (compared with CP 0950 and CP 0808). 
Thus the errors in determining its parameters are high. 

The position of PP 0943 is R.A. 9h 43m 15s+30s; 
deel. 87+ 47. 

We measured the period as P= 1-093 +0003 s. The 
time mterval between pulses varies by about 30 ms, 
probably because of the complex structure of the pulses. 

The frequeney dispersion is 3-7 MHz s-! at 81-5 MHz, 
corresponding to an integrated electron density along the 
line of sight of 17-5 cm- pe. The pulse duration is at 
70 MHz about 60 ms. 

A comparison of records at neighbouring frequencies 
and with narrow and broad bandwidths showed fine 
structure in the spectrum. The width of the structure at 
90 MHz is about 1 MHz. An analysis of records at two 





Fig. 1. Pulses from PP 0043, January 17, 1969. a, f=80 MHz, 


Af=80 kHz: b, f=70 MHz, df= 


49 
a 

close frequencies with a difference of 0-8 MHz shows th 

the intensity ratio can vary from one pulse to another 

by a factor of several times. These kinds of variations are 

also observed after three to five pulses. 
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Bremsstrahlung Radiation in Intense 
Magnetic Fields 


Ir has been recognized that the very high surface bright- 
ness temperatures of pulsars at radio frequencies unply 
that the radiation at these frequencies must be produced 
by some type of coherent emission mechanism. Chiu 
and Canuto (ref. 1 and unpublished work) have proposed 
that such emission is due to a modified bremsstrahlung 
mechanism which may take place in the very strong 
magnetic fields expected to be associated with neutron 
stars. They have argued that oscillations of the neutron 
star may cause a population inversion of the radiating 
electrons, thus possibly giving rise to coherent radiation. 
The purpose of this communication is to point out that 
their modified bremsstrahlung mechanism cannot. for 
any electron distribution, lead to echerent radiation. 

In the strong magnetic fields invoked by Chiu and 
Canuto {H ~ 10° G) an electron can move free dy along the 
field, but its motion in the a a ona to ba 
field is in quantized orbits. Chin and C 
that continuous radiation is emitted in transitions bewi een 
states of the same total energy quantum number, hence the 
analogy with ordmary bremsstrahlung. The transitions 
that Chiu and Canuto consider take place in the electron 
ground state, so that the only component of momentum 
that the electrons have is ‘De. along the magnetic field taken 
to be in the z direction. 

Let fip,) be the electron momentum distribution. and 
Qo (%. pz 9. H) be the rate at which energy is emitted 
spontaneously by the electron with momentum between 
pz and p,+dpz, at the frequency œ, per de, per unit solid 
angle, in the direction 9, 9 being the angle between the 
wave vector and the z-axis. The general relations for the 
emission coefficient of the medium je (power emitted per 
unit volume, per do, per unit solid angle) and the absorp- 
tion coefficient «, (fractional loss of intensity in a de 
per unit path length) in terms of any f and Qe have been 
given by Wild, Smerd and Weiss? and by Bekefi®. Tn the 


* 
* 


sO kHz: «, f=80 MHz, 


50 


ease of the coripletely anisotropic distribution considered 


here (f(p) 1s f(pz) only), it may be shown that 


jo = Í Qo (os Pas 0, H) f (pe) dpe a) 
ancl 
Sre h(n ; | if 
hiy ee f (0n (9) | Q os bs Ag J . dp, (2) 
a Per” dpz 
T% 


The refractive indices n and r in equation (2) refer to the 
angular characteristics of the wave vector and energy 
flux respectively, and the two indices are quite different 
in a plasma made anisotropic by the presence of a magnetic 
field (Bekefi3), Assuming that Qu(pe= +æ) f(+ ©)=0, 
which in fact is the case here, equation (2) may be inte- 
grated by parts to the form 


oD 
Smee n(O} eos 8 dOa . 7 
de REST eran, 
a? Nr? dp, 


~ o0 
For amplification of the radiation it is necessary that 
žy <0. From the emission coefficient given by Chiu 
and Canuto in ref, | and an unpublished work, it may be 
inferred that the single electron emissivity is 


Qo X o? sin? 6 p, (4) 


Substituting (4) mto (3), we have that dQ,/dp,> 0, 
hence a, > 0 for any f, and the proposed emission mechan- 
ism cannot lead to amplification. The derivative of the 
momentum distribution in equation (2) occurs basically 
because in calculating the net absorption coefficient, both 
the direct absorption of radiation from the beam and the 
contribution to the beam by stimulated emission must be 
edoren, Belh we note > that the a for the 


a ea ree may prov e o po meorreii abon ea 
effects are properly taken into account. 

We thank P. Goldreich for valuable discussions. The 
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Hard X-Rays from the Crab Pulsar 


We have recently measured the pulsed emission of high 
energy X-rays from the Crab Nebula pulsar NP 0532. 
Pulsation of the low energy X-ray flux with the charac- 
teristic period and double peaks seen in the radio! and 
è optical? spectral regions was first reported by Fritz et al. 
and later by Bradt et alt. The latter were able to establish 
correspondence between the visible and X-ray pulses by 
simultaneous observations. Fishman et al.) have reported 
that the pulsar also appears in data taken in 1967 at the 
high end (greater than 35 keV) of the Crab X-ray eD e un 
‘Our measurements covered photon energies of 25 to 
100 keV and,were made with a balloon-borne X-ray 
telescope launched from Palestine, Texas, on Mav 10, 
$ 
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1969. The instrument, used primarily for source angular 
diameter measurements, comprised a pair of Nal(T) 
detectors with anticoincidence shields mounted behind a 
pair of stabilized modulation collimators’. The effective 
area of the detectors. allowing for the opacity of the 
collimators, was 140 emè. 

Observations were made from 1900 GMT to 2200 GMT 
during which time the balloon remained within 16 kmn 
of latitude 31° 3° N., longitude 93° 42’ W. at an average 
altitude of 40 km. 

sach detection event was telemetered to the balloon 
base and recorded on analog tape. Pulse arrival time 
resolution was 0-2 ms with a dead time of 1-8 ms per 
pulse, or 8 per cent at the 45 Hz overall counting rate in 
each detector. Counts from the two detectors were tele- 
metered separately and recorded on different tape tracks. 
Other tracks contained timing signals of 10 kHz and 
()- D001 Hz. both ae riv ed Bae a crystal Ose lator at the 


Fort C ailas, Colonie: T he aE, when cheeked 
against a caesium standard, had a stability of 2 parts in 
10° over 10 min and 4 parts in 10° over 24 h. 

After the flight, four of the analog tapes, each of about 
35 mm duration, were converted to computer-compatible 
tapes using the recorded 10 kHz signal as a time reference. 
The occurrence times of the pulses were resolved within 
+ 1-3 ms on the computer tapes. 

The data from both detectors on each tape were com- 
bined and supernnposed by assigning each pulse to one 
of thirty time bins according to its arrival time measured 
in tems of be acid Pp en period of t he pulsar a t 


by R. E. Nather and B. W arner at McDonald a. 
University of Texas, on the basis of optical observations. 
The slight change m apparent pulsar frequency from tape 
to tape was taken inte account. These results are shown 
in Fig. l (a), (b), (c) and (d). By using the 0-001 Hz 
timing signal we were then able to superimpose the dif- 
ferent tapes into a single histogram (Fig. 1 (e)) which 
shows the number of pulses detected in each time bin 
by the four tapes. i 

The distribution of pulse arrival times is similar to the 

ease for soft X-rays’ in that there are two peaks, the 
second being wider and having a leading edge which 
seems to commence at the end of the first The separation 
of the peaks is 1441 ms compared with 133403 ms 
in soft X-rays and 13-55 ms in the optical?. The apparent 
width of the first peak may be due to the uncertainty 
in time resolution already mentioned. Based on the shape 
and time separation of the peaks we identify the first 
with “peak A“ of Bradt ef a/.4 which is in turn coincident 
with the primary optical peak. 

The time invariant background, taken as the average 
of bins 1 to 6 and 25 to 30, inclusive, is 19,475 + 40 counts 
per bin. The first peak, in bins 8 to 12, inclusive, contains 
1,749 +329 counts and the second, im bins 16 to 24, 
inclusive, 2,941 +431 counts. The intensity ratio of the 
second peak to the first is 1-7: 1 as compared with 1: 1 
in soft X-rays? and 0-6: 1 in visible light?. Hence there 
seems to be a steady trend towards greater relative output 
in the second pulse at higher quantum energies. 

The non-Crab background during the period of measure- 
ment was 18,620+190 counts per bin on the seale of 
Fig. 1. The pulsed component therefore represents 15 +5 
per cent of the total Crab output in the 25 to 100 keV 
range. Because in the range 1-5 to 10 keV the correspond- 
ing figure is 9 per cent+, it seers that the pulsed component 
of the Crab radiation possesses a somewhat harder spec- 
trum than the steady component in the X-ray region. 
Fishman et al.’ have reported that for pa energies 
greater than 35 keV the pulsed component is 7+2 per 
cent of the total, about a faetor of two lower than our 
result. We have re-evaluated this quantity from their 
data based on similar criteria to those outlined here and 
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Fig. 1. (a), (6), (© and (d), Superimpositions into thirty bins of the 

X-ray data obtained from each of four telemetry tapes according te the 

apparent periods shown. (e), Superimposition of the counts shown in 

(a}, (b), te) and (d) nsing the 0001 Hz timing signal to refer from one 

telemetry tape to another. The dashed line indicates the time invariant 
background level. 


component is 
in substantial 


find that the proportion im the pulsed 
17+5 per cent of the steady Crab flux, 
agreement with our own result. 

We thank Professor G. W. Clark for his help and 
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successful flight. This work was supported in part by 
the US National Aeronautics and Space Administration. 
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Sudden Changes in the Intensity of 
High Energy X-Rays from Sco X-I 


We report the observation of sudden changes im the 
intensity of Seo X-I by a factor of about three in the 
energy interval 299-523 keV on December 22, 1963, 
betwe een 0427 h and 0553 h UT. The observation was 
made with an X-ray telescope in a bailoon flight from 
Hyderabad (latitude 176° N, longitude 78-5° E), India. 
The telescope consisted of an Nal(T!) erystal with an area 
of 97:3 em? and thickness 4 mm surrounded by both active 
and passive collimators. The passive collimator was a 
cylindrical graded shield of lead, tin and copper and the 
active collimator was a plastic scintillator surrounding 
the shield. The field of view of the telescope at f.w chin, 
was 18-6°. The axis of the telescope was melined at an 
angle of 32° to the zemth. The telese cope Was mounted 
on an oriented platform programmed to look in four 
specified directions successively, spending about 4 mun 
in each direction during a cy ele of period about 16 min. 
The four specified directions were N{ẹ = 0), SWig= 110", 
with the convention ¢=90° being due west), S(@= 180". 
due south) and NE(o= 310°}. In this flight the orienter 
performed satisfactorily and the te leseope picked up 
Sco X-1 in the south direction, Cyg X-l in the direction 
NE(e@ = 310°) and a new source in the direction SW(g= 
110°). In the north direction (9 =) there was no source 
during the period of observation and therefore the informa- 
tion on background X-rays was obtained from this direc- 
tion. The observations of the short term changes of 
intensity of Seo X-1 are discussed here—the results from 
the other data will be published separately. A pair of 
crossed flux gate magnetometers provided information 
every 8-2 s on the azimuth of the telescope. The pulse 
heights from the X-ray detector were sorted mto nine 
contiguous channels extending from 10 to 120 keV. 
Counting rates of several channels were combined for 
analysis to improve the statistics. A *4'Am source came 
into the field of view of the telescope once im 15 min for 
about 30 s to provide in-flight calibration of the detector 
and this indicated that there was stable operation and no 
drift in the channel positions during the eae The 
balloon was launched at 0200 h UT and reached the ceiling 
altitude at 04 35 h. Between 0435 and 0530 h, the ceiling 
altitude was 76403 g cem. Just before the balloon 
reached the ceiling Seo Y-1] was in the field of view of the 
telescope for 3 min 41 s when the balloon was ascending 
from 9-2 to 83 g em, After the balloon reached cegling. 
Sco X-1 was in the fie id of view on five occasions between 
0443 and 0553 h. During the last observation,’ 0551- 
0553 h, however, the floating altitude of the balloon was 
a little lower, 8-5 gem-?. The meridian transit of Sco X-1 
was at 0454 h and the flight was terminated at 0615 h. 
Table 1 summarizes the experimental observations. 
The excess counts due to Sco X-1 were obtained by sub- 
tracting the counting rates corresponding to the north 
direction which did not include any known X-ray sources 
The atmospheric attenuation was taken into account froth 
the thickness of the atmosphere along the line of sight 
during the period of each observation. The observation 
on Seo X-1 in the first eyele was no doubt made while the 
balloon was still ascending and consequently the inter- 
posed atmospheric thickness was changimg from 10-5 


Seod-1 flux (keV /ke¥ em? s) 
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—the rise and fall occurring in times less than about 
15 mim. For this reason the fifth observation may be 
called a flare. 


the anal xX. -ray fox pany Sin. X. I at energies BEIN 
30 keV is definitely ruled out. There was no perceptible 


oO = 107 increase in the 20-30 keV energy channel even during the 
fifth cycle. If we assume the normal spectrum of Seo 
by x 107 X-1 to be an exponential of the form N(E) = {N,/Ete -EIKT 
with AT =5 keV for # < 50 keV and use this to pairapolate 
di from iad observed intensity during the flare in the channel 
er 399-52-33 keV to the lower energy channel 19-9-29-9 keV. 
os SUS 


and take into account the attenuation and the width of 
the channel, we find that we should have observed at least 
l 50 eXCeSS founts: i ae channel. ae excess counts were 





0410 0420 0430 0440 0440 0500 0510 0520 0530 0540 0550 0606 


YEE RE Te tye ae” Sea Miata te Prt Oe E BOC g gh SORE wae et eae cers ey re 
eet ae is ver y AN i l W e estimate a KT pe of 


Mell. Intensity variations of Sco Y-1 at various times on December 22, ~10 keV. Such a flat spectrum is not inconsistent with 
1068, In the energy interval 29-0-52-3 keV, g SR amen aa A i as en ee ae, Ae te 

our observation of no exeess counts in the high energy 

channel 52:3-74-7 keV. because only ten excess counts 


to $7 g em, For the energy range under consideration, ° 

however, change in the background counting rate was 10° E> : a. 

not significant and there cannot be any doubt about the Sco X- | <> CHODIL et. al. (1965) 

authenticity of the excess counts recorded. Moreover, | PETERSON etol (1966) 
because the mean atmospheric depth during the first a TE EE A 
eyele is practically the same as that during the sixth G 


f CHODIL et of (1968) 
Å BRADT et oi. (1968) T 


eyele, we can get an absolute lower limit to the excess 10: 
counts by just treating the counting rate recorded in the 
direction of Sco X-1 during the sixth eyele as the back- 


TR! 









LEWIN et.al, (967) 
ground counting rate for the first cy ele. The minimum 7 mw "u (1968) 
excess count obtained this way is 106, which compared ° ae Y OVERBECK & TANABAUM 
well with the value of 114 obtained in the usual w ay, by p 10° z gf LEWIN et ol) ESE ea E 
subtracting the background corresponding to the north 2 | Tup nee ven ne 
direction. e ny 
In Fig. 1 we have plotted the observed intensity of Seo = = rai LA(BRESENT Expr)  @ PRESENT Expt, Dec 22,1968 
-lin the energy interval 29-9-52-3 keV as a function of . =?) — © “ FLARE Dec.22,1968 
tune. The dashed line (1) represents the weighted mean z 107 oe rei LP _APRESENT Eapt > 
intensity of all the first five observations and the dashed È (LEWIN et ai — | 
line (2) represents the weighted mean intensity of the = sane aay ore | T 
second, third and fourth observations. sa e 
It is clear that the observed intensities deviate consider- A i 
ably from dashed line (1) suggesting that the mean is not 102 ore ae : 
a good fit for the data. (The probability level is 0-05.) + ` . 
On the other hand, dashed line (2) is a good fit for the aoe: aan 
second, third and fourth observations. These two S G 
features make us believe that the intensity of Sco X-I in | i 
the energy range 29-9-52-3 keV did not remain at the 10-3 head | 
same level during the entire period of our observation O 10 20 30 40 50 60 70 B80 90 100 116 
extending over 90 min. The intensity first decreased by Energy (keV) 
a factor of about three, remained constant for a time, and ne A he irene end abe Aide Th ana ewe ate on eter 
agam shot up by a factor of three before decreasing again | 22, 1968, plotted with the available spectral data on Sco ¥-1. 


Table 1. OBSERVATIONS ON Sco Y-1 ON DECEMBER 22, 1068, IN THE ENERGY INTERVAL 20-90-5233 keV 


Effective Counting rate 7 . . 
Time atmospheric in the direction Background Attenua- Equivalent Excess Flax af dled keV 
tycle UT depth* of Seo X-1 counting rate tion exposure f counts (keV/keV em? st} 
(g em?) (counts 87+} (counts s?) factor? (cm š) 
Hi 0426-58 to 105-97 404 0-15 4900-10 lil 1-32 x 10* 114442 (1-76 40-65) = 10° 
a 0480-47 
H 0443-29 to RAE 9294017 4-98 +0-16 &-6 41-43 x 10t oS + 36 (G58 + 4-1) «x 10% 
: 0447-10 
Hil 0500-25 to RRI 5:30 + 0-16 4-99 +0-10 R4 PSs x 104 66439 (5-05 + 2:0) x 10°* 
0504-04 
FY 051639 to 8-83 D40020 500 +010 3 POS x 10+ S129 (7-20 + 4:1) x 10 
0519-06 
y 0533-04 to 0-38 x68 + O-24 4-96 + 0-10 4 6-50 x 10% TL£ 25 (1-942 0-68) « 1055 
0534-42 
Vi ObST-14 to 10-0 4°95 + O-22 4872010 11-1 6°22 x 10" 8 = 33 < 1-33 x 10"! 
0553-07 
H+ 044329 to 8-93 5°35 + 0-10 4:99 + 0-10 B- 4-39 x 10 175+ 60 (6:32 42-1) x 10°? 
+IY 0519-06 
Ito YV 0426-58 to 9-20 5°35 20-08 4°09 20-10 2-3 6-36 x 10+ 360 = 90 (9-65 + 2-4) x 10° 
0534-42 


* The effective atmospheric depth corresponds to the atmospheric thickness along the line of sight. 

+ This also includes the attenuation in the thickness of 0-25 g emt of aluminium in the gondola. l | ee eae 

t The equivalent exposures have been cale ulated taking into account the angle between the axis of the telescope and the direction of Sco A- at 
various times. The wariation in exposure time is chiefly due to the interposition of the in-flight calibration source, 


* 
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are expected during the observing 
time. 

The flare observed in this experi- 
ment is in some respects similar to 
the one reported by Lewin et alè. 
They observed a four-fold increase | 
at an atmospheric depth of 3-5 g em-? i, a 
in the energy channel 20-30 keV. kii 
From the absence of any flare effect - 
in the higher energy channels, they | 
concluded that the flare spectrum os 
was steeper than the normal one with 
a KT value of about 3 keV. | 

The absolute flux values corre- | 


Hyi) 
© 


sponding to the mean of the second, EAEE ME ET 


third and fourth observations for the ve 
two energy channels 29-9-52-3 and eae 

52:3-74-7 keV have been plotted im 
Fi ig. 2, where we have summarized 
the existing spectral data on Sco X-1 
(refs. 1-7 and unpublishedework of 
Buselli et al., Adelaide). We have 
also plotted the flux value recorded in the energy channel 
29-9-52-3 keV during the fifth cycle (designated as flare 
present. 

It is clear that there is considerable spread in the flux 
values of Sco X-1 recorded by different observers at 
different times. A few of the observations at least have 
been attributed to long term (several months) variations 
in the intensity of Sco X-1 (ref. 7). While our pre -flare 
value cor! sponding to the energy channel 29-9-52-3 keV 
falls within the range of previously reported values, the 
flux corresponding to the flare point is higher by almost 
a factor of five. We cannot say whether the higher inten- 
sity recorded during the first observation is again due to a 
flare or whether the intensity had remained high for ¿ 
eonsiderable period of time. But the fact that a 
intensity dropped within 15 min for a factor of three to a 
value close to the generally reported values favours the 
possibility of a flare having occurred during the first 
observation also. 

We thank Professor R. R. Daniel for helpful discussions, 
M. A. Kalagaonkar, A. P. Kamat, K. V. Srinivasan and 
A. R. Tawte for help with the electronics, S. P. Pawar for 
help on the mechanical aspects, and the Balloon Flights 
Group of the Tata Institute under R. T. Redkar for 
conducting the flight. 
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Is the Sun a Magnetic Rotator ? 


MEASUREMENTS of the general (polar) magnetic field of 


the Sun! show that since September 1964 the Sun has 


Mean longitudinal field strength, and the total flux of 





Fa (33 


1068 


ali sunspots for 
March-June 1968. 


behaved on average like a dipole with a negative field 
strength at the North Pole and an approximately equal 
positive field at the South Pole (the mean ranging from 
0-5 to LO GL But because of a bias toward the area of 
the negative polarity in the northern hemisphere, the net 
magnetic flux was on average negativ e most of the ame: 
in this sense the Sun behaved like a “monopole”, There 
were large deviations from the mean, however; for example, 
sometimes both poles had a field of the same sign (in 
February-April 1965), and during the first half of 1964 
the mean strength at the South Pole was zero. 

In 1967 we started more or less regular measurements 
of the magnetic field of the whole solar disk using, instead 
of the solar image, a parallel beam from the ecoelostat 
mounting falling on the magnetograph slit of the Crimean 
solar tower telescope?. This method gives at once the 
mean (averaged over all the elements of the image with 
the distribution of the brightness over the image as a. 
weighting function) longitudinal field strength. The most 
important point about these measurements is the fixation 
of zero for the field strength. All measurements are from 
chart recordings of the photoelectric signal arising from 
Zeeman splitting of the magnetic sensitive line 4 5250 Fel 
(g= Ki and we use simultane ously the magnetic insensitive 
line 4 5123 Fel (g=6) to record the actual position of 
Zero, The magnetic field strength under consideration is 
the difference betw een the mean reading in 4 5250 and the 


mean for 4 5123. Fig. 1 plots these values for March. 
June 1968, due to clear weather, the period of best 
coverage in 1968. These mes surements inchide the 


contribution from sunspots, so we have also plotted 

separately the total flux Hs (divided by the visible area of 

the solar disk nR) of all sunspots according to the 

routine observations of the solar patrol. More precisely 

we estimate the sum H= 0-15 ISH nR where S ia the 
K 


inde the ibe and the aoni Q 15i 1S the mean ratio « of 
umbra to penumbra areas. 

We see that fluctuations of the magnetic field of the 
Sun as a whole clearly show the periodicity in the change 
of pone ity; tw ice in the course of one rotation (2 7 days) 
(tow ad nts Sun) polarity. The kapida and EA 
of each positive or negative field vary from case to case. 
for example, the odd minima (H < 0) are of larger ampli- 
tude and duration than the even minima (H>0). The 
reverse is true for maxima (H > 0). The period defined by 
the large peaks is 27-1 days, coinciding with the period of 
the solar rotation. The mean time interval between 
successive peaks of the same polarity is 14,6 days, almost 
half the rotation period, although the deviations can be 

= 
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+ 
+25 and —5 days. These can be due to errors—the mean 
fluctuation due to noise is +015 G. This peculiar 
behaviour of the Sun, like a rotating magnetic quadrupole, 
could in principle be explained by a corresponding 
distribution of active regions on the solar surface with 

z “bipolar” regions each occupying the equatorial 

region Tor about 180° in longitude. Although the existence 
of such “background” fields with a predominance of one 
polarity is not excluded’, we should in this case expect the 
magnetic flux from sunspots to*reflect: the distribution. 
Fig. 1 does not show that this is the case, and in most 
cases the magnetic flux from sunspots is in antiphase with 
the fluctuations of the measured total field, as if we had a 
tendency to balance the excessive magnetic flux from the 
background. There is also a slight time-lag in sunspot 
peaks compared with the peaks of H (already pointed out 
in ref. 4), but the effeet is not pronounced. It should be 
noted that according to Fig. l sunspots contribute no 
more than 10-20 per cent of the total flux (due to their 
low brightness). If, further, we take the integral over the 
time of these fluctuations, we find the mean value to be 
negative--0-29 G, that. is, the effect of magnetic asym- 
metry deseribed earlier! is occurring. 

Although the data about interplanetary magnetic 
fields for the period discussed are not yet available, the 
observations lead us to expect a four-sector structure of 
the interplanetary field during the period considered, if 
the correlation between this field and the general magnetic 
field of the Sun is as close as described by Wilcox and 
Howard. 

Speculation about the rotating “quadrupole-like” 
behaviour of the whole solar magnetic field would be 
premature, because as yet there are no measurements 
showing clearly how stationary is the pattern described 
here, but preliminary data suggest that it remained 
similar throughout 1968. Nevertheless the possibility of 
long-lived aetive regions on the Sun with the same net 
polarity and separated by 180° in longitude is not 
excluded®. 
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Zodiacal Dust Particles: Some 
Comments on Recent Evidence 
concerning their Motion 


EVIDENCE about the motion of zodiacal dust particles has 
nih kaa oe by myself ana R mg when we meas- 


ee ae Wer the Sun in hes ecliptic aas A attempt 
was made to interpret the data in terms of a model in 
which the dust particles were in circular Keplerian orbits 
about the Sun and had a spatial density distribution of the 
form r. 

There was only crude agreement between experiment 
and theory. although for smaller elongations, where the 
zodiacal light is brightest. the agreement was extremely 
good. The analysis clearly indicated that most of the dust 
was in prograde solar orbits, although it was pointed out 
that this interpretation would remain ambiguous until 
observations in the morning zodiacal light were made. 

Bandermamn and Wolstencroft? tried to obtain a better 


fit to the data by extending the theory to include particles 
® 
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in elliptic orbits. In view of the small effect this had on 
the resulting Doppler shift (see Fig. 2 of ref. 2) it may be 
worthwhile to examine the influence of solar radiation 
pressure on the orbital velocity of the dust, and the 
possibility that it might be used as a method of probing 
the shape of the dust particle distribution using,the data 
of myself and Ringt. To do this the Doppler shift of the 
Hg absorption line was calculated, as a function of elonga- 
tion, for models of the zodiacal dust cloud in which the 
particles executed circular orbits, the spatial density fell 
as r from the Sun and the distribution of particle radii a 
obeyed the relationship 


niajda = K.a-Pda. (1) 


The method was to calculate the effective wavelength 
de Of the line? from the expression 

fAndB (2) 
~ {dB | 
where AA and dB are the wavelength shift and surface 
brightness respectively due to an elemental volume space 
along the line of observation, and <A> is the resulting 
w avelength shift of the line, 


<A> =e h) 


Sun 





| 
h V ~ 30km s7! \ 


Fig. i. Geometry of scattering in interplanetary space, A line of 
observation is considered such as that through P and B, in the evening 
zodiacal light. 


The wavelength shift of hght seattered by an elemental 
volume of space at point P in the line of observation 
through P, B (see Fig. 1) is 


Aks ~eosec? e(sin?/? s+ u sin?” 9) (3) 
where 
5 _effee tive solar mass: Mert aN g Ji ) 
z solar mass Ae ae: seat! Mc | 
and F = Earth's orbital sane G = gravitational con- 


stant; §G=secattering angle at elemental volume, Æ = 
solar flux per unit solid angle, 9 =density of material of 
dust particle, and e= elongation from Sun (see ref, 3). 
The surface brightness of the elemental volume of space 
at P is the addition of a reflected and a diffracted com- 
ponent such that 


dAB=dB reflected + A Baittracted (4) 
where 

4 N > } ' yo A 

dBrefectea = {^ ) K, cosectt+¢e.sin? 6 dé a-Pdan 
\4/ tty 
d Bditfracted = 
{27 PS | RGN DAYS 
ae : ey K gi eosee i+ ae SiT) a+ Po 5 6d o| 7 TP epg vues Ja Z 

NOAA Ka, sin Ë N Zp- 


and A,, A, are constants, a@,, Q= upper and lower limits 
of dust radii distribution, J,(4)=first order Bessel fune- 
tion, and Z = ka sin 9, k=2r/>. I have assumed that the 
dust particles are spherical isotropic scatters of albedo 
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+. Substituting the expressions for AX and dB into 
equation (2), we get. after some reduction. 


i hae L + ! = ERA | i R 
4% € i Í \4/ Y Af (5) 
kak h P z | + Iie en = awe p-3 
RT sine sin# že , (Npa ony Vi 
e f- "a “to } hy. 
\4/ | aes 
where 
B thy zo 
L= | war? da | sm+3/20 dO 
(ly 8 
Lis | a2-P da | sine 6 dé 
ily £ 
nf 2 ‘aosin® 7 J2 (Z 
N= | sina + - 7 2G l ue erase ` - ye az | dé 
g tda ane \ Zr- 
ai al? i Ay sing IRTA 
Nis | sinë tr- | crane ry az | d6 
8 (Jka sint Zra 


The first (L, L?) and second (M N?) terms in the numerator 
and denominator of equation (5) refer to the reflected and 
diffracted components respectively and the plus (minus) 
sign refers to retrograde (prograde) particle orbits. 
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Fig, 2. Wavelength shift as a function of elongation for prograde 

(lower curves) and retrograde (upper curves) dust orbits in the evening 

zodiacal light. The full curves are for models which include particles of 

radius 0-2 to 100 um. The broken curves show the effect of eliminating 

submicron particles from the p=5 distribution, and the dotted curves 

are for a model in which diffraction and radiation pressure is not 
accounted for, 


‘ye 


The quantity de is a measure of the “centre of gravity” 
of the absorption line and so (A> is a measure of the 
shift of the centre of gravity from the absorption. mini- 
mum. Usually ħe corresponds to the position of absorp- 
tion minimum A, only when the line is symmetric. Because 
ž 18 the experimental quantity, the validity of approxim- 
ating it to Ae was checked by generating complete absorp- 

tion line profiles for a few chosen elongations. 

The results of evaluating equation (5) are illustrated in 
Fig. 2 for a physically reasonable 2=2 spatial density 
parameter and for size distribution parameters p= 2, 3 
and 5. The maximum dust particle radius was chosen to 
be 100 um, and the minimum allowed radius ~0-2 um 


pw nt: 

ee 

we aah 
i 


was computed as that particle size for which solar radia- 
tion pressure balanced solar gravity, for a particle of 
density k g | ems, 

en ae eit distance, Pi to a a 
evaporation of the least refractive constituents of the 
dust in near-Sun orbits. This would lead to an under- 
estimate of the density distribution parameter 

Similarly if y were a function of particle ane this 5 
could modify the particlé size distribution (equation (1) 

It will be sufficient here to assume the albedo to be a 
constant 0-2, and the following comments can be made m 
relation to Fig. 2. (1) Although some uncertainty must 
exist until morning zodiacal light observations are obtained, 
the data indicate that the dust is in prograde orbits about 
the Suni. A significant radial motion of the dust is not 
consistent with the zero wavelength shift measured in the 
anti-solar direction, (2) At a given elongation the cal- 
culated effect of radiation pressure can cause modifica- 
tions to the “circular orbits, gravitational foree oniy” 
theory in exeess of the modifications oo by including 
the effect of elliptie orbits (see ref. 2, Fig. 2, where the 
difference between models for w hick, T with ereular 
orbits and elliptic orbits, of eccentricity ~ 1, is shown to 
be small). (3) If particles of radius <1 um are present 
in a distribution of the form in equation (1), the most 
accurate experimental data at elongations 35° < e< 63°. 
where the zodiacal light is clearly visible, seem to favour 
those particle distributions for which p= 2 and eliminate 
those with p>3. For 65°<¢<130° the agreement 
between theory and experiment is not good and no more 
specific conclusion can be reached other than to say that 
the data do not seem to favour a “steep” or high p distri- 
bution. These are consistent with the caleulations of Sin- 
ger, who concluded, on the basis of mass aceretion rates of 
dust on the Earth, that a distribution with p~ 2 was more 
likely than one with p=4 or higher. (4) The elimination 
of submicron particles from ha aam bution allows a 
better fit between theory and experiment for hig 
values. Fig. 2 illustrates, ae ever, that the fit in ae 
important region s< 65° for a distribution with p=5 and 
a= 1 um is inferior to that for p= 2 and a= 0-2 um. 

Thus the inclusion of radiation pressure provides an 
important additional parameter with which to interpret 
Doppler shift data. 

A tentative conclusion on the basis of existing experi- 
mental data is that p= 2 for a particle size distribution of 
the form niajda = Ka-Pda is more likely than p>3. This 
is not consistent with more recent calculations by Ingharn’ 
and Weinberg®, who derived p=4-0 using polarization 
measurements. 

Clearly more accurate experimental data are required 
in the range 65° <¢< 130°, An extension of the observa- 
tions to small elongations, where <A> is sensitively 
dependent on the parameter p, will provide an important 
indicator of the true shape of the particle size distribution. 

This communication is based on experimental data 
obtamed by myself and Professor J. Ring of the Infrarect 
Astronomy Section, Imperial College, London. ` 
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Isotopic Composition of Cosmic 
importance 


In 1964 I showed! that approximately 60 per cent of 
terrestrial "0s should be regarded as having resulted 
from the decay of Re and that most of that decay 
occurred before the formation of the solar system. 
Measurements of the neutron capture cross-sections for 
the isotopes of several elements have now confirmed? the 
eorrectness of the s-process theory on which that conelu- 
sion depended, and although the specific measurements of 
the cross-sections for the osmium isotopes have not yet 
been made there is little doubt that '*Os must be primarily 
radiogenic. This compelling conclusion is, however, 
awkward for current cosmological thought because the age 
of the HRe seems to exceed the age of the universe. 
Recent chronological models (refs. 3, 4 and unpublished 
work of Hohenberg) for the natural radioactivities have 
therefore tended to ignore Re in favour of the short. 
lived species U, HI and *#Pu, and although the 
resulting models suggest significant enrichment shortly 
before the solar system formed, they do little to clarify 
when nucleosynthesis actually began. Here I wish to 
outline a potentially important factor for the Re age 
along with an isotopic measurement capable of clarifying 
the situation. 

If the weak nuclear decay Re (ey) 1870s is much 
faster at ranpe potee found in a than on E ai ane 


through gel w lors hoe Son to cause a canes 
but not so hot as to destroy Re and 10s by nuclear 
reactions, then the terrestr ial isotopic ratio 18708 /860g ean 
be significantly younger than my previous estimate! of 
its age. A brief indication of the range of possibilities for 
eontinuous models of nucleosynthesis is shown in Table 1. 
I have again assumed for this comparison that the ratio 
of cosmoradiogenic 150s to 7 Re is }*7Ose/'? Re= 0-12. 
although that ratio may be expected! to lie anywhere 
hetween 0-09 and 0-15 depending on the actual value of 
the ratio of the neutron capture cross-sections of the 
osmium isotopes. The fraction AT Ref Re of the Re 
that has, with the foregoing assumption. been forced to 
decay by thermal effects and the approximate time T of 
the beginning of galactic nucleosynthesis are shown for 
three dua elasses of chronological models, approxunate 
cess ah es of wW hich way pe » found mn the pete rences qiten 


TPE of ihe. CrOss- „sections is at pr esent Sout half a as 
large as the required magnitude of the thermally enhanced 
decay, the general effect is clearly illustrated. The cross- 
sections will, m any case, be accurately measurable. The 
potentially great. effect of the thermal decay. on the other 
hand, suggests two vital questions. (1) Will moderate 
stellar temperatures, say 10 < T(is) < 108, cause }7Re to 
decay more rapidly? (2) Can observational tests of 
enhanced decay be devised ? 


Table 1, CONTINUOUS MODELS OF NUCLEOSYNTILESIS 
e Type of madel T(108 yr) AM Re} eRe 
Old continuous! -I7 GO 
Tufermediate continuous’ ae 0-05 
Young continuous? + -3 GÜR 


Conceptually the simplest possibility is the decay of 
thermally populated excited states®. The first excited 
state of the Re nucleus has an excitation of 134 keV. 
and if we assume it decays to POs with log ftœ9 corre- 
sponding to 7/2+—»1/2- we find that near 10° K the effec- 


tive decay rate is increased only very slightly. Other 
excited states of WRe have even more unfavourable 
properties. It seems, then, that below 2x 108 K the 


excited state decay rate is too small to be of interest. and 

above that temperature it is doubtful if much matter 

destined for yeinjection into the interstellar medium can 

avoid neutron reactions that will destroy both Re and 
+ 
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1870s. Photon induced beta decay’ is also much too slow 
at lower temperatures to be of interest. 

The most fascinating possibility for enhancing the "Re 
decay lies in the decay into bound states of the partially 
ionized atom. Brodzinski and Conway® have interpreted 
their measurements as suggesting that about 1/3 of the 
decays of terrestrial "Re occur to the extra bound state 
available in the daughter }*’Os, aud this interpretation Is 
reasonably consistent with Gilbert's? caleulation of the 
bound state decay rate. We might reasonably expect 
that the bound state decay in a star will be increased 
by a factor comparable with the degree of ionization 
simply due to the increased number of final bound states 
and that, moreover, bound state decay will proceed more 
rapidly to inner shell vacancies of the ionized atom than 
it does to outer shel! vacancies of the neutral atom. The 
last expectation arises from the fact that inner shell wave 
funetions have much larger amplitudes near the nucleus 
and from the fact that the very small end point energy of 
the 1 Re decay, only 2-6 keV (ref. 8}, is increased signifi- 
cantly by the binding energy of inner shell electron final 
states. Bahcall!? has provided a thorough discussion of 
the theory of bound state decays with applications to 
allowed decays. 

A careful calculation of the |? Re decav rate into bound 
states mn stellar plasma will be difficult. The decay is first 
forbidden (unique) and the end point is so small that the 
nucleus could not decay at all were it not for the 9-68 keV 
made available by the increased binding of the atomic 
electrons of 170s over that of the atomie electrons of Re. 
Thus the energetics of the decay can change significantly 
with the degree of ionization of the atom. The effects of 
“broadening” of the final atomic states may also be 
important, and the role of continuum electrons on the 
energetics of the decay process must be thought through 
in. some detail. Although ee tee a details aar be 
worked out, 

tests of the da may be ne: 

The obvious choice is somehow to measure the isotopic 
composition of Re or Os in the Sun, or more practically 
in the solar wind. Solar wind atoms of Re will have spent 
times comparable with the age of the Sun in the outer 
solar convection zone, or even just beneath it, where we 
may think of characteristic temperatures near T=10° K 
and densities near o= 10? g em. In those conditions 
Re will retain bound electrons through the M shell. the 
ionization potential of which is ~(MW/yj) = 1-88 keV. but the 
N shell, whose ionization eerie is 7(Ny) = 0-62 keV, and 
outward lyi ing electrons will be large : stripped. Such an 
Re atom has twenty-eight bound e Jeetrons and forty-eight 
new vacant bound states for the created electron. The 
increase in binding of the inner twenty-eight electrons 
during the decay is 9-08 keV, or all but 0-60 keV of the 
total added binding available to the neutral atom. That 
0-60 keV may be regained by the binding of the created 
electron plus the interaction of the nucleus with the 
polarized plasma cloud surrounding the ion. Assume that 
the bound state decay rate increases by at least the 
factor 48 representing the number of new final states 
available. In that case the Re half lfe is reduced from 
43 x 10° yr to at least 3 x 10° yr. or less than the age of the 
Sun. 


It is thus reasonable that the Re will be strongly 
depleted in the solar wind. 

The proposed test of this idea is to measure the tsotepic 
composition of Re and Os in the solar wind. Inasmuch 
as the solar wind flux of Re is expected to be only about 
10°? atoms em st, it will be difficult to collect enough 
atoms to measure. One might have hoped to find a firm 
and old area on the lunar surface which could have collec- 
ted Re and Os from the solar wind for long penods. 
Something like 10-8 g em? of Re are deposited in 10% yr 
of solar wind bombardment. Although this number 
sounds small, it may nonetheless exceed the concentrations 
in a gram of silicates. The av erage concentration of Re 
in chondritic meteorites is about 57x10 g per g 
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(ref. 11), and most of that Re seems to be concentrated in 
the metal phases which could in o have been 
missing from silicates on the lunar surface. The Surveyor 
V results} showing substantial surface iron plus informal 
preliminary reports from Apollo 11 make it seem unlikely 
that appropriate lunar surface areas exist, however. 
Clearly ife'*7?Re is depleted in Re in the solar wind, the 
870s must be augmented. The Re isotope ratio will 
probably be easier to measure. however, because Re has 
only two isotopes separated by two mass units. 

This measurement should eventually be undertaken if 
there is any reasonable chance of detection. The under- 
lying issues are fundamental. If Re is not depleted in 
the solar wind it will be difficult to believe that it can 
decay appreciably faster in stars than in terrestrial 
minerals, in which case cosmology must wrestle with the 
large Re age. In some respects this cosmochronological 
tool is preferable to others. because, unlike the transuranic 
tools, it rests on production ratios that can be experi- 
mentally measured. It is potentially capable, moreover. 
of clarifying the time of the beginning, rather than the 
final, events of nucleosynthesis. Clearly it cannot be 
ignored, 
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Difference Frequency Generation due to 
Multiple Photon Process ina 

Resonant Quantum System during the 
Laser Action 


We report here the first observation of difference fre- 
quency generation by the resonant three-photon process 
for the optical mixing in a laser medium with the simul- 
taneous stimulated emission of two optical transitions. 
A ruby rod acts as the active medium for the laser oscilla- 
tion of the R, doublet as well as the dielectric microwave 
cavity for the difference frequency. We have observed 
the resonant microwave emission associated with the 
magnetic dipole transition between the +1/2(4A,) and 
+ 3/2(A,) levels—or the zero-field splitting of the tA, 
ground state of the Cr? ion in a ruby crystal (Fig. 1). 
There has recently been interest in the nonlinear optical 
effect of difference frequency generation in the region 
between infrared and microwavel?; but in the experi- 
ments so far reported, the frequencies of the interacting 
electromagnetic waves are far removed from the resonance 
transitions of the nonlinear mixing material. Because the 
process is non-resonant, only the real part of the non- 
linear susceptibility of the material plays an important 
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Fig. L Schematic drawing of the energy level configuration of the 


Cr jon ina ruby crystal, which is concerned with the transitions of the 

R, doublet, and the axial mode spectrum of the optical resonator in the 

profile of the R, doublet. 2D is the energy separation of the Kramers 

doublet +1/20A.} and + JCA, 3 in the ground state of the Cr®+ fen: 

the zero-field splitting caused by the distortion of the cubic erystal fel d 

in a ruby crystal. dv, is the frequency spacing between two adjacent 
axial modes. 


partt, In our case, we beheve that the observed effect i 
quantum mechanically unique in that an active laser 
system consisting of three e nergy levels performs resonant 
frequeney Ae tor a oray whic h Re sis as two 


all the transitions are ee and the tw 0 on val ¢ "ANSI - 
tions simultaneously produce the laser action at the 
frequencies œ, and œw, respectively. Phenomenologically, 
the effect can be described by the nonlinear magnetic 
polarization at the difference frequency wa given by 

MB" (ea) =x relo = Og) Bim, Ero where Elo) and 
Exy(@,) are the optical fields produced by the laser oscilla- 
tion, respectively, and gijx{@,—@,) 1s the third rank 
nonlinear susceptibility tensor appr Hoek to this resonant 
interaction. It should be noted that, because the frequen- 
cies of the interacting fields in this scheme are on or near 
resonances of the system, both the real and the imaginary 
parts of the nonlinear susceptibility are responsible far 
the essential features of this effect. 

We can gain some physical insight into the basic process 
by considering the equations of motion of the density 
matrix characterizing the three level system under laser 
oscillation together with Maxwell’s equations for the 
mteracting radiation fields. We have derived a set of non- 
linear dynamic rate equations which describe not only the 
time variations of the population inversions pas~ pp and 
G33 S22 Involved in the laser action and of the amplitude 
factors of the eleetric field Ef and Æ$ for each laser transi- 
tion at œ, and a, respectively, but also the time develop- 
ment of the field at the difference frequency wa generated 
by the three-photon process in the laser medium induced 
by the two optical fields. This also involves the equations 
for the phase variation or the frequeney shift of each of 
the three radiation fields depending on the population 
inversions in the two laser transitions. A thorough 
analysis and detailed discussion of this set of nonlinear 
dynamic rate equations for the resonant optical mixing 
in the active quantum system under laser oscillation will 
be P SOPIN The y: state Poa au of ene 
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A 2 Schematic experimental arrangement tor observing the difference trequency generation bv the three-photon process toy the noniines 
ptical mixing in a ruby rod during the laser oscillation of the R, doublet. The ruby rod acts simultaneously as the active medium for thi 


laser ar tion as well as the dielectric cavity for the microwave 


ty] wor 


at the difference frequency, providing all frequencies are 
phase-matched, as 


Pics) LN zal a. Swale) LIS 4 ATAA, { Ly HD iy Q) 
— (4545 44e) (w/e BZ) ] AHS? E* (1) 


where N, is the number of active ions per unit volume, V 
is the volume of laser medium. Q, and Q, are the loaded 
Q of the optical resonator at w, and tw., Qa and Q, are 
the loaded and external Qs of the resonator at wa respec- 
tively, uf and u$ are the matrix elements of the electric 
dipole moment, and u} is that of the magnetie dipole 


t= 1.2.d) Is the com- 


moment. Furthermore, yi= yı — ty 


plex susceptibility defined by (w:lu|*/h) [(@f— a) — i 


0 n 2 0 : 
l(c, e)l) 77], where w; is the central frequency and 
- is the transverse relaxation time for the transition 


designated by i, respectively. The solution for the optical 
fields Ef and EB which exhibits the competition of laser 
action between the two transitions has also been derived. 
We expect appreciable enhancement due 
to the resonant process in the output power 
generated by the nonlinear optical mixing, 
from the complex zis in equation (1). 

We have made an estimation of the out- 
put power Plog) At Gu corresponding to 
the zero-field splitting, 11-4 GHz. 
well known datat on the physical para- 
of the R, doublet the 
MCT IC of the ruby, and also the equation 
given here. For a ruby laser operated in 
the normal mode, the output power density 
of the order of 10 kW/cem® is typical in 
one oscillating spike. Assuming this density 
and the Q-value of nearly 10° for a micro- 
wave dielectric cavity, the estimated power 
was approximately 10 to 10-7 mW at the 
room temperature, and also 10-* to 10 
mW at the liquid nitrogen temperature, 
respectively. For efficient coupling to 
exist between three photons with optical 


using 


meters and laser 


and microwave frequencies, the coherence 
length /.=7/|kK(@,)—k(@,)—k(ea)| should 
he fairly large. For the of the 


zero-field spleting and the R, doublet of 


Fig, 3. 


spectra Aa 
wave emission 


ire quences corresp math tOo ti P Zi rey-tht lal 
in 


Osgcillosci ype 


signal from the microwave superheterodyne receiver 


splitting of the A, cround state of th 


ruby 


be 


ruby, the value of /. was estimated to about 5 cm. 
assifming that the optical waves and the microwave 
are collinear in a ruby rod. 

For the experiment., the arrangement shown schematic 


ally in Fig. 2 was used. We used a ruby rod, made 
Shinkosha Co.. Ltd (Tokyo, Japan), of 60 
6-S mm in diameter, and 6 em long. Far 
tion, the optical resonator Was composed of a multiple 
dielectric COMIN placed on the one end of the rod and 
an external On the other hand, this 
rod aus aA LMCTOWANVE eviindrical CAVITY resonance 
frequeney around 11-2 GHz with the hybrid mode charac 
terized by HE,,,. Standing waves in the direction parallel 
to the rod axis were readily detected by moving a probe 
connected to the microwave receiver. We fixed the rod 
on one end of the E-plane bend of the X-band waveguide. 
The generated X-band signal Was detected by thi mcr. 
wave superheterodyne 
the 
bend., 


hy 
orrentawvrion., 


the laser Opera- 


CONCAVE MIrror. 


has i 


receiver through a coupling iris 
f the end plate of this E-plane 


permit thi this 


on central portion 


Also. in order to laser action for 





which monitors 
ind the A-band 


resonant micro- 


phototube 
oscillating spikes of the ruby laser under normal operation (upper trace) 


photographs Of the output trom a 
which detects the 
generated by the nonlinear optical mixing in the ruby rod itself (lowei 


trace), sweep 8pEeI SOU yus ali’ 
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ruby rod, a small cireular hole was located on the E-plane 
of this bend. It must be emphasized that this collinear 
configuration of the optical and the microwave resonators 
together with a ruby crystal favoured the introduction of 
intense optical fields over a long effective length in the 
rod, and simplified the alignment for the experiment. The 
tangential sensitivity of the microwave receiver (IF: 
70 MHz; BW: 5 MHz) was less than 10°?° mW, which 
was enough to detect the generated difference frequency 
from the ruby itself. When it was necessary, the phototube 
for observing the laser spiking pattern was replaced by a 
photomixing semiconductor diode’ to monitor the micro- 
wave beat-notes between neighbouring modes oscillating 
simultaneously in the ruby laser. 

Fig. 3 shows typical oscilloscope traces in our experi- 
ment; the upper trace monitors the output pattern of the 
ruby laser under normal oscillation, and the lower trace 
represents the detected X-band signal from the lasing 
ruby rod, respectively. The sweep rate was 200 ys/div. 
The ruby laser was operated at the temperature of — 20° C 
with cooled nitrogen vapour flowing into the laser head. 
The threshold energy for the laser action was approxi- 
mately 1,200 J, and these traces were taken with the 
pump energy 50 per cent above the threshold. 

For the case of the left-hand side, the separation between 
the two optical reflectors was adjusted to correspond to 
the frequeney interval of 415 MHz between two adjacent 
axial modes. The twenty-seven mtervals for the axial 
modes coincide with the resonant frequency of the HE,,, 
mode of the microwave dielectric resonator consisting of 
the ruby rod. The detected output power was in the range 
from 10-19 to 10€ mW depending on the intensity of 
oscillating spikes (Fig. 3). This compares favourably with 
the estimated power. On the other hand, the ae hand 
side of Fig. 3 shows 2 
difference frequency for the microwave resonance of 
the HE, mode by shifting the mirror separation. There 
were only a few X-band signal pulses with weaker output 

at the starting phase in the ruby laser action. 

By taking the microwave resonances of the ruby rod 
at frequencies far removed from the zero-field splitting we 
have also confirmed that no appreciable microwave signal 
generated from the ruby rod itself can be detected, 
although the microwave photomixing diode produces a 
series of beat-notes between oscillating axial modes even 
here. This behaviour was ascertained by repeating the 
observations under various conditions for the laser excita- 
tion as well as the optical and microwave resonances of 
the resonators. Further detailed data and the analysis 
will be reported elsewhere. 

We used a ruby laser operated in the normal mode in 
our experiment to assure the observation of resonant 
generation of multiple photon difference frequency in the 
active laser medium. With the Q-switched mode for 
giant-pulse generation, there is little chance of having a 
number of simultaneously oscillating modes with a fre- 
quency spacing, which is an integral multiple of the spacing 
between neighbouring axial modes Av. comparable with 
the zero-field splitting 2 |Di/hk as depicted in Fig. 1, 

even though the expected opat power at the difference 

frequency will be larger. For the normal oscillation 
exhibiting many spikings, there could be a number of 
pairs of simultaneously oscillating modes which fulfil this 
condition and enforce the difference frequency genera- 
tion through the resonance effect of the three-photon 
process. This oscillating behaviour would also explain 
the observed features of the X-band microwave signals 
which have rather poor correlation with the laser spikes 
shown in Fig. 3. 

In conclusion, we note that in the active laser medium 
there could oceur several kinds of nonlinear optical inter- 
actions which are not only self-induced by the intense 
optical fields inside the laser resonator but also enhanced 
effectively by the presence of the resonance phenomena 
inherent to the medium’. This is, to the best of our 


59 
+ 
knowledge, the first report of an observation of one of 
these nonlinear effects expected in the course of the laser 
oscillation. 
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Current System in the Northern 
Irish Sea 


Is the past four years direct measurements of the tidal 
streams in the northern Irish Sea have been made ayn 
optically over an extensive area and at various points in 
the water column. Before these studies, the circulation 
of the sea was largely a matter of qualitative deduction, 
based on surface temperature and salinity charts, the 
movement of surface drift bottles and a few rather broad- 
based estimates of water transport derived from con- 
sideration of the continuity equations for a variety of 
parameters’. 

Between 1964 and 1968, the Fishenes Laboratory, 
Lowestoft, released Woodhead seabed drifters im the area 
to the east of the Isle of Man*. The return patterns from 
each cruise were essentially similar and that for the release 
of March 1964 has been combined with returns from : 
recent cruise in the western half of the sea to give Fig. 
This shows the mean direction of movement of the pa 
from each point of the release grid at which more than 
40 per cent of the drifters were returned within five months 
or when a definite and consistent direction was indicated 
by a lesser percentage return. At least twenty-five 
drifters were released at each of the stations. 

It is diffeult to deduce the actual movement of the 
drifters from only the release and reeapture positions, 
but if it is assumed that the mean trend from a particular 
station cannot run counter to the general stream as 
indicated by returns from nearby stations, then it seems 
that there must be some south-going bottom drift mi 
the centre of the north-eastern Irish Sea that enables the 
drifters released there to be eventually caught up in the 
general easterly movement on to the coast of Lancashire. 
Some indication of this inferred movement: is given by the 
broken lines in Fig. 1. and clearly this initial southerly 
movement of the bottom water could be similarly inferred 
with respect to other stations in the region im order ta 
avoid a too drastic confounding of the veetors. The 
necessity to test for this southerly stream was borne in 
mind when the positions for the subsequent moored buoy 
arrays were chosen. 

Since 1966, there have been five cruises in the eastern 
part and one cruise in the western part of the Irish Sea, 
during which networks of moored stations have been laid 
for periods ranging from 4 to 33 days. At each station 
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Fig. 1. Mean direction of movement of drifters from releases which 

produced more than 40 per cent returns within five months. 1, Most 

probable routes to coast as suggested by mean direction of returns; 

2, inferred easterly movement on to the Lancashire coast (see text); 

3, returns spread between River Mersey and Walney Island; 4, less than 

40 per cent returns but consistent trend; 5, other stations: few and 
scattered returns. 
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Fig. 2. Mean residual water movement deduced from the readings of 


current meters positioned 12 m below the surface. 
e 


three "Plessey recording current meters have been sus- 
pended—at approximately 12 m from the surface, 
midwater depth, and 4 m above the bottom—each 
current meter recording on magnetic tape the integrated 
velocity and the instantaneous direction of the water flow 
past the instrument every 10 min. Durimg the early cruises, 
four recording current meters made by Hydrowerk- 
statten of Kiel were also used. These recorded current 
velocity and direction at 5 min intervals. 

Between 68 and 83 per cent of the data expected on 
each cruise have been successfully recorded. These data 
have been processed to produce, inter aha, the 12 h 25 min 
tidal residuals. The grand mean residual over all tidal 
cycles at eadh station is shown in Figs. 2 and 3 for the 


NATURE VOL. 224 OCTOBER 4 1969 


near-surface and near-bottom layers. A southerly near- 
bottom” residual drift in the region of Station F is 
confirmed by these results, but we have never measured a 
marked north-going component of flow near the bottom at 
Station B although it is recorded in the near-surface layers 
and can be inferred from the returns of Woodhead seabed 
drifters. Consequently, when these data are combined 
with the information provided by the returns of the 
seabed and sea-surface drifters the deduced residual 
system, as shown in Figs. 4 and 5, must take this anomaly 


a 


into account. The lack of continuity of the streamlines 
attention to it and to suggest that the near-bottom current 
in this area is probably only incidental to the main inflow 
of Atlantie water. In Figs. 4 and 5 the circulation pattern 
for the Solway Firth is based on the findings of Perkins. 
Bailey and Williams’. The work of Philipps‘ and Harvey? 
has provided more detail of the inferred bottom residual 
drift in Morecambe Bay and around Anglesey respectively 
than it is possible to show on Fig. 5. 
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Fig. 3. Mean residual water movement deduced from the readings of 
current meters positioned 4 m above the bottem. 
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Fig. 4. Residual circulation deduced for water near the surface. 
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Table 1. RESIDUAL CURRENT VARIATION BETWEEN RECORDING PERIODS 


Near surface 


Midwater depth ear bottom 


Station Recording Velocity Tidal Velocity 7 Tidal Velocity o , Tidal 
period (ern /s) Direction cycles (emis) Direction cycles iem/s) Direction egies, 

A Apr May 1966 9-8 177 29 | B 

Jan. 1968 22 44 ie ee 197 ig 

Apr. 1968 4-7 163 18 L9 332 3 
B Jan./Feb. 1967 5-8 308 23 42 174 30 

Jan. 1968 2-6 313 18 55 333 18 0-5 90 1s 

Feb, 1968 1-6 312 15 42 322 16 O8 121 Ji 

Apr. 1968 10-5 323 24 12 222 20 1-6 276 24 
C Jan./Feb, 1967 47 129 27 

dan, 1968 2-4 106 12 iF 49 12 tl LOL Hi 

Apr. 1968 52 157 19 47 145 19 3:0 145 19 
dD Jan/Feb. 1967 2-7 11 27 . 

Jan. 1968 2-1 319 bal 
E Jan./Feb. 1967 46 207 3 3-0 240 25 08 230 20 

Jan.‘ Feb. 1968 13 34l 64 

Apr. 1968 22 164 22 Pet 128 22 
i Apr. May 1966 1-8 214 a4 
F Jan./Feb. 1968 05 167 58 9 163 ae 

Apr. 10638 0-3 135 14 28 151 19 2-9 110 13 
p Apr. {May 1966 138 214 33 37 158 ag 
G Jan. 1968 7 7 18 46 350 15 

Feb, 1968 13-0 15 1s 0-0 res 18 24 128 is 

Apr. 1968 4-8 231 5 22 5 8 

Nov. 1968 72 e 62 1 7-0 20 24 
H Nov. 1988 57 18 31 773 340 31 6-1 343 $1 
I Nov. 1968 6-4 58 1 13 198 19 
J Nov. 1968 8-5 16 16 &-2 30 24 8-8 24 a4 
K Nov. 1988 10-0 62 24 12-1 58 2e 
L Nov. 1968 2:9 249 7 Z4 232 T 383 196 7 


Although we have now obtained more than 15,000 h of | 


current meter record in the northern Irish Sea, there are 
still insufficient data to provide more than this very 
general picture of the circulation. Indeed, the data 
obtamed from current meters and drifters are not always 
compatible, as we have already indicated, and certainly 
it is as yet premature to attempt to interpret seasonal 
differences or to begin to discuss the transient current 
systems set up by gales. Nevertheless, in order to give 
some indication of the variability which might be ex- 
pected between cruises in residual current strength and 
direction at each of the stations (although this may be 
caused in part by the length of record obtained on occa- 
sion), the mean tidal cycle residuals are shown in Table 1 
for each experimental period, together with the number of 
tidal cycles over which the data have been averaged. 

It is interesting that the strengths of the northerly 
residual currents measured in the deep channel in the 
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Fig. 5. 


Residual circulation deduced for water near the bottom. 


north-western part of the Irish Sea are significantly 
stronger than those usually recorded in the shallower 
waters east of the Isle of Man. This suggests that the 
main flow through the Irish Sea is associated with the 
deep channel and does not pass to the east of the Isle of 
Man as was deduced from earlier work based largely on 
qualitative reasoning and the returns of surface drift 
bottles released between Anglesey and the coast of Treland!. 
On the other hand, the dominant southerly component 
found at all depths at the station in Dundrum Bay paral- 
lels that found by Proudman at the Skulmartin lightship 
in 1938: | 
J. W. RAMSTER 
H. W. Hu 
Fisheries Laboratory, 
Lowestoft. 
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Volcanic Associations in the 
Gregory Rift Valley, East Africa 


Tue Tertiary to Recent volcanic rocks associated with the 
Gregory Rift Valley cover large areas in Kenya and 
northern Tanzania, and the Miocene volcanic and intrusive 
centres of eastern Uganda belong to the same sodic alkaline 
province. In addition to numerous reports dealing with 
specific areas, there are several regional accounts!~® 
which summarize some aspects of the petrology. A recent 
review? of the distribution of nephelinite-phouolite and 
basalt—trachyte-phonolite associations at major volcanoes 
in East Africa not only emphasized the need ta extend the 
investigation to the entire volcanic field, but also indicated 
the necessity for further distinctions among the products 
of the main centres. 

The following volcanic associations are briefly discussed 
here, and the distribution of each is indicateg on the map 


v 
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basalt~basanite, (2) basalt~phonolite~melanephelinite, (3) 
phonolite-phonolitic trachyte, (4) quartz  trachyte- 
phonolitie trachyte, (5) comendite-pantellerite, (6) 
mugearite-trachyte-rhyolite, (7) nephelinite-phonolite, 
($) basalt-trachyte-phonolite, (9) phonolite-trachyte, 


(10) basalt—-trachyte. 

The associations (1) to (6) are encountered only among 
the products of fissure and multi-centre eruptions. Rocks 
of the nephelinite-phonolite association (7) are typically 
products of central volcanoes, but rare examples of 
derivation from fissures are reported. Representatives 
of the associations (8) to (10) were erupted only from 
major central volcanoes. Associations (1) to (10) are 
characterized as follows. 

(1) Rocks of the basalt-basanite association were 
erupted repeatedly from Miocene times onwards. They 
are chiefly olivine basalts, analcime basanites and basani- 


toids, but trachybasalts, trachyandesites, mugearites, 
tephrites and olivine-free basalts occur locally. The 


younger basalt—basanite fields are clearly the products 
of eruptions from fissures or from numerous small cones 
aligned along fault zones, and those Tertiary basaltic 
rocks which are not convincingly related to central 
voleanoes probably have a similar origin. 

(2) The greater part of the Nyambeni Range in central 
Kenya is composed of Quaternary basalts, basanites and 
pyrociastics erupted from numerous cones, and in this 
respect it closely resembles the younger representatives 
of the basalt-basanite association. The Nyambeni field 
differs, however, in having developments of phonolites, 
tephrites and olivine melanephelinites. 

(3) Late Miocene flood phonolites in central and 
southern Kenya probably originated chiefly from fissures 
along the crest of the “Kenya dome”, a region of repeated 
upwarping which is now bisected by the rift valley. In 
mineralogical composition the phonolites are remarkably 
uniform over considerable areas. The commonest types 
contain prominent nepheline, but phonolitic trachytes 
oceur at a few localities. 

(4) The volcanic succession in the southern half of the 
Kenyan rift is dominated by Pliocene and Quaternary 
trachytie rocks that were derived from fissures. In some 
areas the first trachytic products were sheets of ignimbrite 
which extended great distances beyond the margins of the 
developing rift to flow across the flood phonolites covering 
the flanks of the Kenya dome. Later trachytic flows 
tended to be restricted to the floor of the rift by continued 
faulting and warping of the margins. 


(5) Quaternary comendites, pantellerites, rhyolites and 
ignimbrites are confined to a small section of the rift floor 


south of Nakuru, in the centre of the trachytie field 
described above. The acid volcanics occur chiefly as small 
plugs and domes. 

(6) The acid voleanics in north-western Kenya are 
evidently chiefly ignimbrites tentatively assigned to the 
Pliocene. Lavas referred to as andesites, but perhaps more 
correctly to be described as mugearites or hawatites, are 
intercalated in the rhyolitic sequence together with sub- 
ordinate trachytes, trachyandesites and phonolites. 

(7) Voleanies of the nephelinite~phonolite association 
range in age from Miocene to Recent. The oldest nephelin- 
ite voleanoes are those of eastern Uganda and western 
Kenya, most of which lie well to the west of the present rift 
valley. In contrast, Pliocene and Quaternary strongly 
alkaline activity tended to be centred on northern Tan- 
zania and southern Kenya and was more closely controlled 
by the rift faults. Kisingiri, Elgon, Kadam, Napak, 
Tinderet and some of the centres in northern Tanzania 
have melilite-bearing lavas in addition to nephelinites 
and melanephelinites which frequently contain olivine. 
Carbonatites and associated intrusives are exposed at 
several centres in Uganda, Kenya and Tanzania. and 
similar rocks probably exist at depth at the less dissected 
yoleanoes. In two areas nephelinitic rocks were evidently 
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derived from fissures or lines of small vents. Flows, 
dykes and plugs of Miocene age occur along the western 
shoulders of the rift between Kishalduga and the Kenya- 
Tanzania border. Numerous nephelnite dykes and 
microfoyaite intrusions at Kamutile, near Lake Rudolf, 
are emplaced in Miocene basalts and are accompanied 
by phonolite flows. | 

(8) This association characterizes some of “the larger 
central volcanoes. Olivine basalts are usually accompan- 
ied by basanites, and trachybasalts and trachyandesites 
are sometimes present. The trachytes often contain modal 
analeime, zeolites and olivine; some of the phonolites are 


also olivine-bearing. Basalts and trachybasalts are the 
most abundant lavas at Kilimaniaro (Phlocene-Recent). 


Trachytes are rare, but rhomb porphyries and phonolites 
are well represented among the younger flows. Basaltic 
lavas and agglomerates dominate the Aberdare succession 
(Pliocene), but some trachybasalts, trachyandesites, 
trachytes and phonclites are present. At “the Barrier” 
(Pleistocene~ Recent), a voleano at the southern end of 
Lake Rudolf which last erupted only about 75 years ago, 
basaltic activity followed he extrusion of phonolites and 
trachytes. Basalts also appeared as a final phase at 
Londiani (Pliocene), near Nakuru, where trachytes are 
abundantly developed. Two Pliocene volcanoes south- 
west of Nairobi (Olorgesailie and Ol Esayeiti) have 
prominent members of the basalt-trachyte-phonolite 
association. The lavas of the alkaline olivine basalt series 
of Moroto volcano (Miocene), near the Kenya-Uganda 
border, are provisionally assigned to this association. 


Lavas of a nephelinite~phonolite association accompany 
the basalt--trachyte-phonolite assemblages at most of the 


centres described here. The strongly alkaline volcanics 


and absent at the Barrier. 

(9) Four central voleanoes, at which phonolites are 
prominent, are notable for the absence or scarcity of 
basaltic lavas. Mt Kenya (Pliocene~Pleistocene) is com- 
posed chiefly of phonolites, rhomb porphyries and kenytes, 
but both olivine-bearing and quartz-bearing trachytes 
Quaternary basaltic flank 


phonolite-trachyte assemblages. Meru is unique in having 
also abundant nephelnites. 

(10) Two areas of large central volcanoes, one in Kenya 
and the other in Tanzania, are marked by the association 
of basalts and trachytes. The salic products range from 
quartz-bearing varieties to phonolitic trachytes, but 
genuine phonolites are typically absent. The volcanoes 
of the field situated within the rift valley in central Kenya 
are of Pliocene to Recent age; those in northern Tanzania 
were active in Pliocene and Pleistocene times. Caldera 
voleanoes occur in both areas, spectacular examples being 
Ngorongoro in the south and Silah in the north. 

The rocks of three caldera voleanoes, which are isolated 
within the field of flood trachytes in the southern half of 
the Kenyan rift, are provisionally assigned to this associa- 
tion. Longonot (Pleistocene-Recent) is chiefly trachytic 
but some basalts near the base probably originated from 
the volcano. Kilombe (north-west of Nakuru; Phocene) 
and Menengai (immediately north of Nakuru; Pleistocene- 
Recent) are evidently composed entirely of trachytes and 
ignimbrites/froth flows. 

Lenderut, a Pliocene central volcano near the Kenya- 
Tanzania border, is included here until more is known 
about the apparently uraique hasanite—tephrite—andesite 
association. 
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The associations described here emphasize, above all, 
the heterogeneous nature of the volcanics of this sector 
of the East African rift system and illustrate some points 
of resemblance as well as certain fundamental differences 
between the assemblages found among plateau lavas and 
rocks of multi-centre fields on the one hand, and the 
volcanics associated with major central eruptions on the 
other. A cursory review of the volcanic associations 
suggests that no single process, such as fractional crystal- 
lization, is adequate to explain the range and relative 
proportions of rock types involved. Indeed, some 
authors have already examined assimilation of basement 
gneisses? and partial melting of crustal materials? as 
possible mechanisms involved in the production of the 
large volumes of phonolites and trachytes (and their 
plutonic equivalents) found in parts of the East African 
rift system. The role of these and other processes can 
only be assessed, however, in conjunction with detailed 
studies of the voleanic associations and their distribution 
in space and time. 

L. A. J. WILLIAMS 
University College, | 
Nairobi, Kenya. 
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Uranium Rich Sediments on the 


East Pacific Rise 


SEDIMENTS on mid-ocean ridges associated with ocean 
floor spreading and high heat flow are poor in Al, Ti, Ñi, 
‘u, Co, Ni and rare earth elements, and enriched in Fe, 
Mn, V, Cd, Hg, As, B, Cr, Ba and P, compared with other 
pelagic sediments. The origin of these distribution pat- 
terns is not fully understood but is most likely the result 
of volcanic processes associated with the degassing of the 
mantle under spreading ridges. 

Uranium, which does not fit into the phases at depth 
in the mantle, should also tend to emanate on these 
spreading ridges. Previous data on the U contents of 
deep sea sediments have been sporadic, with results usually 
at the p.p.m. level®7. We report here the results of U 
analyses in a series of sediments taken during a traverse 
across the East Pacific Rise. The location of the samples 
is shown in Fig. 1. They were procured during the Rispac 
expedition, sponsored by the Scripps Institution of 
Oceanography. Most samples are from the depth interval 
30-70 em in the sediment cores, except for a few localities 
frem which surface material could be obtained. The over- 
all composition of surface samples and deep layer samples 
within the same core has been shown to be identical (refs. 
1-3, 5, and unpublished results of K. B., S. Gertner 
and O. Joensuu), suggesting that all data in Table 1 are 
comparable. The measurements were made by fission 
track analysis on total sediment samples, which were 
pressed into a disk bound with a ring of cellulose nitrate 
at a pressure of 10 pounds/inch’. The samples were covered 
with Lexan plastic and irradiated in a nuclear reactor. 
Uranium fissions induced in the sample provided energetic 
fragments that impinged on the plastic and left tracks 
visible after etching for 30 h in 6 N NaOH at room tem- 
perature. The error for each sample listed in Table 1 1s 
the statistigal error due to the number of tracks. The 
accuracy of the relative abundances of U in these sedi- 
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Fig. 1. Distribution of samples analysed for U. Heavy dashed line 
indicates approximate position of the crest of the East Pacilic Rise. 
Shading indicates area af high heat flow. 


ments is governed by this term. The absolute values were 
obtained by extrapolation of data from previous more 
intense irradiations of a glass standard and by results 
obtained on standard geologic rocks in this irradiation. 
Our values for the standard rocks G-1, W-1 and BCR-1 
all agree with the suggested values*:*, but, because of the 
scatter in the literature of U abundance data for the 
standard geologic recks and because of the need for 
extrapolation from one neutron irradiation to another in 
evaluating the glass standard, it is possible that our 
absolute values might be out by as much as +30 per cent. 
The relative errors are, however, set only by the statistical 
number of tracks. Fig. 2 was constructed by drawing 
the line perpendicular to the crest of the ridge which most 
closely approximates the track of the sediment cores. 
Equal segments were laid out along this line and the U 
concentrations in each segment (averages where more than 
one analysis exists) were plotted. The shaded areas indi- 
cate segments where no analysis was available. 


Table]. LOCATION AND COMPOSITION OF ANALYSED SAMPLES 
Sample 
depth Water U CaCO, 
Rispac Latitude Longitude incore depth Tracks (p.p.m.) (per 
(cm) (my) cent) 

51 13° 37 S 97°48 W 34-60 3,742 2425 47 78 
52 13°24°S 100°29 W 30-60 4,210 66+ 8 13 19 
54 13°18’S 102°27 W surface 4,440 1224 O24 2:7 
55 13°10 8S  103°30 W surface 4,115 oF eras 1-0 37 
56 13°02 8 104°41 W 38-60 3,780 131412 2° 55 
57 12°58’S 105°32°W surface 3,910 128212 2°5 71 
60 12° 48°S 107°SO" W 38-70 3,560 2345 O45 91 
63 12°39 8 110°00 W 30-70 3,135 84+9 1-7 90 
65 13208339S 111012 W 30-70 3,110 5004+20 10 rei 
67 12°35 9 113°31 W surface 3,330 1382212 2-6 7 

69 14°41 8S 113°20° W 0-6 3,010 868217 73 74 
71 14°15’S 118°50 W 30-7 3,040 538425 10-6 80 
72 14°18’S 115037 W 30-70 3,250 id + 0-87 86 
73 141 8 117°34°W 30-70 3,440 TEB O14 838 

7 14°00 S 119° 36° W 38-70 5,685 lot 0-26 89 
75 °OV'.S 122° 28° W 35-70 3,790 t jt 0-73 81 
76 1305p 8 12°21 W 30-70 3,800 (195 (039 gg 
T7 102 8 128°29 W 30-67 3,985 23 +5 0-45 49 


The results (Table 1 and Fig. 2) indicate that U con- 
centration is greatest in sediments on the East Pacific 
Rise. While such a general statement is also true of 
CaCO,. our data (Table 1) show that the two are not 
correlated. It is therefore unlikely that U is a biogenic 
constituent in the sediments; here we are in agreement 
with Ku’. On the other hand, the close association 
between high heat flow, high U content and enrichment 
in the crest sediments of cther probably voleanogenic 
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Fig. 2. Variation of U in deep sea sediments with distance from the 
crest of the East Pacific Rise. 


constituents (Fe, Mn, V, P, Ba, Hg, As and Cd) suggests 
a similar volcanic origin for U. 
We thank Mrs M. Riera for assistance with the CaCO, 
determinations, and A. Horowitz and T. Middleton for 
help in the U analyses. This work was supported in part 
by the US National Science Foundation, the US Atomic 
Energy Commission and the US Office of Naval Research. 
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East African Rift System 


THE article entitled “How far does the Rift System extend 
through Africa?’ by Fairhead and Girdler! is of great 
interest to geologists who are studying the structure of 
the African Pre-Cambrian platform, because the exact 
relocation of the epicentres of earthquakes could have 
great significance if related to known geological features. 
For example, in addition to the relationships suggested 
in the communication, the cluster of epieentres shown in 
their Fig. | at about latitude 14° S, longitude 22° E, lies 
on the south-westward projection of the Upemba rift 
beneath the overburden of the Okavango basin, and, by 
reference to sheet 5 of the new tectonic map of Africa’, 
also lies along the limit between the ancient Congo Craton 
and the Katangan orogenic belt; it may thus indicate 
recent continuation of movement along this fundamental 
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lineament brought into prominence by Kennedy, A 
second point of great interest is the NNE-SSW trending 
line in South Africa of six epicentres which is parallel to 
and about 300 km inland from the eastern coast. This may 
be found to indicate recent movement on a lmeament 
continuing the Shire and Urema grabens (ref. 2, sheet 9) 
to the south-south-west. Other important relationships 
will be apparent to geologists familar with southern 
Africa, 

The confirmation of continued movement on the 
NE-SW Lake Mweru graben is also of value. The exist- 
ence of these rift faults has been questioned, but was 
substantiated by Cahen in a standard work of reference 
(ref. 4, Fig. 93 and page 468), and the faults were shown 
in Fig. l of a recent article”. The Sonunases of Nis 


longitude 26° E, : as AA E by F gekend gad Girdler. 
seems doubtful because this line would cross many 
NE-SW tectonic features. It is important to note, 
however. that such an alignment would follow approxi- 
mately the location of the monocline defining the eastern 
margin of the Okavango and Kalahari basins, and may 
indicate the continued deepening of these Tertiary and 
Quaternary features. 

The East African rift system is now the centre of much 
research and the modern and very precise geophysical 
investigations in progress promise to make a most valuable 
contribution to its three-dimensional depiction, but the 
article by Fairhead and Girdler? indicates the urgency of 
defining what is meant by the term “rift system”, and 
also emphasizes the value of furthering close collaboration 
between geophysical and geological researchers. 

R. B. MCCONNELL 
Streatwick, 
Streat near Hassocks, 
Sussex. 
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Age and Insect Fauna of the 
Dimlington Silts, East Yorkshire 


THE Dimlington Silts are a series of laminated silts and 
sands, exposed near the foot of Dimiington Clif (TA 
391217). They occupy hollows on the surface of the Saale 
(Basement) till, and are overlain by the Weichsel (Drab) 
till and have been interpreted? not as interglacial deposits 
but as interstadial deposits of the Würm (Weichsel) 
glaciation, with the overlying Drab, Purple and Hessle 
tills belonging to the Main Wiirm (that is, Upper Pldni- 
glacial’). 

Fossils in the silts include the remains of moss; ' this 
was considered suitable for radiocarbon dating, because 
it is well preserved, is indigenous to the deposit, was 
buried rapidly, and has been sealed since deposition of 
the Drab till. Samples were collected on two occasions 
from an exposure at TA 386224 (about 200 m ESE 
of Cliff Farm); they were taken from the same bedding 
plane, but were pre-treated in different ways, analysed in 
different laboratories, and their °C/''C ratios were determ.- 
ined in different forms (as CO, and CH, respectively). 
The results were 


[-3372 18500 + 400 years BP 
Birm.108 18240 + 250 years BP 
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Feronia blandulus Mil. Cireled 


Fossil sites in Britain for 
triangles, sites not overlain by till. 
All sites date from the period before the maximum of the Weichselian 


Fig. 1. 
triangles, sites overlain by till; 
Glaciation, the limit of which is indicatet! by the dotted line. Inset, 
modern European distribution. 


The moss was Pohlia wahlenbergit (Web. and Mohr) 
Andr. ef. var. glacialis (Schleich. ex Brid.) E. F. Warb. 
This lives in cold water habitats, such as meltwater from 
snow beds and glaciers; because it is a calcifuge, the risk 
of hard-water error is negligible. 


Table 1. COLEOPTERA 


Bembidion Sp., kumttum group 
Feronia blandulus Mill. 
Amara alpina Paykull 
Amara quenseli Seh. 

Agabus bipustulatus L. 
Hydr obs 3p, 

Cercyon sp. 

Arpedium brachypterum Gr. 
Bledius fuscipes Rye 
Aleocharinae indet. 
Byrrhus sp. 

Aphodius ap. 

Notaris aethiops F. 


Carabidae 


Dytiscidae 
Hydrophilidae 


Staphylinidae 


Byrrhidae 
Scarabaeidae 
Curenlionidae 
While separating moss for the HC assay, Insect remains 
held on a 0-3 mm sieve were also removed (full precautions 
having been taken at the sample site to avoid contamina- 
tion by modern species). Most of the identifiable frag- 
ments were Coleoptera, though there were also numerous 
larval heads of Diptera (chiefly Chironomidae and Tipuli- 
dae). The Coleoptera are listed m Table | 
Of the Carabidae, the first two listed no longer live in 
Britain. F. blandulus is restricted in present day Europe 
to the Tatra Mountains and parts of arctic Russia, where 
it lives under stones and moss on the wet tundra; fossil 
specimens occur, sometimes in abundance”, at several 
mid-Weichselian sites in Britain (Fig. 1). Amara alpina 
and s4., quenseli oceur at many British mid-Weichselian 
sites, but are restricted today to isolated populations 
in the Scottish highlands. Agabus bipustulatus is a wide- 
spread species and ranges into the far north; it occurs 
in many aquatic habitats (small pools, marshes, small 
streams)*. The Hydrophilidae were rarer at Dimlington 
than at other British Weichselian sites; Hydrobius is a 
detritus pond genus, and Cercyon lives in decaying plant 
refuse. The Staphylinidae were commoner than any other 
group of Coleoptera at Dimlington, but almost all were 
Arpedium brachypterum, which lives under moss and 
leaf debris and has a boreo-montane distribution in present 
day Europe. Bledius fuscipes lives in silty and sandy 
places; it gccurs at several mid-Weichselian sites with 


stenothermie arctic Coleoptera. Notaris aethiops is 
e 


NATURE VOL. 224 OCTOBER 4 1969 


another boreo-montane species that occurs m Weichselian 
depos its. 

The Coleoptera indicate that the Dimlington Silts were 
deposited in a pond with little aquatic vegetation, sur- 
rounded by open expanses of sand and silt with a patchy 
covering of moss. The fauna. however, lacks many of the 
species usually found in mid-Weichselian depdésits, so it 
seems to represent an impoverished version of that fauna. 
This does not result from inadequate sampling, because 
some species are present in large numbers, but suggests 
that the climatic conditions at Dimlington were too harsh 
for all but a few of the most hardy species. 

The radiocarbon dates indicate that the Dimlington 
Silts were deposited, not in an oo but during 
the Upper Pleniglacial (approx. 29000- 13000 years BP), 
which was the period of maximum Weichselian glaciation 
on the continent of Europe’. The Drab, Purple and 
Hessle Tills, which overlie the silts, also belong to the 
Upper Pleniglacial. because they he beyond the limits of 
the Late Glacial moraines, and because the Hessle Till 
(or its equivalent) is overlain at several places by pre- 
Allered deposits*-*. It is*ikely that the retreating ice 


had cleared north Lancashire by about 14000 Bp? 
and the lowlands of SW Seotland by 13000 Br?! 


The Drab and succeeding tills (that is, the “Newer 
Drift? of Holderness} were therefore deposited during 
the comparatively short period between 18000 and (at 
the latest) 13000 Bp. This seems searcely long enough 
for three separate ice sheets to mvade east. Yorkshire, 
so we take this as further vindication of Carruthers’s 
suggestion’? that these tills were produced by the melting 
of one composite ice sheet. 

The known habitat of Pohlia wahlenbergti and the 
impoverished insect fauna suggest that the ice sheet was 
not far distant when the ae Silts were he Sure 
18000 BP, 
a little later, ee Daliniai is ERN 30 ia af ‘the 
distal edge of the Weichsehan tills measured along the 
direction of ice flow!®, The dates for the Dimlington moss 
have a remarkable analogue in southern Ohio'*. where 
pieces of wood incorporated in the till at or very near 
the limit of the principal Wisconsin advance gave dates 
of 18000 + 400, 180804400 and 18500+420 years BP, 
indicating that there too the limit of the advance was 
reached about 18000 Bp or shortly afterwards. 

Our conclusions support a grow ing body of opinion 
that the principal “Newer Drift” glaciation of the British 
Isles occurred in the later part of the Weichselian 
and was contemporaneous with the main phase of 
that glaciation on the continent of Europe and in North 
America. The ‘Wolverhampton Line” in the English 
Midlands belongs to this periodi’, and John?’ suggested 
a similar age for the “Newer Drift’ of South Wales. 
They also agree with recent palaeotemperature measure- 
ments obtained from Caribbean cores, which suggest 
that the coldest part of the Weichselian was around 
17000 years BP. 

We thank Professor F. W. Shotton for the date given 
by the Radiocarbon Laboratory of Birmingham Univer- 
sity and Dr J. H. Dickson for identifying the fossil mo 
and advising us on its distribution. 
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Palaeomagnetism of the Alghero 
Trachyandesites ° 


SARDINIA is situated about halfway between France and 
Italy in the Mediterranean. Geologists! have suggested 
that Sardinia has not always been in this position, but 
was once much nearer to France. From that original 
position, it is suggested that the island drifted to its 
present location either before? or after! the Middle Ter- 
tiary. The palaeomagnetic method is suited, given ful- 
filment of several conditions, to test such a hypothesis 
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Fig. 3. 
partial demagnetization in a.c. magnetic flelds of 500 oersteds and with 


Directions of magnetizations of the Alghero Volcanics after 


respect to the bedding planes. Open symbols denote north-seeking 
poles pointing up; full symbols denote north-seeking poles pointing 
down. x is direction of axial dipole field in the Alghero area. 


because drifting of Sardinia in the manner geologists have 
suggested could not have occurred without an anticlock- 
wise rotation of the island. Rotation should be detectable 
by comparing palaeomagnetie directions from Sardinia 
with directions from continental Europe, In this com- 
munication, palaeomagnetic data of sixty hand samples 
from Middle Tertiary voleanic rocks near Alghero are 
used for comparison. 

The sampled rocks are ignimbritic pheno-trachy- 
andesites, which occur as extensive flow sheets. They are 
considered to be of Oligocene, perhaps Early Miocene 
age’. Tuffs and conglomerates are intercalated. Ten 
flows have been sampled from about twenty, each flow 
at one site only (Fig. 1). The higher the site number, 
the younger the flow: concerning flows 1-2, this is in 
accordance with Sannat; concerning flows 2-10. with 
Moretti et al.*. 

The natural remanent magnetization (NRM) of the 
Alghero Voleanics was very similar in the sample groups 
of each flow. From each group, one pilot sample was 
progressively demagnetized’** in alternating fields of up 
to 3,000 oersteds. The demagnetizations revealed that the 
total NRM of all these pilot samples was very similar and 
practically singular. Alternating fields below 150 oersteds 
removed a very small soft component (Fig. 2). All 
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Three examples of pilot sample demagnetization diagrams, respectively from flow 2 with normal magnetization (A), from fow 4 with 
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— @— represent orthogonal projections of 


the successive positions of the terminus of the resultant magnetization vector during progressive demagnetization by a.c. magnetic felds. The 


numbers denote the intensities of these fields in oersteds. 


— ©— indicate projections on the north-south vertical plane; fu 


symhpls indicate 


projections on the horizontal plane. 
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Table 1. SUMMARY OF ALGHERO PALAEOMAGNETIG DATA 
. Strike and dip Samples used/ Direction of NRM Confidence Scatter 
Flow-~site of bedding collected J em? x 10° Decl. inch igs K 
$27- 4 4/5 i4- 1-8 9-14 148° E yi 4-5° 386 
2 327- 4 B/D +5- 3-2 7- 8 317° + 43° §-5° 144 
3 327— 4 6/8 z2- 5-9 3~10 82457 +425" 6° 137 
4 827- 4 Lil 02- 1:6 — 7 341° +16° 1-5° 1,090 
5 7- 8 5/3 28 7:4 §— 9 153° — 40° 4° + 415 
6 302-10 475 4-8~16-9 31-52 162-5" -43° 3° 990 
7 i7- 7 5/5 0-5—- 1-0 2~ 4 146° ~~ BRO 2h" 1,090 
8 0- ü 77 0-8- 1:3 2- 3 138-59 ~ 43° 9° 45 
9 272-25 5/5 15- 1:9 3- 5 284° + 54-5 8° 97 
10 105-11 U7 0-2~ 0-6 i- 2 283° + 49° 4° 219 


NRM directions after partial demagnetization with 500 


2 


remaining samples were subjected to alternating fields of 
250, 500 and 1,000 oersteds and measured after each 
stage. The site mean directions were computed for the 
500 oersted stage, which seemed to give the best repre- 
sentation of the original NRM. The palaeomagnetic 
results from the Alghero Voleanics are summarized in 
Fig. 3 and Table 1. The sampled rock section contains 
at least two normal and two reversed zones, and the mean 
virtual pole position is 54° N, 95° W (a,;= 12°). 

The characteristic NRM directions of the Alghero Vol- 
eanies have a systematic north-west—south-east declina- 
tion (Fig. 3). Consequently the virtual poles are situated, 
in Opposition to most other virtual poles of Middle 
Tertiary rocks from continental Europe, on the western 


veicanics 


@ Alghero 


Fig, 4. 





ersted alternating field and with respect to the bedding planes, 


hemisphere (Fig. 4). The three reversals found in the 
Alghero section indicate a relatively long period of flow 
deposition. It is therefore less plausible to attribute the 
observed deviation to ordinary secular variation. Hence 
these palaeomagnetic data from the Alghero Volcanics 
could be taken as the proof for a rotation (and drifting) 
of the Sardinian block after the Middle Tertiary. We do 
not consider the data to be definitely conclusive, because 
another explanation for te Alghero deviation might be 
polar wandering during the Middle Tertiary. Similar 
deviations on the European Continent have been reported 
by Roche? from Late Miocene lava flows from Auvergne 
(France). The age of the Alghero Voleanics, however, is 
considered to be Oligocene, perhaps Early Miocene*, and 






ee © Pontian (upper Miocene) 

i O  Findobonian (middie Miocene) 

©  Burdigalian (lower Miocene) 

z] upper Cligocene — lower Miocene 
(upper Oligocene) 
(middle Oligocene) 


 Aguitanian 
O Stampian 


Palaeomagnetic virtual pole positions of the lava flows sampled from the Alghero section in comparison with palaeomagnetic virtual 


poles calculated from the remanent magnetism reported for Oligocene and Miocene lavas from Western and Central Europe (Massif Central) 
Auvergne@*8 Kaiserstuhl”, Siebengebirge and Westerwald!!"*, Northern Bohemia and Central Slovakia”). The stratigraphic names in 
i the legend are in accordance with the nomenclature of the references. 
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palaeomagnetic data of Middle Tertiary rocks from the 
European Continent have not yet produced indications 
for polar wandering during this period. 

We thank Professor R. W. van Bemmelen, Professor 
J. Veldkamp, Professor M. G. Rutten, Mr D. Ferguson 
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for the Advance of Pure Research (Z.W.O.). 
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BIOLOGICAL SCIENCES 


Conformation of Human Serum High 
Density Lipoprotein and its 
Peptide Components 


CIRCULAR dichroic (CD)! and optical rotatory dispersion 
(ORD)? measurements indicate that the protein moiety 
of human serum high density lipoproteins (HDL) contains 
a relatively high content of «-helical conformation, The 
low density hpoprotein fraction (LDL), on the other hand, 
has been found by CD and infrared spectroscopy to be 
relatively less helical in conformation and to contain 
considerable pleated sheet or 6-structure**, The CD 
spectrum of HDL exhibits negative troughs at 222 and 
208 nm, characteristic of «-helical conformation, while 
that of LDL has a major trough at 215-218 nm, suggestive 
of 6-structure. and a shoulder at 208 to 210 nm compatible 
with some helical and/or random structure® (Table 1). 
The infrared spectrum of LDL, between 1,600 and 
1,700 cm~! in 2H,0. has a major band at 1.617—-1,625 cm~ 
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Fig. 1. Expected maximal helical contents of LDL, HDL, ayoh Die 


Gin UR-Gin) and apoHDL-Thr (R-Thr) based on their content of none 
helical forming amino-acids, The points for these lipoprotein fractions 
represent only their content of the indicated amino-acids, obtained by 
total amino-acid analysis!®, and are not based on an optical estimation 
of helical content, The curve is replotted from the data of D. R. Davies’ t, 
by courtesy of the author and the editor of the J curngi af Molecular 


Biology. 
and shoulders at about 1,650 and 1,680-1,685 cmt (Table 


1}. Absorption bands in these regions have been asso- 
ciated with 8, helical or disordered, and antiparallel chain 
8-conformation, respectively’. We now document the 
infrared spectrum of HDL in 2H,0 (Table 1), which 
contrasts with that for LDL in that the major band is at 
1,637-1,640 cm with shoulders at about 1,630 and 
1,650 cm~. Removal of lipid from HDL did not signi- 
fieantly influence this pattern. If previous ORD?! and 
CD? studies of HDL have correctly assessed its helical 
content, it would seem that the helical conformation of 
HDL-protein is manifested in an amide I infrared band 
in 2H,O at a lower wavenumber than such conformation 
in proteins like myoglobin®°, and is similar in this regard 
to the helical polypeptide polyglycine IT (ref. 10). 


Table 1. CD AND INFRARED SPECTRAL CHARACTERISTICS OF HUMANS SERUM 
LOW DENSITY (LDL) AND HIGH DENSITY (HDL) LIPOPROTEIN FPRACTIONS* 7 


CD spectrum (nm) Infrared spectrum (enr } 


Fraction Major trough Shoulder Major band Shoulders 
LDL 215-218 208-210 1,617~1,625 1,840, 1,050 
1,680-1,845 
HDL 208, 220-222 1,637-1,040 1,630, 1,850 


* Serum lipoprotein fractions were ultracentrifugaliy isolated’ ** between. 
densities 1-019-1-063 giem? (LDL), 1-068-1-21 giem? (HDL), and 1-123- 8 195 
giem? (HDL,), and were lmmunochemically pure. 

+ CD and infrared spectra were measured as previously deacribew’. AH 
infrared spectra were measured in 2H,0. 


For many proteins there is a negative correlation 
between the maximal helical content and the content of 
certain non-helical forming amino-acids’. On this basis 
one can predict that HDL would be approximately 70 
to 80 per cent helical (Fig. 1), in reasonable agreement with 
the value calculated from ORD? Consistent with the 
optical measurements just described, the maximal helical 
content of LDL would be expected to be significanthy 
less--only about one-half that of HDL. 

HDL contains several different polypeptides. One of 
us (B.S.) has observed that two major HL peptides 
constitute 90 per cent or more of the protem of HDL, 

* 


= 


70 


(d= 1-125-1-195 g/cm’). Because of their striking dif- 
ferences in composition and possible lipid~peptide and 
peptide-—peptide interactions in HDL, it was of interest 


Yang plots“. The molar ellipticity of an equimolar 
mixture of the two peptides mixed after chromatographie 
separation was — 13,300 (44 per cent helicity), agreeing 
with a helical conformation of 41 per cent calculated from 
the ORD data. 


05 





A (nm) 


Fim 2. CD spectra of apoH DL-Gin (~-—) and apoHDL-Thr (-— y 
Methods for the separation of the peptides and for the measurement 
of CD spectra*® have been described, 


Although the molar ellipticities of the lipid-free protein 
and apoHDL-Thr were appreciably less than that of 
native HDL, a more complete refolding to the native 
eonformation might well be achieved by manipulation of 
the protein’s environment as has recently been demon- 
strated with $-galactosidase!®, The helical segments of 
many proteins are known to be located at the surface and 
away from the hydrophobic interior (D. R. Davies, 
personal communication), so that it will be of considerable 
interest to examine whether apoHDL-Gin is more in- 
timately involved than apoHDL-Thr m interactions with 
the lipid mofety of HDL. 

e his research was supported in part by the US Atomie 


NATURE VOL. 224 OCTOBER 4 1969 


Energy Commission. We thank Miss K. Johns for assist- 
ance and Dr D. S. Fredriekson for advice. 

A. M. Gorto 
Melecular Disease Branch, 
National Heart Institute, 
National Institutes of Health, p 
Bethesda, Maryland, 

B. SHORE 
Bio-Medical Division, 
Lawrence Radiation Laboratory, 
University of California, 
Livermore, Cahfornia. 


Received July 25, 1969. 


*Seanu, A., and Hirz, R., Pree, US Nat. Acad. Sei., 59, 890 (1968). 

? Scanu, A., Proc. US Nat, Acad. Sci., 54, 1699 (1965). 

* Gotto, A. M., Levy, R. L, and Fredrickson, D. S$., Proc. US Nat. Acad, Se Fe, 
60, 1436 (1968). 

t Gotto, A. M., Levy, R Le 
Nature, 219, 1157 (1968). 

t Seanu, A., Pollard, H.. Hirz, R., and Kothary, K.. Proe, US Nat. Acad. 
Set., 62. 171 (1969). 

è Dearborn, G. D., and Waetiaufer, $. B,, Proe, US Nat. Acad, Sci., 62, 179 
(1969). 

* Havel, R. J., Eder, H. å.. and Bragdon, J. H., J. Clin. Invest., 84, 1345 
(1955). 

* Timasheff, S. N., Susi, H., Townend, R., Stevens, L., Goerbunoff, M. J.. 
and Kumosinski, T. F.. in Conformation of Biopolymers (edit. by 
Ramachandran, G. N.}, 1. 173 (Academie Press, New York, 1967). 

* Timasheff, S. N., and Susi, H., J. Biol. Chem., 241, 249 (1966). 

1 Suzuki, S., Iwashita, Y.. Shimanouchi, J., and Tsuboi, M., Biopelymers, 4, 
337 (1966). 

H Davies, D, R., J. Mal. Biol., 9, 605 (1964). 

it Spackman, D. H., Stein, W. H., and Moore, S., Analyt. Chem., 30, 1190 
(1958). 

13 Shore, B., and Shore, V., Biochemistry, 7, 3396 (1968). 

“Yang, J. L, in Poly-a-Amino Acids: Protein Models for Conformational 
Studies (edit. by Fasman, G. D.), 1, 239 (Marcel Dekker, New York, 


Rosenthal, A. Su and Fredrickson, D. S., 


13867). 
* Ullmann, An and Monod, J., Biochem. Biophys. Res, Commun., 35, 35 
(1969), 


Evidence against Orientation of Water 
in Rat Phrenic Nerve 


Chapman and MecLauchlan' reported that the proton 
magnetic resonance (PMR) spectrum of the rabbit sciatic 
nerve exhibited a doublet structure with the spacing 
between components showmg an angular dependence of 
the form (3 cos? 09-1), where 0 was the angle between the 
sample axis and the direction of the external magnetic 
field. They suggested that this splitting arises from the 
direct. dipole-dipole interaction between the two protons 
of the water molecules which is not averaged to zero 
because of partial orientation of the bulk water within 
the nerve®. [f this interpretation is correct, it would be 
of interest for the mformation it provides about the 
internal organization of the nerve tissue. 

In an attempt to verify their experiment with greater 
precision, we examined the deuterium magnetic resonance 
(DMR) spectrum of the phrenic nerve of the laboratory 
rat (Sprague-Dawley strain) adapted to a deuterium level 
of approximately 25 per cent by the provision of drinking 
water enriched to this isotopic composition’. 

The deuteron has nuclear spin L=] and a nuclear 
quadrupole moment. The interaction between the quadru- 
pole moment and the electric field gradient of the OD bond 
in the HOD molecule is such that HOD molecules com- 
pletely oriented and aligned with the OD bond along the 
magnetic field direction will exhibit a doublet DMR 
spectrum with the spacing between components equal to 
220 G (ref. 4). The splitting of the DMR obeys the same 
angular dependence as does the dipole-dipole splitting of 
the PMR. When the proton-proton vector of completely 
aligned water molecules is oriented parallel to the external 
magnetic field, the PMR spectrum exhibits a doublet with 
spacing between components of 21-6 G (ref. 5). 

Apart from differences in line widths, it Is apparent 
that the DMR is almost exactly ten times more sensitive 
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Fig. L Deuterium nuclear magnetic resuna he e spectrum, at 5-882 MHz, 

of the phrenic nerve from a rat adapted to 25 per cent D,O. The arrows 

correspond to the positions where quadrupolar induced satellite 4 would 

occur for oriented water with an order parameter of 3 x 10°* with the 
OD bonds aligned perpendicular to the magnetic field. 


to orientation than the PMR. For the orientation para- 
meter of order 10 reported in ref. 1 and for the per- 
pendicular orientation which is most probable statistically, 
we expect to observe two deuteron resonances spaced 
by 0-12 G compared with the spacing of approximately 
0-025 G observed by Chapmanand MeLauchlan’. 

Fig. 1 is the DMR of the rat*phrenic nerve observed at 
5-882 MHz at room temperature. The nerve, 1-5 inches in 
length, was contained in a capillary tube the long axis of 
which was perpendicular to the Zeeman field. This length 
was several times the sensitive length of the receiver coil 
so that end effects were minimized. The positions mdi- 
cated by arrows are those where resonances may be 
expected for the perpendicular orientation for the previ- 
ously mentioned order parameter. An extended search 
failed to reveal any resonances other than that at the 
unshifted water position. 

There are a number of possible explanations which 
account for the discrepancy between the PMR and DMR 
experiments. Ifthe proton-proton vectors of all the water 
molecules were oriented along the nerve axis, the angle 
between the magnetic field and the OD bond would be 
nearly magic” in our geometry so that the two DMR 
lines would coalesce. The DMR splitting would be 
observable were the nerve axis along the magnetic field. 
Dr MeLauchlan (private communication) has pointed 
out to us that for a particular set of order parameters it 
-may be impossible to observe the DMR splitting at any 
orientation. 

Alternatively, the degree of order is either much smaller 
than inferred in ref. 1 or non-existent. Fritz and Swift’ 
have studied the PMR of frog nerves, in a geometry similar 
to ours, and report no evidence of splitting of the PMR. 
although they report two distinct types of water. Cope? 
has reported PMR and DMR experiments on brain and 
muscle tissue, and again no structure is observed although 
relaxation data indicate two types of water. 

There is another reason which militates strongly against 
the interpretation offered by Chapman and McLauchlan. 
At the pH of tissue the mean time between proton jumps 
is not longer than 2 x 10 s (ref. 8}. Such a short residence 
time would preclude observation of a dipolar splitting of 
100 Hz in the PMR spectrum. This contention is sub- 
stantiated by the work of Lawson and Flautt® on lyotropic 
liquid erystal systems containing 50 per cent water. We 
have prepared a large number of samples followmg their 
procedure and have always been able to observe the quad- 
rupolar splttmg in the DMR when the samples were 
prepared with D,O. The order parameters are of the order 
of 10. We have observed dipolar PMR spectra of solute 
molecules dissolved in these systems but have never 
observed dipolar sphtting of the H,O component, irrespec- 
tive of the pH. 

Finally, previous experience alerted us to the possible 
spectral changes which may accompany a non-ideal 
sample geometry!*. The samples used in ref. 1, 4 mm in 
length by 1 mm in diameter, are such that the internal 
field is neither homogeneous nor invariant on rotation of 
the specimen. We have prepared short lengths of various 
nerves and examined their PMR in an 4-60 and observed 
spectra similar to those of ref. 1 when the nerves have 


ra 


dried slightly and no longer fill the capillary uniformby 
and completely. Simulations of nerves prep: ared by 
moistening 4 mm long pieces of twine also exhibit such 
structured spectra. 

a e Teee men that the o of ref. | arise as an 
Dr D. Gill (private 
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Modification by Crude Histones of 
Gene Activity for Lactate 
Dehydrogenase 


THE two different polypeptide units, M and H, of lactate 
dehydrogenase (LDH) are combined in tetrads to form 
the active enzyme molecules. Five different isoenzymes. 
LDH-1 (H,), LDH-2 (H,M), LDH-3 (HM) LDH-4 
(HM,) and LDH-5 (M,), exist. The production of each 
subunit is under the control of a specifie gene, one for the 
H and the other for the M polypeptide’. Normally, m a 
given spec! ies, the LDH isoenzyme pattern of each tissue 
is quite well defined and to some extent characteristic 
os ads tissue. DiS RUTOR studies of ee isoenzyme 
sion in i experimental p e 

In embryonie chick brain organ cultures low concentra- 
tions of crude histone from calf thymus and chicken liver 
cause an inductive response in LDH activity, whereas at 
higher concentrations the response is repressive?. We 
have studied the effect of crude histone extracts on the 
LDH isoenzyme pattern of organ cultures of mouse kidney 
(Bar Harbor ‘strain 129). oe extracts were prepared 


by a Pid Geek of the acne of Allfrey’. A E po 
cial calf thymus preparation was also used (Sigma Chemi- 
eal Co. type ITA). 

Two kidneys of a mouse (Bar Harbor strain 120) were 
removed aseptically and each cortex sliced into approxi- 
mately 1] mm? cubes. By random selection, eight of these 
were placed on a ‘Millipore’ filter in each of four filter 
wells*. T he tw o control vessels oo are 5 mh  mamter n- 


100 D of the crude alone. pre cage ation. The eae 
used was Medium 199 of Morgan, Morton and Parker 
(Burroughs Wellcome, type TC22). To this was added 
500 units/ml. of penicillin G, 0-25 mg/ml. of streptomycin 
sulphate, 60 units/ml. of mycostatin and 4 mg/ml. of 
sodium bicarbonate. The four vessels were gassed out 
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Fig. 1. Electrophoresis patterns of isoenzyme bands obtained after 3 
days of organ culture of mouse kidney. a and ein medium alone: b with 
added calf thymus histone, note increase in rapidly moving bands; and 
d with added rat liver histone, note increase in slowest moving bands, 





with 5 per cent CO, in air and incubated at 37° C for 
periods of up to four days. 

At the end of each appropriate incubation period, one 
control and one test vessel were opened and the medium 
and tissue removed. Each medium was estimated for 
glucose content, LDH activity and LDH isoenzyme distri- 
bution. Two of the eight pieces of tissue in each vessel 
were kept for histological investigation and the remainder 
homogenized in 1 ml. physiological saline. 0-5 ml. of 
this homogenate was taken for DNA determination’ at 
day 1 and day 3 (24 h and 72 h in culture respectively), 
This was done in all the observations with thymus histone 


Table 1, 
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but not in all those with liver histone. The remaining 
0-5 ml. homogenate was centrifuged to remove cell debris 
and the supernatant used for the determination of total 
LDH activity and LDH isoenzyme distribution. The LDH 
activities were estimated by a _ spectrophotometric 
method, the LDH isoenzyme patterns of the medium 
and tissue supernatant were obtained by starch gel 
electrophoresis’, and the percentage of each isoenzyme was 
estimated by reflectance densitometry after staining the 
gel for LDH activity*. Because the pieces of tissue were 
not the same weight, their total LDH activity was 
expressed per yg tissue DNA. From the percentage of 
each isoenzyme, the proportion of M and H subunit con- 
tent could be calculated. Assuming that these subunits 
contribute equally to the activity of the isoenzyme 
molecules, one could calculate the contribution to LDH 
activity made by each of them, and this has been expressed 
in terms of DNA content. 

The results obtamed after organ culture in medium 
containing crude calf thymus histone are shown in 
Table 1 and those with crufe rat liver histone in Table 2. 
Typical results obtained after incubation with crude 
histones for 3 days are shown in Fig. 1. With the thymus 
fraction, the increase in the proportion of those isoenzymes 
moving more rapidly towards the anode is obvious. 
The change with the liver fraction was not nearly so 
marked but was in the direction of an increase in the 
slower moving isoenzymes. 

Statistical appraisal of the data was made by the non- 
parametrice normalizing techniques of Mann-Whitney 
and Wilcoxon, for we did not feel justified in assuming a 
Student distribution. The results shown in Tables 1 and 
2 indicated that within each vertical column there was no 
significant difference in the control group. It was there- 
fore considered correct within each column to compare 
all of the control values with all of the tests, irrespective 
of the day on which they were obtained. 

There was quite clearly (Table 1) an increase in the 
percentage of LDH-1 (P?=0-01) in the cultures exposed 
to the effect of crude calf thymus histone. These cultures 
also showed a significant increase in the H subunit con- 
tribution to the total LDH activity expressed in terms of 
DNA (P=0-05). The results of treatment with crude rat 
liver histone (Table 2) at the same concentration were 
quite the opposite. Instead of an increase in the LDH-1, 
there was a significant increase in the percentage of LDH-5 
(P=0-01) and there was a significant increase in M sub- 


EFFECT OF CRUDE CALF THYMUS HISTONE 


H subunit 


Day LDH-1 LDH-2 LDH-3 LDH-4 LDH-5 H subunits LDH activity activity 
(per cent) (per cent) (per cent) (per cent) (per cent) (per cent) (T.U. DNA) (LU./eg DNA) 
l 305 36-2 226 27:8 17-8 221 12:9 8:3 16-1 55 59-6 703 100 98 60 69 
31:7 34-9 21-4 24:7 17-8 19:2 l4-4 11-6 14-4 9-6 60-3 65-9 142 156 x6 103 
30:2 400 264 260 208 270 11:3 6-0 11:3 6-0 63-2 72-0 116 121 7 7 
314 306 26:7 25-6 236 21:7 10-5 12:2 7-9 10-0 65 63-8 120 120 79 77 
26:5 28:3 25:0 26-2 28-1 25:2 22:7 12-8 TT 76 626 63:8 110 108 69 69 
42°] 32-3 20-6 292 15-1 24-0 72 11% 5:9 31 737 690 7 R5 62 59 
370 357 30:6 31-6 194 21-4 6-5 71 6:5 41 71-3 71 135 142 O6 102 
2 24:7 355 182 257 190 25:7 190 13-0 19-0 0-0 52:7 71-0 
. 27-3 1000 22-0 0-0 30-3 0:0 12:1 0-0 81 0-0 62-0 100-0 
28-1 839-1 266 283 26:6 28-3 I8-8 44 0-0 0-0 66:1 756 
d 20-0 34-0 17:8 20:6 22:0 226 16-0 11:3 15-0 11-3 574 036 
32:0 356 24-7 19-9 208 15:3 10-9 13-4 108 156 645 616 
26:9 284 18-0 19-0 167 168 16:7 14:7 21:8 21-1 53:0 548 
32-0 34-4 30:2 33:2 195 183 9-5 9-9 89 9:2 669 673 
3 24-4 32 27:5 202 26-1 17-9 125 13-1 9-5 10-7 61-2 64-1 55 68 34 44 
30:9 39-4 25:0 25-4 191 16:9 14:7 11-3 10:3 70 584 698 116 120 68 S4 
23:5 25°6 17:7 18:0 23:5 205 177 18:0 177 180 53:0 5309 136 107 72 58 
28:3 32-2 228 243 19-4 19-8 15-0 13-6 14-4 10:2 58:0. 63-7 119 121 70 77 
38-3 35-90 30-8 23-4 192 19:8 67 9-9 4-8 0-9 72-9 66-9 35 67 26 45 
24-1 28°3 22:3 20:2 19-5 17:0 15-3 16:3 16-7 17-4 504 56-5 59 79 33 45 
312 33:1 24-9 23-1 206 168 12:0 121 11-1 14-0 63-2 öls 90 111 57 60 
4 33:0 22°5 14-2 105 13-4 19:5 175 210 21:7 14-5 54-8 62-9 
23:6 205 146 24-2 20-2 25:3 18:8 13-7 22-9 7-4 4 63:8 
38:9 500 238 32-6 210 166 8-9 1-0 7-5 0-0 695 S827 
250 21-5 22-() 18-0 176 206 192 206 18-2 19-2 551 50:5 
34-0 355 20-0 20:5 17-5 16:2 10-8 11:8 17:5 16:2 60-5 62-0 
20-4 337 23:5 20-0 177 15:8 12:8 15-3 16-7 153 591 60-4 
27:0 265 23 21-2 21:9 212 16°9 16-4 10-7 14:8 599 &7-1 


In this tafe and in Table 2, under each heading, the results are arranged in two columns, with the control findings on the left. Each test value is 


adjacent to its own control. 
a 


The day on which organ culture commenced has been designated day 0. 
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Table 2. EFFECT OF CRUDE KAT LIVER HISTONE 


M subunit 
Day LDH-1 LDH-2. LDH-3 LDH-4 LDH-5 M subunits LDH activity activity 
(per cent) (per cent) (per cent) (per cent) (per cent) (per cent) (L.U./ug DNA) (LU./ue DNA) 
1 24:7 23-0 20:5 22-0 22-8 22:0 14-9 16:5 17-2 16:5 44-9 45-4 66 49 30 22 
26-9 24-9 26-1 23:2 22-7 24-1 11:8 13-3 12:6 14:5 39-4 42-4 81 82 32 
27-0 20-6 24°6 24-1 19:7 20-4 14:8 13-0 13:1 13-0 40:3 39-0 170 208 68 Sl 
°17-°5 14:8 19-0 14:8 25-4 25-9 17:5 22-2 20-8 22-2 51-2 556 187 242 95 136 
28:7 25:3 28-7 28:2 22:8 23-5 0-6 11-2 10:2 11:8 36-0 39-1 154 125 55 49 
27-1 28-3 27-6 25-4 22:7 23:1 11-1 11:0 11-6 12-1 38:2 384 130 130 49 49 
33-2 34:1 25-7 27:2 19-4 17-6 10-6 11-8 11:2 9-6 35-3 33-9 
838:0 33-5 23:0 25:5 20:7 16-2 10:3 11-8 7-9 12-9 31-8 36:3 
3 23-6 22:7 19-1 19-5 20-8 18-4 19-1 15:9 17-4 20-5 46-9 48:8 29 36 14 18 
26-1 254 19-6 20:2 19-0 20-2 17:0 14-9 18:3 21-1 455 47:5 94 128 43 61 
25-0 25:7 23-2 24:2 22-6 21-1 14:9 14:3 14:3 14:7 42-6 42-1 73 92 31 39 
30-8 31:3 28-1 25-0 21:8 19-9 18:5 12:5 10-9 11-4 37-7 37:4 109 152 41 56 
29-1 28-4 24-0 23°5 19:9 21-1 13:3 12:8 13-8 14-2 39-8 40:3 4 &6 26 34 
34-2 29°1 24-2 24-7 181 20:3 12:1 3:3 11-4 12-7 35°7 39-1 108 108 39 42 
60-8 43-4 19-6 23:7 11:8 14:5 5-9 18 2-0 6ğ 17:2 28-7 
40-0 46-4 23-3 19-2 16:7 19-1 13°3 TT 6:7 77 30-9 27:9 


unit contribution to total LDH activity expressed in terms 
of DNA (P=0-05). The LDH isoenzyme pattern of non- 
incubated tissue homogenized in saline containing histone 
did not differ from that of tissue homogenized in saline 
alone (Fig. 2). This ruled out ghe possibility of any physi- 
cal combination of the LDH isoenzymes with histone 
causing an apparent change in their distribution. 

The isoenzyme patterns were not altered when the 
medium was enriched with the amino-acids present in 
calf thymus histone in amounts equivalent to those 
present in 100 ug/ml. histone’ (Fig. 2). This evidence 
indicates that the change in the LDH pattern was not 
caused by hydrolysis of the histone making additional 
amino-acids available for protein synthesis. In each case 
that we have investigated, the pattern of distribution 
in the spent medium reflected that of the tissue main- 
tained in it. Although leakage of the enzyme occurred, 
it did not seem to favour any one isoenzyme. The pattern 
changes in the tissue could not therefore be ascribed to 
differential leakage phenomena. 

No significant differences could be found in the decrease 
of glucose content of the medium in the control flasks 
compared with the tests at comparable sample times. Our 
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Fig, 2. Control electrophoresis patterns of isoenzyme bands showing no 

change when mouse kidney cortex was homogenized a in saline, > in 

saäline with histone; or maintained ¢ in medium for 3 days, d in 
medium with histone amino-acids for 3 days. 


current investigations involving the study of the incorpora- 
tion of “C-leucine into proteins during organ culture 
suggest that the mouse kidney tissue is quite viable after 
three days’ incubation both in medium alone and m 
medium with calf thymus histone added, and that there 
is no significant difference between the test and contro! 
experiments in relation to the incorporation of 'C-leucine 
nor in the resultant inhibition by puromyein. 

Histological examination of the pieces of tissue before 
and after the culture periods indicated some tendency 
towards central necrosis in the incubated pieces. In no 
case, however, did necrosis seem to exceed approximately 
10 per cent of the whole at day 1, or 20 per cent at day 4. 
There was no obvious difference between test tissues and 
their appropriate controls. 

The exact nature of the influence of the crude histone 
on the LDH isoenzyme pattern is as yet unknown. 
Possibly there was selective masking of certain cells within 
the pieces of kidney cortex and those cells remaining 
active produced an isoenzyme pattern different from the 
original. It is, however, difficult to conceive why histone 
should mask some cells and not others. Also, there was 
certainly no diminution in the total LDH activity per 
unit DNA for cells treated with histone, which is further 
evidence against this idea. We have considered a number 
of other possibilities but none explains the finding that 
crude liver histone acts in a manner which is opposite 
to that from thymus. Because gene masking by histones 
is probably non-specific!®-"*, we can only conclude that 
our crude extracts contain factors, not necessarily his- 
tones, which affect gene activity in a manner that is not 
species specific. In the light of recent observations", 
one might speculate that acidic nuclear proteins are 
involved. It is also interesting that our observations 
indicate that the regulatory substances are capable of 
permeating cell membranes. 
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Third Sublocus in the HL-A Human 
Transplantation System 
bait ML- A sy stem | is oe main A bec ae ann anen 


with enaa Cue of survi val of Aa organs. 

Immunogenetically, the HL-A system is very complex. 
Each gene or chromosomal region thereof is expressed 
Seton ca ly as lupis factors which segregate as units 
Within the HL-A region, two sub- 
loci have e a been positively identified. Thus, for the 
first subloeus, only one of the following factors can be 
expressed on a single chromosome: HL-A 1, 2, 3, 9. 
Da-17, and Le-26. These six factors therefore appear to 
be mutually exclusive. The second sublocus consists of at 
least the followi ing: HL-A 5, 7, 8. and Da-4. These are 
also mutually exclusive. A person's HL-A genotype 
might, for example, be HL-A 1. 5/2. 7, where factors ł 
and 2 appear allelic to each other and 5 and 7 also seem 
to be allelic. The similarity to the Rh system, for ex ample. 
to CDeje E, where C and ¢ and e and Æ appear allelic, is 
evident. Just as CDe is inherited as a unit in family studies, 
so also is HL-A 1, 5 in the example given here. 

In an earlier study in collaboration with Dausset et al.', 
we noted that our specificities Le-l7 and Le-20 appeared 
mutually exclusive. The possibility of yet a third sub- 
locus within the HL-A system was suggested but could 
not be established with only two specificities to consider 
and these not of a particularly high ineidence. In this 
Spor: however, we add two new specificities, Le-23 and 
Le-24, whose mutually exclusive relationship to each other 
and to Le-17 and Le-20 indicates more clear ly the existence 
ofa third sublocus within the HL—A system. An additional 
and fifth specificity. Lc-25, may also reside within this 
sublocus. 

All typing was done with the lymphocyte miero- 
evtotoxicity test? Antisera for Le-17 (Harris) and Le-20 
(Anderson) were available from our earlier studies®. Other 
antisera were produced by intradermal injection of leuco- 
cytes from selected donors into selected recipients (re- 
cipients Gallardo, Sykes and Espitia) by methods re- 
viewed elsewhere!, and some antisera were obtained from 
the NIH serum bank (Dean, Fujinaka and Valentine). 
The specificity Lc-23 was defined by reaction of the donor's 
lymphocytes with antisera from Gallardo and Dean, Le-24 
by antiserum Sykes, and Le-25 by antisera from Espitia, 
Fujinaka and Valentine. Standard leucocyte typing sera 
available from Hyland Laboratories were used to define 
certai n established p of the first and second sub- 


For h ‘study ‘the lymphocytes of mothers, fathers, 
and three or more children from twenty-five families were 
typed with the antisera. The results were subjected 
to immunogenetic analysis as outlined by Ceppellini et 
al., whereby the specificities residing on each of the two 
HL-A chromosomes of each parent could be defined. 
Hence, from the twenty-five families one hundred chromo- 
sorhes were available for a comparison of the relationships 
among the different serological specificities. 

In Fig. 1 the 100 chromosomes have been arranged so 
that all those carrying Le-17 are at the top, followed by 
those earrying Le-20, and so forth. It is seen that of 
specificities Le-17, 20, 23. 24 and 25, no more than one 
was found on any of the 100 chromosomes. Because 
Le-25 is a rare specificity, its location within this sub- 
loeus on the basis of these 100 chromosomes may be merely 
accidental, But it is unlikely that this would be the case 
for specificities Lc-23 or Le-24, present on 12 per cent and 
10 per cent of the chromosomes, respectively. A lympho- 
cyte specificity not within this third sublocus would tend 
to be more randomly distributed with oes to the sub- 


locus. This is indeed the ease for HL-A 1, 2, 3.9.7, 8 
and Da-4 (Mig. 1). 
2 
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Within the third sublocus, 46 per cent of the chromo- 
somes show no identifiable specificity, indicating that 
unknown specificities remain to be discovered within this 
sublocus. Within our twenty-five families, we observed 
no cross-over between the first, second and third sub- 
loci, Foninang that ies we have oe ae third sub- 
In a 
population study of se aay dander persons not related 
to the families. no more than twe of our third sub- 
locus specificities were present phenotypically on any 
single person. The preliminary population analysis thus 
bears out the more rigorous family genetic data. 

The HL-A human leucocyte system is the most complex 
and polymorphic antigenic system known in man. At 
least three dozen. and probably more. different speci- 
ficities have been enta a y various onorat ies since 


great EAE m RANE a ona rec ae ‘for 
organ transplantation in man. It is clearly desirable to 
be able to group-—as rapidly as possible- oe Increasingly 
large number of serologically defined HL-—A specificities 
mto some conceptual order. The concept of subloci 
pier se to the ae aen mi man or the H-2 system 

g At each sublocus 
only one S spec ‘ificity | exists per o and therefore 


only two, phenotypically. for each person. <A person 
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Fig, 1. HL-A specificities corresponding to 100 chromosomes from 


twenty-five Caucasian families, arranged to illustrate in particular the 

allelic relationships at the third sublocus. No chromosome corresponds 

to more than one specificity at this sublocus, or indeed at the first or 

second sublocus. Solid bars are positive, cross-hatch either equivocal or 

not done, blank space a negative reaction. Many antigens at all sub- 

loci are undefined, and simply give negative reactions with existing 
antisera. 
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represented by HL-A 1, 5, 17/2, 8, 23 would therefore 
be completely defined at all three subloci, and could be 
presumed to lack not only the remaining known but even 
the remaining undefined specificities at these subloci. On 
the other hand, a person represented by HL-A 1, ?, 
17/2, 8, ?. who was negative for all remaining known 
specificities for the second and third subloci, is defined 
only for the first sublocus, but is either homozygous or 
possesses specificities for the second and third for which 
typing sera are not yet available. 
This investigation was supported in part by a grant 
from the US National Institutes of Health. 
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Crossing-over within the HL-A System 


GENETIC Information for the human HL~A transplanta- 
tion antigens seems to be located at two closely linked 
mutational sites, which are often called LA and Foeur'. 
A considerable number of genetic factors, behaving as 
multiple alleles, belong to each of the two sites!-*, it is 
still uncertain whether these are separate but closely 
linked “genetic units”, or whether tney belong to the 
same “unit” as families with unequivocal recombinants. 
Batchelor and Chapman? and Ward ef al. found a few 
cross-overs, but they were questioned by Walford’, for 
they did not relate to well known HL-—A specificities. 

Ceppellini et alt have calculated the recombination 
frequency between the LA and Four series to be less than 
1-4 per cent. Our investigation with Dr E. Thorsby, 
Oslo, of the HL—A antigens in 140 Scandinavian families® 
confirmed the existence of the LA and Four series, and 
none of the children observed were recombinants and the 
recombination frequency was calculated to be less than 
0-9 per cent. Shortly after finishing this study, we found 
a family showing recombination between two well defined 
HL-A specificities. 

The family (HN-RH) included both parents and six 
children (Table 1), HL-A typing was performed because 
the sixth child was a prospective kidney recipient. It 
was done using cytotoxicity and complement (C’) fixation 


Table 1 
Blood groups 
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with lymphocytes and platelets as antigen, respectively, 
according to methods described elsewhere'*:", The family, 
except child No. six (who died), was tested twice. All 
HL-A antigens were determined by lymphocytotoxicity 
in Arhus and Copenhagen. The antigens, Hi-A2, 3, 4, 
5, 7 and BB, were detected by cytotoxicity as well as 
complement-fixation techniques. About a hundred dit- 
ferent antisera were used im these typing procedures. 
Quantitation of the amount of BB antigen on platelets 
was carried out as described elsewhere’ by titrating 
platelet suspensions against a constant amount of a C 
fixing anti-BB platelet antibody; that on lymphocytes 
was assessed by parallel titrations of several cytotoxic 
anti-BB sera against identical numbers (2,000) of lympho- 
cytes from the family members. The reactions were read, 
determming the exact percentage of killed cells, and 
scored?®, 

None of the family had any signs of congenital mal- 
formations. All the HL—A typings (Table 1) gave identical 
results in both laboratories and with both techniques. 
HL--A haplotype segregation and HL-A genotypes are 
easily deduced from the segregation of the individual 
HL-A determinants. Except for the fifth child, the 
mother’s HL-A3 and HL-AT determinants have both 
passed to the children. The inheritance of the father’s 
HL-A antigens is as one would expect. 

Table 2. AMOUNT OF BB ANTIGEN ON PLATELETS AND LYMPHOCYTES 

Pla tele t concentrations” Lymphocytotoxie titres t 


Family Second (sey, res) for serur: 
member i T determination UPS 3001/69 AT 440: G8 
Father 42.000 30,006 5 7 id 
Mother — 45,000 4 4 id 
Child I sme 43 00 $ 4 i4 
Child 2 -— on Q i} G 
Child 3 43,000 24 QÜ 4 7 Ta 
Chid 4 37,000 30,000 5 7 is 
Chile 5 19, COG i 7,500 16 Fat is 
Child 6 < tea See ete 


* Number of cells per wl. needed to fix identical amounta of complement 
with a constant amount of anti-B. 

t The reactions were scored as described previousiyv?"® and the number of 
plusses were added. 

—, Not done. 


Table 2 shows the results of quantitation of the amount 
of BB antigen on platelets and lymphocytes from various 
family members. On two occasions, the amount of plate- 
lets from the fifth child needed to fix a certain amount of 
complement was about half that of her relatives, indicating 
that they contain twice as much BB antigen as the other 
platelets tested. Analogously, the lymphocytes from the 
fifth child also yielded the highest titres and scores with 
the various cytotoxic anti- BS sera, although this difference 
was small, mostly only one titre step. 

The family contains three HLA identical siblings (1, 
3 and 4) all of whom have received the father’s ù and the 
mother’s d haplotype. Two well defined HL—A ant igens, 
HL-A3 and HL-AT7, show a dev lation oui: ie in- 
heritance expected of linked factors: s 
coupling in the first four children, and they are pane 
lacking in the sixth child, but the fifth child only received 
HL-A3 and not HL-A7. This may be explained either 
by a deletion or a suppression of HL-—A7 in this child, or 
by a recombmation between the mother’s LA and Pour 
determinants during meiosis. If the fifth child is a re- 
combinant, she must have received BB from her mother 
instead of HL-A7, and she must then be BAB-home- 


PAMILY WITH THE FIFTH CHILD SHOWING CROSSING-OVER 


HL-A system 


Sex ABO Rh MNSs P, Lee Le Lue K Fy 1 2 Ba* 3 ILN* H9 Dal? 5 R* 7 8 T32 HN BB FU haplo- HI-A genotypes 
types 
F 0O CeDee MNse + + o oe - = + ~ 4+ = om —_ m nS = + ~~ ab 2.7120 LN"*, BB 
M 0 CCDee MNss + = + = - = = + ~ o = o - a a ed 2, RBIS, 7 i 
Lf O COCDee MNs + č = + = = + -~ = = 4 + | mmm bd ILN*, BB/3, 7 
2 Í 0 CeDee MN So ea aa e e soo ee ee ee ee ee 
SLC ENS + = $m mm me o o o = =o oo o oe o ~ + ~ bd ILN*, BBI3,7 
4f 0 Cleee ENas + = + = = + = =~ =~ + 4+ ~ ~ —-~ + m 4 ~ hed IL LAS T ři 
öf 0 CeDee MNss + - - =e ~ + = = = + = _ mem ~ mm bt 7} 7 LN*, BRIZ, (BB) 
6f OG CeDee MNss + la i - =- = + -+ ~- ae 2, T12/2, BB 
Haplotypes: @=2, T12; b= IL N*, BB; c=2, BB; d=3, 7. 
j= oie 
The figures 1. 2, 3, 5, 7, 8 and 9 refer to WHO nomenclature: NHL-A 1, 2, 3 and sọ on, xs 
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zygous, for she has also inherited BB from her father. The 
results of the semiquantitative experiments (Table 2) 
indicate that her platelets and lymphocytes contain more 
BB antigen than any of those from her relatives who are 
all BB-heterozygous; in fact, the platelets of the fifth 
child contain about twice as much BB antigen as those 
from the other BS-positive members. It has previously 
been shown that the HL—42 gene has dosage effect!?, and 
it seems reasonable to expect that other HL—A genes have 
the same influence on the amount of antigen present on 
the cells. We therefore find it most likely that the fifth 
child is BB-homozygous, so that recombination between 
the LA and Four series is the most probable explanation 
for the unexpected HL-A type of this child. (This re- 
combination originates from the mother so that disputed 
paternity cannot explain the typing results.) 

Such recombination shows clearly that the genetic 
determinants of the LA and four antigens are in different 
mutational sites, but it constitutes no proof that these 
sites are m different cistrons (loci), for intragenic re- 
combination has been observed in humans!’. Whether 
one or two loci are involved must be determimed by 
biochemical studies; separation of purified antigens 
belonging to the two series, LA and Four, has yielded 
evidence that two loci may be the correct answer because 
LA and Four specificities are found in different peaks on 
chromatography!*, Some of our recent findings indicate 
the existence of additional mutational sites linked to LA 
and Four, which will add to the extreme polymorphism of 
this major histocompatibility system in man. 

F. KissMEYER-NIELSEN 
A, SVEJGAARD 
S. AHRONS 
L. STAUB NIELSEN 
Blood Bank and Blood Grouping Laboratory, 
Århus Kommunehospital, 
Århus, and 
Blood Bank, 
University Hospital, 
Copenhagen, Denmark. 
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Unresponsiveness of Mixed 
Leucocyte Cultures from 
Thymectomized Adult Dogs 


Tur mixed leucocyte culture test! has been modified 
and adopted for the dog in our laboratory. When peri- 
pheral blood leucocytes from two unrelated people are 
mixed in culture for several days (the untreated cells 
from one individual acting as the responding population, 
and the mitomycin treated cells from the second individual 
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acting as a stimulation population) a proliferative response 
occurs which is characterized by an inerease in DNA 
synthesis. The same type of response seems to occur in 
the dog. In man and the dog, the response seems to 
be related to the ability of one population of cells to 
recognize an immunogenetic difference in the second 
population of cells. Lack of reactivity in this test is 
interpreted as meaning that two populations of cells lack 
Immunogenetic disparity or cannot recognize the existing 
disparity. If the antigens of the lymphocytes are similar 
to those present m other organs, lack of reactivity in 
mixed leucocyte culture tests might lead to the prediction 
of long term allograft survival. This hypothesis, although 
incompletely tested, seems to be true of human and dog 
kidney transplants (unpublished results). 

There is much evidence chiefly obtained with neonatally 
thymectomized mice indicating that cellular immunity 
as mediated by lymphoid cells is under the influence 
of the thymus’. The role of the thymus in the adult 
animal has not been clearly elucidated, but, because it 
decreases in size as an animal ages, many have thought 
that its functional activity also decreases with age. 
Miller? has shown that if thymus dependent cells in an 
adult thymectomized mouse are destroyed by irradiation, 
the presence of a transplanted thymus is necessary in 
order to recover immunologic competence. He has further 
shown! that adult thymectomized mice have a greatly 
decreased output of thoracic duct lymphocytes some 
months after thymectomy. In 1966, we showed? that 
adult thymectomized dogs, skin allografted and treated 
with azathioprine, tolerated a skin graft for significantly 
longer periods of time than those animals treated with 
azathioprine alone. Others have also shown immuno- 
logical deficieneies in adult thymectomized animals®. 
At this time, evidence was also accumulating that an 
adult animal with a chronically drained thoracie duct 
had a decreased primary response and also tolerated skin 
allografts longer’. Recently, thoracic duct drainage has 
proved to be of some benefit in clinical transplant pro- 
grammes where kidney rejection has been less prolonged 
and less severe in patients with adequate thoracic duct 
fistulae’. 

We have recently studied the reactivity of the lymphoe- 
eytes of chronically thymectomized adult dogs in the 
mixed leucocyte culture test. The four animals referred 
to in this article had thymectomies performed three years 
ago through sternal splitting incisions. The dogs, a weim- 
araner and three others of mixed breed, were adults at the 
time of thymectomy. After surgery, they were housed 
in an animal care unit until these studies began. They 
remained in good health throughout the test period. 
Because we had not developed the mixed leucocyte 
culture test for the dog three years ago, no preoperative 
tests are available; however, no mongrel dog tested in 
our laboratory has failed either to be stimulated and/or 
to stimulate the cells from another mongrel dog in mixed 
leucocyte culture tests. We therefore feel it is a safe 
assumption that preoperatively these four dogs did not 
vary from the rule. Table 1 summarizes our results. In 
each of the four experiments, one thymectomized dog was 
treated as a responder to and a stimulator of cells from 
the other three thymeetomized animals and two normal 
unthymectomized unrelated dogs. Several things should 
be noted from these experiments. In all cases when 
lymphocytes from a thymectomized dog were tested 
with the lymphocytes from a second thymectomized dog, 
lack cf or a minimal response was noted in the mixed 
leucocyte culture test. When the lymphocytes from a 
thymectomized dog were used as a stimulating population 
against the lymphocytes from a normal dog, stimulation 
was seen, although the counts per minute were never as 
high as in the unrelated normals. The most significant 
groups to note are those within the rectangle m Table 1. 
In these combinations, cells from a normal dog were used 
to stimulate cells from the four thymectomized dogs. A 
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lack of or a minimal response by the cells from the 
thymectomized dog was seen in all groups when compared 
with the unrelated controls (XYm, YXm). It can be 
seen from these four experiments that the lymphocytes 
from chronically thymeectomized dogs neither respond 
nor stimulate normally when compared with the control 
animal, e 


Table 1. MIXED LEUCOCYTE CULTURE TESTS 
Expt. 1 Expt. 2 Expt. 3 Expt. 4 
I Dog C D 





The results are expressed in coun 
A, B, C and D are cells from thymectomized dogs and X and Y are n 
aduit cells, In YXm and all other combinations, Y is the responding cell, 
Xm iş the mitomycin treated stimulating cell which owing to mitomycin 
cannot proliferate (respond). 


min (uptake of *H-thymidine). 
Y ormal 


The cells of these adult chronically thymectomized 
dogs, although immunologically different, were either 
unreacting or minimal reacting in culture. It might 
follow that thymectomized animals, provided thymec- 
tomy had been done some time previously, might enjoy 
prolonged allograft survival. 

This work was supported by grants from the Office of 
Naval Research and the Surgical Associates. We thank 
F. H. Bach for his help in developing the MLC test in the 
dog and our other colleagues for helpful criticism and 
advice. 
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Time Cycle for Intracellular Synthesis 
of Murine Leukaemia Virus 


Murine leukaemia provides an effective model system 
for the study of both the disease process and the specific 
cell-virus interactions that elicit the leukaemic response’. 
In spite of numerous ultrastructural studies?, there is no 
information about the nature, site and duration of the 
intracellular cycle for this group of RNA viruses. 

Using the techniques of high resolution, electron micro- 
scopic autoradiography we have measured the time 
between viral RNA synthesis and the appearance of 
complete virions at the surface of infected cells. 

Secondary cultures of mouse (ICR/Ha Swiss) embryo 
fibroblasts, in Eagle’s minimum essential medium with 
15 per cent foetal calf serum, were infected with murine 
leukaemia virus (Rich)*. Thirteen days after infection, 
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Electron microscopic autoradiograph of infected cell culture 
to *H-uridine for 6 h, followed by unlabelled uridine for 26 h. 


Fig. 1. 
Labelled and unlabelled murine leukaemia virions can be seen. 


when abundant virus proliferation could be demonstrated, 
the infected cultures were transferred to plastic Petri 
plates. Seven days later the confluent monolayers were 
rinsed and fresh culture medium containing 1-05 ug/ml. of 
uridine-5-“H (119 mCi/img) was added. At appropriaite 
intervals replicate cultures were processed for autoredo- 
graphy (experiment A) or were rinsed twice and incubated 
in the presence of fresh medium containing unlabelled 
uridine (5 pg/ml.) for various periods, before processing 
(experiment B). 

The cell monolayers were fixed in situ with 2-5 per cent 
glutaraldehyde in cacodylate buffer at pH 7-4 for 20 min, 
The cells were then scraped from the plates and made into 
pellets. For post-fixation we used | per cent OsO, for 
l h. The cell pellets were dehydrated by passing them 
through graded acetones and they were then embedded 
in ‘Araldite’. Thin sections mounted on uncoated 200 
mesh copper grids were stained with uranyl acetate* and 
lead citrate’ and lightly carbonized. 

Ilford L-4 emulsion in gel form was diluted 3-5 times 
with distilled water, and sections on the grids were covered 
with a monolayer film of the silver halide using a loop 
method‘. The uniformity of silver grain distribution was 
checked by electron microscopic observation. The grids 
were stored in the dark in a dry nitrogen atmosphere at 
2° C for 3 weeks. Grids were processed by 45 s of gold 
latensification followed by 5 min of development in ‘Elon’- 
ascorbic acid developer’. 

Virions and developed silver grains were quantitated 
using a Hitachi 11A electron microscope at a magnifica- 
tion of 14,500. 

To be certain that the silver grains counted reflected 
the radioactivity in virions and not in the underlying 
cytoplasm, only virions in the extracellular spaces were 
included in this study (Fig. 1). Background counts over 
similar extracellular areas, free of virions, were insignifi- 
cant and were not subtracted. One hundred morphologic- 
ally characteristic virions in each of seven to ten grid 
squares, chosen at random, at each time interval, were 
examined for the presence of overlying silver grains. 

As described earlier*, virions were localized on cyto- 
plasmic surfaces and in small groups adjacent to cyto- 
plasmic areas. Morphologically characteristic A-type 
virions were frequently observed to be budding from cell 
membranes or from the tips of microvilli. 

In experiment B some labelled virions were observed 
after 1 h of exposure (Table 1). At 3 h, 5 per cent of the 
virions were labelled. The proportion of virions labelled 
with *H continued to increase with time and reached a 
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Percentage of radioactive virions 





1 2 3 4 5 6 7 8 
Time of exposure to *H-uridine (hb) 


Fig. 2. Proportion of characteristic murine leukaemia virions which 
were radioactively labelled after exposure to *H-uridine for varying 
periods. Each point represents the mean percentage for groups of 100 
virions in seven to ten randomly chosen grid squares. The arrows 
describe the value of two standard deviations of the mean. 


plateau after 6h. Continued incubation (with unlabelled 
uridine) until 48 h had elapsed from the beginning of the 
experiment resulted in no further increase in the propor- 
tion of labelled virions (Table 1). 


Table 1. PROPORTION OF LABELLED VIRIONS AFTER EXPOSURE* TO *H-URIDINE 
Hours after No. of No. of Percentage of virions 
exposure to virions labelled labelled 
*H-aridine t examined virions {mean + S.D. $) 

0 1,160 26 2442-0 
1 1,221 30 24423 
2 1,286 61 £9+42°6 
5 1,210 164 13-64 6-9 
il 1,222 157 128440 
23 800 110 13-8 +58 
47 1,000 124 124438 


* Ali cultures were exposed to *H-uridine for 1 h. 
+ 0 to 47 h incubation with unlabeiled uridine after exposure to *H-uridine. 
t Between groups of 100 virions counted in seven to ten grid squares. 


In experiment A, although small numbers of labelled 
virus particles were observed after 30 min of exposure, 
most of the grid squares examined at this time contained 
no labelled virions. After 1 h of exposure, five of the 
twelve grid squares examined contained labelled virions 
with an overall labelling incidence of 2 per cent. By 2h 
after exposure, radioactive virions were observed in all 
of the seven grid squares examined. The incidence of 
labelled virions showed a linear increase with time of 
exposure from 1 to 8h (Fig. 2). After 24 h, 30 per cent. 
of the 700 virions examined were labelled. Exposure to 
%H-uridine for a further 24 h did not increase the propor- 
tion of labelled virions. 

The incorporation of *H-uridine into the viral RNA of 
murine leukaemia virus has been demonstrated before’. 
The specificity of the autoradiographic technique was 
confirmed by the presence of silver grains over specific 
visions observed on sequential serial sections. Further- 
more, autoradiographs of partially purified virus prepara- 
tion’ prepared from the supernatant fluids of the cell 
cultures used in these studies showed specific labelling of 
virions. 

To determine the reproducibility of the system, another 
sulture of infected cells was exposed to *H-uridine for 
4h. The percentage incidence of labelled virions in this 
experiment was 109426 compared with 10-0+4:2 in 
the original experiment (Fig. 2). 

In cell cultures actively synthesizing virus the minimum 
time elapsed between the addition of labelled precursor 
and the appearance of morphologically mature, labelled 
virions represents the maximum time necessary for those 
events which occur between viral RNA synthesis and the 
budding of*mature virions. The data shown in Table 1 
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and Fig. 2 suggest that these occur in no more than 1 h. 
The establishment of a minimum time parameter for 
these events would require knowledge of the size of the 
metabolic pool for various steps in RNA synthesis. 
When the incubation of cells continuously exposed to 
*“H-uridine was extended beyond 8 h, the proportion of 
labelled virions continued to increase, but at a®*diminished 
rate. This may reflect an inhibition of viral synthesis by 
prolonged exposure to *H-uridine. It should be noted 
that our estimation of the time parameters for viral 
synthesis was carried out in conditions of abundant 
virus proliferation and linear incorporation of labelled 
precursor into viral RNA. 
Recently, Rabotti, Fiske and Haguenau!® reported 
that the time for intracellular maturation of Rous sarcoma 
virus was no longer than 4h. Because this was the short- 
est time tested, the value for the avian leukosis virus may 
be similar to the 1 h reported here for mouse leukaemia 
virus. 
It is possible that significant events associated with 
viral synthesis occur before the incorporation of precursor 
into viral RNA. The tirfe parameters for these events, 
which might include synthesis and assembly of the protein 
component, would not be revealed in experiments using 
*H-uridine. The results of autoradiographic experiments 
in progress using *H-amino-acids, coupled with those 
reported here, should help to elucidate the sequence and 
time parameters for the synthesis of leukaemia viruses. 
We thank Lewis Johns and Ruth Rich for their help. 
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Bronchodilator Activity of an Aerosol 
of Prostaglandin E, in Experimental 
Animals 


We have compared the bronchodilator activities of 
aerosols of prostaglandin E, (PGE,) and isoprenaline in 
the anaesthetized guinea-pig. Although PGE, was slightly 
less potent than isoprenaline on intravenous administra- 
tion, it had some 10-100 times the bronchodilator activity 
of isoprenaline when given by aerosol. 

Albino guinea-pigs of either sex, weighing between 
250 and 500 g, were anaesthetized with urethane and 
artificially respired. Resistance to inflation of the lungs 
was assessed by recording either changes in tidal volume 
at constant inflation pressure, or changes in intra-trachea! 
pressure on inflation with a constant volume. Blood 
pressure and heart rate were also recorded. Aerosols 
were generated from aqueous solutions of either the 
free acid or the sodium salt of PGE,, or frorn an aqueous 
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Bronchoconstriction was induced by the intravenous injection of histamine, 5-hydroxytryptamine or bradykinin. Resistance to lung inflation, which has been used as an indication of bronchial tone, was recorded 
asuring the volume of air entering the lungs at constant inflation pressure, or by recording intra-tracheal pressure with constant volume inflation. 
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Mean values are quoted together with their standard errors, where applicable. The number of observations from which the mean value was obtained is given in parentheses. 


Neither isoprenaline nor PGE, when given by aerosol in the above concentrations produced any significant changes in blood pressure. 
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Fig. 1. Relative bronchodilator potencies of PGE, and iseprenaiine in 
anaesthetized guinea-pigs when administered either intravenously or by 
aeroso 


solution of isoprenaline sulphate using a Wright nebulizer 
(Aerosol Products, Colchester). Bronchodilator activity 
was assessed in terms of antagonism of bronchoconstrictor 
responses elicited by the intravenous administration of a 
bronchoconstrictor agent, usually histamine but sometimes 
bradykinin or 5-hydroxytryptamine. 

PGE, was slightly less potent as a bronchodilator than 
isoprenaline when administered intravenously (Table 1). 
A comparison of the relative activities of the two drugs 
after administration by aerosol was more difficult, 
because the absolute quantities of drugs reaching the 
animal could not be readily determined. Aerosol admini- 
stration was therefore standardized, and comparisons 
were made on the basis of the concentration of drug m 
the aerosol-generating solution. On this basis PGE,, 
when administered by aerosol, was 10-100 times more 
potent than isoprenaline (Fig. 1). 

Both PGE, and isoprenaline caused tachycardia when 
administered intravenously, isoprenaline bemg some five 
times more potent than PGE, in this respect. Intravenous 
PGE, usually caused a fall in blood pressure, whereas 
variable changes in blood pressure were seen with 180- 
prenaline. 

In contrast to these cardiovascular changes seen on 
intravenous administration, no significant changes in 
heart rate or arterial pressure were seen with an aerosol 
of PGE, generated from a solution containing 100 ugeof 
PGE,/ml. administered for 10 min (720 lung infiations). 
An aerosol of isoprenaline generated from a solution ton- 
taining 1 mg/ml. and administered for 5-10 min produced 
a marked tachycardia. 

In a small number of experiments, we found that 
bronchodilator responses to aerosols of isoprenaline could 
be partially or completely inhibited by propranolol. In 
no case was there any inhibition of the bronchodilator 
responses to aerosols of PGE. 

The bronchodilator activity of an aerosol of PGE, has 
been confirmed in experiments involving anaphylactic 


action of PGE, or isoprenaline after either aerosol or 
intravenous administration. j 
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The surprisingly high bronchodilator potency noted with 
aerosols of PGE, in the anaesthetized guinea-pig, coupled 
with the lack of systemic effects, may be related to the 
observation! that up to 95 per cent of prostaglandin 
(PGE, or PGE,) infused intravenously in the dog, cat and 
rabbit was removed during a single pulmonary circulation, 
suggesting that there is in the lungs a system for the 
mactivation of prostaglandins. If such a mechanism 
exists in the guinea-pig, it may explain our findings; 
namely, the unexpectedly high bronchodilator potency 
of PGE, relative to isoprenaline seen in the aerosol studies, 
and the lack of cardiovascular disturbances noted with 
POE. 

Since completion of the experimental work, we have 


seen & report? describing the bronchodilator activity of 


prostaglandin E, (PGE,) in various species. No compari- 
son with isoprenaline was reported. 

Currently available bronchodilator aerosol preparations 
for the symptomatic treatment of obstructive airways 
disease consist of sympathomimetic drugs such as iso- 
prenaline, orciprenaline or salbutamol. Severe cardio- 
vascular disturbances have been reported?! following 
overdosage from isoprenaline aerosols. Furthermore, 
Paterson et al* have obtained evidence that part of the 
dose of isoprenaline taken by aerosol inhalation is con- 
verted in man to 3-methoxyisoprenaline, a compound 
which has weak $8-receptor blocking properties, and which 
may produce an increase in airway resistance in asthmatics. 

We have shown that PGE, when administered by 
aerosol in the guinea-pig, has 10-100 times the broncho- 
dilator potency of isoprenaline, that it does not produce 
cardiovascular disturbances by this route, and that it 
seems to act by a mechanism other than sympathetic 
S-receptor stimulation. We therefore feel that studies 
of the bronchodilator activity of an aerosol of PGE, in 
man would be of interest. 

Accordingly, preliminary clinical studies of the effects 
on airway resistance of PGE, administered by aerosol to 
healthy and to asthmatic volunteers have been carried out 
by Cuthbert®. This study indicates that PGE, has a 
bronchodilator effect comparable in both degree and dura- 
tion with that of isoprenaline in approximately one-tenth 
the dose of the latter. 

We thank the Upjohn Company and Unilever Research 
Laboratorium for the prostaglandin used in these experi- 
ments. 

B. J. LARGE 
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Effects of Noradrenaline on the 
Membrane Potential and lonic 
Permeability of Parenchymal Cells 
in the Liver of the Guinea-pig 


CATECHOLAMINES exert most of their biological actions 
through two main types of pharmacological receptor 
which are usually described as « and 6, following Ahlquist’. 
It has recently been shown that in smooth muscle the « 
receptors att by increasing the permeability of the cell 
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membranes to inorganic itons*:*, In intestinal musele, 
the permeability increase is chiefly to potassium and per- 
haps chloride so that the outcome is hyperpolarization 
and inhibition of electrical activity, whereas in most 
other kinds of smooth musele it is likely that the permea- 
bility increase extends to Na and to Ca, as well as to K, 
so that the membrane potential falls, leading to excitation 
and contraction. 

These findings raise the possibility that changes in 
membrane permeability may be concerned in the action of 
catecholamines on non-exeitable tissue. The liver seemed 
of special interest because it is well known to respond to 
low concentrations of adrenaline and noradrenaline by 
releasing potassium? as well as glucose. The mechanism 
of these effects is difficult to study in vivo. because changes 
in blood flow complicate the interpretation of the results, 
and also because only limited modifications of the per- 
fusing fluid can be made. The problem was therefore 
studied in vitro, and we found that tissue slices of 0-3--0-4 
mm thickness can be used for this purpose. The slices 
were normally bathed at 37° C ina Krebs solution contain- 
ing pyruvate (2 mM) instead of glucose. In some experi- 
ments chloride was replaced by methvlsulphate or 
isethionate. Membrane potentials were measured using 
glass micro-electrodes filled with potassium chloride or 
citrate. 

It was found that most cells within the tissue had 
membrane potentials between — 35 and —40 mV, as first 
described by Li and MclIlwain®. 


Similar values were 
observed in slices equilibrated in Cl-free solutions. It is 


likely that almost all stable recordings were from paren- 
chymal cells, which make up about 90 per cent of the cell 
mass of the liver’, 

Measurements of the ionic composition and extracellular 
space of the slices suggested that the intracellular potas- 
slum concentration was approximately 140 mM, so that 
the potassium equilibrium potential, Ex, was likely to 
have been about —80 mV. The corresponding figure for 
sodium, ya, is less certain, but was probably within the 
range +10 to +30 mV. Comparison of these values, 
and of the observed membrane potential. with the corre- 
sponding figures for nerve and skeletal muscle suggests 
that the parenchymal cell membrane is relatively perm- 
eable to sodium in these experimental conditions. 

If noradrenaline were now to increase selectively the 
potassium permeability, the membrane potential would be 
expected to move towards Ex, that is, to increase. ‘This 
was Invariably observed, the hyperpolarization amounting 
to 1l+2 mV (S.E. of eleven observations) with I uM 
and 20+2 mV (mine observations) with 15 uM {—)- 
noradrenaline bitartrate. The response became larger in 
Cl-free solution, although this has not yet been studied 
quantitatively. 

An alternative possibility was that this hyperpolariza- 
tion resulted not from any change in membrane permea- 
bility but from activation by noradrenaline of an electro- 
genic lon transport mechanism, This could be based on 
the movement of cations (especially Na) out of the cells, 
or less probably of anions, for example Cl, inwards. The 
following observations suggest that electrogenic transport 
is not of primary importance for this response. 

(1) Noradrenaline still caused hyperpolarization in 
solutions containing ouabain at a concentration (500 uM) 
which markedly inhibited active transport, as judged by 
changes in the ionie composition of the tissue. (2) While 
the K ion is known to be essential for several active trans- 
port systems, the response became larger rather than 
smaller when tested in K-free solutions. (8) Hyper- 
polarization was still observed in slices bathed m solutions 
in which all small anions were replaced, chiefly by methyl- 
sulphate. 

Further evidence as to the mechanism of the hyper- 
polarization was obtained by studying the effects of 
noradrenaline on membrane resistance. Preliminary 
experiments confirmed reports’? that currents of the 
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order of 10-7? A passed from an intracellular microelectrode 
caused transmembrane potential changes which could be 
detected over distances corresponding to many cell 
diameters, suggesting that there are low resistance path- 
ways between parenchymal cells. It is known'*" that 
electrotoniec potentials recorded from cells within a tissue 
with syneytial properties of this kind reflect changes in 
membrane resistance only if the current passing and 
voltage recording electrodes are separated by a distance 
that is appreciable relative to the space constant of the 
tissue, a condition which appeared to be satisfied by an 
inter-electrode separation of more than 100 microns. It 
was then found that noradrenaline caused a marked 
reduction in the amplitude of the electrotonic potential 
and a quickening of its time course (Fig. 1). These changes 
indicate a reduction in membrane resistance. and this 
strongly supports the hypothesis that noradrenaline 
increases membrane permeability, although the nature 
of the ions concerned cannot be established from resistance 
changes alone. 

Additional evidence on this point was obtained by 
examining the membrane potential response to noradren- 
aline applied in solutions in which the concentrations of 
Na and K had been changed in order to alter ENa and Ex. 
It was particularly informative to replace rapidly all but 
3 mM of the sodium content of a methylsulphate bathing 
fluid by potassium (increased from 6 to 146 mM). This 
should cause Ex and Eya to move in opposite directions, 
Ex becoming approximately zero whereas Eya would be 
expected to reverse sign, because there is now more sodium 
inside the cell than out. In these circumstances the 
membrane potential was observed to take an intermediate 
value of — 10 to —15 mV, that is, between Ex and Ena 
(which may have been as great as — 50 mV immediately 
after the change in solution). This allowed a critical 
test of the hypothesis that noradrenaline increases 
potassium permeability because such an increase should 
now cause depolarization, by driving the membrane 
potential towards Ex. That this indeed occurred may be 
seen from Fig. 26. 

As might be expected from these results, an intermediate 
potassium concentration (40-50 mM) could be found at 
which noradrenaline had little effect on membrane 
potential. A decrease in membrane resistance was still 
observed in this condition, so ruling out the rather un- 
likely possibility that the resistance change seen when 
noradrenaline hyperpolarized the membrane was a conse- 
quence of a non-linear current-voltage relationship. 

The type of adrenergic receptor concerned in these 
actions is under study. Preliminary experiments suggest 
that it is o-like, being blocked by the «a blocking agent 
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Fig. 1. a, Effect of noradrenaline (3 pM) on the membrane potential of 4 
cell within a liver slice. There is both hyperpolarization and a fall of the 
amplitude of electrotonic potentials (seen as small downward “spikes” 
on the trace) set up by pulses of current (9 x 106-5 A) passed through a 
second microelectrode in another cell approximately 150 microns 
distant. The delay between the indicated application of noradrenaline 
and the commencement of the response is due partly to time lag in the 
flow system used, and partly to the time taken for the drug to diffuse to 
the impaled cells. Chloride-free solution throughout. è, c, d, Electro- 
tonic potentials recorded respectively before, during and after applica- 
tion of noradrenaline in an experiment of the kind llustrated in a. The 
time course of the current pulse is shown in z. 
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Fig.2. Changes in membrane potential caused by noradrenaline {3 BaD 
applied (a) in a Cl free selntion containing K at the normal concentration 
of 6 mM, (6) 1 min after this fluid has been replaced by another containing 
146 mM K. Records from different cells in same slice. 


phentolamine (although rather high concentrations are 
needed; for example, 10 uM for a dose ratio of only 19), 
but not by the 8 blocker propranolol. This receptor is 
therefore similar, if not identical. to one of the two types 
previously shown to mediate the effects of eatechol- 
amines on glucose release in this tissue’. 

D. G. HayLerr 
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Relation of Regenerating Nerve 
Terminals to Original Endplates 


Usine silver impregnation Tello and Gutmann! and 
Young? examined the process of denervation and re- 
innervation of skeletal muscle endplates after injury of 
the motor nerve, and found that the regenerated nerves 
terminated in the regions of the original endplates. Several 
experiments on nerve implantation were subsequently 
reported which demonstrated the possibility of the forma- 
tion of new endplates*-?. Several electron microscopic 
studies have recently been conducted on degenerating 
endplates and have indicated the persistence of secondary 
synaptic clefts after degeneration in mammalian skeletal 
muscles’, 

The work reported here was undertaken chiefly, to 
clarify the relationship of regenerating nerve terminals 
to the original endplates. The soleus muscles of aduit 
albino rats were examined after severance of the motor 
nerve at the point just before its entrance into the muscle. 
The muscle was removed 20 to 50 days after the operation. 
Regenerating nerve fibres were already present in the 
original nerve fascicles, lying between muscle fibres, on 
the twentieth day after the operation. Thirty days after 
the operation, fine terminal nerve branches were observed 
on muscle fibres (Fig. 1). Regenerating terminals were, 
in general, feeble in their staining properties and showed 
simple arborization with silver staining. Cholinesterase 
activity was found in a transverse band about the middle 
of the musele fibres in control tissue. This activity has 
been reported to persist for several weeks afger denerva- 
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tion without any apparent decrease’ but not to appear 
clearly in newly formed endplates at an early stage of 
regeneration’. The relationships of regenerated nerve 
terminals to original endplates were therefore easily 
examined using cholinesterase staining and silver impreg- 
nation. The results indicated that all the regenerating 
nerve fibres grew into the regions of the original endplates 
and there terminated (Fig. 2). No nerve terminal showing 
cholinesterase activity was seen outside the zone of the 
original endplates, thus confirming earlier observations! *. 

With the electron microscope, the neuromuscular junc- 
tions observed in normal rat soleus muscle had many 
well developed secondary synaptic clefts. Thirty days 
after the operation, many regenerating nerve fibres, 
accompanied by Schwann cells, were found between 
muscle fibres, but no neuromuscular contacts were ob- 
served. Fifty days after the operation. many nerve 
terminals were seen in contact with muscle fibres, the 
neuromuscular gap being about 800A or more. Only 
oceasional nerve terminals were found ending in troughs 
with many secondary synaptic clefts (Fig. 3); many other 
endplates showed a conspicuous scarcity and shallowness 
of secondary synaptie clefts (Fig. 4). The basement 
membrane was located nearer to the sarcolemma than to 
the axolemma in these primary synaptic clefts, which were 
wider than normal. 

Regenerating nerve fibres have been thought to be 
directed to original endplate regions by the Schwann 
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Fig. 1. Regenerating nerve fibres are already present between muscle 


fibres and show delicate and rather simple arborizations. 
Thirty days after the operation. Silver impregnation, x 120. 


Fig. 2. Regenerating nerve fibres approach the muscle surface and 

terminate in original endplates which have been localized by cholin- 

esterase staining. Thirty days after the operation. Staining of cholin- 
esterase and silver impregnation, x 120, 


Regenerated neuromuscular junction 50 days after the opera- 


Twoeterminal expansions are situated in troughs with well 
developed secondary synaptic clefts, » 7,200. 
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Fig. 4. Nerve terminal with numerous synaptic vesicles and mito- 

chondria is In contact with a muscle fibre across a primary synaptic 

cleft measuring about 1,000 A. Note the scarcity of secondary synaptic 

clefts although several short ones can be seen at the middle left, A 

large number of mitochondria and glycogen granules are present in the 

sarcoplasm. The mitochondrial matrix is less dense in axoplasm than 
in sarcoplasm, Fifty days after the operation, x 6,000. 


cells, which survive in situ after denervation. Recent 
electron microscopie observations have indicated that 
secondary synaptic clefts persist for a long time after 
denervation*". These two observations make us anticipate 
the presence of many secondary synaptic clefts in re- 
generated neuromuscular junctions. In the present experi- 
ments, contrary to expectation, most of the regenerated 
endplates showed a scarcity of secondary synaptic clefts. 
This result indicates that regenerating nerve fibres 
terminate in the vicinity of but not exactly at the site of 
the original endplates. Thus the nerve fibres are not 
preferentially attracted to surviving synaptic clefts. 

Axonal sprouting has been reported in partially de- 
nervated muscle" and in tissue from humans with certain 
neuromuscular diseases**. Electron microscopie examina- 
tions have revealed the absence or scarcity of secondary 
synaptic clefts in neuromuscular junctions of patients 
with myasthenia gravis'*-, If axonal sprouting and 
formation of new endplates occurs in this disease, then 
the neuromuscular junctions without secondary synaptic 
clefts may be comparable with regenerated ones. 
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Antifertility Effects and Metabolism 
of x and epi-Chlorhydrins in the Rat 


Tue ability of a variety of alkylating chemicals to pro- 
duce infertility in male animals has long been established? 
and investigations have shown that many such com- 
pounds are capable of alkylating genetic materials’. Their 
mutagenic effects in insects’ and the induction of dominant 
lethal mutations in experimental rodents* are presumably 
the result of such interactions. 

Recent observations that 3-chloropropane-1,2-diol («- 
ehlorhydrin) is capable of inducing sterility in male rats 
through interference with epididymal spermatozoa’? 
prompted our investigation of some aspects of its mode of 
action, particularly regarding the question of whether 
any alkylating mechanism could be involved. Because 
a mixture of #-chlorhydrin with equimolar amounts of 
cysteine and sodium hydroxide at 37° C overnight pro- 
duced 2,3-dihydroxypropyl-S-cysteme almost quanti- 
tatively, it was evident that alkylation readily occurred 
in vitro. Furthermore, Wistar nats dosed orally or intra- 
peritoneally with «-chlorhydrin (50 mg/kg in aqueous 
solution) gave 2,3-dihydroxypropy!-S-cysteine and its 
N-acetate as urinary metabolites besides unchanged 
compound. We also found that epi-chlorhydrin (3-chloro- 
1,2-epoxypropane) produced antifertility effects in rats 
resembling those due to «-chlorhydrin at the same dose 
level. This could be explained by hydrolysis of the 
epoxide ring to give «-chlorhydrin, supported by identifica- 
tion of the same urinary metabolites after epi-chlorhydrin 
as from «-chlorhydrin. There is. however, also the 
possibility that -chlorhydrin might operate in the 
biological system through an internal condensation to 
the epoxide, glycidol, 2,3-epoxy-l-propanol, a reaction 
not without precedent for similar compounds, for example, 
from 1,6-dibromomannitol’. This possibility is being 
investigated. 

The appearance of substituted cysteine derivatives in 
urine from animals treated with «-chlorhydrin is reflective 
of the general detoxication mechanism for compounds of 
the alkylating type, including alkyl halides’. The general 
distribution and incomplete metabolism recently re- 
ported for this compound! imply adequate opportunity 
for reaction with many biological nucleophiles and the 
mechanism could therefore involve an alkylation process. 

Alkylating sulphonie esters, producing sterility in 
rodents by affecting epididymal sperm, have been shown 
to induce dominant lethal mutations’, and a test 
of the possibility that «-chlorhydrin may produce 
genetic damage of this type was made by oral 
administration of the compound to male rats at 
At no time within the first three weeks from the 
first dose was the number of dominant lethal 
mutations increased above the control value, 
although the transformation from sterility to 
normal fertility occurred between these two dose 
levels. 

These findings raise interesting speculations. In «- 
chlorhydrin we clearly have an active alkylating chemical 
possessing the specific biological property of “functionally” 
inactivating epididymal sperm and so producing tern- 
porary sterility without evidence so far of an associated 
mechanism involving genetic material. Alkylating 
chemicals have provided many compounds effectively 
interfering with various stages of the spermatogenic 
process of rodents resulting in phases of sterility’. There 
is evidence that pharmacological effects on normal pro- 
liferating cell systems can be dissociated by modifying 
the structure of alkylating chemicals. Do the present 
results mean that alkylation per se does not necessarily 
carry a risk of genetic damage to progeny ? Alternatively, 
a-chlorhydrin could be operating by some mechanism 
independently of its alkylating property, although it 
has been shown that the chlorine atom is an essential 
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component for both antifertility and alkylating 
activity. 
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Mitochondrial Increase after 
Long-term Feeding of Morfamquat 


Protection Limited) which produces degeneration and 
necrosis of the proximal convoluted tubules in the kidney 
when administered to rats and dogs in acutely toxic 
doses. Ninety day feeding tests have, however, shown 
that low dietary concentrations (0-015 per cent) cause 
marked enlargement of certain cells in a circumseribed 
area of the kidney, remote from the proximal tubules and 
this preliminary report describes the histology, histo- 
chemistry and electron microscopy of these abnormal cells 
in rat kidneys. 
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Adult male albino rats (Alderley Park strain) free from 
specific pathogens were fed a diet containing 0-015 per 
cent MFQ for 17 weeks and returned to a control diet fbe 
of MEQ for a further 4 weeks. Pairs of treated rats were 
killed at weekly intervals, beginning on the sixth week of 
feeding, and the kidneys were removed. 

For light microscopy, 5 ym paraffin sections were stained 
with haematoxylin and eosin. Enzyme histocherrstry 
was performed on fresh frozen sections 6 um thick, and 
the following enzymes were examined before fixation: 
acid phosphatase!, leucine aminopeptidase’, nonspecific 
esterase®?, monoamine oxidase’, NAD and NADP dia- 
phorases*. cytochrome oxidase®, and six dehydrogenases: 
succinate, isocitrate, lactate, glucose-6-phosphate, z- 
glycerolphosphate and §8-hydroxybutyrate?*. In the 
electron microscope study, blocks were taken from the 
kidneys of one control and three test animals at 12, 13, 14 
and 15 weeks. The blocks were fixed in 3 per cent 
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. 
phosphate-buffered glutaraldehyde, post-fixed in ‘Millonig’ 
and stained with lead citrate. 

Abnormal cells were first detected in the renal tubules 
at 6 weeks. They were confined to the medullary- 
papillary zone and were located in the collecting ducts. 
The cells were abnormally large and were further dis- 
tinguished by their strongly eosinophilic granular cyto- 
plasm. Nuclei usually appeared normal, although there 
were sore binucleate forms. From the thirteenth and 
fourteenth weeks onwards, the cells were shed in small 
numbers into the lumen, but, by the end of the period of 
MFQ feeding, the enlarged cells constituted approximately 
80 per cent of the collecting duct cells in the affected area, 
and substantial numbers were still present 4 weeks later 
in about 20 per cent of the overall length of the collecting 
duets. 

Of the thirteen enzymes examined, only five showed 
any change in the abnormal cells. The activities of four 
dehydrogenases, isocitrate, «-glycerophosphate, 8-hydroxy- 
butyrate, lactate and cytochrome oxidase were markedly 
increased during the experiment, even after the animals 
were returned to a control diet. 

The granular cytoplasm of these cells and their reactions 
to certain mitochondrial enzyme stains suggested that they 
might contain more mitochondria than normal cells from 
this part of the nephron. This was confirmed by electron 
microscopy which showed that the enlarged cells contained 
abnormally large numbers of mitochondria (Figs. | and 2). 
No exhaustive mitochondrial counts were made, but a 
measure of the increase is given by the fact that in one 
typical section, 230 mitochondria were counted in an 
enlarged cell, compared with fifteen in an adjacent normal 
cell. 

Some mitochondria were considerably distorted with 
apparent branched or constricted forms and some showed 
degenerative changes such as swelling and vacuolation 
of the cristae and “ballooning” of the external membrane. 
The latter change, while usually assumed to be associated 
with degeneration, may indicate pinocytosis’. 

The cell nuclei showed increased chromatin staining, 
but the nuclear membrane appeared normal and the 
remaining cell organelles showed no abnormality. Many 
of the eells showed normal infoldings of the basal mem- 
brane, some showed increased numbers of microvilli on 
the luminal aspect, but frequently there was a loss of 
interdigitations between adjacent cells. The apparent 
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Fig. 1. Electron micrograph showing a transverse section of a collecting 

duct from normal rat vine h Both “light” and “dark” cells can be seen, the 

latter being characterized by a dark cytoplasm with moderate numbers of 
mitochondria., (x 1,800.) 
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Fig. 2. 
duct from rat kidney. 
cent MFQ for 14 weeks. 

increase in mitochondrial content, can be seen. 


Electron micrograph showing a transverse section of a collecting 

The animal had been fed a diet containing 0-015 per 

Several greatly enlarged cells, showing 3 marked 
(= 1,800. 


sensitivity of certain collecting duct cells to MFQ is 
unexplained. While two cell types (“light” and dark”) 
may normally be distinguished in collecting ducts}, 
“dark” cells are infrequently seen in affected tubules. 
This might indicate that only “dark” cells are susceptible 
to MFQ, an argument favoured by the fact that “dark” 
cells are more frequent in the proximal parts of the 
collecting ducts''. We have no evidence that the lesion is 
associated with any functional disturbance. 
We thank Miss C. Botham for technical assistance. 
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High Palmitoleic Acid in Lepidoptera 


A HIGH ratio of the C16; 1 fatty acid, palmitoleic (more 
than 15 per cent of the total fatty acids), is claimed to be 
one feature that distinguishes Diptera from other orders 
of insects'-*. The high content of palmitoleic acid in the 
larval fats of five of the eight lepidopteran species re- 
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Table 1. 


Weight of larvae 


Species extracted (g) Host or food 
Ostrinia nubilalis (Hübner) 90 Zea 
Ostrinia nubilalis (Hübner) 1-91 Diet? 
Ostrimia nubilaiia (Hübner) LOI Diett 
Gnorimoschega gallaesolidaginus Riley 0-26 Solidage 
Ista isabella Smith and Abbot. 0-93 Polyphagous 
Isia isabella Smith and Abbot? 
Epiblema strenuana Walker U-16 Ambrosia 
Vitula edmandsae Packard D-i Diet. 
V. edmandsae serratilineella Ragonot Beeswax 
Rhyacionia buoliana (Schiff) 0-08 Pinus 
Choristoneura fumiferana (Clem.) 1-08 Picea 
Carpocapsa pomonella (..) (39 Malus 


Coarnborer diet?! 


* In diapatuse. 
+ Not in diapatse, 


ported here, as well as the low content m two Ceeido- 
myiidae (Diptera)*, indicate that fatty acid composition 
is not reliably correlated with systematic position in 
insects. We suggest that high palmitoleic acid concentra- 
tions in Lepidoptera enable then to overwinter as larvae. 

Fats were extracted from whole insects® (collected in 
the field unless otherwise stated), saponified’ and esteri- 
fied’, The esters were chromatographed at 180°C on 
6 foot glass columns packed with 18 per cent DEGS or 
10 per cent ‘Apiezon L’ in a Model 600 Research Specialties 
gas chromatograph equipped with a hydrogen flame 
detector. The acids were identified by comparing the 
retention times of sample peaks with those of pure com- 
pounds; each acid is expressed as a percentage of the 
total. Ten or more larvae comprised each sample. Dupli- 
cate series were run for two species (Ostrinia nubilalis and 
Gnorimoschema gallaesolidaginus); in these, duplicate 
values for individual acids varied + 3-5 per cent or less. 

The first five species in Table 1 have values for pal- 
mitoleic acid ranging from 52 per cent for cornborer (O. 
nubilalis) to 18 per cent for bumble bee waxmoth ( Vitula 
edmandsac). (Determinations by other workers for Ista 
isabella? and for V. edmandsae serratilineella’ are included.) 
These values fall within the range characteristic of Diptera 
(about 20-60 per cent), and well above values published 
previously for Lepidoptera (10 per cent or less). 

The fatty acid composition of some species of insects 
closely resembles that of their diet, and in others 1s 
characteristic of the species (presumably reflecting its 
system of fat synthesis and/or storage). Studies of effects 
of dietary fat on the fatty acid composition of Lucilia 
sericata (Meigen) and other Diptera’, and of Trichoplusia 
ni (Hübner) (Lepidoptera)!*, showed that the principal 
characteristics of the insects’ fatty acid composition were 
retained in spite of wide variations in dietary fat. The 
high ratio of palmitoleic acid is a metabolic characteristic 
of the cornborer, because although the diet! of this 
insect contained less than 1 per cent palmitoleic acid the 
larvae had more than 40 per cent (Table 1). This is prob- 
ably also true for the other phytophagous species in Table 
l, because palmitoleic is a minor fatty acid in plant 
tissues (below 5 per cent!*), High concentrations of 
palmitoleic acid may be induced by dietary deficiency. 
For example, palmitoleic acid increased in Bombyx mori 
L. on biotin deficient diets?* and in Heliothis zea (Boddie)** 
and the dipteron Agria affinis (auct. nec Fallén)? on 
diets lacking linoleic acid. This is unlikely to be the cause 
of high levels of palmitoleic acid of the larvae in Table 1 
because they were collected from their host in the field 
or reared on a balanced diet. 

It has been suggested that at low temperatures un- 
saturated fats. which remain fluid, are more readily 
metabolized than saturated fats, which harden. Pre- 
ferential use of palmitoleic acid over palmitic has been 
found during cold weather in hibernating adults of three 
species of mosquito'®!7, The eight species of Lepidoptera 
listed in Table 1 have the ability to overwinter as larvae, 
and five of these are characterized by high concentrations 
of palmitoleic acid. An indication that this is uncharac- 
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FATTY ACIDS OF LEPIDOPTERA OVERWINTERING AS LARVAE 
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teristic of diapause per se is that the levels of palmitoleie 
acid in diapausing and non-diapausing cornborer larvae 
were similar (Table 1). The three other species that over- 
winter as larvae have high concentrations of linoleic acid, 
Linoleic acid may serve a function similar to that sug- 
gested for palmitoleic in overwintering larvae. The 
proposed correlation between high palmitoleic acid levels 
and the ability to overwinter as a larva must remain 
tentative because it is based on relatively few observa- 
tions. Nevertheless, the fact that some sixty species of 
Lepidoptera (examined by us and others) have low 
palmitoleic acid levels and do not overwinter as larvae 
supports our hypothesis. We also remark that the 
Lepidoptera in Table 1 provide excellent subjects for 
comparative studies of fatty acid metabolism. 
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Observations on the Hydraulics 
of Ascidia 


ASCIDIANS contract and eject a stream of water from the 
branchial chamber at fairly regular intervals durna 
siphoning activity and there are several records of the 
movements associated with this'*® The object of the 
present work was to monitor the activity of Ascidia nigra 
and A. interrupta by continuously recording the pressures 
developed in the branchial chamber, to relate pressure 
fluctuations to changes in body dimensions and to compare 
the pattern of activity in these two species. 

Continuous records of pressure were obtained by rhe 
careful insertion of a fine plastic cannula into Mhe brancaia 
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chamber through the inhalant aperture. The cannula was 
attached to a Statham transducer (Model P 23 BB) and 
pressure was recorded on a multichannel pen recorder. 
Simultaneous recording of pressure from different animals 
required only additional Statham transducers. When the 
cannula had been inserted the ascidian soon siphoned 
normally and individuals of both species were able to 
clear suspensions of colloidal graphite ((Aquadag’) rapidly. 
Changes in the longitudinal and transverse dimensions of 
an ascidian were recorded by the insertion of pin electrodes 
superficially on the left side of the animal adjacent to 
the branchial sac (Fig. 1d). The electrodes were placed 
below the level of the siphons so that they were unaffected 
by siphonal movements. Each pair of electrodes was 
connected to an impedance pneumograph so that any 
change of test dimensions affected the impedance between 
the electrodes, and a voltage proportional to this change 
was fed to a pen recorder by d.c. coupling’. 
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Fig. 1. Pressure and impedance recordings of the activity of ascidians 
with the opening (O) and closing (C) of the siphons and the production of 
water jets (J) from the siphons marked. a, Ascidia nigra, branchial 
pressure (0-2 cm water pressure) above, extension {EX} and contraction 
(CON) of test along longitudinal (L) and transverse (T) axes with 
electrodes placed as ind; b, A. nigra single pressure pulse; c, A. inter- 
rupta single pressure pulse (0-6 cm of water pressure) showing negative 
pressure during relaxation of test with siphons closed, d, diagram of 
A. nigra showing location of pin electrodes used in a, the longitudinal 
electrodes (2) 6-5 and the transverse (T) 3 cm apart; g, simultaneous 
preasure recordings of A. interrupta (above), A, nigra (below) both 
siphoning in clear water. Time trace, 1 min throughout. 


Contraction of the mantle muscles of A. nigra results 
in the reduction of the internal volume, a jet of water 
through the siphons and the production of a pressure 
pulse, usually of about 2 em of water (Fig. la). Similar 
recordings were obtained for A. interrupta, but animals of 
a similar length, about 10 em, generated pressure pulses 
of 6 cm of water. When the two species were placed in 
identical conditions in adjacent aquaria A. tnterrupta 
protluced fewer but larger pulses compared with those o f 
A. nigra (Fig. le). The relatively long duration of the 
pulses of A. nigra shown is due, in this recording, to 
partial blockage of the cannula by gill or mucus, The 
response of both species was unaffected by the addition 
of a suspension of graphite particles (‘Aquadag’), in 
agreement with Hoyle’s observations on Phallusia*. 

The behaviour of the inhalant siphon and the time of 
occurrence of the water jet vary in A. nigra. With the 
inhalant siphon open, contraction and jet are simultaneous 
‘Fig. la, J); but the siphons (Fig. 1b, C) sometimes close 
before contraction, the pressure pulse falling as the 
Aphonal sphincter muscles relax with the emergence of a 
zater Jet, 

Previous workers>®? ha 

an maintain a head of 0-2 em water p 


have indicated that an ascidian 
ressure across the 
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branchial chamber by means of ciliary action. We 
investigated this in A. nigra by gently withdrawing a 
cannula from the branchial cavity during siphoning and 
allowing it to fall to its previous level adjacent to the 
ascidian. Repeated observations indicated a difference in 
pressure of the order of only 0-03 em of water. 
Recordings showing pressure pulses and changes in 
dimensions (Fig. la) indicate that contraction is a rapid 
process involving both transverse and longitudinal dimen- 
sions simultaneously. Although it was difficult to calibrate 
the pneumograph so as to measure the shortening 


accurately, observations of the transverse electrodes 
showed contractions of the order of 1 mm. Sinultaneous 


reduction in both length and circumference means that 
contraction must oceur in muscle fibres arranged in both 
the longitudinal and transverse planes at the same time. 
These muscles thus do not act antagonistically as, for 
example, the circular and longitudinal muscles of a sea 
anemone. In the latter, contraction of one set of muscles 
ean cause the relaxation and extension of the other, so 
restoring body shape, prowided the fluid within the body 
is maintained at constant volume. The transverse muscles 
of Ascidia are primarily developed on only one side of 
the mantle, the left side adjacent to the branchial sac. 
Simultaneous contraction in longitudinal and transverse 
musculature seems to make the mantle wall act as a 
diaphragm compressing the branchial sac. In Ascidia 
fluid is lost in the jet and the muscles are not mutually 
antagonistic so that restoration of the animal after 
contraction must involve some other mechanism. 

The return of the ascidian to its initial size and shape 
after contraction is a gradual process lasting some 30 s 


(Fig. la, slow rise of traces L and T). During the first 
part of this time the inhalant siphon is closed so that it 1s 


unlikely that ciliary activity restores the test to its initial 
size. With A. interrupta a negative pressure of about 
0-4 em of water after the positive pressure pulse was a 
fairly constant feature of recordings of pressure (Fig. le 
and e). During the negative pressure the siphons were 
closed, their reopening being marked by the return to 
normal pressure. The last pressure pulse in Fig. le is 
followed by the immediate opening of the siphons (O) 
and no negative pressure occurs. This suggests that the 
negative pressure is developed by expansion of the test 
when water is prevented from entering the body freely. 
Restoration of body shape seems to be due to the inherent 
elasticity of the test, which in slowly attaining its former 
dimensions acts antagonistically to the body musculature. 
Ascidians are thus examples of a fluid-muscle system in 
which muscles are antagonized by the inherent elasticity 
of another part of the body, a condition which is directly 
comparable with the antagonism obtaining between 
longitudinal muscle and cuticle in nematodes® and between 
adductor muscles and hinge ligament in bivalve molluses’. 

This work was carried out at the marine laboratory of 
the University of the West Indies at Port Royal, Jamaica, 
during the tenure of a Nuffield Foundation travelling 
fellowship in marine biology (by E. R. T} 
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Prosirenidae, a New Family 
of Fossil Salamanders 


THE geological record of salamanders is poor. The few 
known fossils give little information on relationships of 
this group of amphibians, which currently includes eight 
living and*three extinct families'. Salamanders are con- 
sidered to be close relatives of other living Amphibia 
(frogs and apodans) and have been placed in a subclass 
Lissamphibia*. The ancestry of lissamphibians is not well 
documented, but unpublished information indicates that 
my suggestion! that they are related to primitive temno- 
spondyl labyrinthodonts may be correct. 

As with the previously described fossils, the new family 
described here offers no suggestion of salamander origins. 
Nevertheless, its unique specializations make it interest- 
ing. As part of continuing studies of Mesozoic and 
Caenozoic salamanders, remains of this group have been 
described from early Cretaceous (Albian) of Texas? and 
late Cretaceous of Wyoming, and a questionable occur- 
rence has been described from the early Cretaceous of 
Israel‘. i 

The early Cretaceous Prosiren elinorae was originally 
described as the earliest sirenid salamander’. Preparation 
of the type specimen (Fig. la) and comparison with other 





Fig. 1. Prosiren elinorae. a, Holotype, Field Museum of Natural 
History PR 391, dorsal view; 4, anterior, ¢, posterior, d, right lateral, 
g, ventral, and f, dorsal, views of FMNH PR 801, atlas; g, dorsal view 
of FMNH PR 802, trunk vertebra; A, dorsal view of FMNH PR 803, 
anterior trunk vertebra; $, anterior, and j, ventral, views of Southern 
Methodist University, Shuler Museum of Palaeontology 61042, anterior 
trunk vertebra; k, anterior, 1, right lateral, and m, dorsal, views of 
SMU 61047, trunk vertebra; n, right lateral, o, dorsal, p, anterior, 
g, ventral, and r, posterior, views of FM NH PR 804, trank vertebra. 
All are from the early Cretaceous (Albian} Trinity Sands (Antlers 
Formation), Texas; FMNH specimens are from the Forestburg site? ; 
the SMU specimens are from the Butler Farm site, 3 miles north-west 
of Decatur, Wise County, Texas. 
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Fig. 2. Prosiren elinorae, referred skull and limb elements, a, Ventral, 

and b, dorsal, views of SM U 61041, right humerus, broken progimally: 

c, posterior, d, anterior, e, right lateral, views of FMNH PR 85, right 

premaxilla; f, much enlarged fourth tooth from FPMNH PR 236, right 

dentary; g-f, oblique postero-dorsal views of FMNH PR 8300 anc 

PR 807, tight dentaries; i, medial, and j, lateral, views of FMNH 
PR 806, right dentary. Localities as in Fig. 1; fot to scale. 


specimens collected’ by Mr Bob Slaughter show that the 
presumed diagnostic bifurcation of the neural arch differs 
from that figured in the original description’, and there is 
little similarity to sirenids in morphology and vertebral 





the neural spine (Fig. lg-h}; these have a granular texture 
indicating the presence of a cartilage surface im hfe, on 
which tendons or ligaments attached as in many Recent 


salamanders. Zygapophyses are elongated, narrow and 
prominent. Rib-bearers are invariably bicipital. the heads 
are well separated and connected by a bony septum, and 
no alar process is developed on the ventra! rib-bearer. 
Prominent anterior basapophyses occur om the more 
elongated (and thus presumably posterior) trunk vertebrae, 
while they are reduced or absent on the relatively shoyter 
anterior trunk vertebrae (compare Fig. 1), g} 

Referred premaxillae and dentaries have distinet:ve, 
non-pedicellate, faintly tricuspid (Fig. 2f) teeth. Pre- 
maxillae are paired and have a roughened, faintly pitted 
Dentaries have closed Meckelian 





roakly 
g Reference of the skuil elements to 
Prosiren seems clear; no other salamander taxa are 
present at the localities collected. 

A single humerus is known (Fig. 2a, by; itas well ossified, 
with a large distal condyle and prominent epicondyles. 
Previously, I have described a larger, related form, 
Prodesmodon copei, from the late Cretaceous Lance Forma- 
tion of Wyomingi. Prodesmodon has opisthocoelous 
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vertebrae with prominent ventral keels, posterior bas- 
apophyses, rather flat neural arches, low neural spines, 
and uncipital rib-bearers that have a strong alar process. 
Dentaries, premaxillae, maxillae, atlantes and a femur 
were also referred. The dentaries and premaxillae, while 
much larger than those of Prosiren, closely resemble them 
in having the unusual interlocking symphysis, closed 
Meckelian groove, strongly heterodont dentition, faintly 
tricuspid non-pedicellate teeth, and distinctive shape 
(compare Figs. 1 and 2; Figs. 42-44 of ref. 1). These 
skull elements suggest close relationship of Prosiren and 
Prodesmodon: the unique, specialized nature of these 
bones seems to preclude convergence. 

On the basis of vertebral form and heterodont dentition 
of Prodesmodon I originally referred the latter to the sub- 
family Desmognathinae of the Plethodontidae!, a con- 
clusion accepted by the most recent reviser of that family®. 
Vertebral differences between Prosiren and Prodesmodon 
are rather marked, but, when size and vertebral variation 
in closely related Recent genera are considered, I do not 
beheve the differences significant enough to preclude 
assignment to the same family. In Recent Plethodontidae, 
desrnognathines have opisthocoelous vertebrae, often with 
an extensively keeled neural spine, while plethodontines 
lack or have relatively weaker spines and are usually 
amphicoelous*:?, The difference between an amphicoelous 
and an opisthocoelous condition is a rather simple one®. 
Similarly, both anteriorly and posteriorly placed basapo- 
physes may occur on the same centrum in several modern 
salamanders (for example, Plethodon glutinosus), and may 
vary in relative size and position. Basapophyses are thus 
variable structures, and, while usually found on the 
posterior part of the centrum of plethodontids, may only 
occur anteriorly in other forms (for example, Ambysto- 
matidae), The well developed neural spine and ventral 
keel on Prodesmodon vertebrae suggest an elongated, 
aquatic body form? although such neural spines and 
complementary ventral keels also occur in the related 
terrestrial burrower Phaeognathus. 

The question of proper association of these skull parts 
to Prodesmodon must now be considered. The Lance 
Formation samplet? includes five taxa of salamanders: 
two related and distinctive large forms (Seapherpeton and 
Lisserpeton), a large sirenid (Habrosaurus), and two 
smaller forms (Opisthotriton’® and Prodesmodon). Skull 
parts for the sirenid are distinctive and resemble those 
of modern Siren except for the possession of mandibular 
teeth!; those of Scapherpeton and Lisserpeton are much 
too large to be referred to Prodesmodon. An undescribed 
skeleton of Opisthotriton from the late Palaeocene of 
Wyoming (Princeton University No. 14575) shows that 
skull elements referred to Opisthotriton! are the correct 
ones. The Prostren-like skull elements found in the 
Lance Formation thus seem clearly associated with the 
Prodesmodon vertebrae. Relative frequency of occurrence 
and type of preservation of the elements concerned also 
support these conclusions. 

The distinctive mandibular elements of both Prosiren 
and Prodesmodon possess the intricate interlocking sym- 
physis and non-pedicellate, faintly tricuspid teeth; these 
prosirenid conditions are unique in salamanders. The 
prostrenid humerus is unusual in having a well ossified 
ball; the latter is seldom extensively ossified in sala- 
manders but occasionally this occurs in Ambystomatidae 
and Salamandridae. 

These distinctive characteristics are the basis for group- 
ing these genera as the family Prosirenidae, n. fam., 
diagnosed by the presence of a distinctive interlocking 
mandibular svmphysis and faintly tricuspid, non-pedicel- 
late teeth, 

The bierpital rib-bearers. well ossified neural spines and 
basapophyses of the vertebrae, closed Meckelian groove, 
sinuous border of the tooth row, and presence of sculpture 
on the skull elements indicate that the Prosirenidae 
belongs wih the more advanced salamanders. The 
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plethodontid resemblances of Prodesmodon' also support 
this conclusion. 

The Prosirenidae may be placed in the Ambysto- 
matoidea® 11), possibly near the point of divergence of 
plethodontids and ambystomatids. I believe that it is 
reasonable to suggest at least some relationship of 
Prosirenidae and Plethodontidae through Prodesmodon, 
because of the vertebral similarities of the latter to 
desmognathines, but further comparisons are needed. 

The absence of a pedicellate dentition in prosirenids is 
of interest. Among salamanders only batrachosauroidids, 
prosirenids and sirenids lack such a dentition as adults! 210, 
although larvae of other families tend to lack it. A 
relationship between plethodontids and sirenids has been 
suggested on the basis of rather slim morphological data}. 
The unsubstantiated ordinal status suggested recently for 
the sirenids' has been rejected directly or by implication 
in other recent work**:", Without more substantial 
confirmation of the plethodontid relationships of Pro- 
desmodon and because no known modern plethodontid 
lacks pedicellate teeth. the lack of pedicelly in prosirenids 
is of unknown significance. It is possible that dietary 
adaptations may have resulted in parallel loss of an 
original pedicelly in these groups!. 

The Prosirenidae does not provide a link with the 
presumed primitive Recent families Hynobiidae or Cryp- 
tobranchidae, whose fossil record does not in any case 
antedate the Oligocene. Salthe, studying enzyme evolu- 
tion in salamanders!*, concluded that the major sala- 
mander radiation was between the beginning of the 
Triassic and the middle Jurassic, and that an ‘‘am- 
phiumid-plethodontoid” line diverged from other sala- 
manders during this time. Frogs of definitive type are 
known as far back as middle or perhaps early Jurassic. 
but fossil evidence confirms an antiquity for salamanders 
not beyond the late Jurassic'*!7. The late Jurassic 
salamander shows closest resemblances to Necturus, 
whose relationship to other salamanders is still obscure, 
although presence of a discrete opisthotic may imply 
early divergence from the basie salamander stock. If 
prosirenids are properly placed near the ambystomatoid— 
plethodontoid divergence, then they offer the earliest 
fossil evidence of diversification within the Ambysto- 
matoidea, a diversification that thus antedates the early 


Cretaceous and is therefore consistent with Salthe’s 
scheme. 


Mr Bob Slaughter has kindly allowed me to study 
specimens from the Butler Farm locality. Trinity sands, 
Wise County, Texas, which he collected under the sponsor- 
ship of the US National Science Foundation. I also thank 
Drs D. Wake and Max Hecht for helpful comment. 
This study was supported in part by a grant from the 
US National Science Foundation. 

R. ESTES 
Department of Biology. Boston University, 
Boston, Massachusetts 02215. 
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Book Reviews 


NEWTON’S THINKING 


The Mathematical Papers of Isaac Newton 

Vol. 3: 1670-1673. Edited by D. T. Whiteside. Pp. 
xxxvi+576+4 plates. (Cambridge University Press: 
London, June 1969.) 210s; $32.50. 

EacH new volume of Dr Whitegide’s monumental edition 
of Newton’s mathematical papers brings to light for the 
first time source material of outstanding value for the 
historian: a large part of this latest volume is taken up 
by the authentic text of Newton’s great treatise of 1671 
on the method of series expansion and fluxion calculus, 
as well as extracts of the manuscript version of the optical 
lectures he delivered as Lucasian professor durmg the 
period 1670-73 covered by this volume. These docu- 
ments are accompanied by those masterly introductions to 
which the editor has accustomed us and by appendices 
supplying a considerable number of related texts which 


are thus made immediately available to the reader. No 
detail of Newton’s calculations is left in the dark; the 


editor’s translation of the Latin texts is more than an 
accurate rendering: it is actually a running commentary 
of the original. Moreover, elaborate footnotes analyse the 
most difficult passages and point to the few slips that could 
puzzle the reader, or perhaps escape his notice. 

The main event in Newton’s career which is reflected 
in the documents published in this volume is his appoint- 
ment to the Lucasian professorship, of which he was the 
second occupant, after Isaac Barrow. Whiteside, whose 
cool-headed erudition is sweeping away a good deal of the 
Newtonian hagiography, cbserves that Barrow’s resigna- 
tion of the chair was most likely not so much an act of 
generosity towards his gifted student as a preparatory 
move toward securing for himself the mastership of 
Trinity College. Anyhow, Barrow’s influence on the 
orientation of Newton’s thinking, both in mathematics 
and optics, is quite conspicuous (as Whiteside points out) 
as soon as one compares their respective writings; thus the 
comparison of functional variation with a “flow”, resulting 
in the fluent” and “fuxion™ terminology, is of Barrovian 
origin. Newton never managed to finish the treatise he 
started in 1671 and in which he wanted to give a systematic 
account of his methods and their various applications to 
algebraic and geometrical problems. In contrast to 
Leibniz, who had realized the importance of thought- 
saving symbolism, Newton was content to set up rules of 
procedure, which he could only explam and illustrate by 
examples. His lack of feeling for the advantages of 
symbolic notation is strikingly shown by the fact that 
there is in his papers no trace of the dot notation for 
fluxions before 1691: he just used the final letters of the 
alphabet (v, z, y, z) for the variables, and the middle 
letters 1, m, n, p for their respective fluxions; a feature 
which only the examination of the original manuscripts 
could reveal, because the imperfect second-hand tran- 
scriptions and translations of the treatise, published in the 
18th century, made use (for obvious reasons) of the dot 
notation, without deeming it necessary to warn the 
reader of the alteration. We learn that the main reason 
why Newton's treatise was not promptly published was 
the unwillingness of the London booksellers to risk the 
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printing of unsaleable mathematical books written in 
Latin: Barrow’s geometrical and optical lectures and 
Wallis’s Mechanica had just been a dismal failure on the 
book market. In later years, Newton often referred to 
his 1671 treatise, not least in the course of his controversy 
with Leibniz. The manuscript bears traces of frequent 
use; in fact, the first leaf is now missing and is here 
reproduced from one of the early editions. It is a capital 
document for the study of Newton’s mathematical con- 
xeptions and, notwithstanding the large literature based 
on the inferior printed versions. it will repay detailed 
examination. 

The editors self-imposed restriction to Newton's 
mathematical work has induced him to make a selection 
of the optical lectures, essentially limited to the parts 
dealing with geometrical optics. Fortunately, he has 
included the material relevant to the vexed question of 
Newton’s views about the chromatic aberration. Here 
again, it looks as if the evidence thus collected seals the 
fate of one of the most tenacious Newtonian legends: af 
Newton despaired of improving the quality of refracting 
telescopes, it was not because he entertained a wrong view 
of the relationship between mean refraction and dis- 
persion, but simply because unsuccessful trials had made 
him realize the practical obstacles to making an achro- 
matic combination of lenses. His whole approach to 
the problem was thus a soundly practical one, and his pes- 
sinustic conclusion was based on first-hand knowledge of 
contemporary technical skill. This would mdeed be more 
consonant with our general picture of Newton's thinking: 
a practical outlook is no less apparent in the analytical 
methods developed in the treatise on series and fluxions 
than in his optical and astronomical investigations. It 
is an essential component of his genius and perhaps the 
dominant motivation for all his creative work, 

L. ROSENFELD 


WAVE PROPAGATION 


lonospheric Radio Waves 
By Kenneth Davies. Pp. xvi -+ 460. (Blaisdell: Massa- 
e usetts, Toronto and London, 1969.) $13.50, 


OBSERVATIONS of the ionosphere, by probing with radio 
waves from the ground, have been in progress for about 
40 years. There is now a world-wide network of ionosonde 
observing stations which is constantly adding to our 
knowledge of the formation and movement of the 
ionosphere and is of great value to communication 
engineers concerned with operating long distance radio 
links. These observations have been powerfully supple- 
mented for about 15 years by instruments in satellites. 
Ionospheric physies is now a large and expanding scientific 
subject. 

The ionospheric medium is a partially ionized magneto- 
plasma. The propagation of radio waves in this is fascin- 
ating because it is both anisotropic and inhornogencous. 
The result is a series of complicated problems which tire 
intriguing for the mathematically inclined physicist but 
sometimes puzzling for the practical communications 
engineer. It might perhaps be said that, in this field, our 
knowledge of wave propagation has made its farthest 
advance. 

The author of this book has succeeded admirably m 
writing an introduction to this subjeet which will tell 
the communications engineer just about all that he wants 
to know and will at the same time whet the appetite of 
the reader who wants to go into more mathematical 
detail. Kenneth Davies is a member of the staff of the 
laboratories in Boulder, Colorado, where ionospheric data 
are processed and where much important research is done. 
They used to be called at various times the “Central 
Radio Propagation Laboratory” and the’ “National 
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Bureau of Standards Laboratories”, and are now called 
“Institutes for Environmental Research”. This frequent 
change of name does not detract from the excellence of 
their work. The author has participated in lecture courses 
given there and is an experienced teacher who tries to 
explain the physical meaning of mathematical formulae. 
His book is intended both for graduate and undergraduate 
students and for professional engineers. 

One longish chapter discusses the formation and move- 
ment of ionospheric layers, their interrelation with the 
Sun and the Earth’s magnetic field and their diurnal, 
seasonal and geographic variations. The rest of the book 
deals almost entirely with the propagation of radio waves, 
and the problems discussed are those which can be handled 
by the methods of “ray theory” or “geometrical optics”. 
There is no discussion of phase integral methods nor of 
W-K-B solutions, although some physicists would say 
that these topics should be included in ray theory. The 
Booker quartic equation is briefly mentioned but gets 
barely a page. But there are very thorough and clear 
discussions of such topics as dispersion, absorption, 
virtual height and ray paths. The approach is based, 
broadly, on that used by Lorentz and Appleton, but a 
more sophisticated kinetic treatment using the Boltzmann 
equation is explained in the chapter dealing with velocity 
dependence of the electron collision frequency. A chapter 
on topside sounding reviews the large amount of new 
ionospheric knowledge recently obtained from satellite 
borne instruments, and includes such topies as ducted 
echoes and plasma resonances. The final chapter, on 
non-linear processes, includes a brief account of wave 
interaction or cross modulation. The book amply fulfils 
its stated purpose of making the subject interesting to the 
engineer and leading the more advanced student on to 
further study. K. G. BUDDEN 


SIMPLIFIED SUPERCONDUCTIVITY 


Introduction to Superconductivity 

By A. C. Rose-Innes and E. H. Rhoderick. (International 
Series of Monographs on Solid State Physics, Vol. 6.) 
Pp. xvi+ 228. (Pergamon: Oxford, London and New York, 
May 1969.) 70s; $9.50. 


THe authors stress that this is an introductory text. 
It is more descriptive than mathematical and is very 
clearly written. Appropriately, the rationalized mks 
system is used. 

The subject is developed in a conventional order. 
The first half of the book (eight chapters) is devoted to 
electrodynamics, using the London theory, and elementary 
thermodynamics. There follow two chapters on micro- 
scopic theory and tunnelling respectively, an excellent 
chapter on quantum interference (d.c. Josephson effect) 
and two chapters on type IT superconductivity. The 
microscopic theory is not expounded but described, 
without second quantization, and the principal ideas of the 
theory are well presented. 

It seems to me that there are advantages in treating 
type I and type II superconductors together from the 
outset: the discussion of surface energy gains content; 
the persistent currents in a type TI superconductor are 
more interesting; and finally, of course, Essmann and 
Tréuble’s famous photograph! of the Abrikosov lattice, 
reproduced here as a frontispiece, leaves no doubt about 
fluxoid quantization. The authors must have considered 
weaving type II superconductivity into the main part 
of the text and it would be interesting to know why they 
rejected the idea. 

A treatment at this level has to be simplified; in some 
places I find it oversimplified. It seems questionable 
that the Pippard equation is not mentioned. Some of 
the diagrdms are sketches, when they might have been 
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the real thing. To mention two examples, the figure 
showing variation of energy gap with temperature does 
not tally with published tables?, and the current-voltage 
characteristic of a tunnel junction is merely sketched. 
The most serious weakness, however, is that the notion 
of coherence length is wrongly treated. The phrase is 
commonly used for two different things: the range of 
the Pippard kernel (Ep), and the fundamental distance 
of the Ginzburg-Landau theory (gL). Ep is independent 
of temperature, and is equal to l for short mean free path J. 
Egy is temperature dependent, diverging at Te, and for 
small J the zero temperature value is (oł)? (y= value in 
pure material). The authors generally mean Egy, (treatment 
of surface energy and of mixed state), but twice state the 
“dirty limit’? value as l, and say nothing about the 
temperature dependence. 

There is a dearth of introductory books on supercon- 
ductivity and this book is to be welcomed for the general 
clarity of its exposition. D. R. Tinney 


i Essmann, V., and Träuble, H., Phys. Lett., 24A, 526 (1967). 
? Mithischlegel, B., Z. Phys.. 155, W3 (1059), 


INTRODUCTION TO METALS 


Elementary Science of Metals 

By J. W. Martin. (The Wykeham Technological Series for 
Universities and Institutes of Technology.) Pp. xii -+ 133. 
(Wykeham: London and Winchester, 1969.) 20s. 


THis book is announced as the first of a “technological 
series’ for universities and institutes of technology: it is 
surprising to find the science of metals classed as 
technology while industrial acoustics, for example, 
qualifies as a member of the publishers’ parallel “science 
series’, and one may wonder whether the distinction is a 
useful one. The book has, however, in common with others 
in both series, that its author is a university teacher who 
has had the assistance of a schoolmaster, in this case R. A. 
Hull of Uppingham School. The book will be useful for 
undergraduates at the start of a university course in the 
physical sciences, for students at the equivalent stage in 
colleges of technology and for those senior students in 
schools who may wish to break out of the confines of the 
maths—physics—chemistry combination. 

An introduction is given to the greater part of the 
subject of physical metallurgy, with chapters on bonding 
and the crystal structures of metals, grain structure and 
metallographie techniques, alloy microstructures and 
phase diagrams, elastic and plastic deformation, 
strengthening mechanisms and fracture. Within 133 
pages the coverage of these topics is necessarily ele- 
mentary, but the book has been well planned and clearly 
written: treatments are seldom quantitative, but expla- 
nations are clear and interesting and well suited to a 
readership of beginners in the subject. A nice balance is 
held between a purely phenomenological and a purely 
theoretical approach. A pleasing feature is the inclusion 
of simple problems and practical experiments at the end of 
each chapter. The experiments are stimulating and re- 
quire only the simplest, readily available equipment. and 
the author has remembered, for instance, to give in- 
structions for adapting the more common biological 
microscope for metallographie work. 

The book has good quality paper between cardboard 
covers and is amply illustrated. The quality of reproduc- 
tion of the micrographs is adequate, but one must criticize 
the line diagrams which are in many cases very badly 
drawn. Although the diagrams often convey their 
message clearly enough, their poor quality gives an 
unnecessarily cheap appearance to an otherwise reasonably 
priced book. It is to be hoped that this very useful 
introduction will be widely used by embryonic scientists 
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and technologists alike and that a second edition, with 
more elegant diagrams, will soon be called for. 
M. J. SouTHON 


LIGHT FLOW 


Elementary Rheology 
By G. W. Scott Blair. Pp. xi+158. (Academic Press: 
London and New York, May 1969.) 35s; $5.50. 


Dr Scorr Bram's latest book is a collection of short 
readable essays on some of the elementary concepts and 
techniques of modern rheology, written expressly for the 
non-specialist and for the reader who wants to avoid 
mathematical precision. The many asides and passing 
references, with occasional comments on the historical 
development of the science of deformation and flow, make 
for an easy, conversational style; and the book may be 
regarded as light reading by the serious scientist. The 
author tends to indulge in reminiscence about his own 
former research interests: plug-flow and the sigma 
phenomenon, flour dough and cheese, fractional time- 
derivatives, a defence of power laws, bovine secretions 
and psycho-rheology, are all woven into the general 
pattern. The many colourful names that have been given 
to rheological phenomena are resurrected for the reader’s 
entertainment: the subtle distinctions between thixo- 
tropy, false-body, rheotropy and rheomalaxis, between 
firmness, hardness and toughness, between fluidity and 
mobility, between dilatancy, rheopexy and antithixo- 
tropy, between tack and hesion, between strain-hardening 
and work-hardening, between spinability and fow- 
elasticity, between structural viscosity and yield-value, 
are all revealed. 

Three chapters, introducing topics that are unusual in 
an elementary text on rheology, are worthy of special 
mention. They include an account of the simple measure- 
ments that have been made to determine the variable 
viscosities of blood, plasma and serum, and to measure 
the relaxation time of coagulating blood; and a description 
of methods available for estimating the rheological 
properties of such biological materials as bronchial 
mucus and synovial fluid. These are highly relevant in 
medicine to the study of diseases such as thromboses, 
bronehitis and rheumatism. Also included is an essay 
on the comparison of subjective assessments of rheological 
properties like firmness, springiness, crumbliness and 
spreadability with instrumental readings. 

The author’s deliberate avoidance of ‘‘all the difficult 
mathematics’? leads him into difficulties of other kinds, 
notably in his non-mathematical descriptions of a sinus- 
oidal oscillation, of the effect of combining two shears 
in different directions, and of possible causes of the 
Weissenberg climbing effect. His quotation of different 
formulae in different places for the velocity of fall of a 
solid sphere through a fluid could possibly be not uncon- 
nected with his abhorrence of mathematical precision. 

A list of books for further reading, references, and both 
author and subject indexes are included. 

J. G. OLDROYD 


DIXIELAND SURVEY 


The Journal of Charles Mason and Jeremiah Dixon 

Transeribed from the original in the US National Archives, 
with an introduction by A. Hughlett Mason. (Memoirs 
of the American Philosophical Society, Vol. 76.) Pp. 231. 
(American Philosophical Society: Philadelphia, 1969.) $5. 


Mason and Dixon were a colourful pair whose story, 
especially their part in the expedition of 1761 to observe 
the Transit of Venus, makes very good reading. There 
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is a very good account of this in Woolf’s book The Transits 
of Venus (Princeton, 1959). In a way, however, they are 
better known as a result of their being commissioned in 
1763 to survey the boundary between Pennsylvania and 
Maryland. The Mason and Dixon line became the bound- 
ary between the North and the South in the American 
Civil War, and one will see the phrase “north (or south) 
of the Mason and Dixon line” frequently in such works, 
written in racy or colloquial American, as those of O. 
Henry. Finally, the entire South became Dixieland, or 
Dixie, in popular song. 

The present work, however, is not at all colourful. It 
gives an eight-page “Historical Prelude to the Survey” 
and then a bookful of the actual details of the survey, 
which is no doubt intended for students of the locai history 
of the period and not for any more general reader. 

RICHARD WOOLLEY 


FORECASTING CHANGE 


Technological Forecasting for Industry and Govern- 
ment 

Methods and Applications. Edited by James R. Bright. 

Pp. xxi+ 484. (Prentice-Hall: Englewood Cliffs, NJ, and 

London, 1968.) 295s. 


WHEREVER interests are liable to be affected by techno- 
logical change, there is an evident advantage in trying to 
predict how and to what extent this may happen during 
the period under review. Attempts to forecast techno- 
logical change, whether changes in technology per se, 
or in the wider economic, social and political implications 


awareness of the rate of technological change and of its 
importance as a part of the environment with reference to 
which industrial and economic decisions should be made. 
Another may be the recognition that, at the same time as 
public funds are being committed to technological projects 
on an increasing scale, governments are becoming obliged 
to take measures to restrict side-effects detrimental to 
public welfare. And a third is the fact that proponents 
of the management sciences have recognized an opportun- 
ity to apply their methods and thinking to what is in 
practice an extremely complex and difficult pursuit. 

It was with the intention of widening the awareness of 
current thinking and practice that James Brights a 
Harvard Business School professor who has been much 
concerned with exploring and helping others to uhder- 
stand the problems and complexities of technological 
innovation, arranged and conducted the first of his 
privately organized “Annual Technology and Manage- 
ment Conferences”, at Lake Placid, New York, in June 
1967. This he explains in the preface to this well produced 
but very expensive edition of the papers presented at the 
conference, which was devoted to technological forecast- 
ing. Professor Bright deserves our congratulations for 
his enterprise, the more so because he assembled as 
speakers a sizable majority of those who had at the time 
written usefully and at first hand about the subject. 
Subject to the limitations of any set of conference papers, 
he is therefore justified in suggesting that®his volume 
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represents the state of the art as it was in the United 
States when the papers were prepared. And apart from 
papers in the literature which deal more clearly with 
matters of detail, nothing comparable has been published 
since, 

The collection is sub-titled “Methods and Applications”. 
Bright explains that his first conception of the conference 
was that it should deal only with methods, but that as he 
became more acquainted with the subject and its practi- 
tioners, he became convinced that the discussion of 
technological forecasting should not be divorced from 
that of the process of planning which it was ultimately 
intended to inform. This is a particularly important 
point, for many authors in the general literature have 
written with deceptive enthusiasm about methods and 
what might be achieved through their use, without, at 
least on paper, having addressed themselves to a critical 
discussion of the very real difficulties of making studies 
that are likely to be useful to management operating in a 
practical context. The fact is that other than a vi ery 
small number of organizations, notably within the defence 
establishment of the United States, few can yet be in a 
position to assess their experience of the methods of 
technological forecasting. This is particularly true of 
forecasts that are sufficiently detailed to guide other than 
very broad decisions. On the other hand, it is becoming 
recognized, at least in organizations in which there is a 
commitment to planning and explicit management 
procedures, that the processes of consultation and informa- 
tion gathering that are involved in technological forecast- 
ing have helped to establish the importance of technologi- 

cal change in drawing up the picture of the threats, 
opportunities and uncertainties faced by an organization, 
at the same time as making a general contribution to the 
improvement of internal communication and the lessening 
of interdepartmental conflict and misunderstanding. 
This [ regard as a very strong argument for approaching 
technological forecasting from the standpoint of a proper 
definition of the problems to be examined, rather than 
from a knowledge of methods which might then be applied 
to amenable problems. There is also the important rider 
that a methods-oriented approach may all too easily 
restrict attention from aspects of a problem that should 
also be the subject of proper analysis. Bright’s book 
thus becomes one to dip into, for use as a source of ideas 
about the scope of problems that might be tackled and 
the different analytical approaches that might prove 
useful in doing so, rather than as a strict textbook. In 
this sense, a reader might find it very useful indeed, 
but nobody should approach the book with the impression 
that reliable answers will be easy to come by. 

Of the few publications on the market so far, I would 
rate Bright’s book the best. Apart from the content of 
the papers, and their often extensive bibliographies, the 
text is completed by two very useful bibliographies pre- 
pared by Marvin Cetron. The first, which is partly 
annotated, covers the literature of technological fore- 
casting; the second deals with appraisal techniques for 
research, development and technological planning. Many 
ofethe papers are in themselves very interesting, and in 
particular I would mention “Technological Forecasting 
Lessbns from Project Hindsight” by Raymond S. Isenson; 
“The Use of Technological Forecasts for Planning Re- 
search” by Joseph P. Martino; and “An Evaluation and 
Appraisal of Various Approaches to Technological Fore- 
casting’ by Marvin J. Cetron and Thomas I. Monahan. 
The hindsight paper provides a guide to the analvsis of 
the factors that may influence technological achievement 
within the organization; Martino’s paper illustrates an 
explicit approach to the analysis that might be useful in 
examining a research and dev elopment programme; and 
Cetron and Monahan have provided definitions and illus- 
trations of the use of the methods of technological fore- 
easting that ought to be useful in effecting an introduction 
to the subj@et. Davin R. Coates 
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INTERFERON IN 1968 


interferon 
By J. Vilček. (Virology Monographs, Vol. 6.) Pp. 
iv+ 141. (Springer-Verlag: Vienna and New York, 1969.) 


42 DM; $10.50. 

THis concise but comprehensive review makes light 
work of a currently complex field and achieves the 
stated aim of providing a balanced up to date account of 
the synthesis, properties and mode of action of interferon, 
suitable to serve as a general reference work. Although 
basically written, as I understand it, in 1967, the review 
contains references to work published in 1968 and in 
discussion it is largely up to date. 

The imitial section of the book, in the form of a short 
history of viral interference and a discussion of the dif- 
ferent methods of assay of interferon, provides an easy 
introduction to the different aspects of work on inter- 
feron, which should be immediately understandable to 
those not familiar with this particular field or even 
those having little background knowledge of virology. 
The largest section (about one-third of the book) provides 
a comprehensive review of what is known of the syn- 
thesis and release of interferon both in tissue culture 
and in the whole animal. The purification, physical and 
chemical properties and antigenicity of interferon are 
dealt with neatly in a short central section. This is followed 
by a review of the conflicting data and problems concerning 
its mechanism of action. The review ends with a discus- 
sion of the significance of interferon in viral infection 
in vivo and in vitro. 

In order to be comprehensive, the author has delib- 
erately included controversial and at times speculative 
work. Moreover, the interferon field is plagued by con- 
flicting results for which we have, as yet, no explanation. 
In spite of this, the material is clearly presented through- 
out, each section flowing easily into the next with a 
simplicity which owes much to the author’s careful 
arrangement of the material. A large part of the book is 
concerned with the presentation of data and discussion 
is kept to the minimum necessary to indicate the gen- 
erally accepted view. Nonetheless, alternative interpre- 
tations are clearly indicated and the reader is not mis- 
led into any too simple impression of this intrinsically 
complex field. There are occasional omissions and T 
feel that it would have been helpful to the reader if 
the importance of the distinction between the synthesis 
and release of preformed interferon had been introduced 
earlier in the section concerning interferon production. 
These are minor criticisms, however, and it would be 
fair to say that while other reviews may provide more 
detailed accounts of particular aspects of the field, this 
short book can be warmly recommended both to the 
novice and the expert in search of an introduction to, or 
a concise reference work concerning, our knowledge of 
interferon in 1968. Ian M. Kerr 


FUNGAL ROOTS 
The Biology of Mycorrhiza 


By J. L. Harley. Second edition. (Plant Science 
Monographs.) Pp. xxi+ 334. (Hall: London, July 
1969.) 150s. 


Tars extensively revised edition of Professor Harley’s 
book will be widely welcomed. <A great deal of recent 
physiological work has been included without making the 
book less readable. An impressive degree of continuity 
is achieved throughout, aided by sammarizing paragraphs 
and cross-references in the text. Like its predecessor, this 
edition will be regarded as the authoritative work on a 
complex and difficult subject. 

The arrangement of material into three sections has 
been retained, with the aims of each part clearly set out 
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in an introductory chapter. Section one deals generally 
with fungus/root associations. Although the author 
amply justifies beginning in this way, some readers might 
have preferred to start earlier on detailed consideration 
of mycorrhizas. Sections two and three deal with ectotro- 
phic and endotrophic mycorrhizas. Throughout, there 
are valuable discussions of the experimental techniques 
used and the practical implications of findings, particularly 
to forestry, are mentioned as appropriate. Further 
discussion of the problems of estimating mycorrhizal 
infection (page 54) would have been helpful. The 
absorptive role of mycorrhizas is given detailed considera- 
tion, covering cation and phosphate uptake and the 
controversial subject of nitrogen fixation. The new 
chapter on carbohydrate physiology of ectotrophic 
mycorrhiza makes stimulating reading. 

The text is largely free of printing errors. On page 
232 “gibberellic acid” has apparently been substituted 
for “fugaric acid”. Frequent references to appendices 
containing notes serve to keep the book up to date, but 
also reflect the long time between writing and publication. 
Some of the graphs taken front published papers need 
slight modification (for exainple, deletion of extraneous 
symbols in fig. 14, page 130) to make them more readily 
understood in the present context. When referring to 
plates, it would be helpful to add the page number. The 
general appearance of the book is better than that of the 
first edition, but this and the increase in length of the text 
from 204 to 282 pages seem insufficient to justify increasing 
the price from 55 to 150 shillings. This high price will 
deter people from purchasing their own copy of a book 
which they would otherwise like to possess. 

J. I. Sprent 


Correspondence 


International Conferences 


Sir,—There have recently been several occasions when 
scientists have refused to attend certain meetings because 
they have objected to some of the actions of the govern- 
ment of the country in which the meeting was being held. 
It seems likely that such situations will recur in the future. 
These and similar problems arise in international scientific 
relations because of the profound division of the world 
into ideologically, politically and socially different systems. 
We feel it important that the issues involved should be 
discussed by the scientific community. We do not ann to 
lay down in detail the judgment to be made m any 
particular instance, but to see if some measure of agree- 
ment can be obtained on a few basie principles and rules 
which could serve as guidelines for making decisions. In 
the last analysis we believe that such decisions must 
remain the personal responsibility of the individual 
scientist. 

The great majority of scientists would agree that: 
(1) Science is international. Free and constant intellectual 
communication between scientists is essential for the 
health of science, and frequent direct personal contact is 
very desirable. (2) The scientific community should not 
be divided because of non-scientific issues, if such division 
ean be avoided. 

Nevertheless. certain national aspects of science are 
unavoidable. The funds for most scientifie research and 
teaching are provided from national sources. Meetings 
must take place in some particular country or other, 
unless we are only to meet on the high seas. In addition, 
at the present time we have to face the following facts. 
(a) Some countries put more or less severe restrictions on 
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foreign travel by their own citizens, and/or on visits by 
citizens of certain other countries. (6) Scientists and 
scholars have (quite recently in some countries) been 
dismissed or imprisoned without fair and public enquiry 
or trial. (c) In some countries the public discussion of 
certain scientific ideas may be difficult, if not actually 
restricted, because they are considered to contradict or 
question the official philosophy which forms the basis of 
the social system. (d) Because many meetings, congresses 
or even individual visits are officially 3 





y sponsored by 
governments!, some scientists feel that their participation 
in such activities could be construed as implying their 
approval of a system or policy which in fact they strongly 
dislike. They feel morally bound to decline certain 
invitations even though their acceptance might contribute 
to fruitful scientific communication. 

In making a decision on these matters, a scientist. we 
feel, should not be primarily concerned with the question 
as to which course of action might best serve his own 
public image. Nor should he let his personal sympathy 
or antipathy towards a regime or its ideology automaliwally 
decide whether he should accept a foreign invitation or 
not. As a citizen he may hold, and express, his opimions 
of a certain social system, of its ideology or of the policy 
of its government. As a scientist, and when confronted 
with a specific issue whether or not to accept an invitation 
directly related to his field of activity, bis major concern 
should be to try to make the decision which, in his opinion. 
would best serve the international scientific community 
and encourage freedom of expression and communication, 
He should therefore not allow his authority or prestige 
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time, he will not want to penalize scientists of another 
country because of the oppressive or restrictive policy 
of their government, of which, in many cases, they are 

It would follow, therefore, that invitations sponsorec 
or honours bestowed by a government responsible for 
any sort of restriction on the freedom of science and 
scientists should be declined. The reason for the refusal 
should be clearly stated, and refer not so much to the 
general policy of the government as to its attitude towards 
its own scientific and academie community. Private 
invitations? by individual colleagues, universities or 
institutes, by contrast, could be accepted, and should 
whenever possible be turned into an occasion for reaffirm- 
ing publicly the unity of the scientific community and its 
opposition to any ideological or political oppression. 

Attendance at a particular meeting in another country 
might, in suitable cases, be made dependent on a set of 
conditions aimed at making the meeting an open and 
unofficial one. Such conditions might be: (1) the govern- 
ment would not prevent the attendance of any bona fide 
scientist at the meeting; (2) the government would not 
make any political propaganda about the meeting being 
held in their country; (3) officials of the government would 
not address the meeting; (4) direct? financial support of 
the meeting by the government would not be acceptable’, 
except perhaps for optional cultural activities which 
individual scientists could feel free to refuse if they au 
wished. 

We fully realize that, while these principles and rules 
seem clear and simple enough, it may be difficult in many 
particular instances to decide just where to draw a line 
and how to make one’s own attitude known without 
allowing it to be unduly exploited and without endanger- 
ing certain colleagues. In spite of these diffieu Ities we 
feel that a wide consensus, within the scientifie community, 


in favour of actively defending these prmeiples on every 
possible occasion is likely in the long run to serve not only 
the development of science but also the wider cause of 
civil liberties and human mghts. * 
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In any case, we hope that our suggestions will provoke 
a wider discussion of the issues involved and of the 
correct course of behaviour to be followed. We suggest 
that any scientist who agrees or otherwise with our 
general position might usefully send a postcard or letter 
to the Editor of Nature to that effect. 
Yours faithfully, 

F. H. C. Crick 

J. ©. KENDREW 

M. F. PERUTZ 

F. SANGER 
Medical Research Council 
Laboratory of Molecular Biology, 
Cambridge. 

JACQUES Monop 

FRANCOIS JACOB 
Institut Pasteur, 
Paris, France. 

ANDRE Lworr 
Institut de Recherches Scientifiques 
sur le Cancer, 
B.P. No. 8, 
04, Villejuif, France. 

: We would also include political or military organizations supported by 

several governments. The discussion might reasonably be extended to 
organizations within a country, such as military establishments, commercial 


firms, and so on, but to avoid compHeating the issue we suggest that these 
cases be left aside for the moment. 

3? We realize that there are some countries where all such private initiative 
is controlled and any invitation would have to be considered an official one. 

* it may be difficult in some cases to decide whether the support is direct”. 
In assessing this it would seem sensible to consider whether there are any 
atrings attached to the granting of the money, or whether the money is 
allocated on a strictly scientific basis, without any political or military 
considerations. 

¢ Scientists at the present time appear to he divided on the ethical issue 
of whether one should accept money from a government of which one dis- 
approves. Some feel strongly that money should not be accepted. Others 
argue that such financial contributions, though small, will, if anything, 
weaken the organization which makes them. Because we believe ihat even 
after debate there will always be a substantial fraction of scientista who are 
against accepting such money, we suggest that no useful purpose will be 
served by publicly debating this particular ethleal point in this context. 


All Change 
Srr,—In your issue of September 20 you published an 
editorial note, “Biochemical Meeting—~All Change” 


(Nature, 223, 1196; 1969) concerning the transfer of the 
Eighth International Congress of Biochemistry from 
Rome to Switzerland. 

This note implies that the main reason for this transfer 
is the unrest of the students in Italy’s universities, or so 
it has been suggested by the police force of the city of 
Rome. This seems to me quite untrue and unfair to the 
motives behind the behaviour of the Italan students. 

The situation of Italy’s universities in the last twenty 
years has progressively deteriorated because of the out- 
dated and antidemocratic system on which it was based, 
and consequently has now reached breaking-point. The 
students have recognized their responsibilities and are 
now trying to force the Italian government to change the 
situation in their universities, sometimes, it is true, by 
unorthodox methods. The fact that the reform of the 
universities is now being discussed by the Italian Senate 
is*due to the pressure of the students and certainly not to 
any, effort on the part of the university “professori” or the 
government, who had twenty years to modify the situa- 
tion and took no action. It is the authorities who have to 
be considered responsible for the present unrest in Itahan 
universities. 

I hope that the biochemists will not mind too much 
commuting between Lucerne, Interlaken and Montreux, 
and I am sure they will be welcomed in Rome once the 
Italian government no longer considers the International 
Biochemical Congresses an unwanted distraction. 


Yours faithfully, 


REGGERO MONTESANO 
10 Langland Gardens, 
London NW3. 
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Retire Early in Brazil 


Sir,—You recently (Nature, 222, 909; 1969) invited 
suggestions for alleviating the serious situation facing 
many Brazilian scientists who have been forced to resign 
from their positions in state universities, apparently for 
political reasons. 

This situation seems to be of a type occurring more 
frequently in recent years. It raises the immense problem 
of what can be done to prevent government interference 
with the professional activities that scientists may be 
commissioned to undertake on behalf of the community 
for which they work: interference, moreover, that is 
based exclusively on grounds (political, religious or racial) 
unrelated to their scientific competence and responsibility. 

Assistance can be, and is being, given at an individual 
level in finding jobs for several of those concerned in other 
countries. One possibility for the future would be the 


Scientific Labour Exchange to deal with similar situations 
in the future. But this,eby itself, is not enough. 

Scientists, more perhaps than others-—-by tradition and 
by the nature of their work-—have a responsibility to the 
community and to themselves that is, first and foremost, 
international. This obligation cannot be properly fulfilled 
under conditions of systematic political restraint or 
exploitation. 

Situations analogous to that in Brazil operate in South 
Africa, Greece, Spain (perhaps to a lesser extent) ancl 
more obscurely in some other countries where political 
considerations impinge critically on scientific freedom. 
They have impelled some scientists—individually, through 
ad hoc groups or in organized societies—to consider and 
sometimes introduce certain measures of boveott, albeit 
limited, in order both to register disapproval and to avoid 
serious restrictions on their international activities, Such 
moves have been opposed by many, sympathetic in prin- 
ciple to these objectives, who are understandably reluctant 
to support action that (a) might defeat its own purpose 
by itself restricting mternational scientific contact and 
(b) would be difficult to linut to specific countries on any 
other than rather arbitrary criteria. 

These difficulties however, might be overcome by 
(a) careful formulation, perhaps in consultation with inter- 
national legal experts, of proposals structured in a manner 
already found to be meaningful and operationally valid in 
international agreements and (b) obtaining more accurate 
information on situations in countries where the applica- 
tion of such sanctions has to be considered. 

These tasks would then have to be carried out by an 
international body representing national associations of 
those most closely concerned with the promotion of 
freedom and social responsibility in science. We have in 
this country a recently inaugurated British Society for 
Social Responsibility in Science with interests which it 
may be hoped are sympathetic in principle to the sugges- 
tions outhned below. There are analogous societies 
already functioning, or in process of formation, in other 
countries. Might it not be possible to constitute some sort 
of international body with representatives of these (and 
other) national associations to modify, agree on, ancl finally 
to implement, a proposal along these lines? 

The relation between such a body and the International 
Council of Scientific Unions (ICSU) would have to be 
worked out and promoted in the hope that through ICSU 
itself these proposals could best be implemented. Indeed, 
their objects and aims are entirely consistent with ICSU 
Statutes and in furtherance of the Human Rights 
Covenant of the United Nations. 

I would therefore suggest that consideration be given 
to the setting up of an international body representing 
appropriate national organizations concerned with the 
promotion of freedom and social responsibility im science, 
having the task of: (1) Critically surveying the situation 
in all countries with respect to the fundamental right of 
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scientists to freedom from interference—on grounds of 
race, .creed, or political beliefs--with scientific inter- 
communication and personal contact across and within 
national boundaries. (2) Advising accordingly as follows: 
(a) Committees sponsoring and/or organizing international 
scientific meetings, to avoid their bemg held in any 
country where such freedom is significantly restricted. 
(b) Individual scientists, contemplating a personal visit 
abroad for scientific purposes, to consider avoiding any 
country where restriction to such freedom may interfere 
significantly with the object of the visit. 

It may also be important to consider other factors, 
such as the means for resisting exploitation, by govern- 
ments or other agencies, of scientific meetings and indivi- 
dual visits for (a) purely political propaganda unrelated 
to their scientific objectives or (b) espionage purposes. 

It would be valuable to have some other opinions on 
these very tentative suggestions. 


Yours faithfully, 
+ M. R. POLLOCK 


Department of Molecular Biology, 
University of Edinburgh, 

King’s Buildings, 

Mayfield Road, 

Edinburgh, EH9 3JR. 


Appointments 


The following have been appointed to the Medical 
Research Council from October 1: Professor A. S. V. 


Medical School. 


Mr J. Aitken has been named chief of the Space Research 
Facilities Branch of the National Research Council of 
Canada, in succession to Dr R. 8. Rettie. 


Mr G. Wilson, Royal Institute of Public Health and 
Hygiene, has been appointed to the new post of secretary 
to the Wellcome Institute of the History of Medicine. 


Announcements 


Professor H. H. Hopkins, University of Reading, has 
been elected president of the International Commission 
for Optics, in succession to Professor G. Toraldo di 
Francia. The ICO is an affiliated commission of the 
International Union of Pure and Applied Physics. 


Erratum. In the article by A. N. Bunner et al. on “Soft 
X-ray Background Flux” (Nature, 223, 1222; 1969) the 
equations on page 1225 should read: 


I = So fexp = ( Y ext dr 
0 


Zs SIN b/ 





pd 


7 r 
<= Sna f exp — { —— 
one f *P © sin b 

Farther down the same column, J = (3-4+0-5) ... should 
read J=(12 402)... 
ERRATUM. In the article “Enzymes controlling Weight 1” 
from our Medical Biochemistry Correspondent (Nature, 
223, 1100; 1969), the name of G. L. S. Pawan was 
unfortunately misspelt Palan. 


2 
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Erratum. In the announcement of the appointment of 
Professor J. F. Fowler as director of the British Empire 
Cancer Campaign for Research’s Research Unit in Radio- 
biology (Nature, 223, 1395; 1969), it was stated that 
Dr O. C. A. Scott would retire on December 30. This 
should have been September 30. 
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International Meetings 


October 27-29, Low Cost Waste Treatment, Nagpur 
(Director, Central Public Health Engineering Research 
Institute, Nehru Marg, Nagpur-3, India). 


March 11-12, Welded Process Plant, London {Miss 
M. E. Keegan, Conference Publicity Section, The Institu- 
tion of Mechanical Engineers, 1 Birdeage Walk, West- 
minster, London SW1). 


March 16-18, 6th Annual Meeting of the Solar Energy 
Society, Sydney (Mr F. E. Edlin, Executive Secretary, 
Solar Energy Society, c/o Arizona State University, 
Tempe, Arizona 85281, USA). 


March 16-20, Fourier Spectroscopy, Colorado (Dr G. 
Vanasse, Air Force Cambridge Laboratories, Research 
Information Office, Bedford, Massachusetts 01730, USA). 


March 17-25, Horticultural Congress, Tel Aviv (Mrs 
L. Roman, Ministry of Agriculture. Ha-Qiurya, Tel 
Aviv, Israel). 


March 23-26, International Aerospace Instrumenta- 
tion Symposium, Cranfield (N. O. Matthews, Depart- 
ment of Flight, College of Aeronautics, Cranfield, Bedford- 
shire, UK). 

March 25-27, World Traffic Safety, Kyoto (Asahi 
Broadcasting Corporation, 2-2 Minamai, Oyodo-cho, 
Oyodo-ku, Osaka, Japan). 


March 31-April 2, Microwave Research, New York 
(J. Fox, Polytechnic Institute of Brooklyn, 333 Jay 
Street, Brooklyn, NY 11201, USA). 

March 31-April 3, Yield Deformation and Fracture of 
Polymers, Cambridge, UK (Meetings Officer, The 
Institute of Physics and the Physical Society, 47 Belgrave 
Square, London SW). 


April 6-10, Stress Analysis and its Influence on 
Design, Cambridge (Miss M. E. Keegan, Conference Pub- 
licity Section, The Institution of Mechanical Engineers, 
1 Birdcage Walk, Westminster, London SW1). 


April 15-17, 5th International Zootechny Symposium, 
Milan (Italian Society for the Advancement of Zootechny, 
Via Monte Ortigara 35. Milan, Italy). 


Sabbatical itinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratories, Nature 
advertises the needs for housing of families about to 
take up periods of sabbatical leave. To begin with, | 
no charge will be made for advertisements like this. 
It is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective. 








| 


Wanted: Furnished accommodation in London for 
American sociologist, wife and infant for 3 month 
period beginning in May or June 1970. (Can offer 
a 7 room Manhattan apartment, adjacent to 
Columbia, in exchange if desired.) Please contact 
M. Hechter, Department of Sociology, New York 
University, Bronx, NY 10453, USA. 





Wanted: Three-bedroom furnished house or apart- | 
ment for Canadian professor and family (4 children 

—-10, 8, 7, 6) near University of Oxford from Mareh 
15 to August 15, 1970. Please contact W, H. Vanden | 
Born, Department of Botany, University of Cah- | 
fornia, Davis, California 95616, USA. : 
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British Diary 


Monday, October 6 


History of Calculating Machines (6 p.m.) Mr A. F. J. White, Society of 
Engineers, at Terminal House {BOAC}, Buckingham Palace Road, 
London SWI, 


invisible Accelerators (7.30 p.m.) Mr K. M., Davies, Institution of the 
Rubber Industry, at the Midland Hotel, Burton-on-Trent. 


Progress in the Technology of Rapeseed Oil for Edible Purposes {6.15 
pm.) Professor H. Niewiadomski Society of Chemical Industry, Oils 
and Fats Group, at 14 Belgrave Square, London SW 


Reactivity of Titanium Dioxide in Pigmented Vinyl! Chioride/Vinyl 
Acetate Copolymer Surface Coatings (7 p.m.) Mr F. D. Robinson, 
OW and Colour Chemists’ Association, at Hull College of Technology. 

Scientific Film Evening (6.30 p.m.) Society of Chemical Industry, at Shell 
Centre, London SET. 


Tuesday, October 7 


Computerized Titrations--Unravelled Stoichiometry and High 
Accuracy (5.30 p.m.) Professor D, Dryssen, Society for Analytical 
Chemistry; and the British Computer Society, at Heriot-Watt 
University, Edinburgh, 

Experience with Metallurgical Type Sulphuric Acid Plants (7 p.m.) 
Mr A. Phillips, Enstitution of Chemical Engineers, at the Oaklands 
Hotel, Chester. 


Frequency Synthesis (5.50 p.m. discussion meeting) Institution of Electrical 
Engineers, at Savoy Place, London WEB. 

Management Information Systems for an Engineering Orientated 
Industry (7.50 p.m.) Mr J. V. Wilkinson, Institution of Electrical 
Engineers, at CEGB, Guildford. 


Wednesday, October 8 


Electrical Breakdown of Gases (2 p.m.) Professor J, M. Meek, Institution of 
Electrical Engineers; aud the Institute of Physics and the Physical 
Society, at Savoy Place, London WC2. 

Flammability and Fire Behaviour of Plastics (7.15 p.m.) Mr H. L Malhotra, 
Plastics Institute, at the University of Wales Institute of Science 
and Technology, Cardiff. 

Image Intensiflers for Night Vision and Their Application to Television 
at Low Light Levels (6 p.m.) Mr D, G. Taylor, Institution of Elec- 
ironie and Radio Engineers, 9 Bedford Square, Londen WEL 

Report on Color 69 and CIE Meetings at Stockholm (3 p.m.} Colour Group 
(Great Britain), at Imperial College, London SW7. 


The Microdetermination of Fluorine Specific Ion Electrodes versus 
other Methods (6.30 p.m. discussion meeting) Society for Analy- 
tical Chemistry, Microchemical Methods Group, at “The Leicester 
Lounge'’, Glasshouse Street, London WI. 


The New Rules 127 (for HNC and HND} in Electrical and Electronic 
Engineering (5.30 p.m. discussion meeting) Institution of Electrical 
Engineers, at Savoy Place, London WCdz, 


Thursday, October 9 


Electrical Manufacture, Today and Tomorrow (5.50 p.m.) Mr D. Edmund- 
gon, Lostitution of Electrical Engineers, at Savoy Place, London WC2. 

Problems of Pigmentation of Thermosetting Acrylic Finishes (6 p.m.) 
Mr G. Willison, Oi) and Colour Chemists’ Association, at St Enoch 
Hotel, Glasgow. 

Visual Mechanism (6 p.m.) Dr G, L. Ruskell, Institution of Electronic and 
Radio Engineers; and Institution of Electrical Engineers, at St 
Bartholomew's Hospital Medical College, Charterhouse Square, 
London ECI. 


Friday, October 10 

Dispersymers (6.80 p.m.) Mr C. D. Cook, OU and Colour Chemists’ Asso- 
ciation, at the Manchester Library and Philosophical Society, 36 
George Street, Manchester 1. 


Saturday, October I! 


England's Canals: History, Transport and Future (3.30 p.m.) Mr Oliver 
S. Turner, at the Horniman Museum, London Road, Forest Hill, 
London SE23. 
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may begin with any issue. 
The direct postal price per subscription for one copy of NATURE 


each week is: 
*12 MONTHS (52 issues and 4 indexes) 
Great Britain and Eire 
United States of America (by air freight) 
Canada (by air freight) 
Elsewhere overseas by surface mail... dcere , -£14.0.0 each 
(Charge for delivery by air mail on application) 
“Shorter periods pro rata. (Minimum three months.) 
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Monday, October [3 


Modern Antidegradants for Natural and Synthetic Rubbers (7.30 p.m.) 
Mr D. A. Hammersley, Institution of the Rubber Industry, at BTR 
Industries Secial Club, Farington, Leyland. 


The eom montyor Coal hie Steel (5.30 p.m.) Dr H. M. Finniston, BCURA 
“ighteenth Coal Science Lecture, at the Connaught Rooms, Great 
Queen Street, London WC2, i i aii 


Twenty Years of Electricity Distribution under Public Control (5.30 pm} 
Mr D. P, Sayers and Mr E. Hill, Institution of Electrical Engineers, 
at Savoy Place, London WC2. 


Tyre Requirements from the Vehicle Manufacturers Standpoint (7.36 
pm.) Mr (y, Bastow, Institution of the Rubber Industry, at the 
stork Hote, Queen Square, Liverpool į 


Reports and Publications 


(not included in the monthly Books Supplement) 
Great Britain and Ireland 


The Academic Profession. By Sir Erte Ashby. (The Fourth Annual 
Lecture under the “Thank-Offering to Britain Fund".} Pp. i4. (London: 
ad University Press, 1969, Published for the British Academy.) 
5a. net. [208 
_,winistry of Transport, Road Research Laboratory. RRL Report LR 265; 
The Effect of Road Surface Texture on Tyre Wear. By R, W. Lowne. 
Aga (Crowthorne, Berkshire: Hoad Research Laboratory, 1960.) 

ratis, 298 
__ Northern Ireland: Ministry of Agriculture. Leaflet No. 64: Warble 
Flies of Cattle. Pp. 3. (Belfast: Ministry of Agriculture, 1969.) [29 
_, Greenwich Time Report, Royal Greenwich Observatory Time and Latitude 
rere 1968, April-June. Pp, 23-34. (London: Science Research Council, 

360, fog 

Biochemistry, Molecular Biology and Biological Sciences, (Report of a 
subcommittee of the Biochemical Society on the Report of the Working 
Group on Molecular Biology (‘Kendrew Report”) and the present state of 
biological sciences In this country. with particular reference to biochemistry.) 
Pp. 31. (London: Biochemical Society, 1969.) [29 

Harwell and Industrial Research. By W. Marshall. (The Sixth Maurice 
Lubbock Memorial Lecture.) Pp. 22. (London: Oxford University Press, 
1969.) 4e. net. ~ [29 


Other Countries 


Canada: Department of Energy, Mines and Resources, Geological 
Survey of Canada. Paper 86-59: The Geology of the Orvan Brook Sulphide 
Deposit, Restigouche County, New Brunswick. By W. M. Tupper 
Pp.v+11. $1.50. Paper 67-32: Geological Notes on the Carswell Circular 
Structure, Saskatchewan. By K. I. Currie. Pp. viz 601 $2. Paper 68-43: 
xeconnaissance Geology of a Part of the Precambrian Shield, Northwestern 
Quebec and Northern Labrador. By F. ©. Taylor. Pp. v+i8. $1.50. 
Paper 69-26: Quaternary Stratigraphy in Southern Alberta, Report H: 
Sections near Medicine Hat. By A. MacS, Stalker. Pp. v+28. $1.50. 
Paper 69-30: Nivation Landforms. By D. A. St.-Onge. Pp. fif+12, 
$1.50. Paper 69-2, Part B: Geological Survey of Canada— Radiocarbon 
Dates VIIL By J. A. Lowden, R. Wilmeth and W. Blake, Jr, Pp. 22-42. 
$0.75, (Ottawa: Queen’s Printer, 1969.) 268 

National Geophysical Research Institute, Hyderabad. Annual Report 
Hae Pp. 174. (Hyderabad: National Geophysical Research Institute, 

: 268 
India: Council of Scientifie and Industrial Research, Annual! Repon of 
the Regional Research Laboratory, Jorhat, Assam, 1066-1967. Pp. 63. 
(Jorhat, Assam: Regional Research Laboratory, 1969.) [268 

US Department of the Interior: Geological Survey. Abstracts of North 
American Geology. June 1969, Pp. i1+853-1020. 80-75. July 1969. 
Pp. i+1021-1182. $0.75. (Washington, D.C.: Government Printing 
Office, 1960.) {278 

Annals of the New York Academy of Sciences, Vol, 159, Article 1: Redis- 
tribution Reactions in Chemistry. By K. Moedritzer and 22 other authors 
Pp. 1-334, (New York: New York Academy of Sciences, 1069.) $17. [278 

Western Australia. Report of the Government Chemical Laboratories for 
the year 1968. (Extract from the Report of the Department of Mines.) 
Pp. 30. (Perth: The Government Laboratories, 1969.) {278 

Fisheries Research Board of Canada. Technical Report No. 121: Com- 
puter Programs for Analysis of Feeding Heterogencities Related to Predator 
Body Size. By A. V. Tyler. Pp, 49. (St. Andrews, N.B.: Fisheries Research 
Board of Canada, 1969.) [288 

Directory of Forest Industries in Malaysia and Singapore. Edited by 
S$, T. Mok. (Special Supplement to The Malayan Forester, Vol. XXXAI, 
No. 1, January 1969.) Pp. 42. (Kepong, Selangor, Malaysia: The Malayan 
Forester, cjo Forest Research Institute, 1960.) [29 
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Photo-Electronic Image Devices 
Edited by J. D. McGee, D. McMullan, E. Kahan, and B. L. Morgan 


Proceedings of the Fourth Symposium held at Imperial College, London, September 1968 


Advances in Electronics and Electron Physics 

i Volume 28, Part A, October 1969, xxiv -4-552 pp., 145s. 
SBN 12.014528.6 
Volume 28, Part B, October 1969, xxiv-+570 pp., 165s. 
SBN 12.014548.0 | 
This series has come to be recognized as the definitive record of progress in the still growing area o 
electron physics. The present volumes include critical reports of recent uses of image tubes in astron- 
omy, spectroscopy, space, medical and other branches of physics, as well as accounts of experiment: 
work on many details of tube technology, such as photoelectricity, vacuum physics, phosphor screen 


z 

ae oar, 
H ppa 
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techniques and electron optics. These volumes are an indispensable source of information to in 
scientist who has problems concerned with the detection of light images, the physicist who is inter- 
ested in the physics of photoelectronic image devices and the engineer who may be faced with the 
problem of manufacturing these or related apparatus, 


Physics of the Solid State 
Edited by S. Balakrishna, B. Ramachandra Rao and M. Krishnamurthi 
A Volume in honour of PROFESSOR SURI BHAGAVANTAM 


October 1969, xxiv -540 pp., 160s. 
SBN 12.076650.7 


This volume honours Professor Suri Bhagavantam on his ólst birthday. Scientific papers and review 
articles by eminent physicists cover the recent researches in the fields of Optics, Ultrasonics, Crystal- 
Physics and Geophysics. This will be a standard and indispensable reference for research workers and 
physicists in the field of Solid State Physics. 





Advances in Activation Analysis Volume 1 
Edited by J. M. A. Lenihan and S. J. Thomson 


October 1969, x -+222 pp., 65s. 
SBN 12.000401.1 


This is the first volume of a series designed to provide a single source for authoritative accounts of 
recent advances in this subject. Reviews by experts in the field cover interpretation, exposition. 
equipment and applications as well as current progress. 


CONTENTS: Activation Analysis: Some Basic Principles. Reactors as Neutron Sources. Automation 
and Electronic Data Handling. Standard Materials and Intercomparisons. Activation Analysis Tech 
niques for Dosimetry and Hazard Control with High Energy Radiations. y-Ray Spectroscopy oy 
Means of Germanium Lithium-Drifted Detectors in Activation Analysis. Clinical Application of 


Activation. Author index. Subject Index. 


oh 


Advances in Ecological Research Volume 6 Edited by J. B. Cragg 


September 1969, xii-+-236 pp., 70s. 
SBN 12,013906.5 


This series presents a comprehensive account of selected topics in ecological research, giving a balanced 
picture of current developments in the subject for biologists with a general interest in ec logy as 
well as the subject specialist. The theme of this volume is the understanding of some basic ecological 


patterns. 


CONTENTS: The Dynamics of Aquatic Ecosystems. Integration, Identity and Stability in the Plant 
£ & É i , 

Association. Ecological Conditions Affecting the Production of Wild Herbivorous Mammais on 

Grasslands. A Simulation Model of Animal Movement Patterns. Author Index. Subject index. 


Biology of the Periodontium Edited by A. H. Melcher and W. H. Bowen 


October 1969, xii+- 564 pp., 140s. 
SBN 12.489550.6 


This is a comprehensive and detailed survey of the anatomy and physiology of the periodontium and 
its constituent tissues. The book describes the structure, chemistry, and function of epithelia ang 
connective tissues as a whole, their interactions with one another, and their occurrence and behaviour 
in the environment of the periodontium, This work is intended primarily for those engaged in 
advanced studies of the periodontium: researchers and clinicians, teachers, specialists and graduate 
students of periodontics and orthodontics. lt should also prove valuable as a reference book for 
dental students at all levels. 
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Classified Advertisements 


Ail copy is subject to the approval of the Pube 
lishers, who retain the right to refuse or 
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The Publishers will not be liable for any lass 
occasioned by the failure of any advertisement 
to appear frem any cause whatever, nor do 


thay accept liability for printers’ errors, 
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10s. Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
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inn, Strand, London, 'W.C.2, Telephone: 
1-405 4743. Telegrams: Textualist, London, 
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APPOINTMENTS VACANT 


CHRISTIE HOSPITAL AND 
HOLT RADIUM INSTITUTE 
WITHINGTON, 
MANCHESTER M20 9BX 


SENIOR GRADE PHYSICIST 


required in the above hospital. Candidates 
should have at least five years’  €x- 
perience in medical physics, preferably in 
the radiation Geld, The successful appli- 
cant will be engaged primarily in research 
and development associated with the appli- 
cation of fast neutron beams to radio- 
therapy. but will have opportunities, and 
will be expected, to take part in the general 
physics activities of the department, Salary 
within the seale £2.040 per annum to £2,515 
per annum. 

Applications, with the names of two 
referees, to be sent to the Hospital Secre- 
tary as soon as possible. (Ref. 1246.) 

£4182) 





ST. LAWRENCE'S HOSPITAL, 
CATERHAM, SURREY 


(MENTAL SUBNORMALITY—2.110 beds) 


A basic grade graduate 


BIOCHEMIST 


requircd to take part in an established 
programme of research into mental Hiness. 
Salary £1,086 rising to £1,354 per annum. 


Applications shoukd be addressed to Dr. 
R. G. Westall, and showd inchide the 
names of two referees. {HISD 


UNIVERSITY OF EDINBURGH 
WESTERN GENERAL HOSPITAL 


The University and the Sonth-Eastern 
Regional Hospital Board intend to appoint 
a SCIENTIST with charge of the Teach- 
ing and Research Centre, Western General 
Hospital. Applicants should be posi- 
doctoral, with appropriate qualifications in 
ene of the following disciplines: Biochem- 
istry or Clinical Chemistry, Biophysics, 
Pharmacology or Physiology. A medical 
degree would be an advantage but is not 
essential. The person appointed would 
hold a part-time appointment as Lecturer 
or Senior Lecturer in the appropriate Uri- 
versity Department. 


Salary according to qualifications and 
experience within the range for Lecturers 
(£1,890 ta £3,235 per annum) or Senior 
Lecturers (£3,295 to £4,265 per annum) in 
Clinical Departments, with superannuation 
ander ESSU 


Applications, including the names of two 
referees, shouid be sent mot later than 
November 3, 1959, to the Secretary to the 
University, Oli College, South Bridge, 
Edinburgh, BHS OYL, from whom further 
particulars may be obtained. Please quote 
reference 1082/01. {1169} 
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SOCIETY FOR GENERAL MICROBIOLOGY 


EDITORIAL 
ASSISTANT 


The Society for General Microbiology invite applications for the post of 
Editorial Assistant for the largest of the Society’s learned journals, the 
Journal of General Microbiology. The post is a career appointment and 
may in due course lead to the post of Managing Editor, responsible for 
the whole of the Society’s publications. 


The appointee should have a scientific background (preferably some know- 
ledge of microbiology) and should be interested in editing, indexing, in 
the preparation of manuscripts and proofs for publication. An ability to 
run an office routine is essential ; experience of technical editorial work 
would be an asset. Secretarial assistance will be available. 


The appointee will be expected to spend the first few months of 1970 at 
the Lister Institute, Elstree, Herts, learning the existing editorial routine. 
In due course the Editorial Office will join the Society’s administrative 
offices at a place yet to be decided in the Home Counties. 


Salary will be arranged according to qualifications and experience in the 
range £1,070 at age 21 X £80 to £1,470 then to £2,270 per ennum. 
For further details apply to: the Executive Officer, Society for General 
Microbiology, 7 Warwick Court, Holborn, London, W.C.1. 


1084} 


THE ADELAIDE CHILDREN’S HOSPITAL Inc. 
NORTH ADELAIDE, SOUTH AUSTRALIA, 5006 


DIRECTOR, 


Department of Biochemistry 


Applications are invited from legally qualified practitioners for the above 
position. 
Preference will be given to those applicants who have had considerable postgraduate 
experience in biochemistry and hold a postgraduate qualification. 
The Adelaide Children’s Hospital is the main paediatric centre in South Australia 
and is the paediatric teaching hospital for the University of Adelaide. 
The Department of Biochemistry is located in a modern air-conditioned buiding and 
i well equipped. The mumber of examinations performed annually is rising rapidly 
and will this year exceed 60,006. 
The hospital has 380 beds, treats approximately 14,500 inpatients amd 128.000 out 
pauents per annum, 
The successful applicant will be bead of the department and required to provide a 
full clinical service. Opportunity will exist for teaching and research, 
Salary: Within the range $410,220 to $A11,420 per annum. The commencing 
rate dependent on qualifications and experience, ; 
A limited right of private practice within the hospital may be negotiated 
with the Board. 
Some financial assistance may be granted towards the costs of removal expenses. 
It is hoped that the successful applicant will be able to commence duty early in 
1970, 
Further details may be obtained from the Medical Sunmerintendent. 
Applications should comain full personal and professional particulars. and include the 
names and addresses of three referees, and should be in the hands of the undersigned 
by noon on Friday. December 19, 1969, 
BE. H. D, LINES, 


{1161} Secretary fa the Board, 
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UNIVERSITY OF AUCKLAND 
NEW ZEALAND 


The Council of the University invites ap- 
plications for the following appointments : 


SECOND CHAIR IN GEOGRAPHY 
inewly-established): Although _ preference 
may be given to a human (cultural) geo- 
gtapher, applications are Invited from 
candidates with qualifications, experience 
and research interests in any branch of 
Geography. 


SECOND CHAIR IN ZOOLOGY 
(newly-established): Applicants in any fieid 
of Zoology would be considered, although 
the Department is already well staffed in 
Marine Biology. Special value would 
attach to qualifications and experience in 
Experimental Zoology, Physiological or 
Population Ecology, Insect or Vertebrate 
Biology. 


ASSOCIATE PROFESSORSHIP IN OF- 
TOMETRY (Department of Psychology): 
Applicants should be qualified optometrists 
with research interests in some field of 
vision, Preference will be given to appli- 
cants having postgraduate qualifications in 
physiological optics. The successful apfpli- 
cant will be in charge of what constitutes 
a sub-department of the Department of 
Psychology. This is an experimental de- 
partment with strong research interests in 
all aspects of vision and at present there 
is a close relation between the teaching 
staff in optometry and in psychology. 


Professorial salaries are normally estab- 
ished within the range $NZ7.400 to 
€N79,500 per annum having regard to the 
qualifications of the candidates concerned. 
bat in exceptional circumstances the Coun- 
cil has power to appoint at a salary of up 
to $NZ10.500. The basic salary for an 
Associate Professor is $NZ6,400 per annum 
bat it is within the power of the Council 
to make appointments up to 3NZ7,000 
having regard to the qualifications of the 
candidate concerned. In the case of new 
members of staff coming from overseas, 
the current practice is to pay salaries from 
an approved departure date. 


Travel and other removal expenses are 
allowed to newly-appointed members of 
staff on a specified basis. Upon the com- 
pletion of five years’ satisfactory service. 
return fares on an approved basis to 
country of origin may be granted to the 
person appointed and his dependent 
family, provided that such fares are not 
being met from some other source. 


Full details of these allowances, super- 
annuation facilities, study leave and 
method of application may be obtained 
from the Secretary-General, Association of 
Commonwealth Universities (Appts. 36 
Gordon Square, London, W.C.1. 


Applications close on October 31, 1969. 
(1185) 


UNIVERSITY OF CAMBRIDGE 


FACULTY BOARD OF PHYSICS 
AND CHEMISTRY 


Applications are invited for the 
post of 


ASSISTANT IN RESEARCH 


in the field of Biophysical Chemistry 
and Colloid Science to hold office 
from January 1, 1970. Preference 
given to candidates with experience in 
the physical chemistry of macro- 
molecules in solution. Salary range 
£1,125 to £1,585. Closing date 
November 15, 1969. 


Full particulars may be obtained 


Dr. P. Maitland, 

University Chemical Laboratory, 
Lensfield Road, 

Cambridge. GIRD 
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QUEENSLAND INSTITUTE OF TECHNOLOGY 
BRISBANE, AUSTRALIA 





HEAD OF DEPARTMENT 
somata 


Applications are invited for the above positions. Each department provides three 
years science at degree level to students majoring in the Biology or Mathematics 
strands of the Diploma in Science. The successful applicants must have proven 
administrative experience and research or applied experience in one of the fields 
of Biology or Mathematics as well as high academic ability. 


SENIOR LECTURERS 


Physics Biology 
Mathematics Biochemistry 
Chemistry (Organic) Microbiology 


LECTURERS 


Physics Biology 
Mathematics Biochemistry 
Stain Technology Microbiology 


Optometry Geology Physiology 


DEMONSTRATORS 


Workshop Demonstrator (Optometry) 


Applications are invited for the above positions in the Departments of Biology, 
Mathematics, Paramedical Studies, Physics and Chemistry, Applicants shouid 
possess lecturing and research or applied experience in one of the specialised fields 
of Physics, Mathematics, Paramedical Studies, Biology or Chemistry, as well as 
academic ability. 


It is envisaged that, as the Institute develops, ample research facilities and oppor- 
tunities will become available. 


SALARY 


$A8,350-$A9,3SO0 ({£Stg. 3,881-£4 346) 
$A7,240-$A8,140 (£Stg. 3,365~£3,7 82) 
$A5,400~$A7,000 (£Stg. 2,509~£3 257) 
$A4,400-$A6,000 ({Stg. 2,045-—£2,788) 
$A3,870~$A4,265 (Stg. 1,203-£1,287) 


Salaries and conditions are at present under review. 


Interim salary ranges are: 
Head of Department 
Sentor Lecturer 
Lecturer Grade I 
Lecturer Grade II 
Workshop Demonstrator 


Appointments will be made within the above ranges according to qualifications 
and experience. 


Existing conditions of service, duty statement and general information can be 
obtained from the Registrar, Queensland Institute of Technology, P.O. Box 246, 
North Quay, Brisbane, Q. 4000 or the Agent General for Queensland, 39213 
Strand, London, W.C.2. 


Applications containing full particulars of name, date of birth, marital status, 
curriculum vitae and the names and addresses of three referees should be forwarded 
to the Agent General or Chief Administration Officer, Department of Public 
Service Board, P.O. Box 59, North Quay, Brisbane, Q. 4000, Australia. 


Closing date for receipt of applications is October 27, 1969. 
£1128) 
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Senior Research Scientist 
FOOD PRODUCTS 


A Senior Food Scientist is required at the main R & D Centre of the Ranks Hovis 
McDougall Group to undertake research into problems associated with the develop- 
ment of food products with special emphasis on bakery goods. He will have responsi- 
bility for a well equipped laboratory with supporting staff, which is part of a large 
development unit staffed by bakery technologists. He will also be able to call upon 
the extensive facilities of the Research Centre in such fields as biochemistry, 
enzymology and engineering design. 

He will be a physicist or physical chemist with a good degree and preferably with 
a post-graduate qualification in addition, and must be able to point to a record of 
positive achievement in food research. Preferred age 30 to 45. 

This is a senior appointment at an important centre of research and starting salary 
will be pitched to attract a person of real ability. 





* 


Please write with information on qualifications and careég to: 
The Assistant Director (Administration), 


The Lord Rank Research Centre 


Lincoln Road, High Wycombe, Bucks. 


(1173 





WOOLWICH POLYTECHNIC 
COALITE AND CHEMICAL PRODUCTS LIMITED LONDON S.E.18 


DEPARTMENT OF BIOLOGY AND 
CELL SCIENCE 


B AC { fF R f O i O G 4 S I Vacancies exist for new posts of 


CHIEF LABORATORY 








l j , TECHNICIAN 
A vacancy exists for a Bacteriologist to undertake research work SENIOR LABORATORY 
into novel bactericides and fungicides. The primary outlet for ee TE CHNI CIAN 
such products would be in the fields of steel rolling and engineer- a ace 
ing, Preference will be given to persons with 
ed experience in the following fields: 
Applicants should preferably possess an appropriate qualifica- ee eee ee 
tion in bacteriology or alternatively have studied it as a major E EE oe. ante 
subject, followed by some years practical experience in Industry. husbandry ; this post welll involve the 
supervision of an animal Rouse. 
The Company operates a generous non-contributory Pension | The work of the department includes 
and Life Assurance Scheme. Salaries are commensurate with Se a ae E eye 
age, qualifications and experience and are reviewed annually. | search. 
g : ee ane ; a g ! Salary scales : . 
Applications giving brief details of age, qualifications and Senior Laboratory Technician oes 
yNere hoy jt A Oana a he (unqualified) to £1,275 (qualle 
experience should be addressed to: | plus £75 London weighting allow- 
ance, 


Dr. K. R. Payne, Manager, Chemical Research, Chief Laboratory Techniclan: £1,295 


Coalite and Chemical Products Ltd., P.O. Box 21, Chesterfield, to £1475 plus £75 London weight- 
Derbyshire. ing allowance. 
| Commencing salary according te quall- 
(1162) fications, 





Farther particulars and application form, 
to be returned by October 15, 1969. from 
i l Clerk to the Governing Body, Woolwich 

Polytechnic, Welington Sireet, London 
Canada—-Government of Saskatchewan, Department SEIS. (01-854 9624, ext. 12) (1165) 


of Mineral Resources, has vacancies for 


- PRECAMBRIAN SEDIMENTARY GEOLOGISTS 








4. PARTY CHIEF POST-DOCTORAL 

for geological mapping on scale 1 inch to 1 mile in the Precambrian PHYSIOLOGIST 
; Shield area of Saskatchewan, including laboratory studies and prep- required to liln team, Iae — 
i i x z COLPPores. PEYTUsSigon OF raman Placer x 
a aration of reports for publication. Salary equivalent to non-clinical Lecturer. 
r | 2 RESIDENT Geologist for Uranium City eet 
: 3. SEDIMENTARY Geologist for Regina “Dr. S. F. Contractor, _ | 

Salary Ranges Honours graduates $779--991 per month. eee aire RE cere id 

Ph.D $817~-1041 per month Charing Cross Hospital Medical y 
$ Please contact Mr. W. C. A. Knights, 28 Chester Street, London, 62 Chandos Place. a 
é S.W.1. (01-235 1871). (197) WEZ (1163) 
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The Crescent 
Wig N- BUG 


(Patented) © 








WONDER ELECTRIC MORTAR 


INVALUABLE TO 











SPECTROSCOPISTS 
GEOLOGISTS 
AGRICULTURE RESEARCH M, | 
AND ALL ANALYSIS FIELDS f 
INFRA-RED | 
EMISSION — 
X-RAY 
* CHEAPER 
+ SIMPLER 
* BETTER 


MIXING and GRINDING 


FORGET tendency to cake, differences in 
hardness 


IMPROVE mixing and grinding are identical 
REPRODUCIBILITY from sample to sample 


AVOID plastic vials, caps, and ball pesties 
CONTAMINATION cannot introduce metallic impurities 


REDUCE entire assembly easily cleaned with 
EFFORT mineral acids 


SAVE TIME 10 seconds are sufficient for most 
samples 

SAVE SPACE one vial used for weighing, mixing 
and storing 


SAVE MONEY per sample cost is 4.2 cents—less than 
the cost of an ordinary container alone 


: Fonte eee d 
With these new plastic and metal vials, the WIG-L-BUG is an indispensable tool in YOUR LABORATORY: 
The plastic vials are recommended for mixing powders or preparing mulls with mineral oil. For hard materiáls 
requiring grinding action use our metal vials, in which coarse sand can be ground to face powder consistency in 
one minute. 

The action of the Wig-L-Bug is reciprocating in the form of a figure 8. Swung through a 6-I /2° arc at 3,200 R.P.M. 
the ball pestle thus strikes the ends of the vial some 2,000 times in ten seconds. 


Prices Available on Request 


RESCENT DENTAL MANUFACTURING CO. vons. iuwots 60534 
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SEPHADEX’ PRECISION 
CHROMATOGRAPHIC COLUMNS 


GIVE YOU THE ULTIMATE IN RESOLUTION AND REPRODUCIBILITY 


F] Selected material oC] Flow adaptors C] Very small mixing volume C} Special bed support design 








aa Type | Size Accessories 

= | cm | Cooling Jacket Sample Applicator | Flow Adaptor 
in 9/15 d 0.9x15 s S | swe 
K 9/30 | 0.9 x30 m me baie 
K 9/60 0.9 x 60 oe a 

K 15/30 1.530 ~ —— — 

R 45/90 1.5 x90 — an — 
K 25/45 2.5x45 -l S O 
Ko 25/45 jacketed 2.5 X45 S S 
o 25/100 2.5 x 100 ~= 5 | O 
K. 25/100 jacketed 2.5 x 100 S 5 O 
k. 50/60 | 5.0 60 S _ S 
K 50/100 5.0 100 S _ S 
K. 700/100 10.0 x 100 S — 5 

D K 215/100 i 21,5 x 100 | S ~— S 

©. “hadex Columns, resistant to organic solvents 
Sk EAS 25x45 ae io | 5 
Si a/100 2.5% 100 — ne 5 


S- standard accessory  O=optional accessory 


Please ask for furtlic information on the whole assortment of chromatographic columns and accessories. 
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This is the spectrophotometer for every laboratory 


By itself 
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or as the basis for an automated 
spectrophotometric system 


The Unicam SP500 Series 2 Ultraviolet 
and Visible Spectrophotometer is the 
ideal instrument to meet the challenge 
of modern analysis. The basic instru- 
pent is utterly reliable, fast and very 
accurate. 

You know you can rely on the SP500 
Series 2 Spectrophotometer because it 
is based upon the well-proved optical 
system of its famous predecessor—the 
SP500 Spectrophotometer—but with 


solid state electronics providing im- 
proved stability. 

Use the built-in meter to give immedi- 
ate measurement of your sample if you 
want speed 

Use the null balance to give photo- 
metric accuracy of + 0.3% T if you 
want precision. 

And if it is automation you want, there 
is a whole range of accessories. Plug 
in the SP40 Automatic Sample Changer 





for unattended analysis of up to 50 
samples. Or programme the automatic 
interchange of sample reference cells 
with the SP505 and SP506 accessories. 
Finally, record your results with the 
SP22 logarithmic recorder which gives 
a linear reading of absorbance units. 
To find out more about the Unicam 
SP500 Spectrophotometer's ability to 
meet the demands of your laboratory, 
write or ‘phone today for details. 
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NATURE 
More Change at the Top 


Ow the face of things, the changes in the machinery 
of the British Government decreed by the Prime 
Minister at the weekend are sensible, and even if there 
is a danger that the benefits may not be apparent 
before the next election, Mr Wilson himself is likely 
to be the chief loser if he has mistimed the changes. 
And although it may be inconvenient for the Civil 
Service if the boundaries between the great departments 
of state are frequently redrawn, there is also a great 
deal of merit in Mr Wedgwood Benn’s concept of 
‘Kleenex’ institutions. Plainly it is right that the 
institutions of public administration should be dis- 
carded when they seem no longer to serve a useful 
purpose. 

Whether the particular changes which have been 
made are what the British Government really needs is 
quite another matter. The scheme for putting the 
Ministry of Technology at the pinnacle of a single 
organization responsible for all aspects of government 
policy in industry is logical but full of pitfalls. Under 
the new arrangement, Mr Benn will be in charge not 
merely of his present parish but also of the nationalized 
industries—coal and electricity, for example—under 
the wing of the Ministry of Power. One consequence, 
for example, is that he will be well placed to twist the 
arms of the Atomie Energy Authority (already a 
pensioner of the Ministry of Technology) and of the 
Central Electricity Generating Board, the chief user 
of the authority’s products—reactor designs and 
uranium fuel. No doubt it will save time and trouble 
that the committee meetings for coordinating the 
policies of the two organizations involve civil servants 
drawn from simply one department. By the same 
test, there should be savings of effort in the making of 
policy on several technical issues—investment policy 
for the steel industry, for example, or economic plan- 
ning for the automobile industry (now that those 
functions of the Department of Economic Affairs that 
are not being abolished are also transferred to the 
Ministry of Technology). There are, however, two 
sources of anxiety. First, the removal of tension 
between agencies of government, superficially a benefit, 
may also enable the government to be unreasonably 
cheerful about mistaken policies, Second, there is 
no assurance that greater size by itself implies that the 
ministry will avoid the errors of the past. On the face 
of things, the danger seems to run the other way. 

How are these traps to be avoided? It is useful to 
start from a brief list of ways in which last week’s 
Ministry of Technology has been less effective than it 
might have been. Its policy for the reorganization of 
civil nuclear power has been indecisive and may even 








now be ineffectual. The development of civil aircratt 
has been mistimed—the European airbus, for example, 
would have been a sensible objective at almost any time 
up to the point at which the Ministry of Technology 
embraced it with lukewarm enthusiasm. So far, the 
ministry has escaped the need somehow to formulate 
a policy on industrial research associations. At the 
same time, its own establishments drift on from one 
uncertainty to the next. What is the long-term future 
of places like the Royal Aircraft Estat jlishment at 
Farnborough / Is their future entirely bound up with 
defence research? And if so, what happens when 
there is a change in the direction of defence policy ‘ 
And are the establishments as fully occupied as they 
seem to be? If the ministry had ever issued the 
White Paper which it once promised, if the House of 
Commons Select Committee had been able to make a 
more thorough inquiry earlier this year, these questions 
might have been answered more easily, Whatever the 


iru ik however, there are a great many impor tant 
matters which should have been arranged more 
effectively. 


So how should the bigger ministry seek to mend its 
ways ? How should it seek a balance between coordina- 
tion and high efficiency in decisions on industrial 
policy ? As it happens, the solution is to be found in 
many of the public speeches of the Minister of Tech- 
nology, for by protestation, at least, Mr Benn is one 
of the chief adherents of what might be called Ful- 
tonism. The trouble, alas, is that practice falls a long 
way short of precept. In the management of govern- 
ment laboratories, for example, there is a great deal 
to be said for putting responsibility for management 
more squarely on the shoulders of laboratory directors 
and their colleagues. As things are, however, each of 
them has an influential doppelganger at headquarters, 
with powers to control events not merely by approv mg 
(or declining to approve) programmes of work but also 
by limiting expenditure and manpower. One result is 
that. responsibility for success or failure is often hard 
to determine. Another is that the ministry is aften 
prevented by its previous involvement from washing 
its hands of developments which have turned out 
differently from expectation. But what is true for the 
ministry’s own laboratories is even more com pelling 
for its involvement with other pensioners—the aircraft 
or shipbuilding industries, for example. The ideal for 
the support of needy sectors of industry is that the 
ministry should be ready to provide money, technical 
assistance and even facilities for de fining oe term 
objectives, but that it should never seek for itself the 
responsibility of choosing between altern&tives. AH 


© 


98 
. 
too often, that is simply a way of hanging albatrosses 
round the neck of the national economy. 
The mechanism of devolution should be simple 
enough, at least for the laboratories. The first objective 


should be to give the directors more rope—-and enough 
to hang themselves if that is their bent, That Bone 


it should be much easier to tell by experience how the 
establishments can most effectively diversify their 
defence research. The ministry’s support of industry 
at large will need more complicated devices for devolu- 
tion, which is w hy it is unfortunate that so much time 
seems to have been spent on private discussions of the 
old concept of the Industrial Research and I Jevelop- 
ment Authority. This notion, first heard of in the 
Trend Report in 1963, seems recently to have been 
considerably modified. Whatever form it eventually 
takes, there is evidently a great deal to be said for 
instruments of government which can stand apart 
from the government as a whole, and which can serve 
as interfaces between industry and government. So 
will the further growth of the ministry’s scope persuade 
it that the only way to manage is to devolve as much 
responsibility as quickly as possible? Or will the 
extra power go to its head ? That is what people will 
be looking for in the weeks ahead. Past experience is 
not especially encouraging. 

The grouping together under Mr Anthony Crosland 
of the ministries now concerned with planning, regional 





As Mr A. Gromyko and Mr W. Rogers skirmished with 
>ach other in New York about the possibility of strate- 
gic arms limitation talks--the result was a goalless 
draw-—-the pace of weapons development increased. 
Last week, at least four nuclear tests were conducted, 
three of them of more than passing mterest to out- 
siders. Mainland China detonated an atmosphe ric 
weapon at the Lop Nor test site, in Sinkiang province. 
So good is the aerial reconnaissance of China by United 
States aircraft at high altitude that it can reasonably 
be pets that ve sees aa soe aires knows 


of the teat. | t is panier o assess the fir ing of a ae 
Chinese weapon underground. Quite apart from the 
fact that it was fired in the hours of darkness-—-a 
practice the United States and the Soviet Union have 
for obvious reasons eschewed—-the preparation of 
test sites underground is an expensive business, and the 
information gained from such tests, as signatories 
to the Partial Test-Ban Treaty know only too well, 
depends on the quality of the instrumentation which is 
available. Underground testing for the routine check- 
ing of stockpiles may make some sense, but there is 
hardly another type of test which does not yield much 
more information above ground. 

On the face of things, it is improbable that China is 
preparing to sign the Partial Test-Ban Treaty and is 
learning what can be done underground before com- 
mitting itself A Chinese equivalent of the Plowshare 
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policy and transport is also superficially sensible, and 
Mr Crosland is, of course, one of the most valuable men 
in the British Cabinet. The potential benefits of a 
planning machine in which the distribution of population 
and the provision of new transport routes are properly 
coordinated are considerable. Will Mr Crosland be 
able to encourage new patterns of urban development 
in which cities consist of comparatively dense chimps 
of people separated by generous open spaces? That 
should certainly be the goal. There is also the problem 
of the environment at large. One of the optimistic 
glosses on the new arrangements at the week-end was 
that Britain would now be well up with the Joneses 
by possessing a department of state responsible for 
pollution and such things. Certainly it will be a great 
help if the purely legal prob blems involved can be 
properly coordinated—this is almost a more urgent 
need in Britain than th@ scientific investigations on 
which a great many people's hearts are set. The 
danger is, of course, that too conspicuous a concern for 
these problems may play into the hands of what has 
now become the anti-pollution lobby. In the United 
States, a proper concern for the preservation of 
healthy environment is already nearly submerged by 
unbalanced anxiety, It is almost as if permissive 
society has to find some irrational outlet for its erst- 
while guilt. It will be interesting to see how Mr Crosland 
and his colleagues will strike this balance. 


Playing with Dice on Amchitka 


programme is equally unlikely. So is it possible that 
China is so worried by the continuous Soviet and 
American reconnaissance and the disturbing rumblings 
on the Soviet border, not 1,000 km away, as to suspect 
that privacy is worth paying for, both in expense and 
inconvenience ? After all, it must be rather irritating 
to read foreign press releases about supposedly secret 
tests in which are detailed the vield, the height of 
detonation, the launching vehicle and even some 
indication of success or otherwise. Or is it that the 
Chinese government is unwilling to help out those in 
the United States and the Soviet Union who recognize 
that continued testing in the atmosphere by black 
sheep in China and France is the only wav now left of 
studying such things as radar blackout? Without 
forbidden atmospheric tests, the Chinese atmospheric 
explosions might yield very helpful clues if observed 
from Mach 2 reconnaissance planes. At a guess the 
Sinkiang sky might be humming with planes travelling 
too fast to be intercepted by China when a test s seemed 
imminent. 

After the inserutable Orient, the openness of the 
United States seems like a strip show in the second half 
ofa No play. It was said that a megaton device would 
be detonated on Amchitka on October 2 and that it 
would be called Mihow. Photographs of the site were 
available, and the US Atomic Energy Commission 
said that the site had been approved only after a full 
investigation of the possibility that the explosion could 
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trigger off earthquakes or tsunamis. The furore was 
nevertheless considerable, and not all of it was emotion- 
ally based or stirred” up by professional peaceniks. 
Senator Fulbright’s Foreign Relations Committee, 
which met urg ently four days before the scheduled 
explosion, must have had much food for thought. The 
Canadian and Japanese governments both notified 
their concern, and it was difficult to find a practising 
seismologist who did not think that detonating a large 
explosion in a known earthquake belt was ill-advised. 

In 1965 the AEC fired the 80 kiloton “Longshot” 
in the same spot with relatively little dissent. In 
1969, however, there is more concern about tampering 
with the environment, and the AEC is visibly off 
balance in its Nevada operations, its Plowshare pro- 
jects—the ill-fated Australian harbour as well as 
Project Rulison in Colorado—and now its Aleutians 
ventures. It is true that “Mihow” was unlikely to 
have triggered off a majof earthquake or tsunami, 
but those who have been most closely associated with 


New Institute Mooted 


from our Astronomy Correspondent 


SCIENCE has fashions like everything else. They are 
not capriciously based, but arise when a new technique 
~~experimental or theoretical—opens up fresh fields to 
study. Examples are easy to find. The way radio 
astronomy flourished in the late forties, after wartime 
progress in radio, is one case. Another is the stimulus 
which X-ray diffraction gave to biology at the molecular 


level. Fashions end when further progress is stymied 
by an apparently insurmountable block. Some 


pessimists think particle physics is reaching this stage. 
Part of the skill in handling funds earmarked for science 
is to know what future trends are going to be, not for 
the sake of being fashionable but to channel the money 
to where the rewards are likely to be greatest. 
Undoubtedly, planetary science, which deals with 
the satellites and planets of the solar system (but which 
in general excludes the Earth), is ready for expansion. 
A decade ago, most of what was known in planetary 
science came from optical telescopes and the subject 
was flagging. Knowledge of a satellite or planet was 
proportional to some power of its apparent diameter. 
Little enough was understood about the Moon at half 
a degree across, but Mars subtends at most twenty-five 
seconds, Venus can be up to sixty seconds across, but 
is perpetually cloudy, and even in the largest tele- 
scopes, Pluto is never much more than a point source 
of reflected light. Ten years of American and Russian 
space research have added vastly to what is known from 
Venus out to Mars. Although there have been com- 
plaints from the National Academy of Sciences in the 
United States that the unmanned exploration of the 
planets is not as ambitious as it ought to be, there 
are plans in the United States to send two probes to 
Jupiter in 1972 and 1973, for a probe to visit Mercury 
and for further exploration of Venus and Mars including 
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finding the causes and characteristics of earthquakes 
seem to have regarded the opening of the A-«utians 
test site as an unwarranted taking of chances to which 
they would not wish to be party. 

Where does the balance he? Earthquakes an their 
hundreds have been triggered off in Nevada, a mild 
earthquake belt, by megaton tests (see Natere, 228, 
773; 1969). Smaller earthquakes they may be, but 
there is no law of nature to decree that aftershocks 
must be smaller than the first, especially in an active 
region. And experience emerging from recent negaton 
tests in Nevada shows local effects which vars grossly 
from one test to the next, Prediction of seismec effects 
is no simple business. The AEC should not se lulled 
by one trouble-free test into thinking Amehitka is 
demonstrably perfectly safe. The commissior has had 
a remarkably good safety record since going under- 
ground—one of which it can be justifiably prowl. Many 
people believe it is taking risks that are impessible to 
calculate in the Aleutians. 





a soft-landing of instruments on Mars in 
Viking project). 

This is why the call to set up more sshools of 
planetary science, which comes from people such as 
Dr G. P. Kuiper in the United States and Professor 
S. K. Runcorn and Dr G. Fielder in Britain. deserves 
attention. Of course, there are already excellent 
planetary science institutes in the United Scates, but 
much of their effort is connected with the Apollo 
programme—the mapping of suitable landing sites 
on the Moon and so on. The way the camezas on the 
Lunar Orbiter series of spacecraft were træned on a 
narrow band of possible landing sites near the lunar 
equator for most of the time, to the exclusion of more 
interesting parts of the Moon, is a case in peint. It is 
reasonable to expect that a similar bias is going to 
creep into the analysis of data from the Mars probes. 
Clearly there is going to be a need for institutes to 
ponder over the flood of information which is beginning 
to come in. It would be a shame if the expersive fruits 
of space exploration met with the delays in publication 
which are familiar to the followers of some oceano- 
graphy expeditions. Moreover, there is unlikely 
to be a shortage of questions. What is the explanation 
of the high titanium content of the hiner soil’ for 
example! And the interpretation of the plassy 
patches which are found on clumps of soil wethin small 
craters and nowhere else is not likely to rest with 
Professor T. Gold’s explanation in terms of a nova-like 
outburst from the Sun which caused seleetwe melting 
in the craters. | 

Dr Fielder of University College, Londen, believes 
that there is a need for a school of plane tar” science m 
Britain, and that a sufficient flow of data would come 
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already overloaded with informat?on, to make the 
effort more than worthwhile. Indeed, it is said that 
there are enough photographs of the Moon and Mars 
supplied by the United States to the group at Univer- 
sity College, London, to provide a lifetime of geological 
mapping. What Dr Fielder would like to see is a school 
with a complement of experts in solar system astronomy, 
planetary meteorology, geology, geomorphology and 
geophysics. It would be a teaching as well as a research 
institute. There would be outside consultants to 
answer specialized questions, and the school would 
serve to integrate the work of outside groups doing 
analysis of planetary samples. The bulk of the analysis 
of the Apollo 11 samples, for example, is by scientists 
who have had little contact with lunar studies. Dr 
Fielder seems to have approached the Science Research 
Council essentially for moral support, the setting up 
of a school of studies being more a matter for the 
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University Grants Committee. But there is no doubt 
that the time is ripe for a better organization of the 
planetary sciences in Britain. The problem is to find a 
sponsor. The school need not be expensive as scientific 
projects go. It ought to be at a university where there 
are already specialized departments and ready-made 
teaching facilities, and Dr Fielder estimates that 
space equivalent to about twenty moderately sized 
offices is what would be needed. The present location 
of Dr Fielder’s group at the University of London 
Observatory at Mill Hill is too hemmed in to contem- 
plate expansion, and too specialized to be the basis of 
what is envisaged. It is also a fact that the generous 
support which radio and optical astronomy already 
receive In Britain will make it difficult to find funds. 
One possibility is to seek money from an independent 
source such as the foundations. All the same, a planet- 
ary science institute in Britain is long overdue. 


Harvard's Self-improvement 


Ir is difficult to see much reform of substance in 
Harvard University’s new Committee on Governance. 
The intention behind the establishment of the commit- 
tee, drawn from all the groups which comprise the 
university, is to produce a design for a new structure 
for governing Harvard. Yet ‘the committee is the 
brainchild only of Harvard’s small and powerful 
Board of Overseers. Its composition has been laid 
down by Harvard’s president, Mr N. Pusey. It will con- 
sist of representatives of each of Harvard’s nine facul- 
ties; the largest of these will send five delegates—two 
from the teaching staff and three students. There will 
be one Harvard undergraduate, one Radcliffe under- 
graduate and one postgraduate student. The other 
faculties will each send two teachers and one student. 
Sitting with them as they seek consensus will be a 
representative of the alumni, a trustee of Radcliffe, a 
Fellow (a lesser grandee of university government) 
and not one but two overseers (there are only five 
altogether). 

The overseers found that the students’ faith in the 
university had been shaken by the frequent absence of 
senior professors and the narrow, abstract and technical 
manner in which the teachers express their intellectual 
concerns. They also found that the rapid expansion of 
the university had created such an enormous burden of 
administration that the president alone could not 
cope with it, and needed a bigger and stronger ad- 
ministrative structure to help en (This is a polite 
way to criticize Mr Pusey, although the overseers did 


Educational TV for India 


Space officials tend to be carried away when thev 

describe how money poured into what are called 

applications satellites is going to produce a better 
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not go so far as the president of Yale, Mr Kingman 
Brewster, the other day, and suggest that university 
presidents, like football coaches, be given contracts 
with limited tenure.) And while some reform of Har- 

vard’s central governing institutions may be necessary, 
the overseers conclude that nothing will quickly restore 
the “high sense of mutual trust and confidence that 
formerly prevailed at Harvard”. What must happen— 
and no committee can bring it about-—is that teachers 
must re-dedicate themselves to their primary task— 
teaching, and students to theirs—learning. 

Yet how far should Harvard go to change itself in 
response to a student unrest which, the report admits, 
is—or was-—world-wide ? Some of its programmes 
already seem to be the very pinnacle of enlightenment. 
The programme for the freshman, for example, brings 
together first-rate teachers with small groups of seven. 
teen and eighteen year olds, For several months. thev 
dig into a problem of particular personal interest 
to the teacher. There are no examinations. no 
grades, but a great deal of research and discussion. 
Students entering Harvard and Radcliffe can choose 
to apply for one of forty-six seminars in topics ranging 
from the deformation of materials to the archaeology of 
the North American Indians. The programme was 
designed several vears ago to intensify the intellectual 
experience of the first year. It all seems a far crv from 
what is supposed to incite students to riot—the hangar- 
sized lecture hall with a tiny figure droning lecture notes 
into a microphone. 





world for everyone; and they mean everyone, not 
just the imhabitants of technologica ily advanced 


countries. But these ornate words hide a host of doubts 
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about how useful satellites like these will prove to be. 
To the most pessimistic, glowing praise of applications 
satellites is offensive because it is regarded as a sop to 
the have-nots who enviously watch billions of dollars 
going into space programmes. At times, the discussions 
can be heated. NASA has had its knuckles sharply 
rapped by a subcommittee of the House Committee 
on Science and Astronautics for not being more enthu- 
siastic about earth resources satellites (see Nature 
221, 611; 1969). 

But it is important that two classes of applications 
satellites—weather satellites and communications satel- 
lites—are not tarred with the same brush. It was 
recently announced that the United States will co- 
operate with India in setting up a satellite system for 
bringing educational TV into 5,000 Indian villages. 
The plan sounds a close approximation to one of the 
recommendations of a recent and comparatively sober 
appraisal of applications satellites by the US National 
Research Council (Useful Applications of Earth- 
Oriented Satellites, Report of the Central Review Com- 
mittee, National Academy of Sciences, $2). The 
report says that two classes of broadcasting satellites 
“seem so easy technically, so reasonable economically 
and so potentially desirable” that a quick start should 
be made on them. One is educational TV for developing 
countries. (The other is a similar distribution system 
for use by private and public industry in the United 
States. ) 

Under the agreement with India, the sixth of NASA’s 
series of Applications Technology Satellites will 
receive TV programmes transmitted from a ground 
station at Ahmedabad and relay them to small village 
receivers. The programmes will be under Indian 
control and are expected to be directed at family 
planning, education in agriculture and to make a 
much-needed contribution to Indian unity. Direct 
broadcasting to village receivers is made possible by 
an increase in the power which can be provided on 
Geostationary satellites, and by a highly directional 
aerial, which in turn means that the receivers on the 
ground can be modest and inexpensive. The satellite 
wil] not be launched until the middle of 1972, and it 
will be some time after that when the efficacy of 
the system is known. Limited experiments with 
conventional TV broadcasting to villages around New 
Delhi suggest that there may be a bright future ahead. 
Everybody will be hoping for just that. 


INNOVATION 


Good Year for NRDC 


it promises, its report for its twentieth vear, 1968-69, 
shows that last year’s upward trend seems to have 
been maintained or even bettered. Obviously the 
doubling of the corporation’s capital to £50 million 
last vear has helped. Happily, the NRDC reports 
that, last vear, income was a record £2-5 million com- 
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pared with £1-3 million in 1967-68. Royalty receipts 
from licence agreements make up £1-9 million of the 
total (compared with £1-2 million), of which roughly 
£1-5 million was in foreign currency. But outgoings 
are also up——£5-2 million compared with £33 million, 
so that the excess of outgoings over income has in- 
creased by £700,000. The excess is financed by borrow- 
ings from the Ministry of Technology, the corporation's 
master. For the first time, however, the corporation 
has a surplus on revenue account, ‘£48,000 compared 
with last year’s deficit of £601,000, and expects to 
continue on this basis for the next two or three years. 

NRDC considers that projects based on a range ol 
variants to the hovercraft principle, on carbon fibres 
and on microelectronics are of particular national 
importance. It is also counting on underwater tech- 
nology and meteorological instruments to play an 
important part in the future. For the time being, 
however, the corporation’s chief sources of income are 
still pharmaceuticals, with cephalosporin leading the 
field followed by tri-iodothyronine. Selective weed- 
killers have turned out to be good earners. . | 

The list of projects under the corporation's wing last 
vear reflects the usual diversions. They include a 
pea-pod harvester invented by Mr E. N. Vellacott, a 
farmer; a technique for the fluid bed drying of tea; 
antilymphocyte serum; and a trenchless pipelayer. 
A project to identify the active components of rasp- 
berry leaves, used in herbal medicine for many years, 
has been wound up because of technical difficulties, 
and so has an attempt to market a vaccine for the 
common cold. :) 

Twenty-four per cent of NRDC projects are in the 
hands of firms with less than twenty-five employees, 
and twenty-four per cent are with firms of more than 
five hundred employees. But, as might be expected, 
the small firms receive only two per cent of the expendi- 
ture compared with the seventy-one per cent spent 
by the larger firms. 


SCIENCE POLICY 


Dainton in Charge 


Dr F. S. Darron, one of the founder members of the 
Council for Scientific Policy and well known for his 
report on the swing from the physical sciences to arts 
and the social sciences, is to become chairman of the 
council when Sir Harrie Massey retires at the end of 
the vear. At present, Dr Dainton is Vice-Chancellor 
of the University of Nottingham. Dr Dainton is 
known to be a man of great determination, and has 
done noble work in making Nottingham the centre of 
the project for adapting automatic sources of chemical 
information, largely American in origin, to British 
needs. It will be interesting to see whether his appoint- 
ment at the Science Research Council will mean the 
resurrection of interest in his own sub-committee's 
recommendations on the redrawing of the boundaries 
between British schools and universities, largely 
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laboratory facilities for molecular biology on a European 
scale. Sir Harrie is also the chairman of a group 
studying the criteria on which a system of support for 
scientific research in universities should be based. 
The council is particularly interested in the problems 
of making quantitative estimates of the benefits of 
scientific research. A working group under Professor 
H. Johnson of the London School of Economies is 
tackling this problem and a preliminary report will 
be published next week. 


AVIATION 


Can the TSR2 Recur? 


Between 1951 and 1967 the cost to the British tax- 
payer of cancelling defence projects involving military 
aircraft and missiles amounted to £430 million, of which 
£125 million was lost on a single project, the TSR2. A 
ease study of the TSR2 compiled by the Royal United 
Service Institution affords a melancholy history of the 
management of the project and warns that major 
changes in the system of government decision making 
remain to be made if the shortcomings of the project 
are not to be repeated with its current successor, the 
MRCA 75 (Crisis in Procurement: A Case Study of the 
TSR2 by Geoffrey Williams, Frank Gregory and John 
Simpson, RUSI, London, 1969). 

According to the study the faults of the project were 
partly that the specification of the aircraft was too 
ambitious but chiefly that the business management 
methods of the government were hopelessly antique. 
The TSR2 first flew in September 1964, four and a half 
years after the first contract had been awarded, whereas 
the F111, the American competitor, left the ground 
in December 1964, only 21 months after contract. The 
comparison is not quite fair, because research into basic 
components such as the FII swing wing had been 
under way in the United States for several years before 
contract, while most of the TSR2 systems had to be 
developed from seratch. Nonetheless, the rate of 
spending on the TSR2 programme was probably too 
slow by half, amounting only to £125 million at the time 
of cancellation. The report says there was no really 
strong controlling authority and that the powers of the 
main contractor, the British Aircraft Corporation, were 
too circumscribed to control the 1,800 factories to 
which it had sub-contracted work and were in any case 
continually eroded by the supervisory activity of the 
Ministry of Aviation (now absorbed in the Ministry of 
Technology). The report complains about the system 
of cost-plus contracts, never an incentive for economies 
of time or of money, but also draws attention to the 
decision not to hand build prototypes but to construct 
a development batch. This would have given a shorter 
time to first flight if all went well, but little opportunity 
for design changes. In the event the Air Ministry 
demanded constant changes in specification up to a late 
stage. 

This deficiency of management extended to the 
government accounting procedures. The study argues 
that although the decision to cancel was substantially 
correct, the basis for comparison with the F111 was 
false, largely because the major portion of the estimated 
£250 million spent on research and development was 
assigned to the TSR2 by fairly arbitrary conventions. 
The bulk of this expenditure was essential to the 
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development of any advanced military aircraft and 
should have been debited to general “policy” develop- 
ment rather than the TSR2 specifically. (Research on 
the TSR2 project has in fact proved useful for the 
Harrier, the British built parts of the Phantom order 
and other projects.) At the time of cancellation the 
unit cost of 50 TSR2s was said to be £9-5 million com- 
pared with £2-5 million for an F111. But the real unit 
cost for a 50 aircraft programme may have been more 
like £1-5 milion. With different accounting systems, 
the RUSI report concludes, “it would have been valid 
to argue that the TSR2 ought not to have been can- 
celled for the F111”. 

Are the mistakes of the TSR2 project likely to be 
repeated ? The study takes heart in the fact that all 
major aeronautical research is now combined under 
the Ministry of Technology and that management of 
subsequent projects such as Nimrod and Harrier has 
been placed unequivocally in the hands of the aircraft 
industry or of joint international companies, The horse- 
trading between service*chiefs and politicians out of 
which the TSR2 was born has now given way to 
decisions based on cost effectiveness. Unfortunately, 
international projects, such as the Multi-Role Combat 
Aircraft (MRCA75), the successor to the TSR2, seem 
to have escaped this net. If this is the case, the 
MRCAT5 “may yet turn out to be another over-complex 
and costly weapons system, without this time any 
opportunity for a British government to cancel it if 
costs appear to be escalating out of all proportion to 
the related benefits. ... Indeed, major changes in the 
British system of governmental decision making, 
planning and control, and attitude to international 
projects, may be necessary before there can be any 
certainty that the shortcomings of the TSR2 project. 
will not be repeated”. 


SPACE PROBES 


Missing the Viking Bus 


from our Astronomy Correspondent 


THERE seems to be a serious danger that British partici- 
pation in the round of lunar and martian missions 
now being planned in the United States will be less 
than it might be. What seems to have happened is 
that. the British summer holidays have played havoc 
with preparations. The flights immediately concerned 
are the Viking plan to soft-land instruments on Mars 
in 1973 and flights to the Moon in the years 1971-75. 
Earlier this summer, NASA offered British scientists 
the opportunity to participate in the Viking missions 
and in Apollos 16 to 20, and the deadlines for applica- 
tions are now near. Proposals for investigations to be 
carried on the Viking missions have to be received at 
NASA by 5 pm EDT on October 20 and for the Apollo 
missions by October 21. Before then, however, British 
proposals must be endorsed by the Science Research 
Council, which will submit a complete British applica- 
tion to NASA. The deadlines originally set by the 
SRC are long past-—September 26 for the Viking 
missions, for example. And it is laid down that pro- 
posals must be submitted through an official agency, 
so that there is no point in applying direct. Perhaps 
the best hope now is that other applicants have been 
similarly affected. 

Not only did details of the American offer come in 
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the holiday season, but their arrival also coincided with 
a sensible streamlining of the working groups of the 
SRC’s Space Policy and Grants Committee. Instead 
of seven working groups, including one on the Moon, 
planets and interstellar matter, there are now three 
which can be roughly classified as geophysical, astrono- 
mical and one concerned with technical facilities. This 
has meant that there are for the time being no well 
trodden paths for cooperation in the planetary sciences. 

The objective of the Viking missions is “to obtain 
scientific data which will significantly increase our 


the planners ought to be asking themselves whether 
physical experiments might be more useful. The two 


a package of instruments for a soft-landing, will 
nevertheless be among the most significant spacecraft 
of the decade. 


POPULATION 


Ford saves British Demography 


Tue 2 per cent annual growth of world population and 
the problems of urban living might seem to make 
demography a relevant, not to say urgent, subject of 
study, but British universities boast only a single 
department of demography between them, at the 
London School of Economies. And even that is nomin- 
ally part of a sociology department and largely sup- 
ported by the Ford Foundation. 

Last week, the foundation gave a second five year 
grant, this time of $230,000, to support the post- 
graduate teaching programme in demography. The 
programme, which is jointly organized by the LSE and 
the Population Investigation Committee, a research 
institution chaired by Professor D. V. Glass, is designed 
to meet the needs of students working in developing 
countries. Fifty-six students have been trained since 
the start of the programme and it is hoped that at least 
ninety students will be accepted in the next five years. 
The government committee looking into the population 
carrying capacity of the British Isles could do worse 
than to consider whether the present support for demo- 
graphy in British universities is appropriate to the need. 
Even the official projections of the British population 
compiled by the Registrar-General have recently shifted 
from 75 million in the year 2000 to 66 million, a dis- 
crepancy which must have given forward planners some 
doubts about the reliability of their basic data. The 
Ford Foundation seems to be supporting more than its 
fair share of research. 


SCIENCE POLICY 


Policy Evolution 


DEVELOPING a policy for science and technology is a 
difficult business. This was one (perhaps the only) 
conclusion to be drawn from a seminar on science 
policy held last week by the Science of Science Founda- 
tion. The seminar, the first of a series of eight, was 
opened by Dr Douglas Hill, director of Shirley Develop- 
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ment Ltd (previously the Shirley Institute). His main 
objective, he said, was to pose some important ques- 
tions, not necessarily to answer them. 

The title of the series of seminars is “Evolving a 
New Policy for Technology’, which suggests that 
there is already a policy to replace. Dr Hill was not 
convinced of this. Past government policy for science, 
he said, has consisted mainly of transferring responsi- 
bility from one department to another, often without 
much effect. But one cannot blame the government 


it the 


general feeling being that a good science policy “picks 
the right man and lets him get on with his research”. 
Formulating such a policy involves several difficult 
questions. Should science and technology have the 
first call on resources? Should a national policy for 
science and technology also include a consideration of 
the social consequences of science ? Who is to devise 
and implement such a policy ? It was generally agreed 
that the resources allocated to science and technology 
should be substantially increased, although Dr D. 
Smith of the Natural Environment Research Council 
argued that plant and manpower could be utilized 
much more efficiently. Dr P. T. Houldsworth of the 
Welding Research Institute also maintained that there 
is a greater shortage of people “willing to have a go” 
than there is of risk capital, although British industry 
leaves no margin for failure: “If you want to get an 
idea adopted in British industry,” he said, “it has to 
work first time and work damn well’, otherwise any 
capital needed to improve on an idea will not be forth- 
coming. 

Dr Hill suggested that only the government is capable 
of carrying out a policy for science and technology, but 
he argued that policy should be formulated by scientists 
and opened up to public debate. This requires an 
increase in public awareness of science policy issues. 
The Council for Scientific Policy, which was intended 
to be a decisive influence in the formulation of science 
policy, was strongly criticized by Dr M. Goldsmith 
in his summing up for failing to fulfil these intentions. 
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LABOUR PARTY 


From Brighton to Europe 


TECHNOLOGY seems to be a dirty word in Brighton. 
Even the Common Market debate at the Labour 
Party Conference last week produced only one mention 
of technological cooperation. Mr Stanley Henig, MP 
for Lancaster, said in a speech welcoming “‘the deter- 
mination of the Labour Government to negotiate 
Britain’s entry into the Common Market”, that “the 
advantages in technological cooperation are enormous 
if we are not to become engulfed by the United States”. 


104 


In the event, the conference passed & motion, inspired 
by the Transport and General Workers’ Union, calling 
on the government “in any negotiation for membership 
of the EEC, to insist on adequate safeguards”, Mr 
Emanuel Shinwell, MP for Easington, gave a charac- 
teristic anti-Common Market speech, in which he 
warned the Labour Party not to choose this issue as a 
platform for the election. “If you do,” he warned 
Mr Wilson, “you will lose.” 

The conference also passed a long motion calling for 
meaningful student, parent and teacher participation 
in running schools and colleges; for immediate legis- 
lation to implement the principle of comprehensive 
education; for the incorporation of the public schools 
into the state system; for a review of the present 
concept of examinations as a means of educational 
assessment: for the improvement of conditions in 
primary and secondary schools and for the abolition 
of all forms of streaming. Miss Alice Bacon, Minister 
of State for Education and Science, announced in her 
reply to the debate, that a short bill will be introduced 
in the next session of Parliament, dealing with compre- 
hensive education. 

Even the document Agenda for a Generation, the 
theme-song at the conference last week, contains no 
mention of science and technology. What has 
happened to the “white hot revolution” of five years 
ago ¢ 


POLLUTION 


Forging Ahead 


THE Water Pollution Research Laboratory (WPRL) 
and the Warren Spring Laboratory seem to be contri- 
buting usefully to the work of monitoring and prevent- 
ing pollution in all its forms, to judge from the open 
days held at Stevenage earlier this week. One of the 
new developments at the Warren Spring Laboratory 
is a low-speed wind tunnel which simulates the flow of 
smoke particles above urban areas, and which is to be 
made available to planning authorities for use in the 
diminution of pollution in new complexes of buildings. 

The Water Pollution Research Laboratory is working 
hard on the purification of sewage, by means of 
activated sludge and biological filtration. It now seems 
that certain protozoa are important in the efficient 
working of the activated sludge process. With 
biological filters, the scouring activity of worms and 
the larvae of flies seems to be beneficial. The practical 
application of this research seems to lie a long way 
ahead, however, which is why more immediate atten- 
tion is concentrated on the automatic control of the 
activated sludge process. 

The River Trent is a continuing preoccupation at the 
Water Pollution Research Laboratory. A part of the 
programme of research has been the operation of a 
number of pilot plants for treating effluents. The 
laboratory has also designed a respirometer to test the 
liability of effluents to biological degradation. 

The Warren Spring Laboratory has given the 
treatment of waste materials a commercial slant. One 


programme of research is aimed to work out ways of 


recovering metals such as copper from industrial and 
domestic scrap, and experiments with domestic refuse 
suggest that fluidized bed techniques could yield 
valuable amounts of aluminium and copper. The 
laboratory glso has a foot in chemical engineering, and 
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has indeed been providing a home for the Process 
Engineering Department of the National Physical 
Laboratory. The laboratory says that something like 
l4 per cent of all its work is covered by contracts with 
organizations outside the government. 


MARINE BIOLOGY 


Laboratory by the Sea 


Ever conscious of the need to watch the state of a 
delicately balanced environment, the Central Electri- 
city Generating Board has built a marine biological 
laboratory beside the 2,000 MW power station at 
Fawley. The nucleus of the staff for the new labora- 
tory, opened on October 3 by Sir Frederick Russell, 
is from Bradwell Power Station, and will be carrying 
on some of the ecological work started there. 

Although the chief perpose of the work at Fawley 
will be to study the effect on the marine environment 
of heated water discharged from the power station, 
certain operational problems are bound to crop up. 
A legacy from Bradwell is the problem of how to deal 
with mussels that foul cooling water culverts. The cure 
is about 0-5 p.p.m. of chlorine in the water, which is 
distasteful to the mussels though not toxic, as the 
CEGB emphasizes. Thus discouraged, the mussels 
are not inclined to settle in the culverts and everybody 
is happy. A larger dose of chlorine does not solve the 
problem, for it merely causes the mussels to close up 
and so settle even more firmly. 

This work has not been without academic interest. 
Previously nobody had looked closely at the way the 
mussel’s foot produces the hair-like byssus threads 
that anchor it to the substratum. Small doses of 
chlorine apparently decrease the rate of extrusion of 
the foot. 





w a er -as e ES es 


New marine biological laboratory at Fawley. 


The effects of heating, and also pollution, are being 
tackled from a fundamental point of view. Starting 
at the bottom of the food chain, the effects on the 
productivity of phytoplankton will be estimated in 
various conditions, according to the amount of carbon- 
l4 assimilated. Various organisms, in the first place 
the American clam, will be analysed biochemically for 
their relative contents of amino-acids, peptides, 
enzymes and so on. Eventually it should be possible 
to define the effects of heating on specific enzyme 
systems. This work is to be carried out in conjunction 
with measurements of the heat flux of the intertidal 
environment, and the intention is to examine animals 
from particularly warm localities. On a more physical 
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note, the chemists will be using their autoanalyser to 
look for long term changes in seawater caused by 
organie nutrients. 

As well as the 1,500 square feet of laboratory space 
devoted to biochemistry, chemistry, ecology, physio- 
logy and plankton, there are the 2.000 square feet of 
aquarium building, supplied with warm seawater 
from the outfall of the power station and cold sea- 
water from the intake. Although all this does not add 
up to a vast working area, Dr J. S. Forrest, head of 
Central Electricity Research Laboratories, points out 
that the staff at Fawley can call on all the various 
sophisticated services of CERL at Leatherhead. 

Dr Forrest does not foresee a rapid flow of results 
from the new laboratory, for, as he says, much needs 
to be learnt about natural fluctuations in marine com- 
munities before the effects of power stations can be 
gauged accurately. He is hopeful that heated water 
that has cooled power stations will turn out to do no 
great harm to the sea that receives it. All the same, he 
is confident that valuable results will be forthcoming, 
from the point of view of both the CEGB and the 
environment. 


INDUSTRIAL SAFETY 


More Gloom on Accidents 


THe Annual Report of HM Chief Inspector of Fac- 
tories for 1968 (HMSO, Cmnd 4146, 12s 6d) makes 
depressing reading. 
accidents increase by 2-8 per cent compared with 1967, 
but the number of fatal accidents rose by eleven per 
cent. The report constantly stresses that many of these 
accidents could have been prevented. Many arise from 
“poor industrial housekeeping of a kind which is sus- 
ceptible to improvement by efficient management’. 
The 312,430 industrial accidents reported in 1968 
included 625 fatalities, of which 359 occurred in 
factories and 238 on construction sites. These figures 
exclude accidents in mines and agriculture. Fires and 
explosions accounted for sixty-five deaths, falls of 
persons sixty-four, transport fifty-nine and falls of 
objects forty-nine. The report savs that the accidents 
associated with transport are “the most disquieting”. 
Fatal accidents from this cause have risen steadily 
to fifty-nine from nineteen in 1937, and present “a sorry 
catalogue of failure, both by management and by the 
persons employed to drive the vehicles’. In the 
construction industry, the largest group of fatal acci- 
dents involved falls. This problem, says the report, 

as old as the industry itself, and it is not an A 
pointer to the future, which will bring new problems, 
to reflect that the industry is so far from a solution to 
the old ones”. 

The report also draws attention to hazards intro- 
duced by some developments in technology. Radio- 
graphical examination of pipeline w elds has, for 
example, increased the risks of exposure to gamma 
radiation, but the effects of fully automatic tech- 
niques go the other way. One of the recurring themes 
of the Inspector of Factories is the need for correct 
and clear labelling of chemicals. The latest report 

also pomts out that there have been at least six explo- 
sions in centrifuges during the past two years in 
Britain, resulting in two deaths. The report recom- 
mends that cent rifuging inflammable compounds should 


Not only did the total number of 
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always be carried out in an inert atmosphere and that 

centrifuges should be inspected regularly to reduce the 

likelihood of friction between the bowl and casing. 

A total of 408 cases of industrial poisoning or disease 
were recorded during the year, compared with 335 in 
1967 and 364 in 1966. The greatest increase was in 
phosphorus poisoning, with thirty -three cases com- 
pared with only four in the previous nine years 
Organo- phosphorus compounds used as Insectic idal 
seed dressings seem to be the main offenders, and the 
report suggests that if these are used in powder form, 
a more effective means of dust suppression must be 
found. 

Mr W. J. C. Plumbe, the Chief Inspector of Factories, 
emphasizes that gross totals of accidents are not a 
reliable indication of safety performance. For example, 
many of the non-fatal accidents included in the 1968 
report would not have been considered serious enough to 
report, or have resulted in loss of working time, in an 
earlier social background. To gain a better insight into 
the causes of industrial injuries, the inspectorate has 
been carrying out an inquiry based on a random sample 
of five per cent of the reported accidents. The results 
of this will be included in the 1969 report. 


CLINICAL RESEARCH 


Appointments at Northwick Park 


Most of the promises made by the North West Regional 
Hospital Board and the Medical Research Council 
about “Britain's Bethesda” (Nature, 218, 631 ; 1969) are. 
it seems, being kept. The first patients will be admitted 
in 1970; the cost has suffered only a modest inflation, 
from £13 million to £15 million; there will be no run- 
ning down of existing MRC establishments, and other 
centres of excellence need not fear being overshadowed. 
Now that recruiting is in full swing, some idea is forming 
of the attractiveness of the project in medicine and 
the universities. By all accounts, it is enough to induce 

a few to cross the Atlantic, and many more to join 
ne south-easterly drift within Britain itself. 

Most of the senior appointments in the Chimical 
Research Centre have been known since 1967, but a 
progress report by the MRC now describes in some 
detail the interests and commitments of the various 
sections. Immunology is at the heart of much of the 
work to be undertaken and one of the divisions most 
recently created—-besides that to be led by Dr G. L, 
Asherson—is concerned with immunological aspects of 
rheumatoid arthritis and its surgical treatment. Dr 
Eugene Lance, who is to head this division, was 
previously attached to the MRC when he was in New 
York, and one of his chief interests is the possibiley 
of transplanting cartilage or even whole joints. Another 
recent appointment is that of Dr I. Chanarin as head 
of the haematology section. He will be consultant 
haematologist for the hospital and will pursue various 
investigations on megaloblastic anaemia, including 
studies on folic acid metabolism. 

It is still too early to forecast what effect Northwick 
Park will have on Mill Hill. Several transfers have 
already taken place—not, it is true, as part of any 
policy to bleed the National Institute of good research 
teams——but the fear has nevertheless been expressed 
that Mil] Hill might lose some of its lustre when impor- 
tant projects and people move. On the other hand, 
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strong links will doubtless be forged between the two 
centres and the pre-eminence will ultimately depend 
on the mark each of them makes on medical research. 


REGIONAL DEVELOPMENT 


Integrate and Expand 


from our Special Correspondent 


Thurso, Catthness, October 

CAITHNESS, in the north of Scotland, seems happily 
to have accommodated the nuclear research workers 
and their camp-followers who have been settling here 
since 1955, when work began on the fast breeder 
reactor at Dounreay. In the decade to 1964, the 
population of Thurso alone has increased from 3,800 
to 9,750. By all accounts, the coming of the “atomics” 
has created in the area a community which shows none 
of the problems of settling down usually associated 
with similar developments, such as the new towns near 
London, 

The county itself is flat and treeless, lying beyond 
the Highlands, and this is enough to set it apart from 
the rest of Scotland. Isolation and the sparse popula- 
tion—22,000 before Dounreay—were strong points in 
favour of the decision to build the experimental 
reactor establishment there. At the time, however, 
it could hardly have been foreseen that the farming 
and fishing community would so easily absorb the 
influx from the south. 

Housing had to be provided quickly. The first 
outsiders were accommodated on a housing estate at 
the edge of Thurso. The Atomic Energy Authority 
bought. the land and built the houses, w hich it rented 
out. Two more estates soon followed. At present, 
more than a thousand people from outside Caithness 
are living in the county and working at the Dounreay 
establishment, and these, together with their families, 
account for most of the growth of the population. 
Thurso, in other words, has taken the main weight of 
the development. 

It remains, however, one town. There is apparently 
no antagonism between the old and the new, and no 
evidence se Ewe sides at war over local policy. The 

“atomics” as a separate class have virtually ceased to 
exist. 

Quite apart from an evidently inborn hospitality, the 
worry about the continuing depopulation of the High- 
lands has clearly made the newcomers welcome. It 
was becoming increasingly difficult to sustain an 
economically self-supporting community on the basis 
of a declining agriculture. As a result of Dounreay, 
Caithness is one of the few areas in the north of Scot- 
land which have not suffered from a fallmg population 
over the past twenty years. 

Local authorities have willingly provided big de- 
velopments on their own account, including new 
council houses alongside one of the AEA’s estates and 
a rationalization of the school system, with many 
children from outlying villages now e ‘ducated in modern 
primary and secondary schools at Thurso and Wick. 
The largest project has been Thurso Technical College, 
which since 1959 has provided science and engineering 
courses up to HNC level linked with the AEA’s appren- 
tice training scheme, as well as secretarial classes and 
an evening: adult education programme. The principal 
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has also offered to provide training facilities for future 
industrial expansion as the need arises. 

The willingness of the Dounreay workers to involve 
themselves in local activities has been helpful. The 
main social club on one of the AEA estates has a large 
number of associate members from the old town, the 
local churches have larger congregations, and the 
Philosophical Society is apparently thriving as never 
before. 

Another diffculty resolved centres on the American 
staff of the NATO early-warning station, on the coast 
near the nuclear establishment. There are nearly a 
hundred of these, who brought their own prefabricated 
homes with them and erected them in Thurso. Even 

though they are drafted there for periods of only three 
or four years, they seem to be as happily ; settled in as 
the rest. 

As things are, however, the future is not all optimis- 
tic. The future of Dounreay itself is in doubt, while 
unemployment is already nine per cent. In spite of 
assurances that there will be little change for the next 
five years, the facts seem to be that when the Prototype 
Fast Reactor is complete in 1972, fewer people will be 
required to run it; and that the original experimental 
fast reactor will sooner or later outlive its usefulness. 
It is, of course, argued that, having brought about 
economic changes on such a scale, “the Ministry of 
Technology should be responsible for keeping things 
going, perhaps by bringing in new research programmes. 
Whether this will actually be the case is another matter. 
Some redundancies seem inevitable, and in this situa- 
tion. the contentment 2 the new ¢ omon y n 
ie a surplus a a qualified worker Ww he Bilt 
openly admit that they do not want to return south. 

The chosen solution is to attract more light industry 
into the county. An exceptionally active county 
development. officer is now campaigning for this, sup- 
ported by the enthusiasm of the local councils and the 
financia] powers of the Highlands and Islands Develop- 
ment Board, which can provide ¢ rants and loans to 
new industry. Much of the effort goes into selling the 
new image of Caithness as a place where people want 
to live, because only in this way can the traditional 
ideas of inaccessibility be overcome. 

So far, the rate of growth has been slow. Caithness 
has not benefited as much as counties farther south from 
the Development Board’s money, which in 1965-68 
amounted to more than £1 million for manufacturing 
industry. The largest concern at the moment is Caith- 
ness Glass Ltd, with eighty employees producing glass- 
ware for a wide market. A plastics factory, origmating 
through the needs of Dounreay, now makes protective 

garments for the AEA as a whole. There is very little 
Se 

There is, however, plenty of land. Caithness County 
Council owns a site at a disused RAF station in Wick 
which has the advantage of containing buildings in a 
state suitable for conversion to factories. Part of this 
has been allocated already to a firm making scientific 
instruments, and another section is set aside for an 

intensive farming unit. The future of the county may 
in the end depend on what comes of plans to develop 
the port of Scrabster, near Thurso, which could easily 
be converted into a deep-water harbour, There is 
also the possibility of new ferry services for vehicles to 
Orkney and Shetland or even Norway. 
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NEWS AND VIEWS 
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like a Soup Plate on the Ground 


SINCE the dramatic revival in interest in the possibility 
of continental drift was triggered by palaeomagnetic 

results in the late fifties, the subject has moved steadily 
towards thorough respectability both on the theoretical 
and observational side. At first the evidence was 
fragmentary and the theonetical formalism vague. 
Convective processes in the mantle seemed necessary 
in order to drive continents, but the nature of the con- 
vection and the possibility of further surface manifesta- 
tions were unanswered problems. The answers have 
emerged steadily and have a simplicity which in itself 
is compelling. It is worth noting that the solution to 
almost all the problems has been found in marine 
geophysical work. 

First came the “spreading sea floor” hypothesis of 
Hess and Dietz. According to this postulate, new 
material from the mantle was steadily intruded 
into, and became part of, ocean basins. Such events 
took place at mid-ocean ridges. The growing oceanic 
crust was supposed either to force apart continents 
on its flanks or to plunge to its ultimate destruction 
beneath island ares. There was some doubt as to the 
characteristics of motion as a function of depth, but the 
right seeds had been sown. 

The Vine-Matthews hypothesis which held that the 
intruded material became part of a kind of tape re- 
corder, registering reversals in polarity of the geomag- 
netic field, led to quantitative studies of sea floor 
spreading and thus to extremely detailed and highly 
successful studies of the magnetic field over oceans. 
The beauty of this hypothesis may not have Jaunched 
a thousand ships but it must be near to launching a 
hundred expeditions. 

The transform fault concept of Tuzo Wilson was the 
next ingredient. He argued that, when crust is being 
created, the conventional classification of faults is 
inadequate—in particular, an apparently transcurrent 
fault against which a mid-ocean ridge impinged on 
each side would be active or seismic but would not lead 
to greater offsets of the ridge. Between the two ridge 
intersections with the fault, the motion of crust would 
be opposite to that expected from an active transcur- 
rent fault. This point has been demonstrated con- 
vincingly by studies of the first motions m natural 
earthquakes. 

The past year has seen a development as important 
as the earlier ones springing from the appreciation of a 
very simple fact—that the Earth is round—and a very 
complex fact—that the rigidity of the Earth seems to 
decrease fairly sharply at a depth below 100 km. A 


rising limb of a mantle convection current does 


theory of so-called “plate tectonics” (MeKenzie and 
Parker, Nature, 216, 1276; 1967; Morgan, J. Geophys. 
Res., 78; 1959) has emerged, in which the world is 
divided up into less than ten major plates like inverted 
bowls. The boundaries of the bowls are mid-ocean 
ridges, transform faults or ocean trenches. They 
know no distinction between continents and oceans. 
Motion of two plates relative to one another can be 
represented as a rotation about a pole, and transform. 
faults will lie on small circles relative to that pole 

(which leads to an easy determination of the pole 
position). Several of the unresolved problems of 
tectonics seem to fall into place. A very narrow 
not 
seem to be necessary to cause sea floor spreading from 
the centre of the ridge. Indeed, one plate may push 
another around, so moving a mid-ocean ridge relative 
to the pole of the Earth’s rotation. In these circum- 
stances, the intrusive matter can probably originate 
from a wide area—the centre of the ridge merely demar- 
cates the plate boundary. Another problem, now 
seen in a different light, is that of Africa having a crust 
generating mechanism (ridge) on both sides of it but no 
“sink” in the form of trenches to absorb this material. 

The African plate from the mid-South Atlantic to the 
mid-Indian Ocean ridge is now seen as growing steadily 
and causing the two ridges i in question to separate from 
each other. 

It is suggested that a plate forms when a line of 
weakness in a pre-existing plate fractures into a com- 
plex of ridges and transform faults, which then become 
active. It i is notable that large lava flows, such as the 
Deccan traps, the Northern Ireland basalts, and per- 
haps the Ethiopian traps and Aden volcanics are con- 
temporary with accepted periods of initiation of 
spreading cycles. Perhaps the lava in the early stages, 
uninhibited by seawater, could flood much greater areas, 

An important consequence of plate theory is cen- 
sidered in this issue (page 125) by MeKenzie and Mor- 
gan. The existing theory of plates is basically non- 
evolutionary in that ocean ridges can go on producing 
plate and troughs go on accepting it indefinitely. 
But there are of necessity places where three plates 
meet. In any attempt to run the geological clock 
backwards by means of the magnetic lineations, it is 
essential to understand how “triple junctions” behave 
and what marks they leave in their wake. The results 
are often bizarre and nowhere more so than in the 
North Pacifie which McKenzie and Morgan take as 
their case history. With growing understanding 
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of plate tectonics, the theory provides an opportunity 
to run the clock back so many million years, stop, 
change directions and start the clock again. Thus 
oceanic mosaics may be gradually taken apart. 

Continents are doubtless also mosaics, though longer 
time scales are involved. Ocean basins of respectable 
dimensions can be created in 100 million years by sea 
floor spreading, but it is imagined that continents are 
permanent features. This does not preclude both a 
continent and part of an ocean from oceupying the same 
plate at some time in history. It does suggest that 
large continents have been formed by smaller pieces of 


continental material being driven together. These 
mosaics wil take much more unravelling, but the 


question is high on the list of geophysical priorities. 
With the possibility of tens of previous evcles, there is 
ample scope for the enquiring mind. 


COSMOLOGY 


Universe Still Expands 


from a a ag ant 


of | per Rae are In a ee ain universe 
were carried out by E. M. Lifshitz, cosmologists have 
found great difficulty in reconciling the existence in 
the universe of irregularities as large as galaxies, with 
the expansion of the universe from a uniform primaeval 
fireball. Many astronomers have tried by different 
arguments to account for the growth of galaxies within 
the framework of an Einsteinian big bang universe, 
but with such conspicuous failure as to have provided 
an Important source of ammunition for the supporters 
of less conventional theories of the universe, notably 
the steady state theory. But in 1967 there was a 
glimmering of hope for the conventional cosmologists 
when the Japanese mathematician, T. Kihara, showed 
that previously neglected non-linear effects could 
become locally important enough to dominate the 
processes of galaxy formation, and suggested that this 
could indeed occur in a time comparable with the 
accepted age of the universe. Now Masa-aki Kondo, 
working at the Department of Astronomy of Tokyo 
University, has carried this approach further, and 
confirms that with arbitrary initial conditions it is 
possible to form dense local concentrations of matter 
in an expanding universe. 

Kondo has found two general families of solutions, 
one corresponding to local free expansion and the other 
to freely falling contraction of an irregularity resulting 
ultimately in infinite density (Pub. Astro. Soc. J apan, 
21, 54; 1969). Either situation could arise as a result 
of the small initial disturbances of temperature and 
density in the primaeyal fireball but, naturally, only 
the contracting irregularities will be visible, their 
collapse presumably being stopped short of infinite 
density by angular momentum, which Kondo neglects. 
Although these results will be taken as encou ragement 
for general relativity theory, it is also interesting that 
like most Einsteinian cosmology they can be exactly 
reproduced by a Newtonian analysis of the kind used 
recently by Bonnor and McCrea. From either view- 
point, they must represent another blow to the surviv- 
ing advocates of steady state cosmologies. 
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GRAVITATION 


Too Much Torque 


Tue slightly quaint experimental techniques which 
for decades have been the arbiters of the third decimal 
place in the gravitational constant, known as “big G”, 
seem at last ‘to be nearing ret irement. A new device, 
which seems capable of bypassing the problem of how 
to isolate a system of masses from the outside world, 
has been tested by a team of physicists at the Univer- 
sity of Virginia (R. D. Rose et al., Phys. Rev. Dett.. 28, 
655: 1969), which claims to have achieved a precision 
better than that of all previous measurements, notably 

that of Heyl, whose value is widely thought to he the 
most reliable so far. 

The experiment of Rose ef al. is quite cunning. In 
order to eliminate the gravitational effects of static 
objects, they set up a rotating system in which the 
angular acceleration of à turntable would be the key 
quantity. ‘Two spheres of high density tungsten were 
fixed at opposite sides of a turntable, which was free to 
rotate in the horizontal plane. A metal evlinder, 
suspended by a quartz fibre, was placed between the 
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Schematic drawing of experimental apparatus for measuring G., 


spheres with its axis making an acute angle with the 
diameter joining the two spheres. The asymmetry of 
the system then assured a net gravitational force on the 
cylinder. A servomotor system tr iggered by an optical 
level was also attached to the turntable, and was 
designed to keep a constant angle between the cylinder 
and the spheres. In this way the force on the cylinder 
remained constant. 

The time for the first revolution was found to be 
about 30 minutes, and it took two hours for the rate 
to reach 0-5 revolutions per minute. Constancy of 
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acceleration was taken as the criterion of good data, 
the starting transient being eliminated in this way. 

The final value obtained “for G was 6-674 + 0-004 
(10-3) Nm? kg?, compared with Heyl’s value of 
6-670 + 0-005 in “the same units. 

The critical features of the design of the apparatus 
are, of course, the bearings—-which must be frictionless 

-and the evlinder suspension. Rose ef al. intend to 
refine the system by incorporating air bearing supports 
and by replacing the quartz thread with a magnetic 
suspension which they believe to be essentially friction 
free. They found that the limiting factor in determin- 
ing @ was the tracking noise produced by the variation 
in the friction of the bearing on the rotating table. 

The whole apparatus is quite small. The spheres 
are about 10 kg each, known to an accuracy of seven 
parts in a million, and they were designed to be spherical 
to better than 10-7 m. The cylinder was 4 em long and 
2/3 em in diameter. The tracking error of the optical 
lever was quoted as less than one second of arc. 


MAGNETOSPHERE 


Ahead of the Bow Shock 


from our Magnetosphere Correspondent 


One of the results of the space probes which travel 
out to ten earth radii or more has been a fairly careful 
mapping of the bow shock which precedes the Earth. 
Because the wind is hypersonic, low frequency waves 
cannot propagate against the stream, although whistler 
mode waves of high frequency can propagate upstream 


as, of course, can ‘particles faster than the wind. Some 
observations have indeed shown particles going 
upstream (Ashbridge et al., J. Geophys. Res., 78, 5777: 


1968), and the question is whether waves and particles 
seen upstream of the shock owe their existence to the 
presence of the Earth even though they are evidently 
not energetic enough to have an important effect on 
the average wind. 

Recently, Fairfield has made a thorough study 
using 134 days worth of data from Explorer 34 (J. 
Geophys. Res.. 74, 3541; 1969) and has shown strong 
waves in a well defined region which depends on the 
orientation of the interplanetary field. The waves are 
often fairly regular and their amplitudes are several 
tenths of the total field. Their presence was deter- 
mined by looking at plots of the magnetic data. They 
have periods in the range 20 to 100 seconds, are chiefly 
transverse and circularly polarized relative to the 
undisturbed field. The observed frequency increases 
with the strength of the undisturbed field and is 
typically one third of the proton gyrofrequency. The 
amplitude decreases only slowly with distance from 
the shock, probably not more than a factor of two in 
a distance of 15 earth radii. 

The relationship between the occurrence of these 
waves and the direction of the interplanetary field is 
fairly clear. The field line through the satellite must 
intersect the shock, but the exact condition is more 
restrictive. If the waves themselves or the particles 
which generate them are emitted from the shock and 
travel parallel to the field at a fixed speed F relative 
to the plasma, their velocity relative to the Earth is 
obtained by adding vectorially the solar wind speed to 
V in the field fic ction: The observed ranges of field 
direction for occurrence of waves are used to calculate 
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the ratio of V to the wind speed for each set of tive 
consecutive orbits, and the values of this ratio range 
from 2-0 to 3:3. 
Fairtield discusses the two theoretical explanations. 
First, the propagation of whistler mode waves is dis- 
missed because of the | arge Doppler shift required to 
reduce the frequency to that observed. The frequency 
in the frame of the wind must be an order of magnitude 
greater than the proton gyrofrequency and it is 
extremely unlikely that the Doppler shift will reduce 
the frequency by more than an order of magnitude all 
the time. The more likely explanation is that protons 
from the bow shock travel along the field lines with 
about twice the wind speed and generate the waves as a 
result of instability, although this is not established in 
any detail, When the mechanism is known, it should 
be a help in predicting the behaviour of other shocks 
in plasmas. 


DIFFUSION 


Remembering the Founder 


from a Correspondent 

THOMAS GRAHAM 8 two famous papers in the Maslosophi- 
cal Magazine laid the foundation for the study of 
diffusion phenomena while he was professor of chemis- 
try in Anderson's University, Glasgow, now the Univer- 
sity of Strathclyde. It was therefore appropriate that 
the centenary of his death should have been marked 
by a conference on diffusion processes held at Strath- 
clyde from September 22 to 24. It attracted not only 
physicists and chemists but also people concerned w ith 
diffusion in disciplines ranging from chemical engineer- 
ing to medicine. 

Diffusion in gases is catered for by the theories of 
non- equilibrium processes due to Chapman and 
Enskog, but practical application requires knowledge 
of intermolecular potentials and even of cross-sections 
for the exchange of energy between internal and transla- 
tional modes which cannot be calculated from first 
principles. Even so, E. A. Mason (Brown University, 
Rhode Island) was able to show that for mixtures of 
rare gases, at least, there is good agreement between 
measured and calculated diffusion coefficients. 

For liquids, quantities such as the diffusion coeffi- 
cient are linked with the correlation functions for 
molecular motion by the Kubo formalism, but it is 
hard to work out these correlation functions even 
when the molecular interaction is known. ‘This is why 
statistical mechanics played a less important part at 
the meeting than attempts to extend phenomenological 
discussion of the probiems of diffusion in liquids with 
the help of the thermodynamics of irreversible processe?. 
In practice, however, mass transfer in chemical engin- 
eering is less well described by these techniques than 
has been hoped—they usually involve more undeterm- 
ined constants than can be determined independently 
by experiment. 

In solids. the use of radioactive isotopes has confirmed 
that diffusion depends on the presence of vacant lattice 
sites, interstitial atoms and other imperfections of the 
lattice. These models have only been described 
mathematically in the past two decades, but the fact 
that the predictions of these models are often inde- 
pendent af the details of the interatomic forces is one 
reason why these studies are further advanced than 
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But accurate measurements of isotope 


aad DB) Da 


with liquids. 
effects in solid state diffusion, that 
where a and £ are different isotopes of the same element, 
will provide quantitative tests of the basic “rate 
theory” of atomic displacements—if we have suffici- 
ently accurate potential models. This was highlighted 
by the calculations of N. H. March 
Sheffield) and his co-workers with respect to the experi- 
mental measurements of the isotope effect in Na self- 
diffusion (L. W. Barr, Paisley College of Technology, 
and others). 

A. D. LeClaire (AERE, Harwell) pointed out that 
the isotope effect depends on the mechanism of the 
diffusion process and on the details of the dynamic 
coupling of the diffusing atoms and the rest of the 
lattice. Both factors can be calculated but, for the 
self-diffusion of sodium, the calculated effect is stub- 
bornly too large to be explained by vacancies while 
other features of the process cannot be reconciled with 
the notion of interstitial diffusion. Molecular solids 
also seern to hold surprises here (for example, the zero 
isotope effect in solid cyclohexane reported by J. N. 
Sherwood and A. V. Chadwick, University of Strath- 
clyde). 


CHEMICAL CHANGE 


Photochemistry without Light 


from our Organic Chemistry Correspondent 


It seems that a fairly general means of bringing about 
photosensitized chemical transformations which does 
not require an external source of radiant energy may 
have been discovered. 

The absorption by a molecule of a quantum of visible 
or ultraviolet light usually transforms that molecule 
into an electronically excited state (excited singlet). 
The excess energy of the photo-excited molecule may 
subsequently be lost by fluorescence or by other means, 
including chemical change, but there may alternatively 
be a phy sical change giving a paramagnetic (triplet) 
excited state. Such a triplet may, in turn, lose its 
excess energy in one of several ways. In solution, one 
possibility is that the triplet state may survive for a 
sufficiently long time to collide with a different solute 
molecule to which the excess ener rgy may be transferred. 
This second “acceptor” molecule may then undergo 
chemical change in a process which is said to have been 
photosensitized. (Photosensitization by energy trans- 
fer from the initially formed, but shorter lived, singlet 
excited state has been obser ved, but is less common.) 

A little more than a year ago, McCapra (Chemical 
Communications, 155; 1968) pointed out that the rules 
of conservation of orbital symmetry (the Woodward 
Hoffman rules) require that thermal fragmentation of a 
four-membered-ring peroxide ((1) an oxaoxetane) must 
produce one of the fragment carbonyl molecules in an 
electronically excited state (*). This reaction, coupled 


0-0 
~ ——-> R'R?C:O + R'RIC:O* 
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(1) 
with light emission from such an excited product 
molecule, forms the basis of many chemiluminescent 


(University of 
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and bioluminescent reactions in which chemical energy 
is converted into light. There have recently been 
reports of the isolation of oxaoxetanes, and E. H. White 
and his colleagues at the Johns Hopkins University 
have now made use of the decomposition of one of 
these (1; Rt= R*= R4'=CH,, R'=H) in the presence 
of acceptor molecules to bring T “photochemistry 
without light” (J. Amer. Chem. Soc., 91, 5194; 1969). 
The excited state of the carbonyl a. produced i in 
the peroxide decomposition transfers its excess ener gy 
to the acceptor molecule, which then undergoes chemi- 
cal change typical of a photoc 'hemical reaction. 

All this raises the problem whether some biological 
systems may similarly use the excitation produced bv 
fragmentation of oxaoxetanes to promote chemical 
change as well as to generate bioluminescence. 


NAVIGATION 


Fly Me to the Moon 


from our Astronomy Correspondent 

Ir the crew of the Apollo 12 lunar module is to examine 
the condition of the old Surveyor 3 spacecraft which 
soft-landed in the Ocean of Storms two and a half 
years ago, as NASA intends, then the navigation will 
have to be better than for Apollo Il. Last time, the 
lunar module touched down 369 miles from the 
intended site. Future missions to selected locations 
such as the rim of Tycho and the Hyginus Rille will 
also require improvements in navigation. Itis now clear 
that the discrepancy of almost four miles in July was 
brought about by more than the search by Neil 
Armstrong for a safe landing site, and some of the 
reasons were explained last week by John P. Mayer, 
chief of NASA Mission Planning and Analysis Division, 
to a joint meeting of the Rov al Astronomical Society 
and the Institute of Navigation. In fact, the error at 
the surface of the Moon compares badly with the 
precision which is now being attained in the point of 
splashdown. Apollo 11 was only 1-69 miles from the 
appointed place in the Pacific Ocean, and even this 
has been bettered. 

Part of the problem is that the so-called R2 model of 
the Moon—which is used in the United States for orbital 
mechanics calculations—is still not good enough. 
The R2 Moon is pear-shaped with a maximum depar- 
ture from sphericity of about 700 m. Apollo 11 was 
put ina non-circular orbit and the expectation was that 
by the time of the crucial stages of the mission, the 
aspherical Moon would have changed the orbit to a 
circular one. But the orbit did not become as circular 
as expected, and this was one of the reasons for the 
error in the landing site. 

Small changes in spacecraft velocity caused by mun- 
dane housekeeping on the spacecraft also led to naviga- 
tion problems, Dr Mayer said. He cited the dump- 
ing of excess water and venting during a water-boiler 
test. And because a radio aerial on the lunar module 
was found to be in the way of one of a pair of attitude 
control jets, certain corrections to the attitude of the 
module had to be carried out without the use of coupled 
jets. The slight change in spacecraft velocity around 
the Moon which this produced seems to have led to the 
three mile error at the landing site. Further contribu- 
tions to the error came from uncorrected impulses during 
the undocking manoeuvre, errors in the firing of the 
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descent engine of the lunar module, venting of the 
lunar module and test firings of the attitude control 
system. For example, the first firing of the descent 
engine placed the lunar module in a T- 8 by 48-5 nautical 
mile orbit instead of the 8-5 by 57-2 nautical mile 
orbit intended. 

Next time, the plan is for the astronauts to track 
lunar landmarks to determine the orbit just before the 
lunar module begins its descent to the surface, and the 
hope is to land within a kilometre of the target. In 
the Apollo 11 mission, the landing took place during 
the fourteenth lunar orbit, but the tracking by the 
astronauts of lunar landmarks which determined their 
orbit was carried out during the eleventh and twelfth 
orbits. Thus the tracking information was at least two 
orbits old by the time of the landing. The plen for 
Apollo 12 is to undock sooner, do the landmark track- 
ing one orbit before touchdown (thus allowing for 
undocking impulses), and to start the descent engine 
soon after the orbit information has been brought up 
to date. The success of all this should be clear on 
November 19. 


PALAEOMAGNETISM 


Ancient Secular Variation 


from our Geomagnetism Correspondent 


A sien that palaeomagnetism has come of age is that the 
foremost workers in the field are no longer content 
solely to investigate first order effects. Although there 
are many gaps in the record of palaeomagnetic direc- 
tions, techniques have now advanced to the point 
where the scatter of directions about the mean can be 
analysed to give significant information on the behavi- 
our of second order fields. Mean directions are inter- 
preted in terms of dipole field behaviour; but a com- 
plete description of the ancient field requires methods 
for deducing the magnitude and distribution of non- 
dipole components. 

One of the more interesting questions centres around 
the geographical distribution of the ancient non- dipole 
field and, in particular, the asymmetry between 
hemispheres. At present, both the non-dipole field 
and the rate of secular variation are greater m the 
southern than in the northern hemisphere. If this 
asymmetry is permanent, there must be an asymmetry 
in the conditions governing the magnet ohvdrodynamic 
processes at the interface between the core and the 
mantle, where the non-dipole field is thought to 
originate. On the other hand, if the phenomenon is 
relatively transient, lasting, say, about 10,000 years, 
little fundamental rethinking of the conditions at the 
boundary of core and mantle will be required. 

New data from Cox (Earth and Planet. Sci. Lett., 6. 

257; 1969) suggest that during the Brunhes normal 
epoch, the average non-dipole field was similar in each 
hemisphere—-that is, any asymmetry is transient. 
Cox shows, from a palaeomagnetic investigation of 
twenty- two volcanic formations (eight samples each) 
in New Zealand (North Island, latitude 38° S), that the 
angular standard deviation of the virtual geomagnetic 
poles about the geographic pole is 197°. When the 
contributions of within-site dispersion (principally 
experimental error) and local magnetic anomalies are 
removed, the standard deviation is reduced to 19-6° 
with 95 per cent confidence limits between 16-2° and 


e 
24:7°. The corresponding standard deviation for 
Brunhes epoch rocks from a similar latitude (37° N} 
in North America is about 17° with confidence limits 
between 14° and 20°. Thus although the New Zealand 
standard deviation is slightly larger, the difference is 
not statistically significant. The new results fail to 
prove the existence of the present non-dipole field 
asymmetry in the past, and imply just the opposite. 

Cox also shows that the variation of polar angular 
dispersion with site latitude for the five sites already 
aR Gaia (Galapagos Islands, latitude 0°; Hawan, 
- North America, 37°; New Zealand, 38°: Alaska, 
60° j obeys none of the three models so far prope sed to 
describe the variation of secular variation with latitude. 
According to the so-called model A, in which secular 
variation is produced by adding vectors of constant 
amplitude and varying orientation to the field of a 
constant axial dipole, polar angular ¢ dispe raion should 
vary monotonically between about 15° at the equator 
and about 19° at the poles. Model B, which neglects 
the non-dipole field and ascribes al! sec ‘ular variation to 
dipole wobble, predicts a polar angular dispersion of 
about 13° for all latitudes. Model C., in which the 
latitude dependence of secular variation is estimated 
from the present non-dipole field, predicts a polar 
angular dispersion from about 14° at the equator to 
about 20° at the poles. Experimentally, the dispersion 
is found to vary from about 12° at latitude 0° to about 
24° at latitude 60°: that is, the variation is much 
steeper than that predicted from any extant model. 

The field is wide open to the model builders. 


BIOLOGICAL MATERIALS 


Sea Urchin Spines 


from our Materials Science Correspondent 


Two years ago, Currey and Nichols reported that the 
spines of sea urchins were single crystals of a thermo- 
dynamically metastable calcite containing a substantial 
percentage ‘of magnesium (Nature. 214, 8l; 1967). This 
discovery was bound sooner or later to excite the 
interest of materials scientists, and now an intriguing 
study has been published, devoted to the morphology 
and mechanical strength of these spines (Weber, 
Greer, Voight, White and Roy, J. Ultrastructure Re- 
search, 26, 355; 1969). 

The spines of various species were examined by 
scanning electron microscopy and all turned out to be 
hi shi. y porous, aa were ot her porti of the skeleton. The 

g “fenestrate”, so 
that die spine on of two. ‘interpenetrating con- 
tinuously connected phases (like, for example, a glass 
that has decomposed into two immiscible glasses) 
one “phase” consists of pores. The strength in com- 
pression of such spines has been compared with that of 
a range of polycrystalline limestones, molluscs and 
corals of different densities. All the measured strengths 
clustered near a smooth curve when plotted age inst 
density, except for the monocrystalline spines which 
combined high strength with low density: limestones 
of density as ‘low as that of typical spines ‘had strengths 
three to twenty times lower—indeed, some of them 
were barely cohesive. There are o bvious evohitionar y 
advantages in the high ratio of strength to se uals of 
the spines in terms of the modest mass of muscle 
which their deployment entails. i 


Hia 


Weber et al. also point out—though no measurements 
were made—-that the fenestrate structure of the spines 
enhances shock resistance, which again has evolution- 
ary advantages. Altogether, the mechanical design 
of an echinoderm such as Heterocentrotus trigonarius 
deserves the attention of structural engineers. The 
fenestrate structure, smooth finish of the bearin g 
surfaces of the spine and the geometry of the principal 
skeletal dome are a beautiful example of economy in 
design. Moreover, the porous spines offer a convenient 
natural basis for infiltration with liguid metals or 
polymers to produce a composite of strength which 
would be further enhanced bevond that of the bare 
spine. There is no shortage of material for experiment., 
for giant sea urchins are found extensively in the Pacific. 

A further report by Weber (Amer. J. Sei., 267, 537: 
1969) reports a great many chemical analyses of echino- 
derm skeletons, including spines. He establishes that 
the magnesium content is widely variable and signifi- 
‘antly correlated with water temperature: he estab- 
lishes different correlation lines for different families 
and even genera, and goes on to discuss changes in 
skeletal chemistry after death during rock formation. 
The variation of magnesium content with temperature 
is tentatively attributed by this author to variations 
in the amount of magnesium associated with the amino- 
acids that are present in the body fluids—particularly 
those fluids responsible for transporting matter to 
the growing skeleton. 

Clearly there is much scope for experimental investi- 
gation of the mechanical properties of load-bearing 
materiale of biological origin such as coral. bone and 
ivory and for analysis of the findings in terms of the 
contemporary theory of composites. A start has 
been made by Weber and by Stokes and his colleagues 
at Honeywell working on the microplasticity of bone 
and ivory, but there is no doubt that nature still has 
some lessons to teach the materials scientist and the 
structural engineer. 





SPACE BIOLOGY 


Regenerative Life Support 


from our Microbiology Correspondent 


MICROORGANISMS and microbiologists are irnpinging 
on the exploration of space in numerous ways. It is 
clear that the accompaniment of microbes on outward 
and homeward bound missions creates various hazards 
for astronauts and for the biology of the home planet. 
The whole question of quarantine schedules for return- 
ing astronauts received increased and deserved pub- 
licity at the time of the Apollo 11 mission (for example, 
Alexander, Nature, 222, 432; 1969). The changes to be 
anticipated in the human commensal microflora during 
an extensive space flight have already been considered 
in some detail (Bact. Proc., 67, 15; 1967). In this 
context, severe simplification of the gut flora and cross- 
infections could produce dangerous situations for the 
crew. Thus the supplementation of diets with specific 
microorganisms may be necessary to alleviate such 
potential dangers and to maintain the immunity to 
commonplace species. 


Qn the other hand, microorganisms are the crux of 


any regenerative life support system that might be 

developed for space vehicles, especially for the antici- 
+ * K : 

pated year long flights, and for other closed environ- 
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ments. Several microorganisms are being considered 
for use in a bioregenerative scheme that will dispose of 
or transform excretory products such as carbon dioxide, 
urine and faeces. Autotrophic org 
are of obvious significance. The potential of photo- 
trophic unicellular algae and chemotrophic bacteria 
such as Hydrogenomonas is being evaluated in several 
laboratories. The algae would fix carbon dioxide, 
evolve oxygen and provide a potential human food: 
Hydrogenomonas would fix carbon dioxide, while 
deriving the necessary energy from the oxidation of 
hydrogen to water. (Hydrogen would be produced 
continuously by the electrolysis of water using energy 
generated by a solar cell.) At first the Hydrogenomonas 
system seems the most attractive because it conserves 
water and could utilize the urea from urine as a source 
of nitrogen. But a life support system module would 
probably comprise more than one component: it has 
been suggested, for example, that the disposal of faeces 
by a methane fermentation could be coupled to food 
production by bacteria that oxidize methane. The 
development of bioregenerative life support systems 
is a long term project and two recent reports illustrate 
some of the technical problems involved in putting 
seemingly ideal biochemistry into practice for use in 
spacecraft. 

In optimal conditions for growth, algal biomass 
usually contains too much protein and too few calories 
for mammalian diets. When grown in conditions of 
nitrogen limitation, however, the protein content 
decreases while lipids accumulate. Richardson and his 
colleagues (Appl. Microbiol., 18, 245; 1969) have studied 
controlled nitrogen deficiency as a means of improving 
food values of algae such as Oocystis and Chlorella. In 
chemostats, the cellular lipid content was enhanced 
only when the cellular nitrogen was reduced to 3 per 
cent of the dry weight and, unfortunately, the produc- 
tivity of the culture at this point was extremely low. 
Thus, although nitrogen limitation may be advan- 
tageous In improving the nutritive value of algae grown 
in batches, continuous cultures (which will be required 
in life support systems) are of little value unless an 
alternative procedure for lipid enrichment can be 
devised. 

The nutritional status of Hydrogenomonas eutropha 
cells and lipid (chiefly polyhydroxybutyrate, PHB) 
has been evaluated too (Waslien and Calloway. 
Appl. Microbiol., 18, 152; 1969). Growth of this 
bacterium on carbon dioxide and urea produced cells 
of high nutritive value but, as with the algal material. 
the ratio of protein to calorific value was so high that 
Hydrogenomonas could not be considered as a primary 
food. When either urea, oxygen or phosphate was made 
growth limiting, PHB accumulated. But while the 
bacterial protein was absorbed well by test animals, 
PHB was not absorbed. Hydroxybutyric acid per se 
was absorbed and maintained animal growth only a 
little below that of conventional diets. But the intro- 
duction of a chemical or enzyme depolymerization 
step into the life support system is an additional 
hurdle to negotiate. At present it seems that attempts 
to select strains of microbes with more attractive 
nutritive characteristics will give the most rewarding 
results. In any case, it is likely that microbial foods 
will be used to supplement rather than to replace 
completely the more traditional constituents of the 
human diet. 
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METABOLIC DISEASE 


Diagnosis of Tay-Sachs 


from our Medical Biochemistry Correspondent 


Ts there an enzvme diagnostic test for Tay-Sachs disease 
in sight ? “The characteristic feature of this inherited 
metabolic abnor mality, invariably fatal within the first 
few months of life, is the accumulation of quantities of 
sphingolipid material, particularly in nervous tissue. 

Recent work has shown that the pattern of B-N- 
acetylhexosaminidases is altered in Tay-Sachs disease. 
Osaka and O’Brien (Science, 165, 698; 1969) found no 
great. difference in the quantities of B- N-acetylglucos- 
aminidase or 8-N-acetylgalactosaminidase activity in 
the tissues of patients and normal subjects, except 
that the activities in the cerebral cortex of patients 
were surprisingly greater. In homogenates of patients’ 
tissues, however, there was much less activity in the 
soluble fraction and more linked with the particles 
than in normal tissues. The activity of control 
extracts separated into two components when subjected 
to starch gel electrophoresis at pH 6-0. Both com- 
ponents would hydrolyse N-acetylglucosaminides and 
N-acetylgalactosaminides, but the activity with com- 
pounds containing glucose was eight times as great as 
the activity with those containing galactose. One 
component (4) was completely absent from extracts of 
brain, liver, kidney and skin from seven patients who 
had died from Tay-Sachs disease. There was markedly 
more of the other component (B) in cortex samples, 
which would account for the increased activity meas- 
ured in extracts of this tissue. 

A was the major component in normal human plasma 
of fresh venous blood, but was absent from samples 
from living patients with Tay-Sachs disease. Compon- 
ent A was also absent from leucocytes or fibroblasts 
cultured from the skin of patients, but present in 
normal samples. Osaka and O’Brien suggest that any 
of these tissues could be examined by their techniques, 
and thus provide a good diagnostic test for the disease. 
Such methods could probably also be used on foetal 
cells during pregnancy. 

Sandhoff (FEBS Letters, 4, 351; 1969) has used the 
technique of electrofocusing to separate two N-acetyl- 
hexosaminidases from normal human tissues. He 
found two enzymes with isoelectric points at 5 (equival- 
ent to component A) and 7-5 (equivalent to component 
B). In tissue samples from three out of four dead 
patients with Tay-Sachs disease the pH 5 component 
was missing. Protein was present in the fractions but 
no activity could be demonstrated. The fourth patient 
had both enzymes, but activity at pH 7-5 was consider- 
ably greater than normal (the other patients also had 
more than the usual amount of this component). 
Another patient with a variant of Tay-Sachs disease 
in which quantities of globoside were deposited in the 
kidneys had no n neasurable N-acetvihexosaminidase 
activity. 

Osaka and © Brien’s neat picture of a missing 
degradative enzyme in ‘Tay-Sachs disease is unfortun- 
ately upset by a patient in Sandhoff’s investigation. It 
is possible that this paua did Mot really have y 
Sachs disease, i 
that the presence of the A EE ya pH 5 com- 
ponent) may not necessarily exclude Tay-Sachs disease. 
There is obviously much more to be learnt about the 
metabolism of these complex lipids. 
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ENZYMES 


Lysosomes and Disease 


from a Correspondent 


LysosomgEs have been implicated in various diseases, 
and some of the available information was assembled 
at a Biochemical Society colloquium held at University 
College, Cardiff, on September 26. 

A. C. Allison (National Institute for Medical 
Research, London) reviewed the present status of his 
hypothesis that some carcinogens may act primarily on 
lysosomes. According to this hypothesis, cancer is the 
consequence of a chromosomal mutation in somatic 
cells, and carcinogens which are concentrated in Iyso- 
somes facilitate the release of lysosomal DNase, w hich 
then enters the nucleus and causes genetic damage, 

Zarlier, lysosomal damage, caused by selective photo- 
sensitization, was shown to result in chromosome 
breaks. Allison has now devised a method for introduc- 
ing purified lysosomal DNase into mammalian cells and 
has found an incidence of chromatid breaks significantly 
greater than control values.  Lysosome ‘stabilizers 
potentiate the effect, indicating that the exogenous 
nuclease and not endogenous enzyme is responsible. 
It is not yet clear how the enzyme reaches the interior 
of the nucleus. 

J. B. Lloyd (University College, Cardiff) spoke about 
the role of lysosomes i in chemical ter atogenesis. Mam- 
malian embryos are most susceptible to the induction of 
congenital malformations at a stage in gestation after 
implantation but before the establishment of an 
embryonic circulation and a true placenta. At this 
time, their nutritional needs are met by the utilization 
of maternal embryotroph. Lloyd desertbed work 
indicating that the volk sac in the rat (and homologous 
tissues in other species} serves the embryo by the 
ingestion and intralysosomal digestion of macro- 
molecules of maternal origin. Some agents which are 
teratogenic in the rat, such as trypan “blue, aurothio- 
malate and ‘Triton WR-1339’, also reach the yolk sac 
lysosomes, and may cause malformations by int erfering 
with their digestiv e functions and thus causing some 
interruption in the flow of nutrient to the embryo. 
In the case of trypan blue, there is evidence for mter- 
ference by intralysosomal enzyme inhibition. 

H. G. Hers (University of Louvain) deseribed 
evidence that many human diseases characterized by 
accumulation of mucopolvsaccharides, glycolipids or 
gangliosides in tissues result from the congenital 
absence of one or other lysosomal enzyme. Limiting 
his discussion to the so-called mucopolysaccharidoses, 
Hers indicated that pseudo-Hurler disease is character- 
ized by a complete absence of f-galactosidase and that 
the typical Hurler syndrome is correlated with the 
absence of one of the isoenzymes of this activity. tn 
another group of patients a-fucosidase was absent. The 
subsequent discussion highlighted the still incom- 
plete correlation between the apparent enzyme defect 
and the nature of the accumulated material. Tt seems 
clear, however, that Hers’s concept of the inborn Lyso- 
somal disease, originally introduced on the basis of a 


single syndrome, Pompe's glycogenosis, has wide 
aplication. 
A. J. Barrett (Strangewavs Research ay 


Cambridge) described some recent work aimed at clari- 
fying the role of lysosomal proteinases in pathology. 
Cathe -psin D has been purified from chicken, gabbit and 
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man and antisera raised against the enzymes. The 
antisera are specific inhibitors of the cathepsin antigens 
and their use has already made possible several impor- 
tant experiments. In particular, the antisera have been 
shown to prevent loss of matrix from bone rudiments 
grown in organ culture in the presence of excess vitamin 
A, thus contirming the supposed mechanism of action of 
vitamin A in this system, namely the stimulation of 
extracellular release of lysosomal proteinases. 


PLANT GROWTH 


First Gaseous Hormone ? 


from our Plant Physiology Correspondent 


THERE has recently been a flurry of interest in the role 
of ethylene as a determinant of plant growth. Indeed, 
it now seems probable that ethylene gas must be added 
to the list of plant growth hormones—the auxins, the 
gibberellins, the kinins and abscissic acid. To be sure, 
there has for some time been no doubt of the profound 
influence of ethylene on the growth of plants—last year 
D. J. Osborne reviewed the way in which ethylene will 
inhibit cell extension growth, accelerate abseission of 
leaves, fruit and flowers and inhibit response to light 
and gravity. But specific criteria must be satisfied 
before plant physiologists will be persuaded that 
ethylene must be singled out as a plant hormone from 
the other chemicals that are known to influence plant 
growth. Is it, for example, synthesized by the plant ? 
Is it effective in small quantities at sites remote from 
those at which it is manufactured? Is its presence 
essential to some step in growth ? And of course there 
is the almost psychological difficulty of accepting that 
a simple gaseous molecule can be a hormone. 

Soil microorganisms produce rather larger amounts 
of ethylene than do higher plants, so that ethylene in the 
soil atmosphere may reach concentrations which 
laboratory experiments have indicated may damage 
plant tissues. K. A. Smith and R. Scott Russell of the 
ARC Letcombe Laboratory have measured ethylene 
production in aerobic and anaerobic soils (Nature, 222, 
769; 1969). It seems that no significant accumulation 
of ethylene can be expected in a well aerated soil, but 
that in soils rendered anaerobic by waterlogging, 
ethylene may reach concentrations which could inhibit 
root growth and damage root tissues. In other words, 
it is agriculturally important that the significance of 
high concentrations of ethylene in waterlogged soils 
should be further explored. 

Natural growth hormones and their chemical 
relatives, for example indolyl-3-acetic acid and 2,4- 
dichlorophenoxyacetic acid, can have considerable 
commercial importance. For years horticulturalists 
have used ethylene gas to hasten fruit ripening, but 
recent reports suggest that the use of ethrel (2-chloro- 
ethanephosphonic acid), a compound which releases 
ethylene within the plant, may have considerable com- 
mercial potential. This is illustrated by recent work on 
eucumbers and potatoes. Some species of cucumber 
bear both male and female flowers on the same plant. 
Growers must remove the male flowers to avoid fertili- 
zation and therefore unwanted seeds in the fruit, and 
as a preliminary to hybrid seed production. This has 
to be done by hand and is a costly business. A. L. 
McMurray and C. H. Miller found that application of 
ethrel to monoecious plants resulted in an overall 
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alteration of the sex expression of the plant towards 
female flowers. This means that the female flowers were 
produced very much earlier than the male flowers and in 
much greater numbers (Science, 162, 1397; 1968). R. L. 
Lower and C. H. Miller have more recently shown that 
the technique can be used successfully in many 
cucurbit species (Nature, 222, 1072; 1969). 

A rather different response has been observed in 
potatoes. Much research has been directed towards 
understanding the induction of tuberization, but 
without success. A. H. Catchpole and J. Hillman 
treated potato sprouts with both ethylene gas and 
ethrel (Nature, 223, 1387; 1969). Both treatments 
produced. swellings bearing a remarkable resemblance 
to tubers just below the apex of the sprout, Unlike 
naturally induced tubers, these swellings contained no 
starch, but it is quite possible that starch is laid down 
later in tuber development and that ethylene is impor- 
tant in the early stages,of tuber induction. 

The mechanism of action of ethylene remains obscure. 
Addition of the auxin indolyl-3-acetic acid (LAA) to 
many plants results in a manifold increase in ethylene 
production, which has led to the suggestion that the 
hormonal effects of [AA may be mediated through the 
regulatory influence of ethylene. Experiments with 
pea stem tissue have shown that this is not the whole 
story. Stem swellings in pea tissue can be caused by 
ethylene or by the addition of IAA, and are correlated 
with an increase in the enzymes concerned with cell 
wall metabolism. I. Ridge and D. J. Osborne have 
demonstrated that the two types of swelling, although 
outwardly similar, arise from quite separate processes 
(Nature, 228, 318; 1969). The effects of auxin on cell 
growth and cellular concentrations of enzymes cannot 
therefore be attributed solely to the influence of 
ethylene. 

The answer to the problem of how ethylene works 
must remain, but at this time it is clearly important to 
realize that oxygen and carbon dioxide are not the only 
gases important to plant life. 


LABORATORY ANIMALS 


Origin of Nude Mouse 


CURRENT research interest in thymus-deficient, hairless, 
“nude” mice (nu nu)? has prompted Professor N. R. 
Grist and Miss R. McLelland of the Regional Virus 
Laboratory, Glasgow, to record their origin. The mice 
were derived in Glasgow from a closed breeding colony 
of albino mice developed from stock purchased in 1953 
from Messrs Schofield in Oldham. 

During the early summer of 1959, the colony was 
struck by an unexplained short epidemic of sickness 
and death of males who were found to have enlarged, 
pale kidneys with granular calcified deposits. Because 
the breeding and mothering qualities of the mice were 
particularly suitable for work with Coxsackie viruses, 
the survivors were reinforced, in September 1960, with 
more mice of the same type. Line breeding was begun 
with eleven groups, each of two new females with one 
male from the original colony. Three lines were 
eliminated. Nude mice appeared in April 1961, in only 
one line, the best of the remaining eight. They com- 
prised one, or rarely two, mice in litters averaging eight 
members; back-crossing nude males with their 
apparently normal mothers gave about 75 per cent 
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nude progeny, suggesting a recessive mutation. Nude 
females did not become pregnant. 

The vigour and size of nudes varied; about half of 
them reached maturity in a room kept at 22° C. 
Because the pressure of other work made a more 
detailed study impracticable, samples of the mice were 
given to Professor D. S. Falconer, of the Institute of 
Animal Geneties in Edinburgh, for further investigation. 
Professor Grist and Miss McLelland think it unlikely 
that the toxoplasmosis reported by Flanagan was 
originally present, for no evidence of it emerged during 
extensive serial-passage experiments, immunization of 
adults with infected mouselet carcasses, production of 
immune ascitic fluids, eross-serological tests with these 
reagents for typing Coxsackie viruses, or histological 
studies of adult and immature mice of the colony 
during virological work carried out in the past ten 
years. ‘Toxoplasma-free nude mice have now been 
separated from the stock by Pantelouris. 

Nude mice, their sibs and* parents, were selectively 
eliminated from line 4 which, in about April 1962, 
was used as the main stock, crossed with members of 
the other lines, and random-bred without further 
appearance of nudes. 

? Flanagan, S. P., Genet, Res., 8, 295 1968). 
t Pantelouris, E. M., Nature, 217, 370 (1963). 


? de Sousa, M. A. B., Parrott, D, M. V., and Pantelouris, E. M., Clin. Exp. 
Immunol., 4, 635 (1969). 


PROTEIN SYNTHESIS 


Monosomes and Polysomes 


from our Cell Biology Correspondent 


Ir is now agreed, chiefly as a result of the work of 
Nomura’s group, that the 50S and 30S subunits of 
active bacterial ribosomes dissociate at the end of each 
round of protein synthesis and enter a pool of free 
subunits. At the initiation of a new round of synthesis, 
the two sorts of subunit reassociate in pairs, but not 
necessarily with the same partners, to form active 705 
ribosomes. Although the process of protein chain 
initiation in eukaryotes is ill defined, several lines of 
evidence suggest that this pattern of cyclical dissocia- 
tion and reassociation of ribosomal subunits occurs in 
the eukaryote cytoplasm (R. Kaempfer, Nature, 222, 
950: 1969). But if protein synthesis involves only the 
ribosomal subunit pools and aggregates of ribosomes 
translating a messenger, in other words polysomes, 
what is the status of free single 70S and 80S ribosomes 
found in the cytoplasm of bacteria and eukaryotes 
respectively ? Are they artefacts of extraction pro- 
cedures, the remnants of degraded polysomes, or inert 
storage forms, or are they active in the synthesis of 
protein ? 7 

Much of the current controversy about whether free 
70S ribosomes exist at all in vivo in bacteria seems 
to result from technical problems. Mangiarotti and 
Schlesinger have claimed that all 70S ribosomes, or 
monosomes, are degraded polysomes; but Davis's 
group at Harvard have challenged this, and the recent 
results of Varricchio (Nature, 223, 1364; 1969) support 
the Harvard group. Varriechio finds that pulses of 
radioactive uracil, which label messenger RNA, label 
70S ribosomes at least as heavily as the ribosomes 
constituting polysomes. Clearly the 70S monosomes 
are associated with the messenger RNA and are active 
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in protein synthesis. According to Varri echio, the 
active 708 ribosomes, which constitute 4 to 7 per cent 
of the ribosomal population of E.coli K, and B in his 
growth conditions, are ribosomes that haves just 
attached to a messenger. They are not ribosomes that 
have just fallen off a messenger and failed to d issociate, 
nor are they a storage form. 

Kabat and Rich (Biochemistry, 8, 3742; 1969) have 
studied the same problem in myoblasts of embryonic 
chick muscle, in which single ribosomes constitute up 
to 20 per cent of the total population, and they have 
come to a quite different conclusion, Pulse labelling 
experiments suggest that equilibration of active 
subunits with the large polyribosomes synthesizing 
muscle proteins is very rapid. But the labelling 
characteristics of the 20 per cent of monosomes indicate 
that they are not involved in protein synthesis. More- 
over, these monosomes do not seem to be de rived from 
polysomes during extraction or to result from the 
artefactual association of free subunits during the 
experimental manipulations. 

Speculating on the possible roles of this sizable 
fraction of the total ribosome population in myoblasts, 
Kabat and Rich say they find no evidence to suggest an 
increasing accumulation of monosomes as the myo- 
blasts mature. They believe it likely that the single 
ribosomes are attached either to messenger that is 
being stored or perhaps to messenger that is being 
degraded. In either case the monosomes would be 
involved in a regulatory rather than a translatory 
process, in contrast with the situation in Æ. coli, in 
which monosomes seem to be active in translation. 
How some 15 to 20 per cent of the ribosome population 
of myoblasts is channelled from the subunit—polysome 
cycle synthesizing protein into monosomes performing 
some other function remains as much a mystery as the 
nature of the function they perform. 


NYCTOTROPISM 


Keeping it Dark 


from our Plant Physiology Correspondent 


Moon icurt, it seems, could be aseffective as sunlight in 


while some plants do not require a specific length of 
night. Early experiments in plant photoperiodism 
showed that short day plants kept in a light regime 
such as to induce flowering could be prevented from 
doing so by extending the length of the day with a few 
hours of very dim light. Later experiments, which 
were to lead eventually to the isolation of phytochrome 
as the pigment responsible for light perception, tested 
the effectiveness of different colours of light in the 
suppression of flowering when given to induced short 
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day plants in the middle of the “dark period. The 
phytochrome s responded to very small 
amounts of light, and the reactions mediated by 
phytochrome were saturated, in some cases, by less 
than 5 lux. Observations like these have clearly 
indicated that the length of night is critically impor- 
tant in the timing of photoperiodic reactions and 
circadian rhythms. Furthermore, very little light is 
required to set off a photoperiodic response ; in some 
cases the threshold values for induction are approxim- 
ately equal to the intensity of moonlight. And so it is 
interesting to ask why the plant does not interpret 
bright moonlight as weak sunlight. What mechanism 
prevents the plant from recognizing a short day 
followed by a moonlit night as a long day 

Binning and Moser have recently proposed two 
answers. The leaves of certain plants adopt a different 
position during the night from that which they occupy 
during the day. These “sleep movements’ are rhyth- 
mic in nature. Charles Darwin called them nycto- 
tropic, or night-turning movements, and suggested 
that. because the upper surfaces of the leaves are 
almost always pressed together at night, the movement 
might be an adaptation to protect the plant against 
loss of radiant energy to the cold night sky (C. Darwin 
and F. Darwin, The Power of Movement in Plants 
(D. A. Appleton and Co., New York, 1876)). Biinning 
and Moser present the opposite argument. Their 
measurements on the leguminous plants Glycine, 
Arachnis and Trifolium indicate that the radiant flux 
at the leaf surface from moonlight can be reduced by as 
much as 95 per cent as a result of sleep movements 
(Proc. US Nat. Acad. Sci.. 62, LOTS: 1969). 

Regardless of whether the leaf moves upwards or 
downwards during nyctotropism, it is invariably the 
upper surface which is shaded from moonlight. This 
is of some significance: recently Schwabe has observed 
that the epiderm seems to be directly or indirectly 
involved in photoperiodic responses m Aalanchor 
(J. Exp. Bot., 19, 108: 1969), and, in the same plant, 
Biinning and Moser have noted that the upper surface 
of the leaf has a stronger responsiveness to light than 
the lower surface (Planta, 69, 296; 1969). 

In addition to the nyetotropie avoidance of direct 
moonlight, Biinning and Moser have found evidence in 
Perilla ocymoides and Chenopodium amaranticolor 
for a flowering reaction initiated by moonlight. The 
plants were grown in non-inducing conditions before 
being transferred to an inducing short day regime, and 


system 


the long night was interrupted by low intensities of 


white light. Although light given during the dark 
period would usually be expected to inhibit flowering, 
very low light intensities, corresponding approximately 
to moonlight intensities, actually stimulated flowering. 
It remains to be seen whether such adaptive mechan- 
isms are a widespread feature of plant photoperiodicit vy. 


RUSSIAN RESEARCH 


Science in the Urals 


Ix accordance with the current plans for scientific 
development throughout the republics and regions 
of the Soviet Union (Nature, 228, 1193; 1969), work 
has now been started on the organization of a new 
science centre for the Urals. The first stage of the 
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project, intended for completion in 1970, is the organ- 
ization, on the basis of the existing Ural Branch of the 
Academy of Sciences of the USSR, of a science centre 
comprising institutes of mathematics and mechanics, 
physics of metals, economics, geophysics, geology and 
geochemistry, a number of chemical institutes and a 
section for the physico-technical problems* of power 
production, Plans for future developments inelude 
an institute of technical cybernetics, a section on 
polymer physics and one on microbiology. 

The emphasis on metallurgy, power product ion and 
the Earth sciences in a centre situated in one of the 
chief areas of mining and heavy industry of the union 
is natural enough. The announcement of the project 
specifically states that “at the centre of attention ` of 
the scientific workers of the new centre will be “the 
problems of the development of the productive forces 
of the Urals and the complex use of the natural resources 
of this rich and abundant region’. But as well as this, 
there are plans for a programme of “fundamental 
research in the field of the natural and general sciences” 
and for the training of scientific personnel. 

The centre will be based on a “science village’ of 
the now traditional type, and a site has been selected 
for this ina “picturesque spot” close to the industrial 
city of Sverdlovsk, 


ELECTRON MICROSCOPY 


Cell with Tendrils 





This normal baby hamster kidney (BHK) cell is magnified 


about 3,300 times. The tendril-like processes are microvilli 
which appear at particular phases of the cell cycle, noticeably 
when the cell rounds up before division. The photograph, an 
electron micrograph of a carbon replica of the cell, was taken 
by E. A. C. Follett of the MRC Virology Unit at Glasgow. 
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Volume 5 “ These volumes admirably present the subject in perspective and 
now provide a balanced treatment of the topics discussed. The various 
available contributors are all experts in their fields and have provided a stimulatin g 


and thought provoking narration with a fresh approach. Biologists 
and medical personnel will read these volumes with interest 


and profit.” 
Medical Book News 
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OF MEDIGINE „ur. 


Edited by E. Edward Bittar 


Department of Physiology, University of Wisconsin, Madison, Wisconsin, USA 


Assisted by Neville Bittar 


Department of Medicine, University of Wisconsin, Madison, Wisconsin, USA 


This six volume treatise bridges the gap between the biological sciences 
and clinical medicine. It is the work of over one hundred specialists, 
recognized experts in their fields, dealing at an advanced level with the 
applications of cell biology in medicine. In clear, concise and fully 
documented papers, important researches are imaginatively interpreted, and 
applied to problems of current medical interest. The central theme of 
the work is that cell biology is the foundation upon which modern medi- 
cine can be built and properly understood. 

These unique and valuable volumes will be of interest to students and 
teachers of medicine at all levels. 
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Lest | Forget Thee, Glutathione . . . 


by 

E. M. KOSOWER* 

N. S$. KOSOWER?+ 
Departments of Biophysics and 
Biological Ultrastructure, 


@ 
The Weizmann Institute of Science, 
Rehovot, Israel 


THE tripeptide glutathione is an almost universal con- 
stituent of functioning biological systems. Originally 
discovered by Rey-Pailhade! in 1888, glutathione (GSH) 
really found a place in biochemistry through the report 
of Hopkins in 1921 (ref. 2). The correct structure, 
y-Glu-Cys-Gly (I), was established somewhat later®. 


NH, CH,SH 
HOOCCHCH,CH,CONHCHCONHCH,COOH 


I 


The role of GSH as a cofactor for several enzymes 
(glyoxalase, maleylacetoacetate isomerase) is well estab- 
lished, and GSH is a catalyst in disulphide-thiol inter- 
change reactions. Evidence for other roles which are 
plausible on chemical grounds (for example, free radical 
trapping through hydrogen atom donation, redox buffer- 
ing, chelation of heavy metals) is not abundant‘-*. It 
has been difficult to translate chemical and biochemical 
information about glutathione into firm facts for bio- 
logical systems, largely because there has been no con- 
venient method for altering the GSH concentration within 
cells without side effects. 

We have developed a new class of thiol-oxidizing agents 
which give new possibilities for the investigation of the 
role of GSH within biological svstems?8. These com- 
pounds, which have the general formula RN =NCON or 
ACON =NCON, cause a rapid, stoichiometrie, oxygen- 
independent oxidation of GSH to the oxidized form known 
as GSSG. In many conditions, the oxidation of GSH to 
GSSG is effected with few obvious permanent changes to 
the cell. In all cases the capacity for reversing the oxida- 
tion reaction, converting GSSG back to GSH, is retained. 
Because all the agents readily penetrate the cell, the 
effects of a temporary loss of GSH on the f unctioning of 
a biological system can be evaluated. 
reagent is made according to the requirements of a 
particular study. 

* Permanent address: Department of Chemistry, State University of 
New York, Stony Brook, New York, 11700, 


t Permanent address: Department of Medicine, Albert Einstein College of 
Medicine, Yeshiva University, Bronx, New York, 10461. 


The choice of 


Glutathione plays many parts in living organisms, and new methods 
for the oxidation of this tripeptide reveal some of them. 
review of the present situation ends with some suggestions for 


the future. 


This 


The effects of these thiol-oxidizing agents on several 
biological systems include: (1) a marked change in the 
feeding behaviour of whole organisms; (2) delay and 
inhibition of the growth, division and germination of 
fungal spores and bacteria; and (3) changes in membrane 
integrity through exposure of the cell to certain chemical 
challenges, 

Our results suggest that glutathione is an essential 
cellular constituent, absolutely required for maintenance 
and survival, We shall briefly review the chernistry of the 
thiol-oxidizing agents used in this work and describe the 
interesting variety of effects which they produce in 
biological systems. 


Chemistry of Thiol-oxidizing Agents 

The overall reaction of the thiol-oxidizing agents (Table 
1) with glutathione is illustrated in equation (1) with the 
example of the azoester (a). The mechanism of the 
reaction has been elucidated as described elsewhere. 
Azoester (a) and other esters of the series are hydrolysed 
in neutral aqueous solution, yielding carboxylic acids 
which are quite unstable and are rapidly transformed 
into a class of compounds called monosubstituted diazenes, 
EN =NH (equation (2)). Monosubstituted diazenes have 
only recently been observed and studied!*! and react 
either with hydroxide ion (equation (3}} or with oxygen 
(equation (4)}. Reaction with hydroxide ion leads to the 
corresponding hydrocarbon, usually an inert and un- 
reactive species. Reaction with oxygen produces free 
radicals! which present a severe chemical challenge 
to biological systems through their high reactivity. ‘The 
nature of the substituent # in the monosubstituted 
diazene, RN = NH, determines the relative importance of 
the reactions with hydroxide ion or oxygen. Electron- 
withdrawing substituents (for example, the 6-puriny! 
group in ester ¢) favour reaction with hydroxide ion, and 
thiol-oxidizing agents, which form such monosubstituted 
diazenes, produce few free radicals. 

If the thiol-oxidizing agent is stable towards hydrolysis, 
neither the corresponding hydrocarbon nor free radicals 
are produced. The properties of various thiol-owidizing 
agents are summarized in Table 1, 
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2 GSH + C,H,N=NCOOCH, — GS8G + 
}sH;NHNHCOOCH, (1) 


C,H; N=NCOOCH, + H,O->CH,OH + 
C,H,N==NCOOH — C,H,N==NH + CO, (2) 


C,H,N==NH + OH- C,H, + H,O + N, (3) 


CsH,N=-NH + O, — > — C,H; + HOr +N, (4) 


Fhe choice of a thiol-oxidizing agent is governed by 
several eriteria. Agents which are readily hvdrol ysed 
rapidly disappear from the system to which they are 
applied, The esters (a, b and c) are thus short term thiol- 
oxidizing agents. The amides d and e are, in contrast, 
long term thiol-oxidizing agents, and can be used to 
maintain a low intracellular GSH concentration for a 


th 


considerable time. Compounds which produce free radicals 


Table 1. 


Compound formula 


(a) E _ N=: NCOOCH, 


(hy NOS N= NCOOCH, 


N= NCON(CH,): 


(ey 


AT By, 


)  (CH,)»NCON= NCONI(CH,), 
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(for example, azoester a) provide intracellular chernical 
challenges to the cell. 

The quantity of agent used depends on the structure 
of the agent and the nature of the biological system to 
which it is applied. Usnally about 50 per cent of the 
ester thiol-oxidizing agents are consumed in reaction 
with protein amino groups? (equation (5)), The amide 
agents (d and e) react only with GSH or other equivalently 
reactive thiols. None of the thiol-oxidizing agents reacts 
appreciably with protein thiol groups at the concentra- 
tions normally used. 


C,H,N=NCOOCH, + PNH, — CH, N=NCONH 7” 
+ CH,OH (P= protein} (5) 


Biological Effects of Thiol-oxidizing Agents 
A significant development in neurochemistry has heen 
the finding that thiol groups and disulphides are involved 


PROPERTIES OF THIGL-OXIDIZING AGENTS FOR INTRACELLULAR USE 


Reactivity Hydro- 9 Free 
Trivial towards  ivtic radical 
name -GSH*  stabb forma- 
faeconds) Hivt tion tT 

A zoester yt} $ POG s + + 


Adenine ester bs Tü s — 
Adenine amide maf) 3360 h ee 


Diamide «id EAN LLET oe 


‘The intracellular reaction of each reagent with GSH has ben eoatirined 
with human red blood cellist. Related compounds are readily prepared and 
are being investigated by Mr W. Correa, State University of New York, Stony 
Brook. The correct nomenclature for those compounds is: a, methyl phenyl 
diazenecarboxviate: b, methyl 4-cvanophenvidiazencearboxyvlate; e, methyl 


6-purinvidiazenecarbox ylate ; 


d, 6-purinvidiazenecarboxylic acid N,.N-di- 


methvlamide: e, diazenedicarboxylic acid bis(N,N-denethylamidi}. 


NT, Not tested. 


* Approximate half-lif for the reaction of the compound with GSH in 
aqueous solution, pH 7-4, with both reactants at 107 M, (Rates are con- 
parable with that found for a 30 per cent red blood cell suspension.) The 
numbers provide an indication for use of the compounds with organisias. 


tissue cultures, and so on, 


+ Approximate half-life for hydrolysis in aqueous buffer, pH 7-4. 


t As judged by 
diazenet® t 


the formation of “‘radival-type products’ from thë 
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in the functioning and activity of neurones, with several 
specific demonstrations available for acetylcholine re- 
ceptors!?-18, It was thus reasonable to expect that thiol- 
oxidizing agents would affect the behaviour of organisms. 

We have tested azoester (a) on several organisms and 
have found marked behavioural responses. The most 
spectacular response was that of mosquitoes, which were 
strongly repelled by the agent. It is of some interest that 
repellency of mosquitoes was equivalent to that of the 
best known repellents (for example. N.N-diethyl-o-tolu- 
amide). Inhibition of sucking (equivalent to feeding) was 
observed for ticks, medicinal leeches and tsetse flies. It 
was necessary to pretreat the tsetse flies with azoester (a) 
in order to produce the inhibition, possibly because of the 
extreme rapidity with which these flies feed. In all cases 
the inhibitions were produced in spite of the presence of 
strong feeding stimulants in the solutions'*-**. All inhi- 
bitions were reversible. 

The behaviour of hydra has been deseribed by Lenhoff*. 
Azoester (a) at different concerfrations affects different 
phases of the behaviour of hydra: nematocyst discharge, 
tentacle waving and mouth opening. 

The diversity of effeets produced with a common re- 
agent suggests that the common element in all of these 
behavioural responses is the intracellular oxidation of 
SSH to GSSG. Further investigation is necessary to 
establish the nature of the link between the conversion 
of GSH to GSSG and the actual behaviour, The effects of 
azoester on the behaviour of organisms are summarized 
in Table 2 (unpublished results of R. Galun, H. M. Lenhoft 
and ourselves). 


Table 3. EFFECTS GF AZOESTER ON THE BEHAVIOUR OF ORGANISMS 


Organism Species Effect 


Mosquito Aedes aegypti 
Culex molestus 


Ornithodorus tholozani 


Strongly repellent*® 
Lethal + 
Tick Inhibits sucking 


Medicinal 


leech Hirudo medicinalis inhibits “tasting” and sucking t 
Tsetse fly Flossing austere Slow inhibition of sacking 
Hydra Hydra pseudoligactis Inhibits (i) nematoeyst discharges 


(ii} tentacle waving ` 
(ii) mouth opening 


These are results of unpublished experiments carried out with R. Galun 
and H. M. Lenhoff using azoester (a). 


* Diamide (e) had only repellency. 

+ Observed during the use of glass enclosure for standard repelleney test on 
rabbit, 

t Diamide (e) inhibited only sucking. 

§ Effect (i) was observed at very low concentrations, effects () and (ii) at 


intermediate concentrations and all effects found at high concentrations of 
azoester (a). 


An adequate supply of reduced glutathione is apparently 
necessary for many of the normal activities of cells. 
Oxidation of the GSH to GSSG within the Escherichia coli 
cell by adenine ester (c) delays growth for about one 
division, after which growth resumes at the normal rate 
(unpublished results of E. Rosenberg and ourselves). 
Harris? has reported that both DNA synthesis (as 
measured by thymidine incorporation) and protein syn- 
thesis (by leucine incorporation) are temporarily dimin- 
ished by the oxidation of about 80 per cent of the GSH 
within Ehrlich aseites cells with azoester (a). We have 
found (unpublished results of T. Zehavi. D. Danon and 
ourselves) that protein synthesis and the replacement of 
polysomes by monosomes within rabbit reticulocytes are 
correlated with GSH content by the use of diamide {e}. 

Treatment of the spores of Trichoderma viride with 
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azoester (a) severely *rev...ds germination if carried out 
at the midpoint of the germination process, but has much 
less effect at its beginning or at its end (unpublished 
results of D. Weinman, E. Galun and ourselves). Tt is 
known that the germination of Neurospora crassa is 
accompanied by an increase in the GSH content”. Signi- 
ficant in this connexion is the recent discovery of highly 
potent antifungal agents (f and g} with structures very 
similar to several of the thiol-oxidizing agents listed in 
Table 1. 


XC,H,N=NC(S)NH. XC,H N==NC(=:80)NH, 
i 7 


An intimate connexion between cellular thiol content 
and cell division has long been postulated”. Our results 
suggest several reactions through which cellular thiol 
content might be related to growth and division, but 
by no means exhaust the possibilities. It seems clear that 
GSH is vital to the maintenance of many processes m 
cells. 


the membrane of cells. 
excess of that required to oxidize all the imtracellular 
SSH to GSSG. to human red blood cells saturated with 
earbon monoxide and suspended in air-saturated buffer 
leads to severe haernolysis. 

The formation of free radicals from azoester proceeds 
through hydrolysis and reaction with oxygen (equations 
(2) and (4)). In a cell loaded with oxygen. such as the 
oxygenated human red blood cell, free radicals are formed 
within the cell and eause damage throughout the cell. 
The damage is visible in the form of Heinz bodies and is 
not accompanied by lysis. 

Treatment of a carbon monoxide-loaded cell with excess 
azoester in the absence of oxygen in the medium does not 
have any observable effect: neither Heinz bodies nor 
lysis are seen. If the carbon monoxide-loaded cell is 
suspended in an air-saturated buffer so that an oxygen 
concentration gradient is set up at the membrane, free 
radical formation in the region of the membrane causes 
damage which eventually leads to lysis. 

Most cells are oxygen-poor, Treatment of many different 
cell types with azoester (a), in excess of that required to 
oxidize all the GSH to GSSG, leads to lysis. Among the 
cell types examined either im suspension or in tissue 
culture are human red blood cells*, human epithebal 
cancer (KB) cells (unpublished results of G. Yagil and 
ourselves), Escherichia coli, human lymphocytes (un- 
published results of S. Padé and ourselves), human 
myeloblasts (unpublished results of D. Phitanick and 
ourselves). Ehrlich ascites tumour cells??? and normal 
and glucose-6-phosphate dehydrogenase-deficient fibro- 
blasts (unpublished results of M. Siniscaleo and ourselves). 
The response of these cells is therefore analogous to that 
of the red blood cell loaded with carbon monoxide m 
oxygenated medium. 

Lysis does not occur unless most of the GSH within the 
cell is oxidized to GSSG and a chemical challenge is present 
during the time when the concentration of GSH is low. 
Thus treatment of any of the cells we have listed with 


effect. Use of thiol-oxidizing agents like adenine ester (e) 
* 
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adenine amide (d) or diamide (e) (which do not generate 
free radicals), even in excess, causes no lysis. 

We can infer that an adequate concentration of GSH 
is necessary for the cell to withstand certain chemical 
challenges. 


Possible Applications 

It seems likely that the concentration of GSH within 
cells plays some part in the regulation of protein synthesis. 
The accumulation of GSH in the cytoplasm of Yoshida 
ascites tumour strains sensitive to the alkylating agent, 
chlorambucil, after treatment with the agent, is consistent 
with this conelusion®®. It is conceivable that an under- 
standing of the role of GSH in the complex reaction 
system which comprises protein synthesis might lead to 
an improvement in the treatment of or in the design of 
drugs for cancer. 

It is probable that chemoreception is affected by the 
tracellular concentration of GSH, but it is not yet clear 
whether or not this involves only the reception process 
‘detection’’), neurone action (neurones to chemoreceptors 
being perhaps more exposed to the chemical environment 
When thiol-containing drugs are 


pounds could be produced for the control of insects. 

A common clinical problem in medicine is the occurrence 
of haemolytic anaemias after administration of drugs. 
This is especially frequent among those individuals who 
suffer from inherited deficiencies in glucose-6-phosphate 
dehydrogenase (G6PD), and is exacerbated by the fact 
that mild anaemia is already present in many cases*!. A 
deficiency in G6PD diminishes the intra cellular supply of 
NADPH, the reducing agent required by glutathione 
disulphide reductase for the conversion of GSSG to GSH. 

In normal conditions, red blood cells of G6PD-deficient 
individuals are removed from circulation more rapidly 
than the red blood cells which contain the enzyme. 
Production of new cells does not quite match the demand 
and a mild anaemia results. A diminished or negl igible 
capacity for the regeneration of GSH is the only important 
consequence of the deficiency, and cells with the defect 
do not survive as long as normal red blood cells, and so 
chemical challenges must arise in a natural way from 
soluble components of the blood. These challenges slowly 
erode the integrity of the red blood cell membrane and 
eventually cause it to be recognized as defective. 

If an extra challenge is posed to a system which 1s 
already in precarious balance, the whole arrangement 
collapses and massive haemolysis results. The best known 
example of such effects occurring on 4 large scale is in the 
areventive dosing with primaquine which was used against 
malaria during the Korean War ( 1950-52). The drug, 
or one of its metabolites, oxidizes the GSH. within the 
red blood cell, We believe that the resulting haemo! ysis 
arises from irreversible damage to the membrane caused 
by the drug or one of its metabolites in the absence of 
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ey it does not offer a chemical challenge to the red blood 
cell. 


The problem is by no means trivial. It has been 
estimated that about 3 per cent of the population of the 
world is deficient in G6PD%®. And malaria is still one of 
the most widespread public health problems. 

If a sublethal chronic chemical challenge is posed by the 


reduction in their life span, might not a similar challenge 
be made to all other cells ? If so, glutathione is one of the 
chief lines of defence against such challenges and therefore, 
we may say, against one possible component of ageing. 

We might also speculate on the importance of glut à- 
thione in biological evolution. Its presence in all cells 
leads readily to the idea that GSH was an early entry 
into the compendium of molecules that constitute li ving 
matter. It is too early to guess whether or not its appear- 
ance was in the prebiotic or biotic periods. We hope that 
the use of specific thiol-oxidizing agents will enable a 
more quantitative evaluation of the function of gluta- 
thione in biological systems than has been possible so far. 

Much of our work was carried out in collaboration with 
several different research groups, whom we thank for 
their cooperation. We are grateful for the facilities 
afforded to us by the departments of biophysics (Professor 
E. Katchalski) and biological ultrastructure (Professor 
D. Danon). N.S. K. is the recipient of a eareer develop- 
ment award of the National Institutes of Health. US 
Public Health Service. E. M. K. was a National Science 
Foundation senior postdoctoral fellow. 
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Leaf Venation Patterns and the Origin of the Angiosperms 


by 
RONALD MELVILLE 


Royal Botanic Gardens, 
Kew 


Tuer leaves of modern angiospeyms are characterized by 
the possession of a fine angular reticulum of veins which 
fills in the intereostal areas of a pinnate or palmate leaf 
skeleton. Elsewhere in the plant kingdom, fine reticula 
are found only in the gymnosperm Gnetum and in a few 
ferns such as Dipteris conjugata. In present floras there 
is a preponderance of pinnate leaf types, but Sinnott and 
Bailey! have shown that in the Cretaceous palmate types 
were more abundant than pinnate. One evolutionary 
trend is thus established, but beyond this point the mode 
of evolution of the angiosperm leaf has remained obscure. 
Zimmermann? in his telome theory has put forward a 
general explanation for the origin of megaphyllous leaves 
from dichotomous branch systems such as are found in 
the Psilophytales dating back to the Silurian. The general 
trends to anisomerous growth, leading to overtopping, 
together with fusion of the branch systems or webbing 
and accompanied by planation, can be traced in the 
fossil record. In the absence of sufficient evidence, the 
application of these ideas to the angiosperms has remained 
debatable. 

This impasse results not from the failure to survive of 
species linking the angiosperms with the fossils, but 
from the preoccupation of morphologists with plants of 
the northern hemisphere. Had their attention been turned 
to the south, the missing links could have been found. 
From recent studies I estimate that about 90 per cent of 
the significant species are to be found within the confines 
of those countries which formed part of the Gondwana 
continent of the Mesozoic, the limits of which were 
mapped earlier’. More than a century ago Von Ettings- 
hausen* made an elaborate survey of the leaf skeletons 
of dicotyledons for comparison with fossils. This included 
no forms that can be considered primitive by comparison 
with fossils and the species examined from the southern 
hemisphere were of intermediate or advanced forms. 
Studies by Foster of Circaeaster and AKingdonia®* were 
the first to give details of any living angiosperm leaves 
comparable with those of some of the early fossils. Pray’s 
paper on Hosta’? deals with an intermediate form, though 
one which retains some primitive features. The two papers 
by Foster on the Quimaceae®:? deal with a family which 
is unique among the angiosperms. Only in this family 
does a simple leaf appear to have been formed by the 
fusion of the segments of a pinnatifid or pinnate leaf of 
relatively primitive organization. The leaf vascular pat- 
tern is comparable with that of thelypteroid ferns or 
with the Permian fossil Gigantopteris on which Asama?’ 
based a theory of the origin of sumple leaves. His theory 
is valid for many ferns and for Gigantopterzs, but, except 
for the Quimaceae, does not apply to angiosperms. 


Primitive Proteaceae 
Van der Hammen"™ has referred to the simply di- 
chotomous leaf of Franklandia fucifolia and compared it 


Evolution of the angiosperm leaf is traced through venation patterns 
by comparing those of living plants from the countries which formed 
Gondwanaland with the fossil record. 


with the regularly dichotomous leaves of the Psilophytales 
of Silurian to Devonian age. Apparently he was un- 
familiar with the far more elaborate leaves of other 
Australian Proteaceae, notably of Stirlingia tenuifolia and 
related species, in which the linear segments branch 
dichotomously in three dimensions like a small bush. 
Each branch contains a single vascular strand. In another 
species of Stirlingia (S. latifolia) the vascular strands are 
webbed into strap-shaped lobes arranged at an angle to 
one another in a dichotomous system. Within the seme 
family, all stages in the aggregation of a dichotomously 
branched system through lobing to an entire leaf are to 
be seen within a single South African species, Parancmus 
reflexus, in passing through juvenile stages into the aduit. 
In none of the species mentioned does the leaf have a 
midrib. The veins are roughly parallel with one another 
in a fan-like system cross-linked at intervals in è manner 
which is suggestive of the fossil form genus Gangamopteris 
in the Glossopteridae. In other Proteaceae, such as 
Leucadendron, a midrib is developed and the leaf possesses 
features reminiscent of Glossopteris itself. Within the 
compass of this one family almost every stage in the 
evolution of the angiosperm leaf is to be found, from a 
dichotomous branch system through gangamopteroid and 
glossopteroid forms by numerous intermediates to com- 
pletely modern types with a fine angular reticulum. 
Archaic features characteristic of the Glossopteridae have 
been more or less completely lost from the latter. In the 
course of this study most angiosperm families have been 
examined and less complete evolutionary sequences have 
been found in a number of them. 


Characteristics of Glossopterid Leaves 

The observation that the leaves of the Kerguelen cab- 
bage ( Pringlea antiscorbutica-Cruciferae) bore a remarkable 
resemblance both in shape and in general pattern of the 
leaf venation to Gangamopteris drew my attention to the 
Glossopteridae as possible angiosperm precursors. The 
leaf of Laccopetalum giganteum (Ranunculaceae) is at a 
similar stage of evolution. In neither plant is there a 
midrib, but both possess a number of subequal veins 
arranged fanwise (flabellate) as in Gangamopteris. Both 
differ from the Glossopteridae in that the final termina- 
tions of the veins do not quite reach the leaf margin and 
in the possession of a fine ternary reticulum. The principa! 
veins, however, frequently dichotomize and reamite to 
form an open reticulum, producing a nurnber of kinds of 
vein junction similar te those of the Glossopteridae. 

In working out the characteristic types of vein junction 
of the Glossopteridae, Feistmantel’s monograph of the 
fossil flora of the Gondwana system of India’? has been 
freely consulted. Generally these junctions bear some 
resemblance to letters of the Greek alphabet and it is 
convenient to use the appropriate letters for their nomen- 
elature (Fig. 1). The simple dichotomy, ganha, is most 
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frequent and, on the basis of the fossil record, the most 
ancient. Almost as frequent is the union of two branch 
vens Into one, lambda, Less frequent are the oblique 
è rossing, ehi, and the paired branches on either side of a 
Vein, PSL 


form adjacent series-—zeta series. An occasional junetion 
type is the combination psi-lambda. The coarse reticulum 


more veins attached around the apex. This can be called 
hydroid by analogy with the Coelenterate. In addition 
to these types of areolae three others occur along the 
midrib in Glossopteris (Fig. 1, 13-15). The shapes of these 
are deltoid, with the base of the triangle against the 
midrib and arcuate and angled. i | 


yA EW NAA 


3 6 8 
l1 12 13 14 15 
Fig. 1. The glossopterid syndrome: vein junction and vein island 


13 
types characteristic of leaves of the Glossopteridae. Top row, vein 
junctions: 1, gamma: 2, lambda: 3, chi: 4, psi: 5, psi-lambda: 6. eta: 
7, zeta, 8, a zeta series. Lower row, vein islands: 9, lenticular biconvex: 
10, lenticular plano-convex; L, compressed hexagonal; 12, hydroid: 

13, deltoid: 14, arcuate; 15, angled. . 


9 10 


It will be convenient to refer to the group of vein 
characters described here as the glossopterid syndrome. 
They are found associated together only in the Glosso- 
pteridae and in the more primitive leaf types of the 
angiosperms. Some of the characters occur im other 
groups, notably ferns and pteridosperms, but combined 
in different combinations to form other distinetive 
syndromes. The Gangamopteris illustrated here (Fig. 2. 1) 
was selected from Feistmantel’s drawings as it shows in 
one leaf almost the entire glossopterid syndrome except 
for the vein islands that are associated with the midrib 
in Glossopterts. Both the Glossopteris specimens are of 
Permian age and were referred by Feistmantel to G. 
angustifolia, The lower one (Fig. 2, 4) is a typical Glosso- 
pterts with the veins ending in the margin. The other 
(Fig. 2, 3) is the first record of the appearance of a common 
angiosperm character in the Glossopteridae, the formation 
of a marginal vein by the looping together of the vein 
endings. At the time of publication, the Glossopteridae 
were thought to be ferns and Feistmantel suggested this 
leaf was incipiently fertile. Since then, truly fertile 
specimens have been described'~15 and Feistmantel’s leaf 
can be seen m correct perspective as a step towards the 
angiosperms. 


The Glossopterid Sequence 

Following the discovery of glossopteroid characters in 
a limited number of angiosperms a reorganization in the 
herbarium of the Royal Botanie Gardens, Kew, afforded 
an opportianity for a rapid survey of the leaves of most of 
the families. Leaf characters of the Glossopteridae were 
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found to be so widespread that it is possible here to 
illustrate only a few examples and point out some of the 
evolutionary trends observed. 

The initial trends of evolution in the Glossopteridae are 
established by the fossil record in South African strata. 
Proto-Glossopteridae first appear in| Mid-Carboniferous 
(ref. 16, Zone 2). These have broad leaves with flabellate, 
simply dichotomous vein systems and no midrib (ref. 17, 


upper part-—-Lower Permian-—by Glossopteris in which a. 
midrib is formed by the aggregation of the central longi- 


are further differentiated. Taeniopteris, with a midrib 
and crowded parallel lateral veins, also appears as well as 
forms intermediate between Glossopteris and Taeniopterts. 
Glossopteris becomes dominant in Zone 4—-Middle to Upper 
Permian--and the simpler forms of Gangamopteris die 
out. It is perhaps worth noting that among the smaller 
dichotomously veined le&ves of the Devonian Platyplhyl- 
lum albanense (ref. 17, Fig. 20) is reminiscent of the extant. 
Circaeaster figured by Foster’. 


Gangamopteroid Angiosperms 
The leaf of Pringlea antiscorbutica will serve to show the 
similarities and differences visible in an angiosperm leaf 


similar, some of the longitudinal veins are much thicker 
than others. All of the vein junetion types of the glosso- 
pterid syndrome are present in the secondary vein system, 
but the different veins contributing to a junction are 
frequently of very different thickness instead of being 
almost uniform. Veins no longer reach the margin but 
fall short of it. Hydroid vein islets are numerous, 
especially towards the margin. but are frequently broader 
and less angular than in Gangamopteris and are filled by 
an irregular reticulum which shows some glossopteroid 
features. 





Fig. 2, Gangmmopieris sp. with 


: Leaf venation of Glossopteridae. 1, 
three hydroid and one lenticular vein islands stippled. 2, Two adjacent 


hydroid vein islands (ref. 12, part 3, T394, Fig. 94). 3, Glossepleris 

angustifolia, atypical form with marginal vein and arcuate vein islands 

along midrib (ref. 12, part 3, T39A, Fig. 1A). 4, Glossopteris angustifolia, 

normal form with no marginal nerve and deltoid vein Islands alonz 
midrib (ref. 12, part 3, 134.4, Fig. 14). 


Among the Cruciferae, in general, the leaf midrib is 
fully developed and few or none of the characters of the 
glossopterid syndrome survive. Some genera do preserve 
a number of these features and demonstrate, in the lower 
third of the leaf, how the main veins of the Gangamopteris 
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number of other families. 


Glossopteroid Angiosperms 


aggregation of 


the midrib (Fig. 4. 2-3) is similar to that in Glossopteris 
antarctica and G. parallela (ref. 15, T13, Figs. 1, 4). The 
pattern of vein islets along the midrib [( Fig. 4. 5) is very 
similar to that in Feistmantel’s supposedly fertile G. 
angustifolia reproduced here (Fig. 2, 3). The Foetidia leaf 
exhibits almost the whole of the glossopterid syndrome. 


Other species of Feetidia are much more advanced 
toward the typical angiosperm leaf pattern. F. mauritiana 
retains the midrib character. but otherwise has only a 
few modified arcuate vein islets and other glossopterid 
features near the base. Elsewhere in the leaf. the glosso- 
pterid syndrome. is obliterated. 


Taeniopteroid Leaves 
At the climax of evolution of the Glossopteridae in the 
Permian, intermediates between Glossopteris and Taento- 


2mm 


Fig. 3. Leaf of Pringlea antiscortetica. 1, Leaf outline and main veins. 

2. Part of leaf apex with pattern of hydroid vein islands and lambda 

and gamma junctions. 3, Marginal area showing minor reticulum. 

4, A psi-lambda junction. 5, A modified zeta junction series, 6, A chi 
junction. 





pad 
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pteris were frequent’. Many angiosperms feacuring t he 


glossopterid sy ndrome ean also be placed in t his category. 
Such are Schuurmansia and Sehuurmansiella, Tyleria and 
other genera in the Ochnaceae and Qualea in the Vochy- 
siaceae. In the latter genus, thirty or more species have 
this kind of leaf pattern. The midrib is strongly developed 
and gives rise to numerous rather regu larly spaced un- 
branched laterals which link together to form a marginal 
vein close to the leaf margin. Minor intercostal vems form 
a coarse reticulum with glossopteroid features, Within 
the genus Qualea im termediate species tink these glossa . 
pteroid types with essentially modern forms hke Q. 
multiflora, In the latter, a fine angular reticulum is 
present and a submargimal vein has developed. The 
marginal and submarginal veins are Co! mected by cross- 
bars, giving the appearance of a palisade, A ppare ntly 
these parallel bars represent the last vest iges of the vem 


< 


endings of the glossopteroid phase of evolution. 


wy 
htt 

H 
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et rencontre 





Fig. 4. Leaf of Foetidia obliqua Bi. 1, Leaf outline. 2. 3, Leaf apex 
and base showing glossopteroid method of aggregation of longitudinal 
veins to form a midrib. 4, Median sector of leaf—complete vein eysiom. 
5, Arcuate and hydroid vein islands along midrib (compare Fig. 2, 3). 


pteridosperms, cycads, Glossopteridac and angiosperms, 
so that collateral evidence from fructifications or cuticles 
is necessary in order to decide to which a fossil belongs. 
Taeniopteris leaves associated with Glossopteris and mter- 
mediate leaf types and with winged seeds are probably 
CGlossopteridae. Among angiosperms, the 7 'aeniopteria type 
oceurs in Calophyllum in the Clusiaceae, where there is no 
reticulum and a marginal nerve is the only advance over 
the fossil. Other genera of Clusiaceae (for example. 
Mammea, Monobea, Platonia) have taeniopteroid leaves 
with the intercostal areas filled with a minor reticulum 
of intermediate to advanced angiosperm type suggesting 


the lamina to the midrib. 


Floral Leaves 
On failing to find any other angiosperms with leat 
patterns comparable with Kingdonia or @urcaenater, 
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Arnott and Tucker? questioned whether any more had 
survived. A number of others do exist in the Proteaceae 
and Epacridaceae, but they have been known only to a 
handful of taxonomists. Some species of Epacris and 
Coleanthera with an open dichotomous vein system are 
even more primitive in having the veins terminating in 
the margin like those of the Glossopteridae. Observing 
that the venation patterns of petals are simpler than ice: 
of the leaves of the same species, these authors made g 

detailed examination of Ranunculus repens, The tae 
extensive survey confirms the general thesis for poly- 
petalous angiosperms, except where reduction in size has 
resulted in simplification. The petals of R. repens are 
somewhat reduced and simplified. Species with larger 
petals, such as R. asiaticus, have a venation pattern com- 
parable with that of early species of Gangamopteris with 
relatively few anastomoses. oe rom ms ae Ue the 
petal Shona Varies i 


g Such pet bale are common in 
a pete of other Familien including the Rosaceae and 
Geraniaceae, and will be referred to as the Rosa type. 





Fiz, 5. Tyleria floribunda. 1, Primitive glossopteroid leaf aa with 

incomplete midrib. 2, M arginal area--complete vein system. 3. Part of 

outer sepal, Veins reach margin and no marginal vein. 4, Part of inner 
sepal, Veins fall short of margin. 


Among families having glossopteroid or taeniopteroid 
leaves, the petal pattern usually conforms to the rule in 
being of a simpler type. Qualea, as well as other genera in 
the Vochysiaceae with more advanced leaf patterns, have 
petals of the Rosa type. Foetidia (Fig. 3) with glosso- 
pteroid leaves has a gangamopteroid sepaline perianth. 
Tyleria floribunda (Fig. 5), with very primitive glosso- 
pteroid leaves a aa with those of Glossopteris 
cyclopteroides (ref. 12, part 3, Ti4, Figs 2) in which the 
midrib extends only two-thirds to the apex, has petals of 
Gangamopteris type, as do other species with more advanced 
leaf types. Calophyllum inophyllum (Clusiaceae). with a 
taeniopteroid leaf, has slightly reduced gangamopteroid 
petals with the veins united at the base in pedate fashion. 
In this alhance the pedate base occurs in the petals of 
Lorostemon bombyciflorum, which resemble the earliest 
type of Gangamopteris or even Palaeovittaria (ref. 12, part 
3, T44, Fig. 1). Although not yet demonstrated in fossil 
leaves, on account of imperfect preservation, the pedate 
base appears to be a primitive character, recurring in the 
gangamopteroid leaves of Hypericum bequaertii. m several 
genera of Epacridaceae and 3 m Ar eonium (Crassulaceae), 

The existence in many ang families of petal 
vascular patterns BN D ages of the Glossopteridae 
cannot be fortuitous. The fact that the petal patterns 
represent qarher stages im the evolution of the leaf pat- 
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terns of the same species must also be considered highly 

significant, for the evolutionary sequence has been 
sstablished by the fossil record. Why should petals 
preserve these ancient patterns ? Allowing for slight 
changes of emphasis in modern petals, the whole range of 
pattern was represented in the Lower to Middle Permian 
at the time of the great diversification of ‘the Glosso- 
pteridae, It js probable that at this period fertile branch 
systems were being condensed into more compact strue- 
tures which eventually became flowers. The production, 
of a flower requires the coordination of the growth of its 
parts leading to a genetically controlled svstem which 
tended to fix the strueture of the parts as it was at 
the time of onset of the process. The survival of these 
vascular patterns is evidence for the stability of the 
control system and fixes the time of the initiation of 
angiosperm evolution a pproximately to the Mid-Permian. 
On other grounds, Croizat?” assigns this stage of angio- 
sperm evolution to the Permian. The pericd is early 
enough to allow for the fixation of the general lines of 
avelucion of a number of angiosperm families before the 
first episode of contineftal drift in the early Triassic’ 

separated Africa from the remainder of Gondwanaland. 
At this time, the progenitors of Proteaceae, Restionacear 
and some other families must have been split mto separate 
populations to continue their evolution on parallel lines 
in separate continents. The alternative of the migration 
at a later date of whole floras across vast distances of 
ocean is not a practicable solution, 


Review of Evidence 
From the foregoing it will be apparent that leaf patterns 
oe n i plants can provide a a large body of evens 


a a A The correlation ees loaf and pete al 
venation patterns is further supported in some species 
by additional intermediate stages in sepals, bracts and 
sometimes the upper leaves. The recognition in the angio- 
sperms of the eee Por lear tor ty aie of the 
correlated w vith the ae ‘of vein -junct ions ando velin 
islands which constitute the glossopterid syndrome. Dif- 
ferentiation in the angiosperm has resulted in a much 
greater diversification of vein thickness, the formation of 
a marginal vein and the failure of the veins to reach the 
margin. Bridging forms exist. Feistmantel’s form of 
rlossopterts angustifolia (Fig. 2,3) has a marginal vein 
separated from the margin by a gap. The leaves and 
sepals of Tyleria floribunda have all of the vein endings 
reaching the margin (Fig. 5) and so do Coleanthera 
myrtoides and some other Epacridaceae, Other charac- 
teristics of the Glossopteridae®® are simple entire leaves, 
leaves clustered towards the ends of the branches and 
flat rounded or ellipsoid leaf scars. These features also 
are correlated with glossopterid leaf characters in Foetidia, 
Tyleria, Aeontum and other genera. Moreover, account 
must be taken of the fructifications. Glossopteridae with 
fructifications in organie connexion consist of leaves 
bearing a short fertile branch having a pair of opposed 
bract-like scales on which the reproductive organs are 
situated?! Male inflorescences of angiosperms showing 
the same relationships between bract and fertile seale 
occur in Populus, Juglans and Homalanthus** * In the 
female, enclosure of the ovules of necessity entailed some 
modifications, but the leaf—fertile branch relationship lies 
cryptic in the ovary throughout the angiosperms. Both 
fertile and vegetative structures, therefore, point back to 
the Glossopteridae as the forerunner of the angiosperms. 
Finally. I am reminded of the injunction of L W. Bailey®, 
following a discussion of the value of anatomy in phylo- 
genetic studies: “Look west. young man, towards the 
remnants of Gondwanaland i“. There, in the dominant 
vegetation of that former continent, is to be found the 
solution to Darwin’s “Abominable Mystery”, the origin 

of the angiosperms. 
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The simple geometric ideas of plate theory are extended to inciude 
some forms of plate evolution. The most important of these occurs 
where three plates meet. 


Such triple junctions are divided into 


and two groups, stable and unstable, according to whether or not they 
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A PRECISE version of the hypothesis of sea floor spreading? 
has recently been suggested. This new formulation- 
requires that all aseismic areas of the Earth’s surface move 
as rigid spherical caps, and for this reason it is often called 
“plate tectonics’. 
any two plates on the surface of a sphere can be repre- 


sented by a rotation about an axis, and so problems of 


present day tectonics reduce to determining the plate 
boundaries and relative rotation vectors of all plates on the 
Earth's surface. There are various methods of obtaining 
such information. If two plates are separating and new 
oceanic crust is being generated, the rate can be obtained 
from the magnetic lineations’:*, which can also be used to 
map the plate boundaries’. Where the ridge axis 1s offset 
by transform faults the relative motion vector must be 
parallel to the strike of the faults’. The most general 
method of mapping plate boundaries, however, is by their 
seismnicity® !°, and earthquakes can also be used to measure 
the direction®:*"' and magnitude! of the relative velocity 
between the two plates involved. The agreement between 
these methods is striking, especially in oceanic areas*, and 
demonstrates that aseismic regions are indeed rigid. It 
is now clear that the principal features of ridges, treuches 
and transform faults are a direct consequence of the 
relative motion of rigid plates. 

There are two main reasons why plate tectonics does 
not yet provide a complete theory of global tectonics. 
The first is that the mechanism by which the motions 
are maintained is stil unknown, though it now seems that 
some form of thermal convection can provide sufficient 
energy. This problem will not be discussed further. The 
other is that the original ideas only apply to motions at 


The instantaneous relative motion of 


can retain their geometry as the plates move. These ideas suggest 
an explanation for some of the major changes which have occurred 
in the North Pacific during the Tertiary. 


present taking place, and are not concerned with either 
the slow evolution of plate boundaries or with changes 
in their relative motion through geological time. For 
example, the break-up of Gondwanaland was presumably 
caused by stresses within the original plate, and cannot 
be understood using geometry alone. Two causes of plate 
evolution, however, are the geometric consequences of 
the motion of rigid plates, and it is with these that this 
article is concerned. 

The simplest example of such evolution is that of the 
trench shown in plan view in Fig. la. and occurs because 
a trench consumes lithosphere on only one side. The upper 
part of the trench ab consumes the plate Y, whereas the 
lower part be in the figure consumes A. The arrows show 
the relative motion vector between A and Y. and are on 
the plate which is being consumed. As the motions 
continue in the directions of the arrows, Y is consumed 
between a and b, but not between b ande. be must therefore 
he steadily offset from ab to form two trenches jomed 
by a transform fault (Fig. 16) the length of which I- 
creases at the consumption rate, The Alpine fault in New 
Zealand is an example of such a transform fault joining 
two trenches which consume different plates’ '* (Pig. Ie). 
To the north of North Island the Kermadec trench con- 
sumes the Pacific plate, whereas the shallow and inter- 


ridge demonstrate that the Tasman Sea is being consumed 
in this region. This example is particularly simple because 
the slip vector does not change anywhere on the boundary 
between X and Y. More complicated effects can occur 
when the point at which three plates meet moves along 
plate boundaries. Evolution of such triple jumetions can 
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produce many of the changes which would otherwise 
appear to have been caused by a change in the direction or 
magnitude of the relative motion between plates. In 
particular, sudden changes in tectonic style are more 
likely to be caused by the movement of such junctions 
than by a change in relative velocity. It is especially 
difficult to alter the motion of large plates i ina short time 
(~1 milion years) because of the long thermal time 
constant (~ 50 million years or more) of any mantle con- 
vection driving the plates! A 


“tH Trench 
Ridge 


SEE 


Fault 


Transform 








(c) 


The arrows show the relative motion 

Thus F is consumed 

setween a and b, XY between 6 and e. The trench evolves to furm two 

trenches joined by a transform fault. (e) is a sketch of New Zealand, 

Showing that the Alpine fault is a trench-trench transform fault of the 
type in (b). 


The evolution of a trench. 


Fig. L 
veror and are on the plates being consumed, 


The discussion which follows is easier to 
trenches, ridges and transform faults are defined in terms 
of destruction and creation of plates, rather than in terms 
of topographic features. ‘Trenches are therefore defined 
as structures which consume the lithosphere from only 
one side, and ridges as structures which both produce 
lithosphere symmetrically and lie at right angles to the 
relative velocity vector between two separating plates. 
Transform faults are defined as active faults parallel to 
the relative slip vector. It is easy to modify the argu- 
ments which follow to take account. of the complications 
of the real Earth where these definitions are not exactly 
true§16) This is not done in general because the basic 
principles would then become obscure. 

For the purposes of plate tectonies, the surface of the 
Earth is completely covered by a mosaic of interlocking 
plates in relative motion. There are many points where 
three plates meet, but, except instantaneously, none 
where four or more boundaries meet. The relations between 
the relative velocities of the plates at triple junctions have 
been discussed previously?*; 
the rigidity of the plates and do not impose any restrictions 
on the orientation of plate boundaries or on the relative 
velocity veetors. If, however, the triple junction is required 
to look the same at some later time, there are important 
restrictions on the possible orientations of the three plate 
boundaries, Unless these conditions are satisfied the 
junction can exist for an instant only, and for this reason 
is defined as unstable. If evolution is possible without a 
change in geometry, then the vertex is defined as a stable 
junction. The distinction between the two types is 
important because movement of stable junctions alone 
permits coptinuous plate evolution. 





follow aif 


they are a consequence of 
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ret 


vector eae een nies The: BE “vectors: are not m ashen 
perpendicular to the boundaries. Consider the evolution 
of this junction relative to A which is taken as fixed. 
The positions of the plates B and C at some later time are 
shown in Fig. 2b. The dashed boundaries show where the 
plates would have extended if they had not been consumed 
by the trenches AC and AB. The trench BC, however, 
has migrated up the boundary, consuming 8 during the 
process, to reach the position shown. A point such as x 
on the boundary AB will show a sudden change in motion 
direction as the triple junction passes, This apparent 
change | in repre amg directie ION of the a Is ay as 


Fig. 2 Bia. shows 
stable junction may ce ate a stable one. The original 
orientation in Fig. 2a is unstable unless the slip vector 
aVe is parallel to the boundary BC. This condition is 
satisfied if BC does not rove relative to A . and does not 
require any of the trenches to turn into transform faults. 
The slip vector ave m Fig. 2a does not satisfy this condi- 
tion. and therefore the trench BC does not remain on the 
apex of A but moves upward, Once the geometry in Fig 

2b occurs, the junction is stable and further evolution 
causes no change in geometry as BC moves along AB 
with a velocity with re spect to A given by wr. Tf therefore 
the triple junction is watched by an observer moving with 
no rotation and with velocity vr with respect to A, the 
be perce age stationary in his fra ame a: reference. 


pee an 


will net dange: ce ine first anole of a rare junction 
of three trenches the geometry remained achat ed in a 
frame fixed to A. In the second example all plates move 
in the frame fixed te the junction. 

It is not easy to discover the general stability conditions 
for all possible junctions by the method used in construct- 
ing Pig. 2. Perhaps the simplest example of the general 








Fig. 2. The junction of three trenches. (a) shows the geometry before 

evolution, with the arrows as in Fig. I. The arrows on B point in two 

directions because the relative motion between B and C is different from 

that between A and B. At some later time (4), the positions B and C 

would have reached if they had not been consumed are shown as dashed 

lines. The trench between B and C must move with C, and therefore 
moves away from the apex of A. 
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method is the triple junction between three ridges, which 
we shall call an RRR junction (Fig. 3). An example of 
such a junction is the meeting of the east Pacifie rise and 
the Galapagos rift zone in the equatorial east Pacific! 8, 
The Great Magnetic Bight in the north Pacifie was 
probably formed by another such junction which has now 
ceased to pxist!??°, In this and all other examples the 
relative velocity vectors et the junction are required to 
satisfy’ (Fig. 3): 


AVE + BVe + cVa4 = O (1) 


This equation must be satisfied if the plates are rigid. 

In Fig. 3 the lengths AB, BC and CA are proportional 
to and parallel to the velocities avg, Ve and cv, respec- 
tively. The triangle is therefore in velocity space, and 


Type Geometry Velocity triangle Stability Examples 
= 
AH orientations East Pacific 
A stable Rise and Gma- 
RRR pagos Rift 
Zomme tR 


Great Magnetic 
Bight tntz 


Stable if ab, ar Central 
TTT{a) A form a straight Japan? 


line, or if be is 
parallel to the 
slip vector CA 





Stable If the 
complicated 
general comti- 
tion for ab, be 
and ade to meet 
at a point is 
satisfied 


TTT(b) a 





Unstable 


ab must go 
through cem- 
roid of ABC 


Unstable, 
evolves to KFR 


Stable Ho ah 
goes through Č, 
or if ac, be form 
a straight line 





Stable if com- 
plicated general 
conditions are 
satisfied 
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represents the condition imposed by equation i Because 
ridges spread symmetrically at right angles to their strike, 
a point on the axis of the ridge AB will move with a 
velocity 4Vz2 relative to A. This velocity corresponds 
to the mid point of AB in Fig. 3. Consider a reference 
frame moving with a velocity corresponding to some pont 
on the perpendicular bisector ab of AB. ab is parallel to 
the ridge AB, so in this frame the ridge will move along 
itself and will have no velocity at right angles to A B. The 
same is true of the plate boundaries BC and CA when 
observed from reference frames whose velocities le on 
be and ac respectively. The perpendicular bisectors of the 
sides of any triangle meet. at a point called the centroid, 
and this point J in velocity space gives the velocity with 
which the triple junction moves. It is therefore always 


Type Geometry Velocity triangle Stability Exanipies 


Stable Hf the 
anges between 
ah and ac, be, 
respectively, 
ate equal, or if 
ac, fe form a 
straight line 


TTRic) A 8 





Infersection of 
the Peru-(hile 
trench and the 
West Chile 
Ridge?# 


Stable if ac, be 
form a straight 
line, or Hf C Hes 
on ab 








Stable if be, ab 
form a straight. 
line, or if ge 


A ff 
TTF{b 
a f goes Unrough # 


2 


Stable if ab, ae 
form a straight 
line, or if ah, 
be da so 





Stable if C Hes Owen fracture 
on ab, or H zone and the 











FFR ac, be form a Carlsberg 
straight line Ridges 
Weat Chile 
Ridge and the 
East Pacific 
Biegi 
A 8 . iab A. a Stable if ab. be San A nåreas 
FFT ~i form a straight fault and Men- 
- ` 8 line, or H ar, be  docino fracture 
7 X do s0 zope% 
€ i re be 
a ny 
oe, 
be 
A et d sgr £ è in, off? " 
“aC” Stable ifad goes Month of the 
RTF{a) A B pe lob through C, or Gull of Cali- 
. ? if ae, be form a fornia’ ’ 
i, 8 straight lime 
A ~, = 
i be 
f 
A | 5 SC j 
Fe Ge A a 
; 4 Stable H ar, gb 
RTE) N Y crosg an he 
s ‘on LOA ? ge 
i ” iab be 


The geometry and stability of all possible triple junctions. 


Fig. 3. 
be and ae in the velocity triangles join points the vector velocities af which leave the geometry of AB. BCand 4 C respectively, unchanged. The “i 


Representation of structures is the same as in Fig. 1. Dashed lines ah, 
relevant junctions are stable only if ab, be and ae meet at a point. This condition is always satisfied by REE, in other cases the general 


Velocity triangles are drawn to demonstrate instability. Several of the exam ples are speculative 
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possible to choose a reference frame in which the triple 
junction does not change with time. From the velocity 
triangle the relative ve locity v of all plates relative to t the 
triple junction is: 


+ 


2 sma 2sin$ 2 sin y 

Also the angle between AB and A.J is 90-y. Such a junc- 
tion between three ridges is therefore stable for all ridge 
orientations and spreading rates, If the ridges spread 
sy pence put not at right angles to mie relative slip 
thé a points of the sides, but not at mele Bins to the 
velocity vectors. Certain simple geometric conditions 
must then be satisfied if the triple junetion is to be stable 
in these conditions. 

A more complicated junction is that of three trenches, 
TTTia) im Fig. 3, which has already been discussed. An 
example of such a junction occurs in the north-west 
Pacific’), where the Japan trench branches to form the 


Ryukyu and Bonin arcs (Fig. 9). The arrows are on the 
® 














plates being consumed and show the relative vector 
velocities between plates. The velocity triangle is formed 
as before, but points in velocity space cor responding to 
reference frames in which the position of the plate bound- 

aries 1s fixed no longer lie on the perpendicular bisectors 

of the sides of the ciate: Consider, for example, the 
trench between plates A ‘and B. Because A is not con- 
sumed, the trench does not move relative to 4. Clearly 
this condition is also satisfied by any reference frame with 
a velocity parallel to the plate boundary AR. Such 
velocities correspond to points on ab, a line through A 
parallel to the trench AB. The lines be and ac are con- 

structed in the same way. Unlike the triple junction of 
three ridges, ab, ac and be do not intersect at a point unless 
certain conditions are satisfied. The velocity triangle 
shows that if be goes through A, and therefore the plate 
boundary BC is parallel to ave, the junction is stable and 
fixed to plate A. Another possible stable arrangement 
eceurs if ab and ac are the same line. This requires the 
boundaries 4B and AC to form one straight line. Thus a 
triple junction between three trenches can be stable. These 
stability conditions have already been obtained (Fig. 2), 

but it was difficult to prove that these were the only possible 
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stable junctions by using the previous method. There is 
another possible junction between three trenches, TTT (b), 
which has a rather complicated general condition for 
stability. 

The junction between three transform faults is unstable 
in all circumstances (Fig. 3) because ab, be and ac can never 
meet at a point. Though an unstable junction can occur, 
it immediately changes into one or more stable junctions 
and is therefore not useful in understanding plate evolu- 
tion. 

A collection of all sixteen possible triple junctions 
(Fig. 3) shows that all except two are stable in certain 
conditions which can easily be obtained from the vector 
velocity diagrams. The most important of these stable 
junctions are those with two boundaries in a straight: line. 
bounding a plate which is neither being generated nor 
consumed. Such junctions are easy to form, and do not 
depend for their stability on the exact values of the 
relative velocities. The only important exception to this 
rule is RER. 

There are at least four examples of triple junctions 
active at present in the north Pacific. Three of these were 
discussed by D. P. MeK. and Parker’? before the importance 
of stability was understood, and as a result two of the 
junctions they describe are unstable. The two | unctions 
concerned are probably both stable at present. Three of 
the active junctions occur along the west coast of North 
America, and their evolution demonstrates how com- 
plicated the interaction of three plates can be even without 
any changes in their relative motion. Fig. 4 is taken from 
Menard and Atwater, and shows diagrammatically the 
magnetic lineations in the north-east Pacific. They point 
out that there are two striking changes in the trend of 
both transform faults and of magnetic lhneations. The 
first is between anomalies 23 and 21 throughout the 
north-east Pacific north of the Pioneer fracture zone, and 
is best explained by a change in the motion direction of one 
of the plates. Most probably the plate between the Main 
Pacific plate and the American plate was the one involved. 
This plate is called the Farallon plate throughout the rest 
of this discussion. after the Farallon Islands off the coast 
of central California. The second change in trend occurs at 
anomaly 10 near San Francisco, but not until after ano- 
maly 5 north of the Mendocino. It is thus not possible 
to produce this change by a change in the motion of any 
of the plates at a given time. Such apparent changes m 
spreading direction are, however, easily explained by the 
evolution of the triple junctions formed at the time of 
anomaly 10. 

The main features of the north-eastern Pacific before 
the time anomaly 10 was formed have now largely 
vanished. Except near the Gorda and Juan da Fuca 
ridges, and south of Baja California, only one half of the 
anomaly pattern remains. Thus there must have been a 
trench between the ridge and the coast of North America 
which consumed the Farallon plate with its anomalies. 
This trench must have existed as a continuous feature 
up to about the time of anomaly 10, or the Middle Oligo- 
cene. Fig. 5a shows the arrangement of plates at about 
the time of anomaly 13. If we assume that all relative 
plate motions remain constant from the time of anomaly 
13 onwards we can deduce the motion of all the junctions 
relative to any plate. In Fig. 5 all fracture zones except 
the Mendocino and the Murray have been omitted. The 
offsets in the ridge show that it will first meet the trench 
just south of the Mendocino fracture zone to form two 
triple junctions. FFT in the north and RT F(a) in the 
south (Fig. 5b). Fig. 5e shows that the first of these is 
stable if the transform fault between A and C and the 
trench between A and D he in a straight line. The triple 
junction is then at rest relative to C, and therefore J 
moves north-westward relative to A, changing the trench 
into a transform fault. Similarly the second junction is 
stable if the trench and the transform fault are in a 
straight line (Fig. 5d). Clearly this junction can move 


the American and the Main Pacific plates. 
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Fig. 5. (a) The geometry of the north-east Pacific at abouf the time 
of anomaly 13. All fracture zones except the Mendocino and the Murray 
have been omitted for simplicity. (b) Stable triple junctions at about the 
time of anomaly 9, formed when the east Pacific met the trench off 
western North America. The double headed arrows ahow the motion 
of the two junctions (1) and (2) relative ta the American plate 4A. ich is 
a sketch of the vector velocity diagram for junction (1) and shows ih 
will move north-west with the Main Pacific plate. (a) is a similar 
diagram for (2). If the relative plate motions have not changed since 
at least the Middle Oligocene, the magnetic lineations and the present 


motion on the San Andreas may be used to draw the velocity diagrams 

ta scale, (e) is such a drawing of (d) and shows that the triple ponetion 

J will slowly move to the sonth-east relative to A. The numbers are In 

em/yr and the vector AB shows the direction and rate of consumption 
of the Farallon plate by the American. 


north-west or south-east relative to A, depending on the 
magnitude and direction of the relative velocities. Unless 
be hes to the east of A in Fig. 5d, however, the ridge axis 
will move away from the trench, and they could never 
have met. Thus J lies to the south-east of A. and the 
junction will move down the boundary of A. This south- 
ward migration stops when the junction RT F(a) reaches 
the Murray fault (Fig. 6a) where it must change to PFT 
and move rapidly north-westward relative to the American 
plate, for it must then be fixed to C (Fig. 6b). The stability 
condition is again that the trench and transform fault 
between A and C form a straight line. The north-west 
motion then regenerates the trench on the western margin. 
During this period (Fig. 6b) the trench along the west 
coast continues to consume the two remaining pieces of 
the Farallon plate except between the Mendocino and 
the Murray faults. Thus whether or not the oceanic trans- 
form faults possess continental extensions they can 
influence the tectonics of the continental margm. The 
geometry of the plate boundaries in Fig. 66 changes back 
to Fig. 56 when the ridge south of the Murray migrates 
east to meet the trench. The resulting triple Junction 
RT F(a) then continues the earlier slow movement to the 
south-east relative to the American plate. 

The stability of all the junctions on the west coast of 
North America depends on the trench which was originally 
on the west. coast being parallel to the slip vector between 
Pigs ap Gt 
D. P. McK. and Parker? clearly shows that this condition 
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margin, and is still satisfied by the northern part of the 
This curious and important 
comcidence is not easily explained. 
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Fig, 6, When the southern junction (2) in Fig, 56 reaches the Murray, 
the right lateral offset of the ridge must change it from RTF ta) to 
FY, and also cause the junction to move north-west, because it is 
then fixed to plate C. (4) gives the velocity triangle for junction (2) in (a). 


the motion of the Main Pacifice and American plates has 


Fig. 5e also determines the relative motion of both triple 
junctions with respect to all plates. The southern junction 
(ig. 5d) moves south-east with a velocity of 1-1 em fyr 
relative to the American plate, whereas the northern 
junction moves north-west with a velocity of 6 em ivr. The 
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length of tne strike slip fault between these Junctions 
therefore increases at 7-1 em/yr, and if the junctions first 
formed in the Oligocene 32 million years ago, they should 
now be 2,270 km apart. This estimate agrees remarkabl y 
well with the observed separation of about 2.300 km 
between the triple junctions at Cape Mendocino and at 
the mouth of the Gulf of California. This simple caleula- 
tion is successful because the right handed offset on the 
Murray fracture zone is almost the same as the left- 
handed offset on the Molokai. Thus the effective 
velocity of the southern junction has been constant since 
the time it was formed. 


off central California?®, If the 
Murray was active only between ridge crests d uring the 
erod shown by Fig. 5b, then the spreading rate to the 
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Fig. 7, Magnetic lineations off central California». The identification 
of anomalies followed by a question mark is somewhat in doubt, 
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north must be the same as that to the south. ihe tracture. 
zone must then offset each anomaly by the same distance. 
This is true for anomalies 10 to 12 inelusive, but not for 
those which are perhaps 8 and 9. Thus some fault to the 
east became active as a left lateral ridge trench transform 
fault (Fig. 8). This fault may well have been the eastward 
extension of the Murray, though itis not possible to prove 
this from the remaining magnet ic anomalies. This activity 
east of the ridge started at the time of anomaly 10, or the 
same time as the ridge first met the trench south of the 
Pioneer. This behaviour is very similar to the present 
piace in the ou of ne Gulf oF C alitornia, w nere the 
pee In sO ois hen cls a anal 
seh sonia nine Las Tres Marias islands from the Cocos 
plate to the south", Because the spreading rate to the 
north of the Murray was less than that to the south, the 
offset decreased after anomaly 10 was formed, and may 
have vanished by the time the ridge to the south reached 
the trench. Thus the geometry in Fig. 6a may well never 


have existed in this area. 
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Piate 





Murray 
kamanaman 


Fig. 8. The geometry of the plates at about the time of anomaly &. 
The magnetic lineations in Fig. 7 show that the plate to the east of 
the ridge axis broke into at least two parts, and the simplest explanation 
is that the eastward continuation of the Murray fault became active. 


The land geology is at least as complicated as that of 
the ocean floor, but is less complete because the strati- 
graphy and tectonics have to be painstakingly reconstruc- 
ted from careful observations?-*, and cannot be ob- 
tained simply by towing a magnetometer behind an 
aeroplane or ship. It is tempting to identify the transform 
fault between plates A and C in Figs. 5 and 6 with the 
San Andreas. There is, however, an important objection 
to such a choice. If, as seems likely from palaeomagnetic 
and other evidence, the motion of the American plate 
relative to the Main Pacific plate has remained approxi- 
mately unchanged at 6 em/yr since anomaly 10 time or 
for the last 32 million vears®?35, then the total displace- 
ment between the plates since their first contact must be 
about 2,000 km. The largest postulated displacement on 
the San Andreas since the Oligocene is about 350 km, 
and therefore the remainder must have been taken up on 
other faults. Some of these are offshore. and formed a 
series of transform faults joined by ridges south-west of 
San Francisco. The youngest of the anomalies produced by 
these ridges which is visible in Fig. 71s probably between 6 
and 7. Such movement can therefore account for 500 km 
and perhaps more, leaving about 1,200 km still unaceoun- 
ted. Some of this remaining displacement may be on the 
Nacimiento, and some on offshore faults. It is not, 
however, possible to use some of this displacement to 
create the Central Valley by moving the coast ranges away 
from the Sierra Nevada. Though such movement after 
the Ohgocene could account for a large part of the MUSSINE 
displacement, and is not in conflict with the seismic?? 
and magnetie evidences! for an oceanie ea 
beneath the sediments, it is not consistent with the 
presence of large thicknesses of Cretaceous sediment 
found throughout the Vallev#®. Thus the evolution dis- 
cussed here is no help in understanding how the Central 


Valley was formed, nor why it extends from the extension 
of the Murray to that of the Mendocino. It is particularly 
difficult to understand the relation of the Valley to the 
oceanic transform faults if the San Andreas in the coast 
ranges has a displacement of at least 300 km. Thus the 
evolution of the triple Junctions in Figs. 5 and 6 provides 
a simplified but probably useful guide to the evolution 
of the ocean floor off California, but not as yet to that of 
the land. Perhaps the geology of Baja California will be 
more revealing. 

A different type of triple Junction evolution occurs m 
Japan where the Japan nee divides into the Ryukyu 
and Bonin ares’ ?!, Fig. 9 is from Gutenberg and Richter?! 
and demonstrates that the deep earthquakes do not 
follow this division but occur beneath ee Bonin are 
alone. Along this eastern are the deep earthquakes occur 
considerably closer to the trench and island are than they 
do farther north beneath the seas of Japan and Okhotsk!!, 
This difference is even more marked if the recent more 
accurate locations of earthquakes are used??. These show 
that the Benioff zone beneath the Bonin are is net plane 
but has a steeply inchned part at intermediate depths, 
with less steeply inclined parts above and below. Farther 
south beneath the Marianas islands the earthquake zone 
becomes vertical. In contrast to this remarkable geometry 
of the deep earthquake zone beneath the eastern branch, 
that of the western branch is planar and dips at 45°. This 
difference between the two zones is probably caused by 
the evolution of the triple junction in central Japan. If 
the Ryukyu are were inactive and the Bonin are were 
about 200 km east of its present position, the present 
position of the deep earthquakes would lie on a plane 
dipping at 45° into the mantle. The P hilippine Sea would 
have been jomed to the plate containing America and 
Spans C aa as cope aot must ther Pani e stari rted 





to ee a gee junction “off rare Pe eeg a 
junction must migrate southwards, carrying the Bonin 
are westwards towards its deep eart he juake ZONË, 

Though both examples are from the north Paciie, there 
seems no reason to believe that other re IONS are essen. 
tially different, though they are less well studied. It is 
therefore expected that stable triple junctions and their 
evolution will provide an outline of the evolution of many 
areas. especially oceanic ones. Indeed, many of the 
examples suggested in Fig. 3 show the effects e xpected, 
though few of these have as vet been studied in detail. 

Throughout our discussion, velocity, rather than angular 
velocity triangles, were used. This simplification 3 
justified’ because the behaviour of a triple junction 
depends only on the relative motion of the three plates at 
the point where they meet. A quite different eause of 
plate evolution does. however, depend on the relative 
motions being rotations. This type of evolution produces 
real changes in the relative motion of three plates at a 
triple junction, and depends on the observation that 
finite rotations, unlike infinitesimal ones, do not add 
vectonially, Fig. 10a shows such a junetion between 
three plates A, B and C, and the three axes of relative 
rotations a@p, goc and cay. which satisfy: 





ag + nOg + ew, oo Q { 3) 


By definition the points a, 6 and ¢ where these axes inter- 
sect the plates B and C are fixed with respect to A and B, 
B and C. and C and A respectively. If finite rotations of 
B and C relative to A take place about the axes awn and 
caa and at a rotation rate given by the values of the two 
vectors, the orientation and magnitude of yt. will 
remain constant and fixed relative to A, ioe and ci. 

The original point at which pwc cuts plate C, b, is not 

however, fixed to 4A but to C, which rotates about ta 
relative to ÆA. Thas the final position of b after finite 
rotations of B and C relative to A will not be at the mter- 
section Of gac with C (Fig. 106). Thus it is not possible 
for all three plates to rotate through finite angles about. 
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AB 


(a) 


Fig. 10. 


(a) shows the angular velocity vectors of plates forming a triple junction. 





(b) 


If amg and gmc are taken to be fixed relative to 


A throughout the evolution, and their magnitudes also remain constant, then by (3) the direction and magnitude of pwc are constant. The 
point b is fixed to C and is the point at which gwe initially intersects C. As B and Č rotate through finite angles with reapect to 4 the axis 


of rotation gwe moves with respect to both B and C, and does not continue to pass through the point b on C. 


(b) shows the geometry after 


finite rotations. 


their instantaneous relative rotation axes. The only 
special case occurs if all w vectors lie along the same axis, 
when finite rotations add as scalars and no changes need 
take place. 

The geometry of plate boundaries suggests that there 
will be wide variations in their resistance to changes in 
spreading direction required by Fig. 106. In general, 
ridges offset by both right and left handed transform 
faults can change their spreading direction only if one 
or other of the plates breaks. Such structures will there- 
fore strongly oppose any changes in spreading direction, 
though not in spreading rate. Ridges with only left handed 
faults only oppose clockwise changes in the motion 
direction, because anticlockwise changes can change all 
transform faults into ridges. The opposite is true of right 
handed systems. Because the slip vector across trenches 
is rarely without a strike slip component, and because 
there seems to be no particular preferred direction of the 
slip vector relative to the strike of the trench, they 
probably offer little resistance to a change in the direction 
or magnitude of the slip vector. Thus the changes in 
relative motion caused by finite rotations may often be 
accommodated by the trenches and not by the ridges. 
There is no obvious method of separating the con- 
sequences of finite rotations from the other causes of 
velocity changes, so it is not known if it is this mechanism 
which produced the change im relative motion between 
the Main Pacifice plate and the Farallon plate observed by 
Menard and Atwater’, 

These extensions of plate tectonics are geometric results, 
and are not concerned with the driving forces. The 
examples illustrate how a complex series of events can be 
produced by geometry alone, and also how sea floor 
spreading and plate tectonics may be used to provide a 
framework for the understanding of the tectonic evolution 
of continents and oceans. 

We thank Fred Vine for his constructive criticism and 
Tanya Atwater for her interest in these ideas and for her 
advice in numbering the anomalies in Fig. 7. This work 
was supported in part by a grant from the US National 
Science Foundation. 
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X-ray Background 
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We report some results from a high sensitivity sky 
survey in the 1-4-18 keV band which show a clear excess 
of radiation in the galactic plane in the Vela-Carma- 


Centaurus region (JH = 220° to 320°). | 
X-ray sources are seen in this part of the Milky Way and 
it is possible that this flux represents a galactic com- 
ponent of the diffuse background radiation. The results 
of previous rocket and balloon experiments suggest that 
the “anisotropy” could have remained u nobserved because 
most observations have been concentrated on the strong 
source regions—in Scorpius, Sagittarius and Cygnus — 
where a narrow band of excess background radiation 
along the galactic equator would be obseured by the 
sources; furthermore, no other survey experiment of 
comparable sensitivity and resolution has searched the 
galactic longitudes covered in the present flight, where 
the absence of discrete sources is marked. 


Rocket Measurements 
Observations were made from an unstabilized Skylark 
rocket (SL 723) launched from Woomera, South Australa, 


Rocket measurements have shown an excess of radiation in the 
galactic plane in the Vela~Carina~Centaurus region. This article 
presents the evidence and considers the possible explanations. 


at 2000 local time on June 12, 1968. Two proportional 
counter detectors, each of 1,385 em? effective area, were 
mounted viewing sideways from the nose-cone section 
of the rocket. dereetor Cl covering the energy range 
1-4 to 3-6 keV in seven energy channels and detector C2 
the range 2 to 18 keV in nine energy channels. The field 
of view of each detector was 28° and 4° (fwhm) with the 
greater collimator extension parallel to the longitudinal 
rocket axis for C2 and for six-tenths of Cl, the remaining 
section of the CI collimator being canted at 40° to the 
major rocket axis. During the flight, the rocket spun at a 
constant rate of 75° per second, while the spin axis 
precessed about a flat cone at 0-84° per second. Attitude 
information was provided by on-board moon sensors and 
magnetometers, with an estimated r.m.s. error of D8 
degrees. 


During the early part of the flight. the detectors scanned 
roughly along the galactic equator, covering the zone 


Sagittarius region. These “along scans” are shown as 
1-16 in Fig. 1. In the second half of the flight. part of 
the same low latitude region was scanned again in a per- 
pendicular direction, these “across seans” bemg 1°-20" in 
Fig. 1. 7 


The Unexpected Emerges 


cian 


galactic equator are plotted in Fig. 2, 
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Sky map in G2, bil coordinates of the region of the galactic equator surveyed on June 12. 1968, by Skylark rocket SZ 723, 


NATURE VOL. 224 OCTOBER 11 1969 


scans have been added by using the galactic equator 
crossing as a common time origin. The occurrence of a 
persistent peak at the position of the galactic equator 1s 
clear in every group of scans, covering the galactic 
longitudes from 220° to 285°. The small peak to the left 
of the equator position seen on scans 13—20 results from 
a diserete source in the Canopus region, previously un- 
reported but confirmed in separate scans across t his area 
ot sky. 

That the galactic equator peak does not arise from a 
few discrete sources is shown by the groups of scans in 
Fig. 3. For these almost parallel scans, the addition was 
carried out by summing each counting interval separated 
by a complete rocket spin period, the exactness of this 
procedure being confirmed by plotting each scan on 4 
globe. Scans 1-10, plotted in Fig. 3a, show that the 
X-ray count lies on the all-sky. isotropic background 
level in the Puppis region, which is north of the galactic 
equator, and then increases significantly as the equator is 
reached in the region of Vela. No strong source is seen in 
the position of Vel XR-1, the maximum intensity allowed 
by the present data being 0-16 photon em- s! above 
2 keV, This is significantly less than the A.S. and E. 
group’s measurement’, obtained in February 1968, and 
so it seems probable that Vel XR-1 is a variable or short- 
lived emitter. The estimated count rate profile that 
would have been seen by the present instrument from a 
source of the A.S. and E. strength is shown in Fig. 3a. 
Farther along these scans there is some evidence for a 
source in the Centaurus region, which may be that 
previously reported as Cen X£-3’, The measured 
intensity above 2 keV is 0-25 photon cm s-*, at a 
position 10 h 15 m right ascension and — 74° declination 
which is about 10° from the location of Cen X R-3 reported 
by the LRL group. Of particular importance is the non- 
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Fig. 2a and b. Evidence for the X-ray enhancement at the position 
of the galactic equator produced by summation of groups of acane for 
detector C1 (1-4-36 keV) and C2 (2-18 keV). 
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Fig. 3a and b. Summed groups of scans along the galactic eiyuator 

showing how the X-ray enhancement varies with galactic longitude in 

the Vela-Carina region (a) and the Carina~Centaurus region (6). The 

dashed triangle at Vela ¥-1 gives the strength measured by A.S. and E.. 

and those at Cen ¥-3 and Nor Y-1 and X-2 the strengths measured in 
this flight. 


appearance of Cen XR-2 on our data. This source, which 
in April 1967 was stronger? than Seo X-1, faded below 
a level of 0-6 photon em~? s in September of that year". 
The upper limit in June 1968, from the present data, is a 
factor of four lower still. Provisional results from two 
rocket launches from India in November 1968°, however, 
indicate that at this time Cen XR-2 has reappeared 
at a strength of about 1-0 photon em? st, above 2 keV, 
Observations above 20 keV from balloons by the 
MIT group gave positive measurements in October 1967 
at a level!’ roughly consistent with the LRL upper 
limit at lower energies. A preliminary report’! of a new 
MIT balloon flight in April 1969, however. gives no 
evidence of Cen XR-2 to a level of one-third of the 
October 1967 flux. Beyond the Centaurus-Musea region, 
the scans plotted in Fig. 3a pass south of Norma, giving 
a partial view of the Nor XR-2 source, and the count 
rate then rises steeply with the detection of the strong 
Nor XR-2 and ARA sources. We are confident of the 
reliability of the non-observation of several sources 
from the present flight, because the Norma, Ara, Scorpius 
and Sagittarius sources are all clearly seen in the eon binua- 
tion of these same scans, with intensities and positions 
close to those reported from previous flights'*-4. The 
spectra and intensities of these sources will be presented 
in a separate article. 

A gradual increase in the excess above the isotropic 
X-ray background level is evident as the scans progress 
from galactic longitude 245° to 320° even after allowing 
for the flux from the observed discrete sources in Centaurus 
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Fig. 4. The X-ray spectrum of the galactic equator enhancement 

compared with that of the diffuse X-ray background. The blocks 

labelled Mg and Si represent the line strength due to those elements from 
the paper of Silk and Stelgman*®, ©, Detector C1: @, detector C2. 


and Norma. This is indicated by short dashed lines in the 
third panel from the bottom of Fig. 3a. The increase 
conforms generally to the neutral hydrogen column 
density shown in the top panel. The counts accumulated 
in the ‘ ‘along equator” scans 7-16 (reference to Fig. 1 
shows that these pass through Hydra and Antlia before 
converging on the galactic equator near longitude 280°, 
in the region of Carina- Centaurus) confirm this trend 
(Fig. 3a) because the count rate is again seen to rise 
Ee from the arene oe level when the 
u These seans 
Cross TRNA over sahe Normas. sources W kich are shown 
at their full relative intensities in Fig. 3b. 

We thus observe a clear excess “ot X-rays from the 
galactic equator region whenever this is viewed. The 
width of the emission band derived from the data of 
Fig. 2is + 6° and its location indicates that it is certainly 
of galactic origin, in the form of unresolved sources and/or 
a diffuse galactic flux. The galactic excess near H = 260° 
can be expressed as 0-3 photon cm~? s~ rad-}, rising to 0-5 
photon em s- rad“? in the Centaurus region, near 
His: 300°. Farther towards the galactic centre it becomes 
very difficult to deduce the imtersouree background flux 
because ‘the Ara, Scorpius and Sagittarius sources are 
strong and numerous. A minimum count rate obtamed 
near [If=350° does not exclude a further increase by a 
factor of 2 in this galactic component, that is, to | photon 
em? s* radi 


Towards an Explanation 


If the galactic equator excess results from a number of 
unresolved sources which lie below the sensitivity thres- 
hold of the present survey, it is structive to compare the 
bet an source distribution with the known galactic 
sources. It has been suggested" that the Scorpius— 
Sagittarius sources may be “typically” galactic (y ielding 
a flux at the Earth of between 1 and 2 photons em~? s7! 
above 2 keV) and located in the Sagittarius spiral arm at 
& mean distance of 2 or 3 kpe. Similarly, the Cygnus 
group of sources, probably located in one extension of 
the local spiral arm, would lie at a similar. and reasonable, 
distance if they are of the same intrinsic strength. If 
the local arm extends in the opposite direction through 
Vela!*®, then the situation must be very different in this 
extension. The flux reported here and the smooth 
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distribution of excess counts as shown in Fig. 3 require 
at least ten sources to be spread out over the Vela— 
Centaurus region of the Milky Way. The average flux at 
the Earth from each source is then only 0-04 photon 
cm- s-!, representing a “typical” galactic source at an 
unreasonably large distance of 10 to 15 kpe. If the 
Vela-Centaurus regions contain a much weaker class of 
galactic X-ray source, then more sensitive, higher resolu- 
tion studies using experiments on stabilized rockets will 
be required to examine them. 

Alternatively, the low latitude enhancement may 
result mainly from a diffuse galactic X-ray flux connected 
with the concentration of matter, radiation or cosmic 
rays in the galactic plane. This is suggested by the 
gradual increase of the excess X-radiation towards the 
galactic centre in conformity with the increasing neutral 
hydrogen!™!! column density. The spectral distribution 
of the enhancement (Fi ig. 4) may be fitted with a power law 
similar to the isotropic background spectrum}, perhaps 
indicating a similar production mechanism. Several 
processes could produce a significant diffuse galactic 
X-radiation, including: ¢ 

(a) Suprathermal proton bremsstrahlung, arising from 
the collisions of 2-20 MeV cosmic ray protons with ambient 
electrons in the spiral arms, has been considered®’ as a 
source of 1-10 keV X-rays. This flux will exhibit the 
(probable) power law spectrum of the protons and will 
be correlated in intensity with the neutral hydrogen. 
The heating of interstellar HI regions?! places a limit on 
the proton flux which, in conjunction with the neutral 
hydrogen column densities shown in Fig. 3a, yields an 
X-ray flux from the galactic plane more than an order of 
magnitude less than that observed here. Stecker?? has, 
however, presented evidence that the interstellar gas 
density may be up to an order of magnitude higher than 
that estimated from 21 em emission. 

(b) Electron capture by heavy cosmic ray nuclei 
colliding with the neutral hydrogen in the galactic disk, 
together with the subsequent radiative cascade of the 

excited ions, may yield X-ray line fluxes? comparable 

with the isotropic background X-radiation in the 1-16 
keV band. The strongest predicted lines, silicon and 
magnesium Lyg, are reproduced from the above paper 
in Fig. 4, Doppler broadening spreading the emission over 
the energy band 1-2-5 keV. The crude spectral data of 
the galactic X-ray enhancement make possible some 
steepening m the spectrum below 25 keV, but the 
statistical significance of the low energy points is clearly 
insufficient to show the existence of this flux. Neverthe- 
less, the measured spectrum above 3 or 4 keV requires a 
different souree mechanism, unless there is a much larger 
abundance of the heavier elements (P ~ Ni) in the few- 
MeV range than is observed at higher energies**. 

(c) Inverse Compton scattering of high energy electrons 
in the distant reaches of the universe is the most likely 
source of the isotropic diffuse X-radiation, and the 
contributions from both dense galaxies and quasars? 
and the “universal” black-body (3 K) radiation?* have 
been estimated. The latter falls short of the present 
galactic excess by over an order of magnitude, given the 
accepted?” flux of the appropriate GeV eleetrons in inter- 
stellar space, solar modulation being weak at these 
energies. 

The X-ray production could be raised sufficiently if the 
strong far infrared radiation reported by Shivanandan 
et al.” is confirmed and pervades the whole galaxy. 
The existence of a widespread infrared background of 
this intensity is, however, hard to reconcile with the 
observed excitation of interstellar molecules’. 

Finally, there remains the possibility of inverse 
Compton scattering of starlight (7’~ 6,000 K) in the 
galactic disk. Rees and Silk (unpublished results) have 
considered the 100 MeV gamma ray flux, observed as an 
apparently diffuse, narrow band of “adiation from the 
Milky Way**-*, proposing that the gamma rays arise 
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as bremsstrahlung from the collisions of 100 MeV electrons 
with the interstellar gas atoms. The essential point of 
the Rees and Silk article is that the required large flux of 
100 MeV electrons does not contradict any available 
observational data. An extension of their assumed 
electron spectrum from 100 MeV to 15 MeV produces an 
excess of 2-10 keV X-rays in the galactic plane by inverse 
Compton interactions with starlight, comparable with 
that indicated in the Vela-Centaurus region in the present 
paper. This is obtained by assuming a starlight energy 
density of 0-5 eV em- and allowing for an increase by a 
factor of 2 in the scattering efficiency** resulting from the 
anisotropic starlight flux (travelling mainly in the galactic 
disk and directed outward from the centre). The energy 
density of the 20 MeV electrons required is 0-25 eV em-, 
and this large electron flux would provide a heat input to 
the interstellar medium of the same order as that assumed 
by Field et al.*5, who attribute the heating to a low energy 
proton component, for which there is less direct: evidence. 
Rees and Silk point out (private communication) that 
the expected turn-over in the electron spectrum at about 
10 MeV, from ionization losse§8, could also explain the 
intensity and spectrum of 1-10 MeV gamma rays recently 
observed by Vette et al.**. 
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Ammonite Biostratigraphy, Continental Drift and 


Oscillatory Transgressions 


by 
R. A. REYMENT 


University of Uppsala, 
Sweden 


AGREEMENT is growing! that the South Atlantic Ocean first 
appeared during the Cretaceous by the separation of 
South America and Africa, but many details of how this 
took place remain to be described. What follows is an 
attempt to carry further the results of stratigraphic 
analysis by using the ammonites to date the shallow 
transgressions and regressions of the Cretaceous. The 
sequence of these geological events leads to the hypothesis 
of alternate tilting and recovery of the continental plates. 
The reconstruction is based on recent publications on 
Africa and South America*-**}°, 

During the late Jurassic the African block was tilted, 
as suggested by a narrow transgression in East Africa 
(Fig. 1); this may have been aided by rifting along the 
South Atlantic Rift, as evidenced by microfaunas* in 
Senegal. The East African transgression extended and the 
contact between Africa and Brazil shortened during the 
Neocomian. This fracture seems to have grown simul- 
taneously from north and south. Rifting may have been 
completed by the Aptian, or earlier, but the sea did not 
enter the graben until later. During the Lower Aptian the 
southern bay extended northwards to Gabon. During the 


An appraisal of continental drift in the South Atlantic area from the 
palaeontological viewpoint. 


zone of Cheloniceraa martini (ower Upper Aptian) there 
were short transgressions in East Africa? and Morocco 
(Tarfaya basin). Towards the end of Aptian the northern 
and southern bays were flooded for a short pernod and salt 
deposits accumulated! (Fig. 3). 

Wide, shallow transgressions occurred during the 
Albian and the Benue rift valley formed. The earhest 
Albian of West Africa belongs to the zone of Douwvwilleiceras 
mammillatum (Lower Albian): it occurs in Gabon, Braz p33 
and Angola. While western Africa took part in this trans- 
gression, the north-eastern part suffered a regression 
(Fig. 4). The transgression is mirrored by a corresponding 
downward movement of eastern Brazil’ and salt accumu- 
lation. The ammonite genus Elobiceras is important for 
tracing the transgression in the South Atlantic, as it is not 
found farther north than the Ivory Coast. The Nigerian 
and Angolan Upper Albian contain pre-Elobiceratan 
elements, also known from Europe, which could mdicate 
that the South Atlantic was, for a short time in the Upper 
Albian, open along its entire extent. Further evidence for 
a late Albian block at about the present day locations of 
Natal (Brazil) and Abidjan (Ivory Coast) is given by the 
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Figs, 1-8. 
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Table 1. RECONSTRUCTION OF THE HISTORY OF ORETACEOUS CONVECTION 
CURRENTS IN THE SOUTH ATLANTIC 
Time 
Stage Subdivision (m.y.} Activity Result 
Turonian Upper lower a No convection Recovery 
Lower lower 5 Convection Downtilting of 
phase II North Africa 
Cenomanian 16 Convection Downtilting of 
phase IT North Africa 
Uptilting of Weat 
Africa and 
Brazil; rota- 
tion ? 
Albian Upper upper 2-5 No convection Recovery 
Lower upper 25 Noconveetion Recovery 
Lower is No convection Recovery 
Aptian Uppermost = No convection Recovery 
Lower-upper > Convection Rifting 
phase I 
Neocomian and 
late Jurassic 10 Convection Rifting 
phase [ 


distribution of such South American elements as Venezo- 
liceras, found in North Africa and northern South 
America}. The maximum extent inland of this trans- 
gression occurred in upper Middle Albian, after which 
there was gradual regression until the Cenomanian. 

The biostratigraphy of the Nigerian sedimentary basin’? 
shows there to have been a gradual and regular retreat of 
the sea throughout the Upper Albian so that sediments 
with Stoliczkaia (uppermost Albian) he nearest the 
present day coastline and Cenomanian deposits are con- 
fined to the vicinity of Calabar (Figs. 5 and 6). Beurlen 
has commented on the Cenomanian regression in Brazil 
and West Africa™!?, From the uppermost Albian to the 
lowermost Turonian there must have been a landbridge 
between Brazil and West Africa, as postulated by 
Beurlen, At this time the land masses were still close 
enough to touch over a stretch running from Western 
Nigeria to the Ivory Coast. Thus there was no exchange 
of ammonites between the North and South Atlantic 
during this time. During the late Cenomanian the sea 
advanced from the north, across North Africa, and 
regressed from the east coast of Africa‘; there was still a 
connexion between West Africa and Brazil (Fig. 6). This 
northerly transgression continued into the lower Lower 
Turonian (Vascoceratan) and for a short period a shallow 
epeiric sea reached from Spain, across the Sahara, to 
Brazil (Sergipe—-Alagoas) (Fig. 7). This was followed by a 
retreat of the sea across the Sahara and westwards in 
West Africa; this is mirrored in Brazil. During this phase 
the North and South Atlantic were united, shown by the 
spread of the ‘‘benueitan’’ ammonite fauna along the west 
coast of Africa through Trinidad and Colombia to Peru. 
This phase is regressive in Africa. The Cameroun rift 
valley formed at this time and the rifting was accom- 
panied by a transgression into the narrow trough, which 


Table 2. 


Stage Zone or equivalent concept 
Turonian Benueitan 
Vascoceratan 
Cenomanian Neolobites vibreyanus 


Acanthoceras rhotomagense 


Nigeria (R), Moroeco (R), Sahara (R), Cameroun (T--R} 


Nigeria, Gabon, North Africa (T), Egypt (R) 
Egypt, Sahara, Libya, Niger (T) cs 
Somaliland, Kenya, South Africa, Mocambique, Morocco (Tt), Nigeria, 


Ivory Coast, Rio Muni, Gabon, Angola, Morocco, Mocambique, South 
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s 
passed quickly into a regression (Fig. 3). The drift apart 
of the continents continued. Wright™ reasoned that the 
Atlantic rift must have grown from south to north, 
beginning in the late Jurassic and reaching Nigeria by the 
middle Cretaceous, and that the separation of the conti- 
nents was achieved in the late Senonian. 

The question now arises as to how the periodicity m 
the shallow coastal transgressions may best be explained. 
The present interpretation requires the existence of a 
periodically operating, outwardly directed force during 
Cretaceous times, and the most applicable theory currently 
available is the concept of convectional currents in the 
mantle, Using this, the analysis of the regressions and 
transgressions of South America and Africa, as we 
currently know them, leads to the following reconstruc- 
tion. During the late Jurassic the outwardly directed 
force along the South American-West African region 
seems to have had its centre between Gabon and Moroceo. 
The rigid African plate! *.*? was tilted. as suggested 
by a narrow transgression along the East African coast 
(Fig. 1). The convection current continued its upper 
pressure into the Neocomian, causing lengthening of the 
East African transgression and shortening of the land 
contact between West Africa and Brazil. The convection 
current slackened off and there was a period of recovery 
of the continental plates. culminating in flooding during 
the Albian in the north and south of the Atlantic rift, This 
transgression is well documented biostratigraphically and 
permits a guess at the approximate axis of the postulated 
see-saw motion (Fig. 4), for while western Africa took 
part in the transgression, there was a regression in the 
north-eastern part. The maximum extent inland of the 
Albian transgression in Nigeria is a reflexion of the maxi- 
mum downswing of the plate. The convectional current 
was reactivated in the late Albian and caused uptilting of 
the eastern South American and West African margins and 
a re-established land connexion between the continental 
plates (possibly also with rotation of South America-—if 
true, this dates the first significant rotation at about 
Cenomanian) (Fig. 5). The African continental plate 
changed position relative to the convection cell during 
Cenomanian—Lower Turonian and retained this orienta- 
tion throughout the rest of the Cretaceous. There was 
downtilting of the northern part of the African plate. due 
to the centring of convectional forces below southern 
Africa, and then activity ceased. There was then a period 
of slow recovery of the tilted plate. 

Schneider and Vogt" have published evidence for breaks 
in the history of crustal spreading and have estimated one 
such resting phase at 15-30 million years. 

An attempt to reconstruct the history of the convection 
cell in the South Atlantic during part of the Cretaceous, 
including estimates of the periods of quiescence and the 
transgressions and regressions, is shown in Table 1. A 


TIMETABLE FOR CRETACHOUS SHALLOW-SEA TRANSGRESSIONS (T) AND REGRESSIONS (R) IN AFRICA AND SOUTH AMERICA?” 


South America 


Venezuela, Colombia, 
_ Peru (T), Brazil CR) 
Brazil (T) 


Africa 


Brazii (BR) 


Brasil ih Colombia © 7) 


—— cored 
wem na] 


Brazil (T} 


Cad Pendants 


Gabon (R} 
Albian Stoliczkaia dispar Angola, Nigeria (R) 
Mortoniceras inflatum : . 
(= Elohiceratan) Africa (T), Somaliland (R) 
Euhoplites lautus 
Hoplites dentatus 
Douvilleiceras mammillatum Gabon, Angola (T) 
Leymeriella tardefurcata 
Aptian Diadochoceras podosocostatum Gabon? 


Parahoplites nuffeldensis 
Cheloniceras martini 
Desohayesites deshayest 


Barremian-Hauterivian 
Valanginian- Berriasian 


Tithonian/Volgian Virgatosphinctes transitorius 
T, Transgression; R, regreasion: ‘T-->R, short lived transgression. 


HRogersites 


Somaliland, Mocambique, Morocco CT) 


Ethiopia, Somaliland, Kenya (T), Senegal (7) sen 


Brazil { ? 


“ae nee 


Yenezuela, Colombia C£) 


p eisai 


Somaliland, Kenya (T) 


—. aaas 


South Africa, Mocambique (T) ñŤżŤġCġűůűüűüasasaa s 
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Fig. 9. Fit of the Natal-Recife arca to the Benin-Calabar region. The present coastline of Brazil is shown 
as a heavy line. 


tentative “timetable” for the shallow coastal trans- 
gressions of Africa and South America for the same period 
is given in Table 2. Taking the length of the Cretaceous 
period arbitrarily as 60 million years, and the length of 
each of its stages as equal (=10 million years), the first 
period of activity of the convection cell would have lasted 
about 15 million years, followed by a resting period of 
10-12 million years. The second convectional phase 
would have lasted about 15 million years followed by a 
rest phase of five million years and then a further renewal 
of activity during which the drift apart in the upper 
Lower Turonian began. 

The present interpretation of the evolution of the South 
Atlantic thus rests on the following hypotheses. (1) The 
rift between Africa and South America opened mainly from 
south to north; the first twist of South America relative 
to Afriea occurred in the Cenomanian. (2) The force for 
this derived from a convection cell. (3) The location of 
Africa relative to the convection cell was not constant?®:**, 
(4) The convection cell functioned intermittently !*??, 
(5) A see-saw motion of very small amplitude is suggested 
by the distribution of the shallow coastal marine trans- 
gressions. (6) Although rifting was completed during the 
Lower Cretaceous, significant continental drift did not 
occur until the Lower Turonian. (7) For a short (pre- 
rotational) moment in the Upper Albian the North and 
South Atlantic may have been united. 

A further significant. point for the interpretation of the 
history of the South Atlantic concerns the fit of Brezil to 
Nigeria. Fig. 9 was prepared using the relative orienta- 
tions of South America and Africa given by Bullard et al. 
(Fig. 8 in ref. 19) and stratigraphic information in Rey- 
ment? and Beurlen’"*. The crystalline rocks of the Natal- 
Recife area of Brazil fit snugly without overlap between 
the Benin Flank and Oban Massif of Nigeria, which 
provides evidence that the space now oceupied by the 
sediments of the Niger Delta was once filled by basement 
rocks, now part of Brazil. Even more striking is the close 
agreement in location between the Albian—Turonian 
sedimentary basins of Pernambuco and Eastern Nigeria 


(Fig. 9). There is therefore evidence for the former prox- 
imity of these areas. If the compilation in Fig. 9 is 
correct, one would expect the immediate offshore of 
Occidental Cameroun to be floored by crystalline sialic 
rocks and the oldest sediments*® of the South Atlantic 
sea floor to be Upper Cretaceous and younger than Lower 
Turonian (see ref. 21). 
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Possible Salt Domes in the Deep Atlantic 


off North-west Africa 


by The presence of diapirs under the lower continental rise and abyssal 


P. A. RONA 


Hudson Laboratories of Columbia University, 
Dobbs Ferry, New York 


THE precise association of the east coast of North America 
and the north-west coast of Africa’? before continental 
drift began is difficult because the two continental margins 
lack distinctive configuratiohs or marked transverse 
structures. It is, however, reasonable to expect that some 
record of the association may be preserved in the sedi- 
mentary layer of the intervening ocean basin, for the 
environment of deposition must have changed progres- 
sively with changes in the configuration of the ocean basin. 

The sedimentary layer of the continental margin off 
north-west Africa, between the Canary and Cape Verde 
islands, has been investigated using seismic reflexion (air 
gun) and magnetic profiles (Fig. 1). The seismic reflexion 
profiles show that the sedimentary strata underlying the 
lower continental rise are deformed by intrusive bodies 
(Figs. 2 and 36) into an upward-convex configuration 
above the crests of the buried intrusive bodies and an 
upward-coneave configuration between them. The degree 
of deformation between buried bodies seems to decrease 
upwards, indicating syndepositional deformation rather 
than abrupt emplacement of the intrusive bodies. Faults, 
apparently caused by tension, have formed above certain 
buried intrusive bodies as, for example, between 40 and 
60 km along the profiler record shown (Fig. 3b). Some 
of the intrusive bodies have pierced through overlying 
sedimentary strata and form topographic highs with relief 
up to about 225 m as seen at 100 km along the profiler 
record, 

The intrusive bodies are 20-40 km wide at their bases, 
which continue to diverge downward at about 1-5 s 
(1-5 km) seismic penetration beneath the bottom (Fig. 3b). 
They are reasonably symmetrical, converge evenly 
toward their erests and have smooth outlines. Individual 
intrusive bodies cannot be correlated between adjacent 
seismic reflexion profiler records, mdicating that the 
bodies are more circular than elongate in plan view. The 
bodies tend to be associated with low values of residual 
magnetic intensity (Fig. 3a). Intrusive bodies with similar 
characteristics are also seen on our other seismic profiles 
which cross the lower continental rise and are tentatively 
identified on a profile which crosses the adjacent abyssal 
plain (Fig. 1). The intrusive bodies are observed on 
profiles at distances between about 650 and 1,300 km from 
the African coast in water depths ranging from about 
4.685 to 5,670 m. No intrusive bodies are visible to about 
L5 s (1-5 km) seismic penetration beneath the upper 
continental rise, where the sedimentary layer is con- 
siderably thicker than on the lower continental rise. 

The deformation of sedimentary strata adjacent to the 
intrusive bodies (Figs. 2 and 3b) indicates that they are 
diapirs and the low magnetic intensity indicates that they 
may contain rock salt or clay (Fig. 3a). The seismic 
reflexion profiles resemble those of unsampled diapirs in 
the Mediterranean basin’, where Triassic evaporites are 
found‘, and also the profiles of diapirs in the Gulf of 
Mexico®, of probable Late Triassic and known Middle 
Jurassic rock salt*, The diapirs beneath the lower conti- 


plain off north-west Africa indicates that the salt basins of the conti- 
nental margin may have extended seaward during the Late Triassic 
and Early Jurassic periods. 


nental rise and abyssal plain off north-west Africa have 
similar cross-sectional dimensions to those which form the 
Sigsbee knolls at about 3,800 m below sea level near the 
middle of the Gulf of Mexico’, and JOTDES drilling has 
shown the latter to be salt domes*. Diapirs of Triassic 
(Keuper) and Lower Jurassic rock salt have been reported 
from the Essaouira and Aaiun basins of north-west 
Africa% and older than Aptian salt domes are reported 
from the Senegal basin". Offshore seismic work has 
revealed sub-circular uplifts with the characteristics of 
salt domes on the continental shelf off the Aaiun basin’? 
(Fig. 1). 

The geophysical data and the regional geology are 
consistent with the view that the observed diapirs (Figs. 
l, 2 and 3a, b) are salt domes, and their origin deep 
within the sedimentary layer suggests a pre-Tertiary age. 
The minimum rate of ascent of the diapirs which have 
reached the sediment—water interface must exceed the 
minimum rate of sediment accumulation, which is 0-5 em 
per 1,000 years measured in a core containing Pleistocene 
lutite from the upper continental rise south-west of the 
Canary Islands**. At this rate, a maximum time of ascent 
of 200-600 million years would be required to rise through 
the sedimentary layer, which is 1-3 km thick in the 
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Fig, 1. Locations of concurrent seismic reflexion and magnetic profiles 

used in this study (dashed lines); the seismic reflexion and residual 

magnetic profiles in Figs. 2 and 3a, b are indicated by a solid line. 

Locations of diapirs (solid circles) and the magnetic boundary’ (dashed 
and dotted line) are shown. 
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vicinity of the Canary Islands'*» The observed structures 
are situated up to about 700 km seaward of a magnetic 
boundary (Fig. 1) which has been interpreted as an 
isochron in the age range of 250-200 million years’, 
according to the hypothesis of sea floor spreading!*®, 
Assuming a sea floor spreading rate of 2 em per year, then 
the sea floor underlying the most seaward of these 
structures would be about 35 million years younger than 
at the magnetic boundary, or still Early Jurassic in age. 
The north-west African coastal basins have no distinct 
seaward structural terminations'®. During the Late 
Triassic and Early Jurassic, suitable conditions for evapo- 
rite deposition in the coastal basins may have extended 
at least 1.300 km seaward of the present north-west 
African coast. The palaeolatitudes of north-west Africa 
during the Late Triassic and Early Jurassic nearly 
coincide with the present latitudes and the present: lati- 


tudes of north-west Africa bracket the predominant 
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Fig. 3. a, Residual magnetic profile concurrent with the seismic reflexion 
profiler record shown in Fig.2. 6, Line drawing from seismic reflexion 
profiler record shown In Fig. 2. 


climatic zone for evaporite deposition®*, Atlantic oceanie 
circulation in the Late Triassic and Early Jurassic would 
have been restricted by the then positions of the conti- 
nents. The fit between west Africa and South America 
is fixed in space by the matching of lithological age 
provinces and geological structures*!:**, and comparative 
stratigraphy indicates that the two continents were con- 
tiguous until the Cretaceous**. A Palaeozoic fit between 
Newfoundland and the British Isles is suggested by the 
alignment of principal tectonic and stratigraphic belts”, 
while the contiguity of Northem Europe, Greenland and 
Labrador until about 70 million years ago follows from 
remanent magnetic anomalies®®:*¢, 

The Atlantic between the east coast of North America 
and the north-west coast of Africa in the Late Triassic and 
Early Jurassic periods may have been a restricted sea 
analogous to the Dead Sea during the Plio-Pleistocene, 
when 1-4 km of rock salt was deposited??.. From consider- 
ations of symmetry about the magnetic boundary, the 
restricted Atlantic sea may have been twice the width of 
the farthest seaward possible rock salt deposits or at least 
2,600 km wide. This restricted Atlantic sea may have 
included or been temporarily connected with the evaporite 
basins which produced the rock salt in the Gulf of Mexico 
and the Mediterranean. Like the rock salt in the Dead Sea, 
which is the first sediment restricted to the Dead Sea 
graben*’, the deposition of rock salt in the Atlantic sea 
may have been initiated within the tectonic setting 
provided by the Late Triassic rifting, evidence of which 
is provided by block faulting of that age parallel to the 
margins of eastern North America and north-western 
Africa'?:4,29, 

The deposition of thick rock salt in the restrieted 
Atlantic sea, as in the Dead Sea, would have required a 
saline source and would imply a limited connexion 
between the restricted Atlantic sea and an exterior ocean. 
The appearance in the Late Jurassic of deep water lime- 
stones on the Cape Verde Islands**-** and possibly on the 
eastern Canary Islands**, together with the deposition of 
good marine limestones in the north-west African coastal 
basins’, indicate that the restriction on the Atlantie 
must have opened by that time. 

I thank J. A. Ballard and E. D. Schneider for discussion 
of the seismic data and the US Office of Naval Research for 
financial support. 
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Neutron Diffraction Analysis of Myoglobin 


by 
BENNO P. SCHOENBORN 


Biology Department, 
Brookhaven National Laboratory, 
Upton, NY 11973 


X-ray diffraction analysis of macromolecules has pro- 
duced valuable information on biological structures and 
functions. Such structure determinations have shown, 
however, that it is unlikely that the important H atoms 
will be located because of their low X-ray scattering. 
This limitation has been overcome in the case of smaller 
molecules and even vitamin B,» (ref. 1) by neutron diffrac- 
tion analysis. Such high resolution neutron diffraction 
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A preliminary analysis of myoglobin proves that neutron diffraction 
analysis of proteins is feasible and should reveal the position of 
fixed hydrogen atoms. 


investigations have not only revealed H atom position but, 
because of different scattering lengths, have also dis- 
tinguished nitrogen from carbon or oxygen. Some relevant 
neutron scattering factors are listed in Table 1 (ref. 2) and 
are quite different from those for X-rays. In addition, 
neutron diffraction offers the possibility of determining 
phases directly through the use of the large anomalous 
dispersion effect of Cd or 4*Sm isotopes*. These great 
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Table 1. NEUTRON AND X-RAY SCATTERING AMPLITUDES FOR SOME ELEMENTS 
Neutron X-ray 
(Fermi units) (electrons) 
Hydrogen ~3-8 1 
Deuterium 6-3 1 
Carbon 6-6 6 
Nitrogen G4 7 
Oxygen 58 & 
Sulphur 3-2 16 
Tron 0-6 26 


advantages would benefit structure determination of pro- 
teins considerably, but are overshadowed by the low flux 
of thermal neutrons that is currently available. This 
problem has been solved in the determination of smaller 
structures by using large crystals and long counting 
times. In the case of proteins, however, these parameters 
cannot be increased indefinitely. The small size of the 
reciprocal lattice causes reflexions to be close together, 
so that good angular resolution is necessary which sets 
a limit to the crystal size acceptable. The counting time 
has also to be limited because of the large number of 
independent reflexions (about 25,000 for myoglobin) to 
be collected for a high resolution (1-5 A) map. In order 
to test the feasibility of protein neutron diffraction, an 
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analysis of myoglobin at 2-8 A resolution, as described, 
has been started. 

Sperm whale met-myoglobin, prepared by the method of 
Parrish and Kendrew‘, was crystallized from an 80 per 
cent aqueous ammonium sulphate solution. A number of 
the larger crystals, ranging from 5 mm? to 25 mm*, were 
then repeatedly soaked in ammonium sulphate D,O solu- 
tion to exchange the water of crystallization and the 
replaceable H atoms with deuterium. This was done to 
reduce the background scattering which is caused largely 
by the incoherent scattering of hydrogen atoms. A mass 
spectrometer analysis showed that, in crystals so pre- 
pared, about 45 per cent of the H atoms were replaced by 
deuterium. Most of the water of hydration had therefore 
been replaced by deuterium oxide. The unit cell dimen- 
sions of these deuterated crystals were almost identical 
to the non-deuterated ones (Table 2). 

Some of these crystals were then mounted in quartz 
tubes and immobilized with quartz glass wool. A small 
amount of mother liquor was added, to prevent the 
crystals from drying. Data were then collected using an 
“on line” four-circle diffractometer? at the high flux beam 
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Fig. 3. 


Section of the Fourier map depicting the haem group with surrounding, 
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Negativi 


contours were omitted for clarity. 


reactor. Monochromatic neutrons with a wavelength of 
1-527 A were obtained from a germanium crystal in the 
920 reflecting position. The flux obtained was about 10° 
neutrons/cm?*/s. 

Data for the AOl zone were collected from one large 
myoglobin crystal (25 mm*), using peak and sean tech- 
niques (Fig. 1). Background was of the order of 100 ¢.p.m.. 
with peaks going up to 15,000 c.p.m. The distribution of 
intensities is shown in Table 3. A comparison of peak and 
scan (20,0) amplitudes showed an average deviation of 
less than 4 per cent. 


fable 2. SPERM WHALE MYOGLORIN, SPACE GROUP P2,—USIT CELL 
DIMENSION 
D.O cryst, H0 cryst, 
4 Hoo A O45A 
T ao Å 30-9 Å 
34-8 4 34-74 
106-1 106-0" 


DISTRIBUTION FOR THE AOL ZONE, CORRECTED FOI 


BACKGROUND 


Table 3. INTENSITY 






c. p.m. Per cent 

reflexion 
Unobserved 9 
0- 200 31 
200- 400 15 
400- 600 11 
600-1 000 4 
1.000-1,400 10 
1.400-2,400 10 
Over 2,400 5 


N 


yequuently, a three-dimensional set of diffraction data 
¥ resolution was collected using a 20,0 scan with 
‘eps of 8’, counting for 12 s/step (Fig. 2). A total 
\fcxions was measured which gave 3,200 inde- 
‘a points. The reflexions were integrated by 
‘tion and corrected for background. The 
was determined from the last two points on 
fthe sean. Data were corrected for Lorentz 
mt not for absorption (linear absorption Co- 
<0-05). Temperature and scale factors were 
ied from Wilson statistics (B=20). <A three- 
pee Fourier map was then calculated using the 
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myoglobin X-ray phases with the neutron 
amplitudes. These phases, which are certainly only 
approximate for these neutron structure factors, will be 
refined with a probability function and then compared 
with phases to be determined by the anomalous scattering 
effect of Cd myoglobin. 

Inspection of the density map shows that 
is well defined: the backbone as well as the side cham 


the molecule 





amino-acids leucine 


Fiz. 4. Section of the Fourier map depicting the 
(14H), phenylalanine (15H) and arginine (16H); N, í and O atoms 
are indicated. 
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d . 
positions agree reasonably well with the X-ray diffraction 
analysis®. Certain groups, however, such as phenylalanine, 
histidine, and so on, are rather more sharply outlined 
than in the equivalent X-ray Fourier. This improved 
contrast must be the result of the negative contributions 
of H atoms. Part of the map is shown in Fig. 3, which 
depicts the haem group with the distal and haem-linked 
histidines, as well as parts of the F and G helix. A small, 
more detailed section, depicting the ammo-acids leucme 
(14H), phenylalanine (15H) and arginine (16H), 1s shown 
in Fig. 4. l l 

This analysis shows that neutron diffraction of proteins 
is quite feasible, and that a correctly phased high-resolu- 
tion study should reveal some of the fixed H atoms. 
Changes in diffraction geometry, and more especially the 
use of focusing monochromators, should yield a consider- 
ably higher neutron flux, permitting the use of smaller 
crystals. 
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Concept of Human Atherosclerosis 


by 


Atherosclerotic patients have been classified in terms of the severity 


of the arterial lesions and correlations have been found with certain 


K. J. KINGSBURY 


St Mary’s Hospital, 
London W2 


Two major difficulties attend investigations of the causes, 
prognosis and treatment of atherosclerosis. First, it is 
difficult to assess the amount and type of the atheromatous 
disease in living patients!*, so that most investigations 
have to be related to the manifestations of the disease— 
its clinical symptorns, electrocardiogram changes and so 
on-——rather than to the disease itself. A second problem 
is that biochemical abnormalities vary widely in incidence 
in different groups of patients’, and the relationship of 
these to the disease is not clear’:>, This makes it difficult 
to trace the root dysfunctions and to know which abnor- 
malities to treat. My initial studies indicated that various 
biochemical abnormalities tend to concentrate in particu- 


lar types of patients with different disease courses. This 
suggested that different disease~biochemical entities 


might exist in human atherosclerosis. 

During the past ten years this possibility has been 
investigated in more than a thousand new male patients 
with aorto-ihac and femoro-popliteal atherosclerosis, 
beginning with ways of grading the disease in living 
patients and relating severity to biochemical abnormali- 
ties and to prognosis. The studies were restricted to this 
type of patient because their arterial disease could be 
assessed from pulses and arteriograms: this was not 
possible routinely in patients with atheroselerotic heart 
disease. 


Assessment of the Arterial Disease 


Blood sugar concentrations—but not plasma cholesterol 
levels—differed according to the distribution of the main 
arterial lesions, being higher in aorto-iliac than in femoro- 
popliteal disease’. They seemed to be more related to 
the “atheromatous” lesions which occur commonly in 
aorto-ihac disease than to the occlusive lesions which 
predominate in femoro-popliteal disease’. This was 
confirmed by the discovery of a relationship between the 
blood sugar concentration and the length of atheromatous 
irregularity m one site (aorto-iliac) as measured from 
lumbar aortograms®. It was therefore evident that 
arteriograms might be used to assess the main arterial 


biochemical manifestations of the disease, with the blood group 
pattern, and with its prognosis. 
concept of the disease. 


This has led to a new working 


lesions, namely, atheromatous irregularities of the arterial 
wall, total blocks (occlusions) and localized narrowings 
of the arterial lumen (stenoses). 

The number of sorto-illae and femoro-popliteal ocelu- 
sions and stenoses could simply be counted in the arterio- 
grams. Detailed measurements of the irregularities 
showed, however, that they varied from minute discrete 
indentations of the order of a millimetre to gross and 
confluent irregularities throughout the artery. It was 
impossible to group them naturally into representative 
shapes or depths, but for these exploratory studies three 
broad grades could be delineated: slight—smooth-walled 
arteries or with a single patch of irregularity up to an inch 
in length; moderate—lengths of the artery irregular; or 
extensive——gross and confluent irregularities throughout 
the artery. These grades corresponded to markedly 
different blood sugar concentrations (Fig. 1). 
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Fig. 1. The 2 h blood sugar concentration of patients with gli 


moderate and extensive atheromatous irregularities in the aorto 
and femoro-popliteal arteries, 
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Each patient's disease could be classified by the number 
of occlusions and stenoses, graded as 0, 1+, 2+ and 34 
(ref. 8), or 0, 14+ and 2+ (ref. 9); and by the most severe 
grade of irregularity, seen in the aorto- ‘iliac and femoro- 
popliteal arteries. In this way the slight and severe grades 
of each main component were contrasted and a moderate 
grade for tests of linearity was created. 

The classifications were consistent and revealed differ- 
ences in the patients’ ages, biochemistry and prognoses®~!}, 
The ERE APPEN ANN A slight and A 

could not be caused. The E ale ea ae 
gr Sees (moderate irregularity and a single occlusion or 
stenosis) have been pE OS. m all the variates 
examined so far, and the arteriographic grades showed 
linear relationships with age, biochemistry and prognosis. 
Such arteriographic assessments did provide simple but 
real quahtative and quantitative scales of the patient's 
disease, The relationships between various factors and 
the disease could then be examined. 


Disease-Biochemical Relationships 

Three biochemical abnormalities are used to ilustrate 
the relationships: a high plasma cholesterol level (> 275 
mg/100 ml), reduced glucose tolerance (2 h blood sugar 
concentrations over 120 mg/100 ml.)', and low coneentra- 
tions (ander 35 per cent) of dienoic acids (linoleic) in the 
plasma cholesteryl esters'!. Each abnormality occurred in 
approximately 35 per cent of these patients and has 
previously been thought to be unrelated to the disease’. 

The patients with 0, 14+ or 2+ stenoses did not differ 
in their ages, the incidence of these biochemical abnormali- 
ties or prognosis® |, Figs. 2a and b show, however, that 
the blood sugar concentrations mereased with the degree 
of atheromatous irregularity (P< 0-001}, whereas the di- 
enolic acid concentrations fell as the number of occlusions 
increased (P< 0-01). This was so whether the data were 
analysed from the mean biochemical values by covariance 
Loe Maes or ' by x tests of the percentage of abnormal 

g The plasma cholesterol 
lev eri da. nere ae wW aah ‘the degree of atheromatous 
irregularity, but relatively less than the blood sugar 
values and from wider ranges, so that the increase only 
reached significance (5 per cent level) when considered 
as abnormal values analysed by y? tests. 

Thus the biochemical abnormalities occurred neither 
haphazardly nor as part of a non-specific biochemical 
change. Distinct relationships existed between the blood 
sugar concentrations and the degree of atherornatous 
irregularity, and the dienoic acid level and the number of 
arterial occlusions; and a weak correspondence was found 
between the plasma cholesterol level and the atheromatous 
irregularities. These relationships appeared mdependent. 
of one another, for the blood sugar or plasma cholesterol 
levels were not related to the number of oechisions, nor 
the dienoic acid values to the degree of irregularity; 
the biochemical values did not correlate with each other, 
and the degree of atheromatous irregularity did not 

* correlate with the number of arterial occlusions®!°. 


Disease-Biochemical-Age Relationships 
The disease classification enabled the effects of age to be 
` considered separately from the effects of advance ing 
Meee. This has not been possible before, and it revealed 
s with age, like the biochemical abnormalities 
` did not oceur randomly but were linked to the 
kw of the disease. Blood sugar concentrations 
re (Fig. 3) and the plasma eholestercl 
fall simuficantiy in the patients 
lg Similarly for the dienoie 
Bionship the dienoie acid 
i age solely in the patients 
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sion of less severe though similar disease states. Instemd, 






they appear to be se parate and more prog agressive categories 
recognized by the worsening of the biochemical abnormali- 
ties as age increases. Lt appears that different or additional 


factors are involved, 
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Fig. 3. a, The mean and standard errors of the 2 h blood sugar and 
fasting plasma cholesterol concentrations in the irregularity groups, 
and OF the dienosic (iincleic) acid concentrations In the patients with 
G, + and 2+ oeclusions for each of three age groups; «< 85, 55-64 and 
> 63. Ave groups selected to show the maximum disease and big- 
chemical changes with age. b, The percentage of abnormal 2 h blood 
Sugar and plasma cholesterol values in the irregularity groups, and 
percentage of abnormal dienoie (linoleic) acid concentrations in the 
occlusion groups—for the three age groups, 


Disease Type and Prognosis 


number of 
occlusions but not with the degree of irregularity or 
It was also potentiated 


effects were maximal—in the patients with multiple 
occlusions and the fatty acid abnormality-—70 per cent 
developed fatal or non-fatal myocardial infarction in the 


Disease Type and ABO Blood Group Pattern 


in five separate studies in volving a total of 1,229 
patients the relative incidence of A: O blood groups rose 
to between 1-26 and 1-47 (K, J. K., manuseri pt in prepara- 
tion), significantly higher (P<0-001) than the value for 
normal blood donors from the same area (0-91) or that in 
patients with myocardial infarction? The blood group 
pattern differed, however, with the type of disease. In 
each of three studies totalling 635 patients, where the 
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disease was classified into sheht, moderate and exten- 
sive irregularities, the A:O ratio fell from 1-7 or more, 
to 1-0 or less, as the degree of irregularity increased. The 
change in the ABO blood group pattern with the degree 
of irregularity (P< 0-02) is shown in Fig. 6. 

In one study (310 patients} in which the patients were 
classified by the number of arterial ocelusions, differences 
were also discovered in their A : O ratios (P < 0-05), bei ng 
lowest in the patients with patent arteries. Patients who 
developed considerable irregularities without occlusione 
had A:O ratios of 0-53, and those with occlusions but 
only slight irregularities had A: O ratios of 2-0, 
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Fig. 6. The ABO blood group pattern Of patients with slight, moderate 
and extensive atheromatous arterial irregularities. 


disease, so it seems that the more extensive disease states 
are different categories, to which different types of people 
are predisposed. 


Conclusions 


It seems that when atherosclerosis is considered in 
terms of its arterial lesions—instead of its symptoms or 
other effects—the biochemical abnormalities, effects of 
age, prognosis and blood groups take on an order linked 
with the type and extent of the disease. Relationships 
are evident between blood sugar abnormality and athero- 
matous irregularities and between fatty acid abnormality 
and arterial occlusions. These appear independent of 


main cause of death. 

The results suggest that human atherosclerosis should 
no longer be considered as a homogeneous disease, but 
a variable mixture of at least two separate disease entities 


which can be differentiated and graded from arteriograrms. 
These manifest different biochemical abnormalities and 
prognoses, can apparently exist in benign or more pro- 
gressive forms, and tend to occur in different types of 
people. 

This concept helps to explain the epidemiciogical 
differences between atheromatous disease of the arterial 
wall and lument’, the importance of acute occlusions in 
deaths from myocardial infarction ?%, and the different 
views on the place of arterial wall lesions???" and lumenal 
thrombosis!* in atherosclerotic disease. In this way one 
can consider the disease in terms of the relative contribu- 


disease itself, ) 
mental, for example—could be related to the same concept 
in future investigations in living patients. On this basis 
a new and systematic approach to the nature of each 
patient’s disease and its treatment should be possible. 
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concentrations did note of differences in homologous 


with multiple oeclusions’, 
These findings suggest that sevefive values. From 


multiple occlusions are not necessaristitution between 


Nucleotide sequences of rodents and of artiodactyis have been 
compared by DNA/DNA duplex formation. The rate of evolution 
in terms of fixation of nucleotide substitutions inferred from non- 
repeated artiodactyl DNAs is three times greater than that inferred 
from comparative amino-acid sequence of the a and chains of 
haemoglobin from these same organisms. 
tide sequence variation among rodents is ten-fold higher than that 
among artiodactyls when divergence time is estimated in years. 
This difference diminishes if generations, rather than years, repre- 
sent the appropriate interval of evolutionary divergence. 


The initial rate of nucleo- 


haemoglobins of horse and man, for example, Kimura? 
proposed that many of the mutational changes which 
become fixed in a population are selectively neutral. 
By contrast, Brues” has emphasized that relative fitness 
values may be misleading when applied to populations 
which are increasiag in size. Comparatively large 
differences exist in the evolutionary rate of change of 


150 


+ 

nucleotide sequences in different cistrons®*, In addition, 
some regions of a cistron appear to be more variable during 
evolution than others, which can easily be explained in 
terms of protein function’? 4, Clearly, a more complete 
understanding of variability of nucleotide sequence will 
result from more extensive comparative sequence analysis 
of both proteins and nucleic acids. 

One method for measuring genetic divergence which 
depends on the ability of denatured DNA to reform 
double helices on renaturation’: involves more direct 
comparisons of nucleotide sequences. 
nucleotide sequence differences between strands of DNA 
from different organisms may be obtained through 
analysis of the thermal stability of such duplexes'*-1*. 
We have used this approach to measure genetic divergence 
among rodents and among artiodactyls. Our data “have 
been used to estimate rates of fixation of base changes 
during evolution. 

Established monolayer cultures of mouse L-cells and 
bovine MDBK cells'*? were kindly provided by R. Shearer 
and 8, Gartler. Labelled DNA was extracted from cells 
grown for 24 h in Eagle’s medium plus calf serum with 
5 uCi/ml. thymidine-methyl-*H (New England Nuclear, 
17 Ci/mmole). Extraction and purification procedures 
were based on the method of Marmur'® and included 
phenol deproteinization, and Tl and pancreatic ribonu- 
clease digestion of contaminating RNA. 

Unlabelled DNA was extracted from crude nuclear 
preparations of mouse, rat, hamster and guinea-pig liver; 
bovine, ovine and opossum spleen; and porcine kidney. 
Before denaturation, all DNAs were sheared to a single- 
stranded molecular weight of about 400,000 Daltons by 
passage through a French pressure cell at 12,000 pounds/ 
inch?, Such fragments are useful for effective fractiona- 
tion of denatured and renatured DNA by hydroxyl- 
apatite chomatography. In addition, fragmentation 
increases the amount of non-repeated DNA that can be 
recovered after short-term renaturation’® presumably by 
separation of repeated and non- repeated nucleotide 
sequences. Unique (non-repeated) bovine DNA was 
prepared by incubating at 60° C in 0-12 M sodium phos- 
phate buffer, pH 68 (PB), sheared and denatured °H- 
labelled bovine DNA (95 ug/ml.). After 22h (Cø =22 Ms, 
in the terminology introduced by Britten and Kohne’®) 
the partially renatured DNA was passed through a 
hydroxylapatite column, equilibrated with 0-12 M PB at 
60° C, to remove renatured sequences. Sixty-one per 
cent of the DNA passed through the column, This 
unrenatured fraction was used as unique bovine DNA. 
Subsequent self-reaction of this fraction to a Cyt of 2 
indicated neghble contamination (less than 5 per cent) by 
repetitious DNA sequences (Table 1, G). Similarly, 
unique *H-labelled mouse DNA was prepared by hydroxyl- 
apatite fractionation of partially renatured sequences 
(500 ug/ml., 40 h, Cot= 200). In the experiments with 
rodent DNAs, renaturation was carried out at low tem- 
peratures in formamide (37° C, 48 per cent formamide, 
“75 M NaCl, 0-075 M trisodium citrate) as described 
elsewhere**. The non-repeated mouse DNA fraction con- 
stituted 70 per cent of the total DNA and self-renatured 
less than 2 per cent (Table 1) during the time period of 
the heterologous reactions. 

Animal DNAs must be incubated after denaturation 
at relatively high concentrations or for extended times to 
effect extensive renaturation'*®, For these experiments, 
hydroxylapatite chromatography*! is a useful alternative 
to the membrane-filter procedure. About 100 ug of 
renatured DNA was bound to two em? columns of hydroxyl- 
apatite (Clarkson Chemical Company, Ine., Williams- 
port, Pa., or Biogel HTP, Bio. Rad. Laboratories) in0-12M 
sodium phosphate buffer, pH 6-8 (PB), at 60° C. In 
these conditions single- stranded nucleic acids are eluted, 
while double-stranded DNA is retained. The column 
temperature was raised step-wise from 60° to 98°C; 
denatured DNA was removed with three 2 ml. washes of 


Quantitation of 
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0-12M PB. The column was washed with 0-5 M PB at 
the end of the temperature gradient to remove any 
remaming DNA. 

The extent of duplex formation between denatured 
DNAs from different organisms has been taken as a 
measurement of biological relatedness? More recently 
it has proved valuable to characterize those nucleotide 
sequences which interact in specified experimental 
conditiong!!-1622-24) An especially useful parameter 
is the thermal stability of the reassociated hybrids or 
duplexes, characterized by the mean temperature of 
irreversible dissociation (Tm) of the polynucleotides. 
(We have discussed elsewhere the re lationship between 
cross-reaction and thermal stability measurements®**°, ) 


Table 1, THERMAL STABILITIES OF DUPLEXES FORMED WITH 


NON-REPEATED SEQUENCES AND HETEROLOGOUS DNAS 


LABELLED 


Per cent 


o a Cok Per cent Fm, ATs mispaired 
Mixture DNAs (M 8) renatured*® = °C °C bases F 
A cow 3,020 92 BOS 
SH-cow (2) e 34 R5 thd 08 
B sheep 2,800 B4 85 
3H-cow (2) 738 89 5 75 
C pig 2,300 a3 B55 
SH-cow (2) 50 74 11-3 16-8 
D opossum 4,200 83 S4 
7H-cow (2) 26 69 15 22-5 
E cow, (native) so 89 
HO B. subtilis inative, 
100 hat 
80° ©) üa SO 
F cow (native) 58 R85 
HC B. subtilis (native) 9 90-5 
š SH-cow Re 3 
H mouse 10,000 S7 87 
*H-mouse (1) 87 BH 2 3 
Į rat 10,000 SS 85 
*H-mouse {1} 38 71 14 vi 
J hamster 16,080 SS S4 
SH -mouse (1) 2q 89 1d 29.5 
K guinea-pig 10,000 SH R3 
37H-mouse (4) 6 67 16 24 
L *H-mouse 1 3 
M mouse (native) a 8 


Non-repeated *H-labelled mouse and bovine DNAs were purified by short 
term renaturation and hydroxylapatite fractionation as described in text. 

gach mixture contained the specified DNAs, including either unique DN As 
from mouse or cow. Incubation times for artiodactyl DNAs and cow: 
opossum mixture were about 100 bh. Numbers in parentheses in the “Cy” 
column indicate the Cat value if that component were not reacting with the 
unlabelled DNA also present during incubation, 


*Renatured DNA is taken from the amount of DNA which bound to 


hydroxylapatite coluran at 60° Cin 012M PR. 


t Tm, values have been converted to per cent mispaired bases, using the 
relationship established in Fig. 2 (1-3 per cent mispaired bases lowers T, mi DY 
ro. 


Several factors contribute to the thermal stability of 
duplexes. The length of the base-paired region is import- 
ant, as illustrated in Fig. 1 with published data of Lipsett 
et al. and Crothers et al.2*. Stabilities of poly A—poly 
U hybrids, as a funetion of chain length, are compared 
with those of larg ver fragments of T2 DNA. With polymers 
of length greater t than 50-100 nucleotides, relatively minor 
increases in stability are observed?*-*8, Stability is also 
dependent on base composition®*®, although this may be 
ignored for the DNAs of the group of organisms used ‘here 
because of the similarity in mean percentage of guanine 
and cytosine®®, Considerable variation in base e ynposition 
does exist, however, among cistrons within a particular 
DNA. 

During their descent from a common ancestor, two 
organisms each accumulate base substitutions in their 
DNA. In conditions of high reaction specificity (to 
be discussed) heteroduplex DNA formed by anneal- 
ing two related DNAs will therefore contain non- 
complementary regions representing the positions at 
which base substitutions have occurred. These mispaired 
bases will tend to reduce the stability of the hetero- 
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Fig. 1. Relationship between size and thermal stability of double-stranded polynucleotides. 
Data of Lipsett ef al.** and Crothers et ai,*’ relating size and stability of polynucleotides 
indicate relatively small increases in stability above chain length of about fifty nucleotide 


pairs. 


Poly A-poly U duplexes were formed between poly U and various sized oligo- 


nucleotides of poly A. Hyperchromicity was measured during thermal denaturation in 


1 M NaCl, 0-002 M potassium p 


hosphate, pH 7-4, to determine Tm, the midpoint of the 


thermal transition’. T2 bacteriophage DNA was fragmented by shear. Tw of reversible 

denaturation was measured in 0-18 M NaCl, 0-608 M sodium phosphate as described above. 

The temperature of irreversible dissociation was determined by measuring lose of hyper- 

chromicity during cooling to the transition temperature. Tms are expressed relative to 
the Tm of native unsheared T2 DNA, 


duplexes. The relationship between decrease in thermal 
stability and the fraction of mispaired bases has emerged 
from several studies with synthetic polynucleotides!*:*}:3?, 
Fig. 2 is a summary of the pertinent published data 
obtained for both polydeoxyribonucleotides and poly- 
ribonucleotides. The change in the thermal stability is 
plotted against the percentage of altered base-pairs. 
Our data for Bacillus subtilis ribosomal RNA, partially 
deaminated by nitrous acid, and the corresponding effect 
on the Tm, of the RNA/DNA hybrids are also included. 
The deamination of adenine, guanine and cytosine 
results in the formation of hypoxanthine, xanthine and 
uracil’, These modified bases have altered hydrogen 
bonding characteristics and consequently will not pair 
properly with their previously complementary partners**. 
The data of Bautz and Bautz*! refer to the thermal 
stabilities of duplexes of various mixed copolymers, 
poly AC, AU or AG, with poly U. These data indicate 
that the decrease in thermal stability is a function of the 
particular base substitution, although the differential 
effects are relatively minor. The depression of the 7'm,i 
of ribosomal RNA/DNA hybrids, in which three bases are 
modified, corresponds well with the mean effect of the 
individual base changes®!. Similar results have been 
obtained from measurements of the thermal stability of 
a synthetic DNA, the alternating copolymer dAT, after 
partial deamination of adenine®*?. The estimate available 
from Fig. 2 suggests that 15 per cent mispaired bases 
decrease the thermal stability about 1° C when the changes 
are less than 30 per cent and the polymers larger than 50 
nucleotides. Estimates of the depression of Tm for 
synthetic polynucleotides derive from optical measure- 
ments of the hyperchromicity which oceurs during 
denaturation of the duplex. On the other hand, 
stabilities of ribosomal RNA/DNA hybrids were deter- 
mined by the filter method which measures irreversible 
strand dissociation. This latter process depends on 
thermally resistant G+C nuclei which are the last 
to dissociate, Nevertheless, whether reversible or irre- 
versible denaturation ‘is measured, the relationships 
between percentage of mispaired bases and the decrease 
in thermal stability are similar. Further experiments 


will be necessary to establish these relationships for 
purine-purine interactions and for the mismatching 
produced by substitution in adjacent base pairs. 

The induced base mispairing in the RNAs and DNAs 
represented in Fig. 2 was essentially randomly distributed 
along the polynucleotide chain. This distribution ts 
expected to approximate nucleotide differences in hornolo- 
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Fig. 2. Relationship between thermal stability and altered base-pairs 
of polynucleotides. B. subtilis RNA (@*P-labelled, 21,000 cpm. feg) was 
treated with nitrous acid at pH 4-2, 60° O (1 M Na NO, 0-4 M sodium 
acetate, 15 ug/ml. RNA}. Samples taken at G, 1-5, 3, 6 and 12 min were 
neutralized and dialysed against 1x SSC and then hybridized with 
filter-bound B. subtilis DNA (1 sgi RNA, 12 ag RNA, 1x DSC, 20 h 
60° C, 25 per cent reaction). The thermal stabilities of the hybrids 
were determined as previously described**. The difference hetween the 
stability of untreated RNA and deaminated samples ( A Tm} is plotted 
versus percentage of altered base pairs in the hybrid (A). The extent of 
deamination was calculated using the rate constant for poly JAT at 60° 
C (Kotaka and Baldwin**) and the relative rates of deamination of 
adenine, guanine and cytosine in RNA (Schuster®**), The data from 
deamination of dAT (@) are taken from Fig. 6 and Tabie 1 of Koteka 
and Baldwin®*, The thermal stabilities of duplexes between copolymers 
AU, AG or AC and homopolymer poly U, taken from Bantz and Bauts", 
illustrate the effects of particular non-complementary base pairs. 
Duplexes formed between copolymers with various proportions of U 
{ = percentage of altered base pairs) and A and poly U showed reduced 
stability as the proportion of U in the copolymer was Increased ( A}. 
A similar depression of thermal stability was observed with poly AG (+) 
and AC (©) annealed with poly U. 
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Fig. 3. Thermal denaturation of duplexes of *H-labelled bovine DNA 
and homologous and heterologous DNAs from artiodactyls, Unique 
(non-repeated) °H-labelled bovine DNA sequences (19,000 ¢.p.m./ug), 
prepared as described in the text, were incubated at 10 gg/ml. in 0-12 M 
PB at 60° C for 106 h with high concentrations (2-4 mg/ml., as indicated 
by Cat value in Table 1) of cow, sheep, pig or opossum DNAs. After 
renaturation, 200 ug of this mixture was loaded onto a 2 cm? hydroxylap- 
atite column equilibrated at 60° C with 0-12 M PB. Three 2 ml. washes 
were collected at each temperature. The final point in each denatura- 
tion profile representa elution with 0-5 M PB at the end of the thermal 
gradient. Phe percentages of each DNA which bound at 60° C and the 
Tmas are listed in Table 1. Fig. 3D illustrates denaturation profiles of 
native, sheared DNAs, “O Bacillus subtilis DNA (1,100 ¢.p.m./ug) was 
incubated at 60° C for 100 h to determine the effect. of incubation during 
renaturation, on the stability of native DNA. A: ©, bovine: @, H 
bovine. B: ©, ovine; @, °H-bovine. C: O, porcine: @, *H-bovine. 
D: Native DNAs; ©, bovine: A, “G B. subtilis; A, “C B. subtilis 
(100 h at 60° ©). 


gous genes of related organisms. Quantitation of the 
cumulative effects of contiguous mispaired bases arising 
from deletions, inversions and duplications will also be 
of interest. 

Mammals are appropriate for these studies because of 
the availability of fossil records and the biochemical 
characterization of several individual gene products. In 
particular, the well established systematics and the 


useful. Rodents were chosen as an example of a group of 
arumals with short generation times and with a pro- 
pensity for adaptive radiation, while artiodactvls contrast 
in both of these parameters. 

The genomes of most eukaryotes contain nucleotide 
sequences representing families of related genes. In 
addition, unique sequences not closely related to others 
elsewhere in the genome also seem to be present in DNA 
from most (Gf not all) organisms?*. For example, mouse 
DNA renatures as if 30 per cent of the nucleotide 
sequences belong to families of genes with multiplicities 
frorn 1,000 to 400,000. The length of these repetitious 
sequences is not precisely known, but probably is of the 
order of 200-1,000 nucleotides? **. The relationship 
among sequences belonging to a particular family is also 
variable, ranging from very similar (less than 2-3 per cent 
base substitutions) to very distant (more than 30 per cent 
base substitutions’), The detection of such intragenome 
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homologies depends on the reaction conditions and size 
of polynucleotides. These estimates thus represent a 
relative measure of a continuous and presumably dynamic 
relationship of nucleotide sequences of a particular 
organism, 

The large genome size of mammals results in low rates 
of reaction for non-repeated (unique) nucleotide se- 
quences!*?*7, With low DNA concentrations and short 
incubation periods, the formation of duplexes occurs 
almost exclusively between repetitious sequences. These 
interactions result in unperfectly paired structures with 
mean thermal stabilities of 74° C for homologous bovine, 


and 75°C for homologous mouse, instead of 85°C 
expected for perfectly paired duplexes, Differences 
measured between organisms in these conditions 


reflect variability in sequences within families of genes, 
rather than between strictly homologous cistrons. For 
this reason, we have isolated radioactively labelled 
unique DNA sequences of mouse and cow for reactions 
with various rodent and artiodactyl DNAs. This 
technique?! permits measurement of homologous gene 
differences of related orgasms, rather than of gene family 
differences. In addition, with the low renaturation rate 
of unique sequences, DNA/DNA duplex formation between 
different DNAs may be carried out in solution rather 
than with a filter or agar matrix. With the proper 
conditions, reaction of heteroduplexes goes to completion 
in a time when a negligible amount of the labelled unique 
sequences have self-reacted. 

Unique nucleetide sequences were prepared by short- 
term renaturation as described above. The data in 
Table 1 were obtained after extensive renaturation of 
small amounts of *H-labelled unique DNA with a large 
excess (2,000-10,000-fold) of unlabelled homologous or 
heterologous DNA. The product of unlabelled DNA 
concentration and time (C,t)!* was between 2,700 and 
10,000 (M s) in the experiments reported here, while the 
Cat values for the labelled unique DNAs were 1 to 2. 
In these conditions more than 80 per cent of the 
unlabelled mammalian DNAs were renatured. The 
labelled DNA renatured primarily with those nucleotide 
sequences present in the heterologous DNA which are 
sufficiently similar to form stable duplexes at 60° C. Thus 
the radioactivity marks heteroduplexes, and the relative 
per cent of renatured *H-DNA reflects the extent of 
sequence homology between the two nucleic acids. For 
example, 78 per cent of labelled unique cow DNA 
renatured with sheep DNA at a time when 94 per cent of 
the sheep DNA had self-renatured (Table 1). Thus sheep 
and cow share about 80 per cent of their unique sequences 
at a level of discrimination imposed by these conditions 
of temperature and salt concentrations. When the 
renatured molecules were again dissociated after being 
bound to hydroxylapatite, the sheep/sheep duplexes 
exhibited a Za. of 85°C as measured by elution of 
material absorbing at 260nm (Table 1). The cow/sheep 
duplexes, on the other hand, showed a Tm; of 80°C, 
as measured by release of radioactivity. Thermal 
denaturation profiles of the artiodactyl DNAs are shown 
in Fig. 3. Fig. 3D also indicates that the Tm, of native 
bovine DNA is about 89°C. Native B. subtilis DNA has 
a slightly higher Tm, 91°C, which drops 2°C after 
incubation for 100h at 60°C. This slight stability 
decrease presumably results from depurination and strand 
scission during incubation. Differences in thermal! 
stability between homo and heteroduplexes with artio- 
dactyl DNAs (Fig. 3) are listed in Table l. As an 
additional control, labelled unique cow DNA was reacted 
with unlabeled DNA from opossum (Didelphis mar- 
supialis viginianus). As expected, less cross-reaction 
(26 per cent) and a greater AT m, (16° C) were observed 
than for the artiodactyl comparisons. 

Similar thermal denaturation profiles (McConaughy and 
McCarthy, unpublished results) were obtained for rodent 
DNAs using labelled unique mouse sequences (Table 1). 
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In each case, the observed AT m.i has been converted to 
approximate percentage of mispaired bases using the 
correlation shown in Fig. 2. A similar estimate (14° C) of 
difference between unique mouse and rat DNAs has been 
obtained by Britten and Kohne’**. 

Reactions between unfractionated DNAs are also a 
useful estimate of sequence differences. ‘Table 2 lists 
measurements obtained for these same groups of organisms 
with total DNA. Self-renaturation of repetitious se- 
quences may be high when such sequences are present in 
reduced proportions in heterologous DNAs (such as 
the mouse satellite, and MeConaughy and McCarthy, 
unpublished results) or when homologies are low, 
as for distantly related organisms. We have corrected 
for this self-renaturation of labelled mouse DNA 
by subtracting from each heterologous melting curve 
the extent of reaction (30 per cent) and thermal 
stability of the labelled mouse DNA when incubated 
in the absence of unlabelled sequences. Relatively 


high homologies exist among artiodactyl nucleic 
acids: for this reason no correction for self-reaction 


has been made. The limitatién of interpretations of 
reactions between repetitious sequences as discussed 
above suggests that AZ’m,i values obtained m this way 
are less precise approximations to measurements of rates 
of base substitutions than are values observed with 
unique sequences. The close correspondence of unique 
and unfractionated rodent DNA (Tables 1 and 2) data, 
however, suggests that the subtraction correction for the 
self-reaction of unfractured labelled mouse DNA provides 
estimates of divergence among non-repeated sequences. 
In the case of unfractionated artiodactyl DNAs, the 
measurements appear to be an average of reactions of 
repeated and non-repeated sequences. 


THERMAL STABILITIES OF DNA/DNA HOMO AND HETERODUPLEXES 


Table 2. . 
(UNFRACTIONATED DNA}. 


Per cent 


Cat Per cent Tmi A Tm, mispaired 
Mixture DNAS (M 8} renatured C °C bases 

A sheep 7 O00 90 SD , oe 

SH-cow (15) 92 8&0 5 fans) 
B pig 4,500 77 Bä . 

*H-cow (11) 56 79 ë 9 
C rat 10,000 99 87 f : 

*H-mounse {1} 57 72 15 22-5 
D mouse 16,000 as SG 

3H-rat {1} of Ti 13 22.5 
E hamster 10,009 OG 87 

IH -mouse (1) 40 89 18 27 
F guinea-pig 10,000 99 RT a 

*H-mouse (1) 18 68 19 28:5 


8H-labelled bovine DNA (19,000 e.p.m./ng) was incubated at 5 gg/ml. 
with unlabelled DNA (2-4 ma/mi.) from pig kidney or sheep spleen in 0-12 M 
PB at 60° C for times as indicated by the C,t values. Approximately 100 ug 
DNA was passed through a 2 erm? hydroxylapatite column equilibrated at 
60° C with 0-12 M PB. The amounts of unlabelled and labelled DNA which 
were eluted from the column were monitored by optical density measurements 
and scintillation counting. The column temperature was then Increased in 
5° C increments to 08° C. After equilibration at each temperature, denatured 
DNA was collected in three 2 ml. washes. Following the final wash at 98° C, 
0-5 M PB was added to release any renatured DNA (usually about 2 per cent) 
remaining bound to the hydroxylapatite. T, refers to the midpoint of 
the dissociation which occurred above 60° C, 

*H-labelled mouse DNA (at 3 yve/ml., 22,000 c.p.m./ug) was renatured 
similarly with high concentrations (8-4 mg/ml.) of unlabelled rat, hamster 
or guinea-pig DNA. The solvent and temperature conditions of 5x SSC, 
48 per cent formamide and 37° C are discussed elsewhere? Samples were 
taken at a time such that essentially complete renaturation had occurred 
ic, t= 10,000). Thermal stabilities of heterologous and homologous duplexes 
were determined as for the artiodactyl DNAs. 


Amimo-acid sequence data for homologous proteins of 
related organisms have permitted estimation of rates of 
fixation of nucleotide substitution by assuming that a 
mutation in any one of the three codon positions will 
result in an amino-acid substitution in the corresponding 
protein. More precise estimates take into consideration 
the expectation that some codon changes will have no 
effect on the specified amino-acid due to the existence of 
synonymous codons®:3° and that some amino-acid 
substitutions may have resulted from two or more base 
changes. 

Fig. 4 summarizes minunum estimates of nucleotide 
substitution in various cistrons of articdactyls. Estimates 
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Fig. 4. Nucleotide sequence divergence among artiodactyls. Estimates 
of gene divergence from DNA measurements are taken from Tables 1 (@) 
and 2 (©) Inferred percentages of nucleotide substitutions for the 
various proteins are based on comparative amino-acid sequence data 
compiled by Davhoff and Eck®. Data are included for fibrinopeptides 
ic), haemoglobin a ([«}), haemoglobin (x). insulin ( A} and 
cytochrome ¢(@). Sequence differences are relative to bovine proteina or 


Atete 


of time intervals are unnecessary, for proteins and 
nucleic acids of the same organisms are compared. These 
are thus relative measurements independent of time of 
divergence. For example, the amino-acid sequences of 
the x and § chains of bovine haemoglobin have been 
compared with those of sheep and pig haemoglobins. 
Cistrons specifying other proteins show varying rates of 
fixation of nucleotide substitutions. Insulin cistrons 
have accumulated mutations at approximately the same 
rate as haemoglobin cistrons while those specifying 
cytochrome c have not changed in a way which would 
affect their amino-acid sequence. An example of a more 
rapidly changing gene is that for ibrinopeptide A+. ‘The 
data obtained from DNA/DNA duplex reactions of 
unique (Table 1) and total (Table 2) artiodactyl sequences 
are also shown. The rate of change of the unique genes 
is approximately three times that of the haemoglobin 
cistrons among these artiodactyls. The extent of duplex 
formation (Table 1) and the number of non-repeated 
DNA per bovine cell? imply that between one million 
and two million cistrons (of 1,000 nucleotide pairs each, 
coding for proteins with average molecular weights of 
30,000) have been compared in the cow/pig and cow/ 
sheep DNA analyses. 

Relative changes in nucleotide sequences among rodents 
and among artiodactyls may also be considered in terms 
of the approximate number of years of evolutionary 
divergence (Fig. 5). When rates of fixation of substitutions 
are expressed as per cent per year, the initial rate of 
change of rodent genes appears to be approximately ten 
times that of artiodactyls. On the other hand, if one 
assumes about two to three generations per vear for 
rodents, and 0-3 to 0-5 generations per year for artio- 
dactyls. a closer similarity is found between initial 
evolutionary rates among rodents, which are characterized 
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Fig. 5. Comparison of rate of nucleotide sequence divergence among 
rodents relative to mouse and among artiodactyls relative to cow. The 
data in Tables 1(@, A) and 2(0, 4) are plotted versus the estimated 
total time of divergence as taken from Simpson‘? for rodents and 
Matthew?! for artiodactyls. The comparison between bovine and opossum 
DNAs illustrates @ more distant relationship between placental and 
pouched mammals. Evolutionary times are sums of both branches since 
divergence and are meant to indicate only approximate intervals available 
for gene change, 


by rapid diversification, and among artiodactyls, which 
exhibit broader lines of divergence. An apparent decrease 
m rate of change is observed with rodents more distantly 
related to mouse (Fig. 5). Further experiments will be 
necessary to determine if this represents a decreased 
probability of fixation of nucleotide substitutions. 

Previous considerations of the selective values which 
would be consistent with the magnitude of allelic 
differences occurring between related organisms have 
been based primarily on protein analysis’, although 
some estimates are available from nucleie acid data!®4!, 
The nucleotide sequence comparisons described here 
suggest that average differences among artiodactyl DNAs 
are about three-fold greater than those inferred from 
amino-acid sequence data for the « and 8 chains of 
haemoglobin. It will be of interest to compare these 
values with estimates recently obtained with primate 
DNAs (D. Kohne, manuscript in preparation). 

The question arises whether most changes m DNA 
lead to amino-acid substitutions. Some 25 per cent of the 
possible base substitutions are expected to result in 
synonymous codons*?, Thus the observed high rate of 
change of nucleotide sequences in DNA could conceivably 
be dominated by third position changes’? which would 
be subject, presumably, to less direct selection. Final 
verification of this point will depend on nucleotide 
sequence analysis of a cistron which speeifies a pretein of 
known amino-acid sequence. Comparative hybridization 
with haemoglobin messenger RNA, for example, would 
provide an invaluable correlation. 

It is not yet clear what proportion of the total base 
sequences in mammalian DNA do in fact specify proteins. 
The rate of formation of rodent RNA/DNA_ hybrids 
indicates that many of the repetitious DNA sequences 
are transcribed*?:##, Only fragmentary information exists, 
however, concerning the transcription of unique sequences. 
Many of the transeripts produced do not leave the cell 
nucleus and are therefore not translated**4*. Con- 
sequently, it is unreasonable to interpret the average 
rate of nucleotide substitutions in DNA exclusively in 
terms of amino-acid substitution in proteins. 

Variations by at least an order of magnitude do exist, 
however, in rates of fixation of nucleotide substitution of 
individual genes. In many cases these differences may be 
related to the selective forces which tend to conserve the 
structure of particular proteins as a consequence of their 
intrinsic function. The genes for eytochrome c and 
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ribosomal RNA are examples of conservative base 
sequences*’, An even more extreme case is offered by the 
genes which specify histones**. An example of another 
conservative group of cistrons is provided by those 
which synthesize RNA during early embryogenesis!*. 
In this case, considerably more homology among related 
echinoderms is obtained with pulse-labelled embryonic 
RNA than with adult RNA. Such a result is consistent 
with the well known correlation between phylogeny 
and development, and offers a striking illustration of the 
principle at the nucleotide sequence level. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Generalization of the Lorentz 
Transformation 


THE principle of special relativity has been confirmed by a 
variety of experiments. Because the Lorentz transforma- 
tion embodies this principle of the equivalence of all 
inertial frames it has been assumed that all physical 
theories should be invariant under this transformation. 
There is, however, a more general transformation including 
the Lorentz as a special case. This could be of significance 
for physical theory. 

The Lorentz transformation has been derived! from the 
assumptions of (1) inertial frame equivalence, (2) linearity, 
and (3) isotropic behaviour of clocks. As shown by Pars, 
a limiting and invariant speed e arises from these assump- 
tions. There is no need to add the existence of such a 
speed to the three assumptions. 

Assumption (3) seems unlikely. Modern theories of 
gravitation do not assume that space is isotropic, and even 
when a gravitational field is absent the presence of other 
fields would seem to make (3) a hazardous assumption. 
But assumption (3) is essential if the Lorentz transforma- 
tion is to be derived. There are other transformations 
satisfying (1) and (2) only, which apparently have not been 
known to exist. 

Consider the following linear transformation, containing 
two universal constants c and m, 


A =å (U, v, w} 


u ee R oa 


where 





p -a Ta Te 
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Here K(t, x, y, z) is a rectangular frame of reference and 
K'(t', x, y’, z) another such frame. We now examine the 
behaviour of clocks and rigid bodies given by this trans- 
formation. 

Putting x =y =z =0 shows that the origin of K’ has 
velocity (u, v, w} in frame K. Further t =ty"/8. This time 
dilatation is not isotropic but has a cylindrical symmetry 
about the x-axis. 

More generally 


(ctt me PIÈ wae g2 coe z?) — yenot? m pË a y? aF z?) 
and (t +r =y dt) 
Hence ¢ is an invariant speed and 
(c*t? oe PF a y? e al aati {ct ae go 
is also an invariant under the transformation. 
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If we put 2 =u’, y =t, g = wt, we can verify that 
DBE = yt 
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These equations give the addition of velocities formulae 
for the transformation. Let barred symbols represent the 
values of quantities when (u, v, w) = (u, v, w) and symbols 
with suffix 1 when (u, v, w)=(u,. %1 w) Then 


l ® A ENa AN 
D(1+ éd miler) i4 E 





and using these results we can obtain 


Aldi, D, W,) = Alt. Uy, Wy) xX ALY, vw). 
3 3 23 


showing that the transformations form a group. 


A particular case of interest is when 
; fe o Uw 
(Uys va Wa) = (mes Te T YS 
SPI y f 


Then V,=V.8,=8, yy= 1 and A(u,, vp w,) is the inverse 
transformation of A(u, v, w). The fact that V,= F shows 
that K moves with the same relative speed to K’ as K’ 
to K despite the behaviour of clocks not being isotropic. 

The group property of the transformation 4 shows that 
all the frames are equivalent under A, that is, assumption 
(1) is satisfied. Now consider how the above transforma- 
tion is a generalization of the Lorentz case. 

Because the behaviour of clocks is not isotropic, for A’ 
to be equivalent to K, K’ must have a particular correct 
orientation. The eylindrical symmetry of the behaviour 
of clocks allows us to add to the transformation A any 
rotation of the frame K’ about the x’-axis and still retain 
the group property, that is, still satisfy the special prin- 
ciple of relativity of the indistinguishability of inertial 
frames. In the Lorentz case the space axes of A’ can 


the most general transformation to be derived from (1) 
and (2) would eliminate all degrees of freedom. There is 
such a more general transformation and if is outlined 
later, but in it the space geometry is not Euclidean. To 
obtain a more general representation of A we can apply the 
same rotation to both the (2, y. 2) and (2, y’, z} axes. A 
general rotation makes the unit vector along the a-axis 
become the general unit vector (p, q, r) and will give a 
transformation with the time dilatation having its cylin- 
drical symmetry about this axis in all the equivalent 
frames; p, q, r now being universal constants like ¢ and m 
for this representation of the transformation. 

Consider, in particular, the application of the same 
rotation to K and K’ which makes (p, q, r) He in the z=0 
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plane, that is, r=0, and which makes the velocity of K’ 
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For K’ moving with velocity (u, v, w) relative to K the 


relative to K lie along the rotated x-axis. T hen the transformation is 
t E+F+iG+H -E+F+@-H E-F4G-H E4 F-G—-H t 
x’ _i —-E+F+G-H E+F+G+H —~H-~F+G@+H ~E+F-G+H x 
y 4 E-~F+iG-H ~H-—-F+G+H E£+F+@G+H E~F-G+H y 
2" H+F-G—H ~K+F~G+H E-F-G+H E+F+G+H Zz 
transformation is (retaining the notation x, y, z and where 
xu’. y’. 2" for the rotated axes) H ] l 
: | ns E= e r PETE 
E E m Fendt EENE ee 144 Ge“ 
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Yas yz x (ltu+-v—w)? 
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so that 4°+y?=1 because p?+@?= 1. 


From this we see the Lorentz transformation is to be 
obtained from A when m=0. Indeed the addition of 
velocities formula is the same as for the Lorentz case. 

The transformation A combined with any rotation of K’ 
about the (p, q, r)-axis. in its more general representation 
indicated, leaves invariant a proper time 


(e" +y? ZN =m] (44 ph gy ETIN” 
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This shows that the four-dimensional space time associated 
with A has a metric given by the interval ds, where 


ds? Keone (dr? ae dz ,? ee dz? AN dz,2)'- 
(diz, + pdx, 4. qdr, +rdiv,)?" 


where (1, p, g, r) is a null vector because 1 pa pe O. 
The ees O<m< +1 ensures that ds is finite aiid 
real inside the light cone, which is given by ds= 0. Time is 
unidirectional, also, for the same reason. The light cone 
has the same shape as the Lorentz case. | 

We now state without discussion the transformation 
already mentioned without any degrees of freedom to be 
obtained from (D) and (2). This “transformation leaves 
invariant a proper time (unidirectional again) 


(E—a— y — Zyn (f — ay t+ z)? 
" E E 


. For simplicity, 
ane c io heen taken. to be 1 con We. axes have been 
chosen in a particular way which will become apparent. 
To make the equations simpler, Einstem’s simultaneity 
convention has been abandoned. that is, in certain direc- 
tions the speed of light is not unity, but the aver age to 
and fro speed is unity. Along the axes, however, the 
convention has been retained. 


A light ray in any given direction is obtained by the 
proper time ‘being zero, ‘that is, putting the appropriate 
factor in the proper time to zero, the other factors being 
positive and one of them being zero for the opposite 
direction. The light cone is thus divided into twelve 
sectors. If we now alter ¢ in each sector to satisfy 
Rinstein’s convention and use the fact that c= 1 to set up 
the space metric we find space is non-Euclidean and the 
formula giving the metric changes at the sector boun- 
daries although it is continuous across them. The sectors 
each have four boundaries, and they meet in such a way 
that there are eight edges where three sectors meet and 
six edges where four meet, the same as the sectors of a 
rhombic dodecahedron when the cone is projected on 
ten. 

The axes were chosen so that they he along the edges 
where four boundaries meet. 

It is intended to publish the derivation of the trans- 
formations elsewhere. 

To obtain the Riemannian geometry of general rela- 
tivity, the Minkowski interval corresponding to the 
Lorentz transformation is generalized. The isotropic 
behaviour of clocks no longer holds after this generaliza- 
tion. If the isotropic assumption is dropped when we are 
seeking the metric for a flat space time we obtain the two 
metrics given in this note. Are there any indications of 
a generalization of either of these metrics having any 
phys ical validity ? 

With regard to the metric associated with A, if we can 
- up equations of invariant form for the behaviour of 

p, q,r which we now allow to vary in space time and 
if it can be arranged of these covariant equations that the 
second factor in the generalized ds is integrable, for 
surfaces m= 1, then solutions will be such that the surfaces 
m= 1 will have a unique structure. For a particular set 
of axes we have on these surfaces ds = dæ, that is, an 
absolute time. The covariant equations will describe the 
motion of these struetures which will be the surfaces of 
certain particles in the theory, they being absolutely 
independent of the choice of axes. Einsteinian general 
relativity has had difficulty in accounting for matter 
being in the form of diserete structures having a finite size. 
The variable m should represent nuclear forces in such a 
theory, if it exists. If m is non-zero only near the particles, 
almost everywhere gravitational and electromagnetic 
forces will be as they are known to be, because where 
m= our generalization should be made the same as the 

“insteinian general relativity metric. 
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Nature of Pulsars 


Recent discoveries have made the interpretation of 
pulsars as neutron stars quite attractive. But the magni- 
tude and the scattering of the periods, which range from 
0-033 s to 3-7 s, indicate that it is improbable that these 
are pulsation periods, and it has become common to 
associate these periods with periods of rotation. The 
discovery? of a second periodic pulsation in AP 2015 + 28 
and CP 1919, and its probable existence in CP 0950 and 
CP 1133, suggest that the existence of two pulsation 
periods may be common to all pulsars. Drake and Craft! 
have tentatively associated this second period with the 
pulsation period of the star. Cameron and Cohen? have 
shown this to be unlikely, at least for AP 2015+ 28 and 
CP 1919, whose periods are P,= 10-6879 ms and P,= 
15-5089 ms respectively, because bodies intermediate 
between white dwarfs and neutron stars, which would 
pulsate with periods of this magnitude, are not gravita- 
tionally bound. 

I consider this second period to be a period of rotation. 
‘This notion arises in a natural way if we consider the most 
general motion of a symmetrical body free of external 
forces or torques. This is a motion of rotation and pre- 
cession of the rotation axis on a circular cone the orienta- 
tion of which is fixed in space. 

I further assume that the mechanism producing the 
radiation emits only in a cone of narrow angle (as in the 
model of Chiu et al.3). This is the case for synchrotron 
radiation from a collimated electron beam that co- 
rotates with the star close to the equatorial plane following 
the motion of a magnetosphere rigidly attached to the 
star. This mechanism has been made plausible by the 
measurement of the polarization of the radio pulses from 
CP 0328 by Clark and Smith‘ that revealed a close corre- 
spondence between the variation in time of the Stokes 
parameters of the observed pulses and that to be expected 
from a collimated electron beam. But, although I shall 
use this second model, the idea of explaining the double 
periodicity by precession coupled to rotation is inde- 
pendent of it, and only requires that the radiation beam 
be of sufficiently small aperture. 

Considering the synchrotron emission case and assuming 
that the electrons are bunched on some part of their 
orbit, every time the rotation axis becomes perpendicular 
(to within the beam’s width) to the line of sight from the 
observer to the star the cone of radiation will produce a 
sequence of small pulses the envelope of which is a pulse 
itself, 

If the precession cone and a plane through its apex 
perpendicular to the line of sight intersect, twice, once, 
or not at all, there will be two, one or no pulses, The shape 
and timing of the small pulses will be determined by the 
distribution of the electrons on their orbit and can vary 
widely from one revolution to the next. This would 
account for the variations in the small pulses found by 
Drake and Craft}. The timing of the big pulses will be 
associated with the motion of the star and be much more 
stable, 

Let P, be the period of the small pulses, & their fre- 
quency, P, the precession period and Q the corresponding 
frequency. These two frequencies are related by? 


p -F Ww (1) 


where J is the moment of inertia for an axis perpendicular 
to the rotation axis and Al is the difference between the 
moments of inertia for the rotation axis and one per- 
pendicular to it. The structure of a rotating neutron star 
will depend on the mass and the rotation frequency. The 
quantities J and AJ are, then, functions of M and w only. 

I have used unpublished sequences of models by J. 
Cohen and by 8. Tsuruta. To evaluate J and AZ I have 
approximated these models by polytropes of the same 
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Fig. 1. The curves V,, Vg and F. represent the loci of neutron star 


models constructed with the corresponding noclear potentials. Possible 
models (according to the text) for CP 1919 and AP 20i 428 sre 


indicated. 
central density and ratio of central to mean densities. 


From the work of Chandrasekhar® on the structure of 
uniformly and slowly rotating polytropes, we have the 
relation 


Al ju Q = 
mies LON a ee {ay 
I a TF OC {3 


where Cin) depends only on the polytropic index. If Q 
and œ are known, equation (2) relates the central density 


These are: Vaas given by Cohen; Vg as given by Tsuruta: 
V, as given by Tsuruta. The intersection of one of these 
curves with one of the loci corresponding to given value 


of o and Q will determine in a unique way a neutron star 


to the nuclear potentials mentioned. 

Taking the case of CP 1919 with the frequencies given 
by Drake and Craft!, Table 1 lists the values of the central 
density, the polytropic index, the mass in solar units and 
the radius that one obtains for the three different choices 
of potential. It should be noted that for each choice of 
potential the mass obtained is only slightly above the 
lower mass limit for a bound neutron star, and this is 
uncomfortable from the evolutionary point of view. Still, 
it is hoped that a calculation without the polytrope 
approximation and with rotation laws different from 
uniform rotation would vield higher values for these 
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Fg 14-22 3°10 164 G28 


158 


0-40 


0-30 


= 0-20 


0-15 


0-10 





13-6 138 


14:0 


14-2 
Log ge 
Fig. 2. Mass of a neutron star as a function of its central density for 
equations of state derived from rupee nuclear potentials (as explained 
n text). 
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In the FV, case, the moment of inertia is J = 1-0133 x 1044 
and the rotational energy H~0-5 Jw*= 8-315 x 10% erg. 
This value is less than the energy release in a supernova 
explosion and is likely to be retained in such explosions 
by the remnant neutron star. 

A precessing body with one moment of inertia different 
from the other two has a non-zero quadruple moment 
changing with time and will emit gravitational waves. A 
simple calculation leads to an energy Joss given by 


J 8 G 
soe = = 5 rar (AZ)? 08 sin? a (3) 


where a, the precession angle, is in this case unknown but 


constant, The e-folding time for the period change is 
given by 

Q 2E l 

-— = po = 2685x 10 /sint æ yr 

OQ 3E 


This is much larger than the value given by Davies 
et al.” (that is, 4x 10° yr) and indicates that gravitational 
waves are not the main cause of the period change in these 
pulsars. This can easily be accounted for. on the syn- 
chrotron assumption, by the loss of angular momentum 
corresponding to the radiated energy. The radius of the 
radiation beam is R=cjo and from equations (1) and (2) 
it follows that 


Q o Io  3ER/C 
E Qe Fe a 4 
$ o Io Te (4) 


This leads to a value Æ = 4-39 x 10° erg/s which would 
account for the change of the change of period given by 
Davies et al". This rate of emission is comparable with 
the 3x 10° erg s- radiated in optical frequencies by 
NP 0532 in the Crab nebula’, 

I have assumed only one pulse in each precession period. 
There may be two such pulses, corresponding to the case 
of the precession cone intersected by the plane perpendicu- 
lar to the line of sight. But the equality of alternate 
pulses makes this very improbable for CP 1919 and AP 
2015+ 28. 

NP 0532 has two unequal pulses per period, which ean 
be explained in the corotating magnetosphere model by 
an angular deviation between the symmetry axis of the 
rigid magnetosphere and the star’s axis of rotation period 
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Table 2, ROTATION PERIODS OF NP 0582 
Lag ec MIM O Rž Ps (ms) a E 
14-2 01087 2-56 4-033 BB? 8’ 1-142 x 16°" 
14:4 02852 1°37 2:740 30° §2’ 5497 x 10% 
14-6 0-6380 ORS 2:210 30° 24’ 2098 x 104° 
itg 1-4133 78 1-864 30° 56’ 5-453 x 10% 


with the precession period. The angular deviation needed 
to cause a noticeable difference between the two pulses is 
only a fraction of the angular width of the beam, the 
latter being 0-01 rad for radiofrequencies. The period of 
precession of NP 0532 is P, = 33-08112 ms (ref. 9), but we 
do not know the rotation period. If we put equation (2) 
in the form 


ay? == 7-955 x 10-5 paj Cin) 


and use the Fa sequence of models and make the assump- 
tion of rigid rotation, we obtain the possibilities listed 
in Table 2. The value of the precession angle « listed 
corresponds to an energy loss by gravitational waves 
that would account for the observed slowing of the period 
of one part in 2,400 per ygar’®. This is an upper limit for 
the possible values of «. The last entry gives the energy 
loss necessary to account for the same slowing of the period 
on the assumption that it is caused by loss of momentum 
to the outgoing radiation, as given by equation (4). It is 
about two orders of magnitude higher than the value 
reported by Cocke et al.* in the visual. 





Fig.3. The precession circle, 4 BC, is on a sphere of radius unity centred 

on Q, the star’s centre. The circles OAC and EF delimit a region such 

that if the rotation axis is in it, part of the beam, originating at O”, is 
contained in the angie EO” D” and is visible to the observer. 


Let us examine what our model predicts for the pulse 
width in the case where there is a single pulse per period. 
In Fig. 3 let ABCB’ be the intersection of the precession 
cone with a sphere cf unit radius concentric with the star. 
We have the relation 


BD DC (5) 
Se 5 
DC DB 


If 69=£D is the width of the radiation beam and 6= 
BD/ED the relative fraction of that width intercepted by 
the precession cone, we have BD'~ 6.8 (x is small). For 
radiofrequencies we may take ex 1/y~0-01 so we have 
approximately D'/C~ BC (arc)=6. But b/(r sin «a)=w 
is the fraction of the period occupied by the pulse. In 
the case of CP 1919 there are approximately three small 
pulses in each pulse’, and w~ 3/86. Finally, we have 
D'B’ =~ BB’ =2 sin «. Substitution of these relations in 
equation (4) gives for CP 1919 §=0-60 sin x. In the case 
of AP 2015+ 28, if we assume there are two small pulses 
per period, we obtain 6= 0-72 sim a. 

Although these relations do not determine « or 6, they 
show that whatever value x has, § is smaller than unity, 
and the width of the pulses can be explamed by the 
precession—rotation hypothesis. 
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Fig. 4. The major circle OCC" is in a plane perpendicular to the line of 
sight from the observer to the object. The rotation axis runs along the 
circle of precession ACB. When it is in the segments ACB or ABC 
the beam will be visible to the observer. 
d 
From the proportionality uv ~9o'”, that follows from 


] 
equation (4), and the relation §o~—(ta¢/3e)! valid for 
Y 


synchrotron radiation", one obtains w ~w- ‘4 in accord 
with recent measurements by Comella eż al.’. 

As an example of the case of two pulses per period, let 
us take NP 0532. We already know, from Table 2. 
upper limits to the values of « on the assumption that the 
gravitational energy loss is responsible for the measured 
period change. In Fig. 4 we have AB~28¢ ~2/y= 
2nw sin x. Here, w is the relative fraction of the period 
occupied by a pulse. If we let the pulse width be 3 ms 
as reported by Comella et al.*, we have w= 3/33-08. If we 
then assume y= 100 we arrive at a precession angle «~ 2°. 
This value of a is much smaller than those listed in Table 2 
and indicates that in N P 0532 the loss of energy to gravita- 
tional waves is not the main cause of the period change. 

Thus the present data do not exclude an interpretation 
of pulsars as neutron stars with simultaneous motions of 
rotation and precession. 

I thank J. Cohen for the data on the Va sequence of 
neutron star models. In explaining to R. Stothers the 
contents of this paper, I learned that he also had the idea 
of combining rotation with precession to explain the 
observed double periodicity of certain pulsars, I am 
grateful to Dr R. Jastrow for a pleasant stay at the Insti- 
tute for Space Studies, where this work was done. 

SAMUEL C. VILA 
Institute for Space Studies. 
New York, NY. 


Received June 16, 1969. 


! Drake, F. D., and Craft, H. D., Nature, 220, 251 (1968). 

Cameron, A. G, W., and Cohen, J. M., Astrophys. Delt., 3, 3 (1969). 

23 Chim, H. Y., Canuto, V., and Canuto, L. F., Nature, 221, 529 (1969). 

‘Clark, R. R., and Smith, F. G., Nature, 221, 724 (1969). 

* Goldstein, H., Classical Mechanics, 162. 

6 Chandrasekhar, S., Mon, Not. Rov. Astro. Soc., $8, 390 (1933). 

> Davies, J. G., Hunt, G. C., and Smith, F. G., Nature, 221, 27 (1969). 

s Cocke, W. J., Disney, M. J., and Taylor, D. J., Nature, 221, 525 (1969). 

t Comella, J. M., Craft, H. D., Lovelace, R. V. E., and Sutton, J, M., Nature, 
291, 453 (1969). 

o Richards, D., TAE Astron. Telegram Cire, No. 2114 (1968). 

u Tackson, Classical Electrodynamics. 486. 


Scattering of Pulsar X-ray Radiation 
by Interstellar Dust Particles 


INTERSTELLAR extinction for the Crab nebula correspond- 
ing to a distance of 2 kpe (ref. 1) may be as large as Ay= 2 
magnitudes in the visual region, and with the wavelength 
dependence measured by Stecher? it may reach 4-5 


r99 


* 

magnitudes in ultraviolet. Thus only several per cent of 
the optical flux from the Crab nebula pulsar NP 0532 1s 
unaffected by interstellar dust particles. The rest is partly 
absorbed but mostly scattered into a wide angle and 
contributes to the diffuse interstellar light. Thelectric 
particles, of a size comparable to the wavelength, are 
thought to be involved. Van de Hulst considered ice grains 
of radii about 0-5 micron, while more refined models which 
give better agreement with the far ultraviolet measure- 
ments deal with graphite particles of radu 005-007 
micron, surrounded by *“dirty-ice” mantles of radu 
0-16 micron (ref. 3). This article shows that interstellar 
dust particles may strongly affect the pulsed X-ray 

radiation*?® from NP 0582. 
For X-rays a solid dust particle is dielectric irrespective 
of its chemical composition with a refractive index = 
Ne? as | . Np” ERNE 
LS -, which is less than unity and of exactly the same 

2 rmy? 

form as the refractive index for radio waves in an joruzed 
plasma, except that in the case of X-rays the electron 
number density N includes both free and bound electrons. 
This is because their binding energy is small compared 
with the energy of an X-ray proton. Consider a particle 
of radius a= 0-5 micron with N = 10% cm (a typical solid) 
so that at 2»=5 A, n=1-10-. A spherical particle of 
radius a S> A scatters most of the incident radiation forward 


» 


— : A E , pem 
into a narrow beam of width 5 ~ y a & x POA = D7. 
a 


The scattering cross-section of the particle may be de- 
scribed as o; = Q{ ojrat, where Q( 9) is an efficiency factor, 
yes is a phase shift across the particle 
with Q(¢)=2 for pẹl, and Q(e)=1/2 p? for o Æ 1 (ref. 6). 
In this case o=1-4, Q(¢)~1, and the scattering cross- 
section is about the same as the geometrical cross-section 
of the particle (sa~ xa?). Thus one can see that a solid 
particle of radius 0-5 micron at A= 4 A seatters nearly all 
the incident radiation into a beam about 2° wide. This 
results in a halo around the pulsar of half this size. True 
absorption in such a particle seems to be small. The non- 


and 9 = 


scattered X-ray flux of the pulsar must decrease by about 
the same factor as does the ultraviolet flux—in beth 


regions of the spectrum the scattering cross-section 18 

close to the geometrical cross-section. The halo radiation 

suffers an extra time delay due to its indirect propagation of 
et 


An here D is the pulsar distance, so that the pulses are 
smeared. For NP 0532 only several per cent of the X-ray 
flux near »=5 A will be pulsed, while the remaining flux 
will be scattered into a halo about I’ wide with time 
delays of up to half an hour, completely smearing the 
pulses. This is essentially the structure observed im the 
X-ray source Tau XR-1 (refs. 4, 7 and 8). The extended 
source of angular size about 1’~2’ usually attributed to the 
Crab nebula may in fact be the halo of the pulsar NP 
0532, while the pulsed component containing about 6 per 
cent of the total flux at 3-15 A (ref. 4) could be that part 
of the X-ray pulsar flux which escaped scattering by 
interstellar dust. This means that the X-ray flux emitted 
by the pulsar is equal to the total flux from Tau E-L, 
so that the contribution from the Crab nebula is neglig- 
ible compared with the pulsar flux. This might change 
completely the spectrum of NP 0532 (ref. 4) and also 
significantly reduce the difficulties associated with the 
lifetime of the relativistic electrons required to explain 
synchrotron emission from the Crab nebula. It depends 
strongly on the nature of interstellar dust particles, in 
particular on their size. A more detailed calculation im- 
volving graphite—ice particles of mean radius 0- 16 micron 
(ref. 3) with the Oort-van de Hulst size distribution yielded 
similar results at slightly longer wavelengths. 

The proposed origin of the extended X-ray source in 
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Taurus leads to several predictions of halo features which 
might be detected by special observations: (1) a relative 
increase of the pulsed mode emission for hard X-rays up 
to 100 per cent where scattering becomes incoherent; (2) a 
linear dependence of halo angular size on wavelength 
(for example, ~ 15’ at A= 50 A); (3) a similarity between 
the polarization parameters (position angle, degree of 
polarization) of the halo and the pulsar; (4) the possibility 
of time variations of the halo flux on a time scale of hours 
or days, which are too rapid for a nebula 1 pe across; (5) 
the existence of halos of several are minutes around other 
small X-ray sources with substantial interstellar extinction. 
In this connexion it may be noted that Sco XR-1 might 
possess a faint halo (about 10 per cent of the total flux), as 
interstellar extinction of a star identified with this source 
is small with 4,~0-1 magnitudes (ref. 9). 

It might turn out that the halo cannot be observed. 
But in any case measurements of this kind would supply 
new information about interstellar dust particles. The 
non-existence of the predicted halo would mean that the 
size of the particles is much smaller than adopted here; 
for example, they might be the particles of Schalen?® or 
Platt! 
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Magnetic Field Decay in a Neutron 
Star and the Distribution of Pulsar 


Periods 


Here I wish to comment briefly on the distribution of 
pulsar periods in relation to the expected lifetime of the 
magnetie field in a neutron star. 

Two basic ingredients seem to be required to produce 
a pulsar and an output of relativistic particles in the sur- 
roundings of a neutron star, namely stellar rotation and 
strong magnetic fields (H = 10'-10% G}. I do not mtend 
to comment here on the different aspects of this problem, 
but the basie suggestion of a spinning magnetic neutron 
stari- ig now widely accepted. 

It is sufficient to note that both the axisymmetric case 
(unpublished work of Goldreich and Julian) and the 
oblique rotator model!* predict a slowing down of the 
period P inversely proportional to the period itself. This 
implies a prediction, common to both models 


ap tap’ 
d pŒ 


and a release of rotational energy proportional to P4 
On the other hand, the distribution of periods shows a 
remarkable cut-off toward the longer periods: only a few 
sources, out of about forty discovered up to now, have 
P>ls. This sharp cut-off cannot be due to selection 
effects and is not easily understood even if the release of 
rotational energy is proportional to P-. Also, the age of 
the sources with Pal s, roughly inferred from the ratio 
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between the period and the period derivative, seems to be 


s~! (ref. 3). 
For a standard neutron star (2=10% em, M=1 Mo) 
the corresponding decay time would be about 


T = 4nok? 





= 3x 108 yr 
($; 


This rough value seems to be consistent with the distribu- 


tion of periods if Pœ P- (ref. 4). 

If the distribution of periods is cut off essentially by the 
magnetic decay, the field is unlikely to be of ferromagnetic 
origin as has sometirnes Ween suggested. Ferromagnetic 
domains smaller than the star could, however, still exist, 


neutron star 

P? = P? + 3x 10% Hit 
Here P, is the initial rotation period, H, is the field 
component perpendicular to the rotation axis, and f is 
in seconds. 

If we can neglect P,, the maximum period attained by a 
pulsar during the lifetime of the field is proportional to 
the surface magnetic strength and to the square root of 
the electrical conductivity. 

It is interesting to note that the maximum observed 
period P= 3-75 s corresponds (for te T x10? yr) to about 
10 G. This value is just below the maximum strength 


mê? T , l . 
Tes P 4x103 CG which can be treated in the 


framework of the classical electromagnetic theory. 

T thank Dr A. Cavaliere for discussions. 

Note added in proof. Since this paper was submitt ed for 
publication, a discussien of the same problem by Ostriker 
and Gunn has appeared in Nature (223. S13; 1969). 
Their conclusions are verv similar to those contained in 
ref, 3 and in this paper. 
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total radiated energy between 2 and 8 A (ref. 2). 
high density plasma, however, the predictions must be 
modified to take acconnt of electron seattermg. 
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As the temperature of Sco X-I is about 5x 10’ K, the 
mean electron velocity is about 1/10 ¢, and Doppler shifts 
of order 10 per cent will occur at each scattering. If the 
optical depth for scattering is much greater than unity, 
much of the line will be spread into a broad continuum. 

There is now rather strong evidence that if the X-ray 
emission from Sco X-] is indeed from a hot plasma, then 
this must have high density, An attempt to mterpret 
simultaneous optical and X-ray observations of Sco X-1 
by Chodil et al. required both interstellar reddening and 
absorption im a dense source, with Ne about 101! electrons 
cm, This model is supported by the infrared observa- 
tions of Neugebauer et al.4, who find a vë dependence of 
radiation fer wavelengths longer than 1 micron, indicating 
that the source is optically thick in this region. Taking as 
a model for Sco X-1 a sphere of uniform density plasma at 
500 pe, Neugebauer et al. find R= 6-7 x 10° em, and Ne= 
27x 106 electrons em, giving an optical depth of 12 
for electron scattering. From such a model the observed 
line emission will be small. Only that which originates in 
a front layer of two or three optical depths will contribute 
strongly. F 

We have used a Monte Carlo technique to obtain an 
estimate of the spectral distribution of scattered line 
radiation. A simple spherical model with uniform density 
having optical depth 12 was examined. We suppose that 
photons of energy E, are generated uniformly throughout 
the sphere, and that these are scattered with the angular 
distribution of Thomson theory and without absorption. 
A Maxwellian electron velocity distribution corresponding 
to a temperature of 5x 107 K was assumed and the new 
the formula 

T AEN a ee cee 
C— tg cos 9 — vy sing 
Here 4 is the angle of scattering. vs is the component of 
the velocity of the electron in the direction of the meident 
photon, and vy is the perpendicular component in the 
plane of scattering. This approximation, which neglects 
the Compton effect, is derived from the exact formula of 
Dirac’. A more complete discussion of the Monte Carlo 
technique is to be published’. 

The calculation, which is valid for the wide range of 
photon energies for which Thomson seattering holds, shows 
that only 6 per cent of the energy emitted in a given Ine 
emerges without any scattering. The remainder is seattered 
into a broad continuum, shown in Fig. 1, which would be 
virtually impossible to detect in the presence of the much 
stronger bremsstrahlung continuum. For example, the 
increase in the observed continuum flux at 7 keV due to 
the scattered energy from the iron lines would be about 
1-3 per cent, assuming the value quoted for the total 
intensity before scattering. The unseattered radiation has 


1,000 
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300 | 


No, of photons/bin 
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Fig. 1. Spectral distribution of the scattered photons in 10,000 trials. 


Only 622 emerged unseattered. 
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° 
a Doppler width due to the motion of the ions of only a few 
volts, and in principle could still be detected if an mstru- 
ment of sufficiently high resolution were available, č 

The experimental data obtained so far with proportional 
counters are not sufficiently accurate to distinguish 
between low and high density models?*. Data obtained 
by Fritz et al. give a best fit value of P=1-0 per cent for 
the energy in iron line emission from Sco 4-1, P bemg the 
fraction of the total energy radiated in the range 2-8 A 
(ref. 8). This value agrees very well with Tucker's pre- 
diction for cosmic abundance, but the standard dev lation 
of P is 0-67 per cent so that the possibility of much weaker 
line emission cannot be excluded. 

In conclusion, we make the following observations. If 
the iron lines are found with the strengths predicted by 
Tucker for cosmic abundance, then we have to conclude 
that either the plasma is thin in electron scattering or 
that the iron abundance is high. If the lines are definitely 
not present with this strength, this would be consistent 
with the high density models. Their absence could certainly 
not be taken as an indication of synchrotron emission. 

I thank Dr R. Jastrow for allowing me the use of 
computing facilities at the Institute for Space Studies. 
This work was supported in part by NASA, and in part 
by the New York State Science and Technology Founda- 
tion and the US Office of Naval Research. 
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Fabry-Perot Interferograms of the 
Solar Mg Il Doublet and XUV Solar 
Images obtained during a Stabilized 
Skylark Rocket Flight 


THE resonance lines of Mg II occur at wavelengths 
(2802-7 A, 2795 A) just beyond the extinction limit of 
the Earth's atmosphere. Because sophisticated topical 
techniques can now be used at such wavelengths and 
because of the high cosmic abundance of magnesium, these 
lines are particularly important in ultraviolet astronomy. 
On the Sun, the lines consist of a broad absorption with 
a pronounced emission core similar to the H and K imes 
of Ca IL but with much stronger emission, so that the 
Mg II H and K lines are much more sensitive indicators of 
chromospheric effects. The discovery! of a structure nh 
the core in the form of a double emission reminiscent of 
self-reversal has further demonstrated the similarity with 
Call. The structure of the emission core was well resolved 
in later? rocket echelle spectrograms (of ~ 0-03 A resolu- 
tion) which gave detailed lme profiles. These profiles 
were, however, composite ones averaged over a third of 
the solar disk. so that observations were needed with high 
resolution both spatially and spectrally in order to dis- 
tinguish between profiles from quiet and active regions and 
to determine centre to limb variations. 

Stigmatic spectra of the Mg II doublet have been 
recorded with balloon-borne spectrographs** and the most 
recent results (obtained on September 22, 1968) gave for 
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Fig. 1. Solar interferogram covering a range of about 60 A embracing the Mg II H and K lines at 2802 


7 A and 2795-5 A. The lower bound of the 


fringes is determined by the end of the slit, which is set on the solar disk, and the upper bound is determined by the solar limb. 


the first time information on the centre-to-limb variation 
of the line profiles’. Spatial details of 10 are s 
resolved along the spectrograph sht with a 
resolution of 0-045 A. 

We now report results obtained with an optically 
contacted® Fabry-Perot interferometer, internally 
mounted in an echelle spectrograph, which was flown on 
a stabilized Skylark Rocket (SL 601) launched from the 
Woomera Range, South Australia, at 0535 UT on 
December 4, 1968. (To our knowledge this was the first 
time that an interferometer had been flown on a rocket.) 
The experiment was designed to give a spectral resolution 
of 0-03 A with spatial resolution of 6 are s along a solar 
diameter. Forty-five interferograms were recorded, pro- 
ducing 500 useful spectral profiles of both the Mg II lines 
at fifteen different positions on the solar disk. The payload 
also included a pinhole camera assembly to record mono- 
chromatic solar images at different wavelengths. including 
the extreme ultraviolet. 

The rocket platform was stabilized by an Elliot Bros. 
attitude control unit with the fine sensors mounted for 
ward and with improved roll control. Attitude was 
maintained to 20 are sin the lateral axes and 14 are min 
in the roll axis during the 270 s of stabilized flight. 

After the vehicle had been stabilized along the solar 
vector, an optical alignment system’ orientated the tele- 
scope collector mirror in order to maintain the final 
spatial resolution in the solar image relative to the 
entrance slit of the spectrograph and also to provide the 
necessary programme settings of the disk. Flight tele- 
metry records indicate that the peak-to-peak pointing 
noise was 16 are s along the slit and 5 are s in the per- 
pendicular direction, The initial setting of the spectro 
graph entrance slit, which isolates a strip of the solar disk 
of width 20 are s, was along a solar diameter inclined at 
13° west of north. The optical alignment system was pro- 
grammed to produce in flight image displacements of 1-5 
are min both along and perpendicular to the sht. Eighteen 
different settings on the disk were thus obtained. The 
spectra were recorded on 16 mm Kodak 130-0 emulsion 
with exposures ranging from 0-01 s to 10 s, although best 
results were obtained with 0-5 s and 2 s exposures. 

Fig. 1 shows a recorded interferogram extending over 
60 A near the Mg II doublet (labelled H and K to corre- 
spond with the Ca I] notation}. The interferometer 
tilted at 8° to the spectrograph optical axis to give nine 
fringes along the slit™. With such a large angle of tilt the 
resulting parabolic channels’ are linear to a very good 
approximation; their horizontal width is determined’ 
by the spectral width of the echelle sht (0-16 A). The 
broad absorption feature (H, and K,) 1s particularly 
evident, especially towards the limb; the emission com. 


were 
spectral 


Was 


ponents (H, and K,) stand out clearly and the usual 
Fraunhoter absorption lines show up as breaks in the 
channels. Densitometer traces of one set of Mg II profiles, 
obtained by scanning along the different channels, are 
shown in Fig. 2. Along each heterochromatic channel 
there is, of course, a positional as well as a wavelength 
Variation which must be taken into account in the inter- 
pretation of line profiles. The spectral resolution limit in 
the fringes, of 0-03 A, corresponds to a spatial resolution 
of 5 are s on a stationary solar image, but this was de- 
graded in flight by the s peak-to-peak excursion 
of the solar image on the entrance slit. 
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Solar XUV images (SL, 601 0535 UT December 4, 1068). 
image at 1@ are min spatial resolution; e, 


Fig. 3. 


In general the profiles are similar to those reported by 
Lemaire’: the central intensities of the emission peaks 
decrease from centre to limb, whereas their separation 
increases from an average value of 0:27 A at the centre 
to 0-31 A at the north limb for the H line. and 0-28 A to 
0:33 A for the K line. The rate of increase in the opposite 
direction is more rapid. The profiles of the H and K 
lines (corresponding to the same region of the solar disk) 
are in general comparable. 

A marked feature of the interferograms is the wide 
variation in profiles over the disk. In some cases strong 
H, and K, emission lines are crossed by two absorption 
cores, Whereas in others absorption ts entirely absent, as 
in e of Fig. 2. Similar effects have been observed in the 
case of calcium H and K lines in regions of high activity. 
Most of the observed profiles, however, show a double 
emission in the core, and this is not usually symmetrical. 

Preliminary analysis indicates that the form of the 
profiles and the relative intensities of the emission peaks 
(designated v or r to indicate violet or red displacements) 
may be broadly classified as follows 


Kuv>K.r 


45 per cent 
52 per cent 


K.v< K,r Kav ~h,r 
H line 


K line 


10 per cent 
15 per cent 


31 per cent 
22 per cent 


The remaining profiles (11 per cent) show the enhanced 
single Ka, H, emission features already described. A 
more detailed analysis including Fraunhofer lines is now 
in progress. 


Analysis of the Mg II profiles requires a knowledge of 


the distribution of activity over the solar disk. so that 
profile variations can be correlated with activity for each 
slit setting, and the SL 601 payload therefore included a 
pinhole camera to record solar tmages in the extreme 
ultraviolet. Four pinhole apertures of different dia- 
meters recorded separate solar images on Kodak 101-01 


photographic film during the single exposure period of 


214 s between 134 km and 187 km (apogee) altitude. 
Each aperture was covered by aluminium film 


1100 
regions 20-60 


A thick. which gave effective wavebands in the 
A and 170-220 A. where the emission is 
particularly sensitive to solar activity. Two of these 
images giving spatial resolutions of 1-0 and 1-5 are min 
are reproduced in Fig. 3b and ce. For comparison, the 
distribution of calcium plage activity at the approximate 
time of the rocket flight is shown in Fig. 3a. which ts 
based on a Ca—*“*K spectroheliogram supplied by the 
MeMath-Hulbert Observatory, Michigan. USA. 

All the bright emission regions observed in the XUV 
images coincide with the Ca-K plage areas. The most 
prominent active region observed inm the XUV Image Is 
McMath No. 798, which appeared as a new feature on 





a, Diagram showing Ca-K plage activity and MeMath plage numbers: 4, solar AL \ 
solar XUV image at 1-5 are min spatial resolution. 


the present solar rotation. XUV emission from the active 
region McMath No. 785 can be seen at the 
limb, although the underlying calcium plage has passe 
behind the limb. The dark edge of the photospher 
silhouetted against the bright coronal emission 


West equatorial 


The limb brightening caused by emission from the quiet 
corona is almost independent of solar latitude. 
observations near minimum activity mn the 
showed marked equatorial limb emission, but the pola 


karlier 


SOLAI { vole 


regions were much less active. Our observations wer 
made near solar maximum and indicate that the coronal 
XUV emission varies during the solar evele in the same 


way as the white light corona. 
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Mascons, Marid and Sinuous 
Rilles—A Postulated Igneous Origin 


Muller and Sjogren! have correlated seven mascons with 
mare regions and suggest that they represent buried 
asteroids formed by low velocity impact®?. Two further 
mascons have been located by Campbell et al.” in Marginis 
and Occultum, a possible ancient mare. We have com- 
pared the locations with the distribution of about 100 
sinuous rilles, plotted by Peale et al.4. Most of the rilles 
are along mare margins, and Peale et al. suggest they are 
ancient stream valleys. 

Five of the mascons underlie mare areas where sinuous 
riles are prevalent (Imbrium, Serenitatis, Humorum, 
Aestuum-Medit and Orientale). This, plus their concen- 
tration on the Moon’s near side, suggests a common 
igneous origin. Impact mare-mascons would be randomly 
distributed unless they occurred simultaneously from an 
asteroid swarm. But crater counts and the varying sharp- 
ness of mare features indicate different mare ages. 

Mascons may be subsurface magma chambers or batho- 
liths which would be denser than the surrounding proto- 
lunar particulate matter from which they formed. Maria 
may be huge caldera-type collapse features filled with 
extruded lava or tephra from the underlying magma. 
Sinnious rilles, which often widen as they run dow nhil 
and originate from craterlets on small cones at mare 
edges, may be channels formed by tephra flows which 
spread out before depositing their particles thinly beyond 
the ends of rilles®, Sinuous rilles with rows of craterlet 
along their floors may be ring-dike or graben depressions 
forme d Pepea y on eadera finon Seiad to those 
pen Japan ), Valles (New Mexico), ad Toba Sanaa e ; 

Although most terrestrial sinuous valleys are formed by 
meandering streams, such streams are usually associated 
with extensive floodplains leading out from upland V- 
shaped erosional valleys. These and normal tributary 
drainage patterns are lacking on the Moon. Small lunar 
distributary systems could be lava crustal fractures? of 
me andering lava channels. It is unlikely that sinuous 
rifles on the lunar lowlands would have been formed by 
water in the complete absence of erosional features by 
beams on the lunar highlands. 

Gilvarry® proposes that the mascon gravity anomalies 
are due to dense lake sediments in mare floors which were 
eroded fluvially from the lunar highlands. But lake 
sediments would be less dense than the surrounding area. 
Particles of low density are preferentially transported by 
streams out of the highlands. Thus lake sediments would 
have produced negative rather than positive gravity 
anomalies beneath the maria. 
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Lanthanides in the Silicate Inclusion 
of the Woodbine Meteorite 


Tse Woodbine iron meteorite is a rare type in that it 
contains 15-5 per cent of silicate inclusions’, which are 
different from the silicate phase of mesosiderite (pyroxene- 
plagioclase stony-iren), but resemble the chondrites in 
chemical and mineralogical composition. 


armple/chondrite 





Ke 
La Ce Pr Nd Pm Sm ku tid Tb Dy Ho Er Tm Yb Lu 
Fig. Lo Chondrite-nornuilized lanthanide pattern of the silicate inclusion 
in the Woodbine iron meteorite: the broken line shows a possible pattern 


for the lost counterpart, according to the second interpretation, 


Silicate inclusion material weighing 235 mg was analysed 
for lanthanides, and their abundances were det ermined by 
the isotope dilution technique’. Table 1 shows the result, 
and Fig. 1 the chondrite-normalized pattern; the lan- 
thanide abundances in the Modoe chondrite analysed by 
myself? were chosen as the base of the normalization im 
order to minimize systematic errors. Fig. 1 shows that 
the relative abundances of lanthanides in the Woodbine 
inclusion are different. from those in chondrites. According 
to Sehmuitt ef al.?-*, the relative abundances of lanthanides 
in the silicate phase of two mesosiderites are substantially 
the same as in chondrites. (A more precise determination 
might reveal slight fractionations in mesosiderites too.) 
The Woodbine silicate material is also characteristic in 
showing a relative depletion of europium by a factor of 
1-63; the silicate phase of mesosiderite does not show a 
europium depletion**. It therefore turns out that the 
silicate material in Woodbine is different from both the 
mesosiderite siheate phase and the chondrite. (As for 
the absolute concentration levels, the lanthanides in the 
Woodbine silicate material are close to those in the silicate 
phase of the Estherville mesosiderite?.) 


Table 1. LANTHANIDE ABUNDANCES (P P.M.) IN THE SILICATE 


OF THE WOUDBINE TRON METEORITE 


INCEUSION 


La O758 Gd OFS 
Ce 1-765 Dy 0-905 
Nd 1-58 Er 0-617 
Sin 0-620 Yb 0541] 
Eu 0-107 Lu U-0786 


The chondrite-normalized eas age rh might be 
interpreted in three ways. First, it might sugg 
the inclusion reflects a solid sli ee ial sy stem pee 
from a coexisting liquid. There can be a set of partition 
coefficients for lanthanides which has a maximum value 
around Er (refs. 5 and 6). But because of the rather 
chondritic chemical composition! of Woodbine, it would 
be hard to consider this material as representing a solid 
system. 

The pattern resembles that of a pyroxene fraction of 
the Juvinas eucrite studied by Philpotts et al.7 (see Fig. 2). 
except for the peak at Er for Woodbine. It is conceivable 
that an incomplete sorting of mineral grains took place in 
a molten nickel-iron due to differences in density and grain 
size. (The average grain size is about 0-2 mm (ref. 1)) A 
peak at Er is not necessarily a serious difficulty for this 
second interpretation, because the partition into pyroxene 
reaches a maximum somewhere between Gd and Er, in 
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Fig. 2, Chondrite-normalized lanthanide patterns of a pyroxene fraction 
and the plagioclase separated from the Juvinas euerite (after ref. 7). 


some conditions. According to this interpretation, it 
follows that the lost counterpart was relatively enriched 
in the plagioclase component. It should be noted that, 
apart from the absolute concentrations, the relative 
abundances of lanthanides for the eucrite as a whole are 
the same as in the chrondrites*:+. (A possible pattern for 
the lost counterpart is shown as a broken line in Fig. 2.) 

Third, the Woodbine inclusion material may represent 
a liquid which developed from the chondritie initial melt, 
through a successive separation of formed solids. If so, 
the partition coefficient pertaining to this solidification 
process should be a minimum for Er. Furthermore, if 
the partition coefficient for Er is supposed to be very low 
(<0-1), the partition coefficients for the other lanthanides 
are estimated to be as shown in Fig. 3 (broken lines); the 
estimation was made by assuming the partition coefficient 
for Er=0-1 and 0-01. Very roughly, the shape of the 
pattern for sets of partition coefficients estimated here 
resembles somewhat the shape of the chondrite-normalized 
pattern obtained by myself? for the olivine phase of 
Brenham pallasite (olivine stony-iron). Not much 
significance can be given to this rough similarity, 
however. So far no lanthanide pattern strongly support- 
ing these partition coefficients has been found in meteoritic 
or terrestrial materials. 

The second explanation seems the most plausible, but of 
course there may be other interpretations. But in any case 
the new type of lanthanide pattern will be a significant 
link in the genetic relationship between chondrites, stony- 
iron and iron meteorites. | 
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Fig. 3. Chondrite-normalized lanthanide pattern of the olivine phase of 
the Brenham pallasite?: broken lines show the partition coefficients 
estimated from the Woodbine inclusion, according to the third inter- 
pretafion, 
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Elastic Behaviour of Low Molecular 
Weight Polystyrenes 

PREVIOUSLY! we mentioned the fact that, in steady simple 
example, by the ratio of the normal stress Pyp Pa: over 
the shear stress pa, squared, should increase with molecular 
weight. For the case of monodisperse polystyrene melts, 
we showed that this theoretically expected linear relation 
was found for molecular weights up to about 160,000; 
no further increase was observed for higher molecular 
weights. 

To our surprise we have found an unexpected behaviour 
for very low molecular weight polystyrene samples: 
these exhibited normal stress effects of the order expected 
for much higher molecular weights, say, 20,000 to 50,000. 

As an example we present data on a sample of mono- 
disperse polystyrene (supplied by Pressure Chemicals 
Measurements were 
made on a Weissenberg rheogoniometer #16 in the 
temperature range of 105°-155° C. A typical result is 
given in Fig. 1. In all cases reproducible viscosities were 
measured independent of the shear stress applied. 

The normal stress (on) readings, however, showed very 
large maxima before levelling off to steady values, which 
increased more or less erratically with the shear stress 
(s) applied, but remained much higher than expected 
from theory. A similar behaviour was observed for a 
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Fig. 1. Monadisperse (Q < 1-10) poivstyrene of M= 4:8 x 16% af 128° G 


(28 < p T225), 








166 





7x08 22x08 


iyi 


Fp dyre? 


TINE AXIS 
y dynimě 


rpi gnp 


IER S MOTNA Himma 4 ANAA o ea a aaa le 








Fig. 2. 50 per cent by weight solution of e aa polystyrene 
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50 per cent by weight solution of monodisperse poly styrene (M = 
PID in ‘Aroclor 1254. A, Shear stress, or: , normal Stress, 
gm inaximum value: @, normal stress, ster ady y alue, 


50 per cent by weight solution of this polymer m ‘Aroclor 
1254 (a chlorinated polyphenyl), as is indicated in Fig. 
Results obtained with this system are summarized A 
Fig. 3. 

We also performed oscillatory experiments on this 
material in a temperature range from 108° up to 128° C, 
Within the accuracy of the measurement the phase angle 
between stress and strain remained 90° over the frequency 
ange applied (6x 104.20 Hz). so no elastic effects could 
be observed in this way. 

So far, we see no possible explanation for the phenomena 
observed. We feel rather certain that the results are not 
due to any experimental artefact and that the presence of 
some traces of high molecular weight material must be 
considered highly unlikely because: (1) of the way in 
which these polymers have been prepared®; (2) they were 


not found in GPC analysis; (3) they would also show up 
in oscillatory experiments. 
The consequence of our finding is, however, that these 


very low molecular weight polystyrenes cannot be used 
straightaway as “solvents” for high molecular weight 
polymers. 
Es mee ae 
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Stress intensity Factors calculated 
generally by the Finite Element 
Technique 


THE concept of the stress intensity factor A has proved 
particularly useful m the study of opening mode crack 
growth problems where the nominal stress level is well 
below the yield stress of the material. Closed-form 
solutions for stress intensity factors can be obtained by 
analytical methods. but these are limited to a few re- 
stricted cases. Computer programs, based either on the 
Sena! collocation of a stress function or on complex 
variable mapping methods. have been used to obtain the 
seni mode stress Ona factor X, for various 
two-dimensional geometries'!,  Semi-empirical methods 
have also been proposed. There is, however. still a need 
for a general method. with a sound theoretical basis, for 
ealeulating A, for cracks m bodies of arbitrary shape. 





Fig. 1. rack ina body of arbitrary shape. 
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Fig, 2. Finite element idealization for centre-crack specimen, 
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Fig.3. Variation of stress intensity factor with crack length/sheet width. 
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Tt has been shown? that the rate of change in stiffness, 
with erack extension of a loaded body measured across 
the loading points. is related to the energy release rate 
G by 


5 i é 
Ch a ere (1) 


where (referring to Fig. 1) P is the load, A is the displace- 
ment between loading points, } is the comphance (inverse 
spring constant) which is equal to A/P. and A is the 
erack size. For the particular case of a crack in the 
opening mode of deformation and for plane stress con- 
ditions 


where E is Young's modulus. 

The so-called “compliance calibration’ method, as 
above, can be used for the experimental determination of 
G or K, for bodies of arbitrary shape. by measuring the 
compliance 4 as a function of crack size A in order to 
compute the derivative in equation (1). The derivative 
depends on small changes in 2, and very accurate experi- 
mental measuring techniques are required for satisfactory 
results. 

The finite element technique solves the problem for the 
displacements at nodal points of the body which has been 
idealized into a system of elements connected at these 
points, and therefore appears ideally suited to computer 
application of equation (1) to bodies of arbitrary shape. 
The ecrack-tip stress field will make relat ively little 
vontribution to the overall deflexion of the body, so that 
adequate representation of the crack-tip stress field, 
usually a difficulty when applying finite element methods 
to determine stresses in the vicinity of the crack tip, is 
not necessary. 

To test the finite element approach, we made some 
preliminary calculations to determine K, for the con- 
figuration shown in Fig. 2. The central -crack specimen 
was idealized by a system of triangular elements and 
several computer runs made to obtain the displacement A 
(hence à) of the loading points for several erack lengths 
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The computer was also used to curv e-fit a polynomial 
to the (X. a) results from which é2/da was derived. The 
energy release rate G and the opening mode stress intensity 
factor K, followed from equations (1) and (2) respectively 
The computed values of 


A 
Pas 





(where B is the sheet thickness) are plotted against 
2a/W in Fig. 3 and compared w ith corresponding approxi- 
mate results of Isida and of Irwin't. The somewhat low 
value of X for 2a; W = 0-084 was obtained with oniy two 
triangular elements covering the boundary of the crack: 
this indicates that it is not necessary to have a very 
fine element mesh around the crack to obtain satisfactory 
ix, values. 

The test results show that the finite element method 
can be successfully used to determine stress imtensity 
factors. We are studying further the general application 
and accuracy of the method. 
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Photochemical Decoration of 
Dislocations inside Crystals of 
Acenaphthylene 


To date, the most widely used method of studying line 
defects in organic solids has been the dislocation -etch-pit 
technique (see ref. 1 and papers quoted therein). Although 
this approach has yielded valuable information permitting 
the identifieation of lattice imperfections which emerge at 
habit faces or cleavage planes, it is often necessary, in 
order to characterize the dislocations more fully, to assume 
from projection drawings of the e rystal structure the 
planes in which translation gliding is likely to be most 
feasible. More information about the slip planes and 
Burgers vectors may. in principle, be obtained from other 


under electron bombardment. 

One specialized technique which seems appropriate is 
X-ray topography®’, and a study of dislocations m 
anthracene by using this approach has recen tiy been 
reported’, Another procedure. which came into promin- 
ence following Mitchell's work*® on the photolytic de- 
position of silver at dislocations in silver halides. is the 
decoration technique. This has been used to test several 
fundamental properties (for example, energetics, Inter- 
action. geometry and movement) of dislocations, par- 
ticularly in alkali and alkaline-carth halides, which may 
be readily doped (by crystallization from m ixed melts) 
with silver halide which on photoreduction precipitates 
out metal particles along dislocations in the host lattice. 
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[ts major disadvantage is that the imperfections of the 
host solid are themselves modified by the guest species 
in & manner and to a degree which is frequently un- 
known?, 

As a by-product of our interest in the characterization 
of lattice defects in organic solids'®:" and of solid-state 
(topochemically controlled) photodimerization!3, we 
have discovered a simple method, analogous to Mitchell's 
decoration technique, of revealing dislocations inside the 
bulk of organic crystals, It does not have the disadvantage 
of requiring incorporation of impurity beforehand, nor 
is It necessary to use ultramicroscopy. Moreover. the 
technique promises to be applicable with minor modifica- 
tions to the wide range of organic monomers which under- 
go photodimerization. 

The solid in which dislocations have been revealed. 
acenaphthylene, dimerizes (Fig. 1) under irradiation in the 
range of 300 nm to yield a (rans-dimer. Its crystal struc- 
ture at room temperature is not fully worked out. but 
the svmmetry class is orthorhombic pseudo-tetragonal 
Hartman, A., unpublished results) with a=7-S2, h=7-85, 
and c=14-04 A, space group Pha2, or Phma (cx=1-17 


glem” for m= 4), 
ec 


é hy Trans 
ea 2A” 
DFC m.p. 307 


YSZ 


Fig. 1. The structural formula of acenaphthylene and of its trans 
photodimer., Only this dimer is formed within the bulk of the monomer 
aro’ C. 


Thin single crystals (average thickness 0-01 em) of 


the hydrocarbon were prepared from slowly cooled melts 
on a glass slide mounted inside a hot-stage. The sample 
was irradiated on a microscope stage with a Hanovia SH 
type lamp for several hours at 0° C (to suppress sublima- 
tion and thermal polymerization of the monomer). The 
interior of the crystal was illuminated by transmitted 
polarized light, or by reflected ultraviolet light which. 
from a knowledge of the approximate value of the extine- 
tion coefficient, is known to penetrate to a depth of at 
least 10 um. The fact that all the alignments visible in 
Fig. 2 (taken with reflected ultraviolet light) were also 
revealed by transmitted polarized light confirms that the 
interior of the solid is being explored. 

The strictly crystallographic nature (see below) of 
the aligned nuclei of the dimer (the dimer was identified 
by erystal-form, infrared spectrum and melting point) 
and the previously demonstrated’’ tendency for the 
anthracene photodimer to crystallize at dislocation cores 
constitute strong evidence that the patterns revealed 
are attributable to locked-in dislocation networks and 
to terraces which are produced by dislocation glide. 
Because it is impracticable, with thin films of monomers, 
to view the crystal through another pair of faces, it is 
impossible to interpret these networks unambiguously. 
Nevertheless, it is obvious from the rectangular inter- 
sections that cross-slip freely occurs in acenaphthylene 
(and is probably the principal mechanism for dislocation 
multiplication in this solid). In contrast to the decorated 
networks found in alkali halides and other cubic materials 
there are no zigzag dislocation lines present here, which 
indicates that screw dislocations are not strongly 
preferred over edge ones. In addition, for all the observed 
angles of intersections seen in Fig. 2, it is possible to 
suggest an internally consistent set of planes in which 
dislocations glide relatively freely. Thus the observed 
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angles (mean of seven to ten measurements) are 90 
53°, 50°, 40°, 37° and 3°; if it is assumed that there are 
dislocations of the type {100} <011> and that, to a lesser 
degree, dislocations also glide on (012) and (032) Planes, 
the corresponding calculated angles are: 90°, 51°, 49 
41°, 39° and 2°. Owing to the near identity of a and b these 
conclusions are valid irrespective of whether the plane of 
observation is (100) or (010). 


$ 





Fi 
decorated dislocation arrays within the monomer ervstal. 
tinuities in the decorated lines on passing into the region ein 
by ABC suggest that this region is part of a separate crystallite, This 


ig. 2. Photomicrograph (taken with reflected ultraviolet light) showing 
The discon 


uimnserh 


confirmed by observation using transmitted polarized light. The ar 


indicate directions discussed in the text. 


Whether the chemical conversion takes place at lattice 
imperfections of a specified geometry’. or whether it is 
merely the crystallization of the product which is facili- 
tated at dislocations, is sub judice. Further work is in 
progress to elucidate this point and to assess the role of 
dislocations in governing the of the cis 
products in photodimerizations in general. 
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Oxidation of Ammonia on Platinum 


We have investigated the mechanism of ammonia oxida- 
tion on platinum using a molecular beam to sample in 
collision-free conditions the species from the surface for 
mass-spectroscopic analysis. With controlled molecular 
flow of the reactants to the surface, it was possible to 
achieve a molecular flux at the surface equivalent to 
immersion in a gas at pressures up to 10-? mm Hg, while 
ensuring that reaction products had a negligible chance 
of returning to the surface. The technique was outlined 
in a previous communication’. Preliminary results 
reported there supported the earlier conclusion of Fogel 
et al.? that oxidation proceeded directly to nitric oxide on 
the catalyst surface. 

Detailed study of the effects of temperature and 
reactant fluxes to the surface has shown that the oxidation 
proceeds by a second order reaction between adsorbed 
molecular oxygen and adsorbed ammonia (reactions 
1-6 below). The rate may be expressed by an equation 


fno = Ty ky Tost ks Inm) 

where J is the flax of a species from the surface and & is 
an exponential funetion of temperature. The differing 
temperature coefficients of k, (the surface reaction rate 
constant) and k, and k, (the adsorption equilibria con- 
stants) cause the rate of formation of nitric oxide (at 
constant reactant fluxes) to pass through a maximum 
value at a temperature of 850 K. Above this temperature 
the production of nitric oxide falls because of the fall in 
the amount. of surface covered by adsorbed reactants (Fig. 
2 of ref. 1). In conformity with the above rate equation 
the production of nitric oxide at constant temperature 
and oxygen flux first imereases, then passes through a 
maximum, and finally falls as the ammonia flux is m- 
creased. A similar phenomenon tends to occur when the 
ammonia flux is fixed and the oxygen flux varied. In 
this case, however, the weaker adsorption of oxygen on 
the surface together with an experimental limitation on 
the maximum permissible molecular flux to the surface 
made it impossible to observe the maximum in the rate 
of oxidation except at relatively low temperatures. 

At temperatures up to 850 K, the surface oxidation 
is accompanied by a simultaneous side reaction (reaction 
7 below) between adsorbed nitric oxide and adsorbed 
ammonia which leads to the formation of nitrogen. The 
rate of this reaction passes through a maximum at a 
temperature of 700 K. At higher temperatures, smaller 
adsorption of nitric oxide leads to a reduction in the over- 
all rate of this side reaction. 

Above 1,150 K the oxidation is accompanied (parti- 
cularly at high ammonia flux) by thermal decomposition 
of ammonia leading to evaporation of species with 
m/e= 30 (presumably NH.) from the surface (reactions 
8-9 below). Also at temperatures above 1,150 K, adsorbed 
oxygen tends increasingly to dissociate. These competing 
processes lead to an overall rate of oxidation which is less 
than that predicted by the above rate equation. 

The processes can be summarized 


Main oxidation route: 


O, (g) O, (ad) (1) 
NH, (g) = NH, (ad) (2) 


NH, (ad) =NH; (ad)+H (ad) (3) 
O, (ad) + NH, (ad) = NO {ad)+ H,O {ad) (4) 
NO (ad) — NO (g) (5) 


H,O (ad) — HO (g) (6) 


NO (ad) H, (ad) —+ N, (g) + H,O (ad) (7) 

High temperature side reaction above 1,150 Is: 
NH, (ad) = NH (ad) + H (ad) (S) 
NH (ad)+NH (ad) — N,H, (g) (H; 


O, (ad) = O (ad) +O (ad) (105 
The evaporation of the species with m/e=30 was also 
observed in the complete absence of oxygen, over the 
same temperature range as in the oxidation process. 
Because peaks with higher m/e ratios were not detected 
the species was presumed to be N,H,. Further mvestiga- 
tion is necessary to determine whether the process can 
oceur to a significant extent at the higher pressures and 
somewhat lower temperatures used in commercial con- 
verters for the manufacture of nitric acid. Shouid this be 
so, the formation of this species could result in the forma- 
tion of other, more stable but undesirable products, with 
consequent loss of efficiency. 
We thank the Esso Petroleum Co. for the award of a 
research studentship to one of us (8. K.) in support of 
this work. 
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Microbarographic Observation of 
Acoustic Gravity Waves 


Ir is generaly believed that some a ADE 


P dlug e Gomi the propesphere! 
of 5 min to more than | h and a narrow eae ë 3 bands at 
Sad of 71 12 ares with a nearly sinusoidal character 
Gossard? discussed various mech- 
anisms of pon of acoustic gravity waves, but the 
part that convective storms play in this process is not 
clear. Pierce and Coroniti*, emphasizing the cireuim- 
stantial nature of the evidence on which their proposition 
was based, proposed that air rising rapidly within a 
thunderstorm cell overshoots the equilibrium height and 
is pulled back, resulting in oscillations of the air with a 
period nearly the same as the local Brunt period. These 
oscillations occur near the cloudtop levels and generate 
acoustic gravity waves. They also suggested Pas 
although these waves would be strongly attenuated i 
they propagated downwards, even at ground level ae 
are ‘significant enough to be detected by microbarographs. 
The wave oscillations may, however, be obscured by the 
fluctuations in pressure caused by turbulence created by 
the sone oe OF pie Ene Ory Pullerton d states 
pre essure “variations come: at the amore are ae ‘to 
tropospheric gravity waves. 

We disease here one such microbarogram resulting 
from an isolated thunderstorm. The microbarograrms 
obtained at London, Ontario, during the summer of 1907 
show several distinct occurrences of periodicities in pres- 
sure. The microbarogram of July 1967, is of interest 
in that it contains a nearly sinusoidal wave of at least 
three wavelengths with a period of about 8-3 min. The 
time of arrival of the leading edge is about 0417 GMT. 
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Table 1. SUMMARY GF SURFACE OBSERVATIONS: JENE 30-arLy 1, 1967 


(Lime interval 30 1800-01 1200 GMT} 


Station Latitude N Longitude W 
Lansing, Michigan 42° 47’ 84° 36’ 
Toledo, Ohio 41° 36’ 83° 48° 
Cleveland, Ohio 41° 24° RESU 
London, Ontario 42° 59° Sie LF 
Mount Forest, Ontario 43° 5 SO? $4’ 
Kitchener, Ontario 45° 27" age 29" 
Guelph, Ontario 43° 333° SOP 75’ 
Erie, Pennsylvania 42° 05° sar gr 
Camp Borden, Ontario 41° 16° TH 53’ 
Toronto, Ontario 43° 39’ 79° 23’ 


Buffalo, New York 42° 56’ 78° 44’ 
Rochester, New York 43° 07% 77° 40° 


The electric field change recorders, lightning flash 
counters and sferies monitors at the University of 
Western Ontario showed no trace of thunderstorm activity 
for the period under consideration. The detection ranges 
of the instruments vary between 5 and 90 miles. A sum- 
mary of surface observations from various stations within 
a radius of about 150 miles from London is given in Table 
1, Within 100 miles around London, fog and haze were 
present, a condition that Saucier® refers to as “the visible 
atmospheric phenomena attending stable conditions”. The 
surface weather record from the Canadian Forces Weather 
Office at Camp Borden registered a thunderstorm of 
moderate intensity which approached the station from 
the north-west, passed overhead and proceeded to the 
east-north-east. This was apparently an isolated thunder- 
storm, forming over the southern part of Georgian Bay 
about 2300 GMT on June 30 and moving along the path 
mentioned. A pressure wave was recorded at London at 
0417 GMT on July l and so the time interval between the 
development of the storm and the arrival of the pressure 
wave at London was about 5 bh. Assuming this thunder- 
storm to have been the source of the recorded pressure 
wave, the propagation velocity of the wave was about 
23 miles/h, which is well within the reported range of 
velocities of 15-27 miles/h for gravity waves’. 

The Camp Borden thunderstorm therefore seemed the 
most likely source for the pressure wave recorded at 
London, but we have also considered other processes for 
the wave. The most lkely alternative seemed to be the 
production of travelling pressure waves by convective 
action in the lower troposphere. Tephigrams from 
Buffalo, NY, and Flint, Michigan (latitude 43° 03’ N; 
longitude 83° 40’ W), were analysed, for we felt that the 
uniformity of weather conditions over the region in 
question justified our taking these tephigrams as repre- 
sentative of the state of the atmosphere over the area. 
An evaluation of stability at these stations can be con- 
sidered to give an idea of stability of the lower troposphere 
within the region. 

The stability index, also known as the Showalter? index, 
is computed graphically from a thermodynamic chart, 
such as a tephigram. In general, the stability increases 
with mereasing value of the index. Some empirical rules 
for use are as follows: index 3 or less, showers probable, 
thunderstorms possible; index 1 to — 2, thunderstorms 
probable; index — 3 or less, severe thunderstorms’. This 
index is computed at all radiosonde stations in the United 
States and distributed with other weather data. The 
Showalter indices at Buffalo and Fimt for the period in 
question were 5-2 and 6-6 respectively, corresponding to 
stable conditions. 

Empirical studies at the New Mexico Institute of 
Mining and Technology indicate that convection and the 
influence of nearby weather systems are usually charac- 


Precipitation Weather 
Nil Fog; haze 
is Nil Fog: haze 
Trace Haze 


2300-2400 
Nil Haze 


Trace Fog: haze 
7 Rain E 0100 
Nil Partly cloudy 
Nil Partly cloudy 
Nil Fog; haze 


0-45 inches 
Q000-GEOG 


TSTM DSTNT NW2327 
OUNL LEG NW2400 

FQT LTG N-SW 

TSTM ALL QUADS 

MYG E 0036 

POT LPG ALL QUADS 0100 
TSTM MVG E 0113 

OCNL LTG E 0200 

OCNL LEG NE 0300 

LTG NE QUAD 0200, 0300 


O-47 inches 
OL00-G200 


0-03 inches 
0300-0460 
Nil Haze 
Nil Haze 


e 
terized by long period (15-60 min) pressure fluctuations 
of rather irregular appearance, Fullerton? further reports 
that shorter period sinusoidal pressure perturbations are 
undoubtedly related to tropospheric gravity waves. 

The most probable source for the recorded sinusoidal 
pressure wave is therefore the developing thunderstorm 
near Camp Borden, in the manner suggested by Pierce 
and Coronitit. 

This work was supported by the Meteorological Branch, 
Department of Transport, and the National Research 
Couneil of Canada. 
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Laser-Raman Radar for Chemical 
Analysis of Polluted Air 


LASER radar techniques have recently been developed 
for the precise observation of various properties of 
atmospheric phenomena, relevant for both practical and 
research purposes!~*. We describe here a novel concept 
and technique, which may be called a laser-Raman radar 


system, which us suitable as an air pollution probe in real 
time. 


The optical atraospherie probing methods so far used 
have been based exclusively on detecting and identifying 
Rayleigh and Mie echoes, backscattered from the various 
atmospheric constituents, at the same frequency as the 


detection of the nitrogen component with a ruby laser 
system. This is accomplished by monitoring the fre- 
quency-shifted Raman vibrational-rotational band in the 
vicinity of 8285 A, recently performed by Cooney’. The 
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Table 1. 
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advantage of this scheme lies in the ability to avoid com- 
pletely the ambiguity in the backseattering at the laser 
frequency due to the Mie scattering component. But it 
seems very impractical to determine the other molecules 
in the normal atmosphere because of their small concentra- 
tions and extremely small cross-sections for the Raman 
scattering. 

There is, however, a great need of diagnostie tools for 
identifying chemicals in real time, and for measuring 
rapidly their concentrations in the air around cities or 
factores. 

The new technique of the laser-Raman radar is eon- 
veniently illustrated with the aid of the block diagram in 
Fig. 1. The spectrum of the backscattered energy is 
composed of Rayleigh and Mie scattering components of 
the frequency. centred at bo. and the Raman-shifted 
frequencies at Op Oz- +. On due to various Raman active 
gases in the atmosphere, which can be detected simultane- 
ously through optical filtering devices with multi-channel 
sensitive detectors. With this basic arrangement for 
detecting the Raman components, the location and 
concentration of pollution gases in the air path concerned, 
such as listed in Table 1, could be measured selectively in 
real time. Table 1 summarizes the frequency shifts with 
respect. to the transmitted laser signal of the Q-branch 
vibrational-rotational Raman spectra of typical chemicals 
in polluted air. Some molecules present in the normal 
atmosphere are given for comparison®. 
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Block diagram of the proposed laser-Raman radar as a diagnostic probe in real 


The sensitivity of this atmospheric probe is given by the 
minimum detectable concentration (referred to as MDC) 
of gases that can be detected at range R from the laser 
radar. The return power Pr that can be colleeted at the 
receiver is given by the laser-Raman radar eq uation. 

Typical values of the parameters required for the estima- 
tion of the MDC are presented in Table 2. Let us consider 
a specific example of the Raman back scattering differen- 
tial cross-section of the CO, (vi) band. Then. or(7)= 
1-1 x 10% em?, which includes the P-branch at 5645 A, 
and the O and S branches?*. This value is small com- 
pared with most of the gases cited in Table 1, to give a 
fairly pessimistic estimate. 

For the A-scope display, the MDC is given by 

N min = 9:4 x 10° x Km) 
Also, for the photon counting scheme, we have 

Nmin = 4:7 x 102 x Rkm) (omic?) (2) 
Hence, the A-scope scheme should have a d ebection. 
sensitivity of approximately 3x 10° to 10° em {0-1 ~ 
l ppan.) molecular concentrations of various Raman 
active gases in the range of several tens 0 f metres. with 
a resolution of AR=5m. The photon counting scheme, 
however. should be suitable for the detection of long 
distant species with the relatively poor resolution of the 
order of AR = 1 km, as seen in Table 2. 

In the operation of the laser-Raman radar system. sky 


femen%} (4) 


noise rejection. 
source inherent to this laser-Rarman 
radar will be the stray components at 
the Raman-shifted frequency from the 
Rayleigh and Mie scatterings. For 
example, the ratio of the Raman scat- 
tering cross-section of gas of | p.p.m. 
concentration to that of Rayleigh seat» 
tering of 1 atmosphere pressure gases 
would be of the order of 10°, and to 
that of Mie scattering for fog or cloud 
nearly 1074. These noise rejection 
ratios could be achieved by a combina- 
tion of interference filters and a sort 
of dispersive device which is normally 
used. 

Furthermore, once the chemicals 
responsible for the air pollution ith 
the specified area and time are identi- 
fied and measured with the laser- 
Raman radar system, one can then 
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Table 2. TYPICAL CHARACTERISTICS OF THE LASER-RAMAN RADAR SYSTEM 
Transmitter parameters 


Laser source Ruby second-harmonic 


Gutput energy Id 
Pulse duration 30 ys 
Wavelength 3471 A 


Reeciver parameters 
Raman-shifted wavelength ~ 3650 Å 
Diameter of receiving optics 50 em 
otal efficiency of optics 02 


Qmantum efficiency of detector 0-27 
Detector bandwidth 30 A 


Detector field of view 1» 10°* sterad. 
Minimum detectable power* (shot noise limit) 
(1) A-scope display method Gxt W 
_{2) Photon counting method 31x10 Ww 
Sky background power 
(1) Clear night 
(2) Twilight 5x 104-2 xon W 
(3) Dark day sky Lx iO — Tx 10" W 
* Detection response time At=33 ns (range resolution aR=5 m) for the 
A-scope scheme, and at= 6-7 us (.4R=1 km) for the photon counting scheme. 
Sumber of times each measurement is repeated: n= 1 for the A-scope, and 
nes 100 for the photon counting scheme. 


5-6 x 1008 W 


use the resonance scattering technique with a tuned 
dye-laser in the ultraviolet and visible regions, and/or 
the tunable optical parametric oscillator in the infrared 
region, for the remote observation of individual species 
with much higher sensitivity. 

In conclusion, the laser-Raman radar system together 
with the resonance scattering scheme should be feasible 
and will provide a powerful and versatile means of 
obtaining quantitative information in real time about 
the gases polluting the atmosphere. 

T. K. thanks the Sakkokai Foundation for partial 
support during the course of this work. The Mainichi 
Research Grants (The Mainichi rakuzitsu-Shoreikin) 
awarded by the Mainichi Press, Tokyo, also gave partial 
support to the work, 

Note added in proof. We have now confirmed experi- 
mentally evidence of laser-Raman echoes from chemicals 
in the atmosphere by working with the laser-Raman radar 
system installed by our laboratory. 
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Sulphur-35 and Beryllium-7 in 
Ground Level Air at Aspendale 


NATURAL radioactivity produced by cosmic rays has 
general advantages as atmospheric tracers'?. Of the 
many possible isotopes, beryllium-7 has the merits of a 
large ambient concentration, a convenient half life (53 
days) and a distinctive gamma emission at 0-477 MeV. 
Although the calculated beryllium-7 production rates are 
generally confirmed by measurements, sulphur-35 is 
roughly six times more abundant in rainfall than pre- 
dicted by cosmic ray spallation theory?. 

Beryllhum-7 has been sampled at Aspendale since 1966, 
This extensive body of data will be reported later. 
Between September 1967 and May 1968, air concentra- 
tions of sulphur-35 were also measured. Air was drawn 
through a paper-base “absolute” filter, effectively retain- 
ing all particles larger than about 0-2 microns. Weekly 
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samples were taken, the flow rate being approximately 
1-4 m?/min. 

Beryllium and sulphur were extracted chemically from 
the exposed filters, after addition of appropriate carriers. 
Chemical efficiencies were generally greater than 95 per cent. 

‘Be was detected using a single channel gamma speetro- 
meter and emissions from %8 were counted on a low 
level beta counter. Samples were repeatedly counted to 
5 per cent accuracy (counting statistics only) and decay 
curves constructed. Detection of the correct half lives 
verified the purity of each sample. Ruthenium-103 (from 
the French atomie weapons tests in the South Pacific) 
was detected in some of the *Be samples and corrections 
were made according to the measured decay rate. Data 
have been omitted when Ru accounted for more than 
50 per cent of the apparent ‘Be photopeak. 

Counting equipment was calibrated using commercially 
standardized sources of 7Be and 358, 


Table J. MONTHLY MEAN CONCENTRATIONS OF 7Be AND S IN AIR AT 
ASPENDBALB (38° N} 

e Re f 3 èN l 7 

(pCLRSCM)  opCi/KSCM) "Be js 
1067 September 133 4-5 Bt) 
October was iot BF 
Naver ber GT D6 112 
December 64 is gi 
1968 Janhary sO 1-3 62 
February TS 1-3 Bx 
Mareh 56 rh 3 
Apri üa D4 150 


Table l lists the measured concentrations, grouped into 
monthly averages. The highest concentrations of both 
isotopes occurred in September, but it is not clear whether 
these represent a seasonal effect or a result of artificial 
production?> in the atomic test explosions conducted 
earher in French Polynesia (June and July 1967). 

Concentrations of 7Be shown in the table are similar to 
those found elsewhere. Other workers*-® obtain about 
50 pCi/KSCM in ground level air. In comparison. the 
present result for September 1967 seems too high. Neglect- 
ing this, the average "Be concentration found at Aspendale 
was 65 pCi/IKSCM. 

The average measured ratio 7Be/5S was about 80. This 
must be compared with a predicted value of about 90 
(from spallation theory) and the measured value of 13-5 
due to Peters?. Even with the large scatter of the present 
data, on no oecasion were *S concentrations sufficiently 
high to confirm Peters’s result. The present set of data 
differs from that of Peters in that (a) it is from the 
southern hemisphere, (b) it represents true air concentra- 
tions rather than rainfall concentrations, and (e) we 


would not expect the present result to be strongly im- 

fluenced by atomie weapons tests (with the possible 

exception of September 1967). The last aspect was sug- 

gested by Peters as a possible explanation for his high 

358 concentrations. Because we do not observe hemispheric 

differences in spallation product production rates*, and 

because we would not expect preferential rainfall scaveng- 

ing of either sulphur or beryllium, the result reported here 

confirms the published spallation theory and supports 

Peters’s suggestion about the probable production of 3S 

in nuclear explosions. 

B. B. Hiers 

CSIRO Division of Meteorological Physics, 

Aspendale, Vietoria 3195, 

Australia. 
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Mediterranean Monoglacialism ? 


Ix many parts of the Mediterranean basin and western 
Asia there is firm sedimentary evidence for only one 
“glacial” episode younger than the Villafranchian or, 
where this is not represented, the upper Tertiary'. It 
consists of calcareous and alluvial deposits which were 
laid down in the valleys during the last marine regression 
to affect the Mediterranean Sea, and which contain Middle 
and Upper Palaeolithic artefacts. The alluvial fills com- 
monly pass laterally into scree and slope deposits which 
betray greater frost activity than at the present day??? 
and into lacustrine sediments which, in the case of Lake 
Ioannina (Greece), indicate a peak in lake level 20,000 
years ago’. During the past 10,000 years or so, fluvial 
activity has been predominantly erosive, barring a minor 
ageradational phase during the Middle Ages’. 

in none of the areas in Libya, Tunisia, Morocco, Algeria, 
Greece, Jordan, Cyprus, Turkey and Iran where I have 
investigated these deposits have I found convincing 
evidence for earlier glacial or plyvial phases which might 
correspond to the Mindel and Riss of the classic Alpme 
sequence’, (The Donau and the Gunz are currently 
placed within the Villafranchian’.) Older alluvial and 
slope deposits are present, but they are limited in extent 
and still undated. 

The first explanation that springs to mind is that this 
apparent gap in the record is due to incomplete investiga- 
tion or, more charitably, to the complete removal of the 
relevant valley deposits (if, indeed, any were laid down 
during the periods in question). Other investigators seem 
to have been either more thorough or more fortunate. In 
Moroceo, for example, various Quaternary pluvials have 
been recognized, of which the Saletian is equated with the 
Giinz glaciation of Europe, the Amirian with the Mindel, 
the Tensiftian with the Riss, and the Soltanian with the 
Wiirm?. The evidence for these pluvials and their corre- 
lation is, however, open to some criticism. The Saletian 
deposits have yielded Elephas meridionalis and a pebble- 
tool industry, and a good case can be made for placing 
them in the Villafranchian*. The Amirian is apparently 
represented by silts but their age is not documented. No 
significant alluvial deposits correspond to the Tensiftian, 
and the periglacial features ascribed to it do not seem 
to have been dated. Only the Soltanian deposits are well 
developed, and they are clearly the Moroccan counterpart 
of the phase described in my first paragraph by virtue of 
their association with Moustero-Aterian industries, their 
morphology and their relationship to sea-level’. There 
is thus some justification for recognizing only three post- 
‘Tertiary depositional stages in Morocco, the Villafranchian, 
the Soltanian and the Rharbian (which dates from histori- 
cal times}. A recent review of the Moroccan Quater- 
nary! elaborates the original proposals and discusses 
certain problems of interpretation, but the validity of the 
European correlations which are being challenged here is 
upheld without any supporting evidence. I have dis- 
regarded similar claims made in Spain and elsewhere in 
the Mediterranean on the basis of the local pollen record 
because they beg the questions at issue. 

A second possibility is that topographie conditions 
propitious to glaciation did not come into being in these 
areas until late in the Quaternary. This has been sug- 
gested for Turkey}? and Bulgaria. where only the 
Warm glaciation appears to have left its imprint. Unfor- 
tunately no other means of dating the requisite uplift is 
specified. 

A more economical explanation would seem that only 
one glacio-pluvial phase was experienced by the Mediter- 
anean area after the Villafranchian. Wright’! emphasized 
some time ago that “the uncritical adoption of the magic 
units Wurm I, II and IH is not justified, since it presup- 
poses that such units are in fact standard and well defined 
and they should necessarily be reflected in the Mediter- 
ranean’, This warning could be extended to embrace 
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the entire Quaternary. At present, theories of climatic 
change are difficult to test because the field evidence is 
itself coloured by the widespread use of European strati- 
graphie terms (which begs contemporaneity) or by their 
dating in accordance with a particular mechamsm of 
climatic change. such as the astronomical theory espoused 
by Zeuner?. 

Flint’s work on East Africa?! suggests that areas other 
than the Mediterranean could profitably be freed from the 
tyranny of a scheme proposed for the Alps half a century 
ago and itself not above suspicion: most of the features 
he examined probably date from the late Quaternary. 
and the exceptions are found in areas subject to tec tonic 
or voleanie activity, or (in the case of travertines) eo iiel 
reflect any of the varied factors that control grou ndwater 
reservoirs. Radiocarbon dating of features south of 
the Sahara” also demonstrates the past tendency to over- 
estimate grossly the age of Quaternary deposits in order to 
comply with the European scheme, whi le Macko’? has 
shown that the four-fold glacial scheme conflicts gravely 
with the pollen record of central Europe itself. It is 
interesting to note that some Russian workers’ using the 
evidence of mammalian fauna have proposed a three-fold 
division of the Pleistocene into Villafranchian, Pleistocene 
proper (characterized by “glacial”? faunas) and Holocene. 

Fluctuations in sea-level, in that they are world- 
wide when not impeded by thresholds such as that at 
Gibraltar, approximate to the stratigraphic ideal of time~ 
parallelism. Whatever the climatic history of the Mediter- 
ranean lands, their shores will retain evidence of the full 
suite of fluctuations experienced by the oceans as a Conse- 
quence of high latitude glaciation, even if locally distorted 
by tectonic action. It is therefore possible to envisage 
the coexistence in the Mediterranean area of Quaternary 
transgressions and regressions with persisting “Tertiary” 
conditions, a situation analogous to the current disharmony 
between “interglacial” conditions in middle and low 
latitudes, and continued glaciation at high latitudes. 

©. Vrra-Frsai 

University College, 

Gower Street, London WC1. 
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Correlation of Upper Permian Strata 
in North-east Yorkshire and Durham 


CORRELATION of British Zechstein (Upper Permuan) strata 
has always been difficult. This is because cyclic se cu 
mentation has produced.repetitions of facies and faunas. 
pronounced facies changes in the dip directicn, ar d the 
absence from outerops and some subsurface localities of 


the evaporite phases which demarcate the Zechstein 
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eycles m basin areas. Much of the previously published 
detail on the north-east Yorkshire boreholes has related 
to these evaporite sequences (for example, refs. 1, 2 and 
3). Collapse features and diagenetic changes associated 
with the solution of evaporites at outerop and shallow 
depths have added to the difficulties. 

Wells penetrating a full succession of Zechstein rocks 
have been sunk in the North Yorkshire Moors since 1965 
in the search for hydrocarbons by Home Oil of Canada 
Ltd, in association with the British Petroleum Company 
Ltd, and the Gas Council. None of the wells was cored 
continuously, but a total of over 1,200 feet of cores was 
cut in different wells, largely in the earbonates; with the 


first three, discussed here, contain carbonates in the lower 
part. These cycles can be correlated by the geophysical! 


and Walmsley? and hence with the Zechstein of the 
Continent®. Correlation with the Durham outerops can 


2 | > 2¢ 


NATURE VOL. 224 OCTOBER 11 1969 
be attempted via the Hartlepool Lighthouse borehole or 


the National Coal Board Durham Offshore boreholes I 
and 2 (Fig. 1). These boreholes, described by Magraw, 
Clarke and Smith®, each penetrated a similar section 
including a significant thickness of anhydrite (the Hartle- 
pool Anhydrite) sandwiched between two thinner car- 
bonate members. 

It has been suggested? that the Hartlepool Anhydrite 


alent to the Lower Evaporites of NE Yorkshire, the thin 
earbonates below the anhydrite representing both cycles 
land 2. In this view, the dolomites above the Hartlepool 
Anhydrite are equivalent to the Upper Magnesian Lime- 
stone of both Durham and Yorkshire and represent the 
carbonate phase of the third eycle. We support an 
alternative interpretation in which the Hartlepool 
Anhydrite and the underlying carbonates comprise the 
first eycle, with the overlying dolomites representing the 
carbonates of the second eyele; later beds are considered 
to have been removed by erosion at the sites of the three 
bores in question. This @orrelation is implicit in Ray- 
rond’s observations? on the Lower Magnesian Limestone 
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Correlation of Zechstein strata between Durham offshore coal borings, the North Yorkshire Moors, and the North Sea well BP 48/6-1. The 
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of NE Yorkshire and SE Durham.  Palaeontological 
evidence is scanty, and at present it must be suppo rted 
largely by lithological data; this is feasible because 
certain units prove to have great lateral consistency. 
Supporting data must await more general release of 
confidential information from North Sea operations, but 
the principal points can be summarized as follows: 

(1) The Z-1 evaporites under NE Yorkshire consist. of 
dolomitic anhydrite showing characteristics of the nodular 
habit and associated displacement described by Murray’ 
and Shearman'*. The more dolomitic parts are often 


nodular. 

(2) The junction of the Hartlepool Anhydrite with 
the overlying dolomites has been described as inter- 
laminated®, Interlamination of anhydrite and carbonates 
is common at the junction of the Z-1 anhydrite with the 
Z-2 carbonates in NE Yorkshire, resembling the Stinking 
The Z-2-Z-3 boundary 





above, 

(3) The Upper Magnesian Limestone of Yorkshire is 
up to 200 feet thick. Near the base it is predominantly 
barren, but it soon develops a characteristic facies marked 
by abundant stems of Tubulites permianus King. Beds 
in which these are tightly packed with a strong preferred 
orientation tend to alternate closely with beds in which 
This facies is traceable over a 


(4) The dolomites above the Hartlepool Anhydrite 
are at least 400 feet thick off the Durham coast’, double 
the known maximum of the Upper Magnesian Limestone 
of Yorkshire. As noted earlier, the facies is also different. 
Both facies and thickness, however, can be matched in 
the Z-2 carbonates of Yorkshire. 

The correlation we support differs from the accepted 
mapping of the Magnesian Limestone outcrops in Durham’. 
One further observation may, however. resolve some of 
these problems. Coneretionary structures near the base 
of the Durham Upper Magnesian Limestone gave their 
name to a formation, “The Coneretionary Limestone”, 
widely used for mapping. In the subsurface of Yorkshire 
small calcite coneretions 1-2 em diameter oceur in hme- 
mud facies of both Z-2 and Z-3. They are not confined 
to any particular horizon, but tend to be commonest in 
the upper half of the Z-2 and the lower half of the Z-3 
carbonates. Their presence in both cycles may remove 
one of the criteria which has been used to distinguish the 
Upper from the Middle Magnesian Limestone in Durham 
outcrops. 

This communication is based on studies carried out on 
behalf of Home Oil of Canada Ltd. in association with 
the British Petroleum Co. Ltd and the Gas Council. 

J. C. M. TAYLOR 
V. C. Tiling and Partners, 
Cheam, Surrey. 
G. Foxe 
Home Oil of Canada Ltd, 
London, England. 
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BIOLOGICAL SCIENCES 


Unfolding and Hydrogen Exchange 
of Proteins: the Three-dimensional 
Ising Lattice as a Model 


We have noted a diserepancy between the models which 
are used to explain two kinds of experimental data related 
On the one hand, recent experi- 


model’, 
observed. 
isotopic hydrogen exchange of protems*”’. This exchange 
(for example. > NH+D,0-+>ND+DHO} is possible 
only for hydrogen atoms which are exposed tot he solvent, 
Hence a portion of the hydrogen atoms of a protein mole- 
cule exchanges more slowly than do exposed hydrogens. 
and the rate of exchange is equal to the product of the 
exchange rate for free hydrogens and t he degree of 


peptide group hydrogens, whereas the two state model 
predicts a single degree of unfolding as well as a single rate 
of unfolding and hence a single rate of exchange character- 
istie of all buried hydrogens. 

We have calculated the behaviour of the finite three- 
dimensional cubie Ising lattice’? in which lattice sites 
exist in one of two states (eonformations}, 1 and 2, with 
stabilization from nearest neighbour contacts of sites in 
state 2. We find that this model predicts all-or-none 
unfolding transitions and a variety of hydrogen exchange 


rates. The partition function for the Ising model may be 
written 


O= Sarina pe? (1) 


Pj 


where v is the number of sites in state 2. y is the number of 
immediate contacts between these v sites, Pòv) the 
probability that v sites will be in state 2 an q will have y 
contacts, when there is no preference for either state. 
The equilibrium constant for the transition l- +2 for a 
site with 7 neighbours in state 2 is given by pg! fa 0. 
1... 6). The fraction of the sites which is in state 2 is 
given by 


=z fv /N = (dln@/edlnpyjN (2 


~ 


È 


where N is the total number of sites. 
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denatured state is highly solvated, there is no difference 
between a L-solvent and a 1-1 contact, or between a 2- 
solvent and a 2-1 contact. Equation 1 has been solved 
in close form for both the finite and the infinite one- 
dimensional lattice’-!!, For the three-dimensional case, 
no such solution has yet been found. We have e raluated 
the expressions | and 2 for lattices of limited size and vary- 
ing p and q., using high speed computation. 

The one-dimensional linear Ising lattice is a very suc- 
cessful and appropriate model for describing helix-coil 
equilibria of synthetic polypeptides, because the structure 
of the helix is specific and uniform. The native protein 
is also a specific folded conformation of a polypeptide 
chain, but the structure is not uniform. In this last 
respect, the three-dimensional Ising lattice is a poor model 
to deseribe the conformation changes of a protein. 

In the Ising model, the cooperativity of a transition 
ean be determined by examining the apparent equill- 
brium constant calculated assuming the two state model, 
namely 


K = 8/(1 — 98) (3) 
where § is caleulated with equation 1 for the (multistate) 
Ising model. The derivative dinK/dinp will (for a two 
state transition) be equal to N, the total number of lattice 
sites, and will be smaller for a transition with stable 
intermediates. This is equivalent to comparmg in the 
experimental situation the van ’t Hoff enthalpy obtained 
from the slope of the transition curve with the calorimetric 
enthalpy% +. 

We discuss only the 3x 3x3 lattice. One sees (Fig. 1) 
that the value of the derivative dlaK/dlnp can come 
close to that expected for a two state transition in the 
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range where the transition is observed. (We have verified 
that the relative probability of intermediates, that is to 
say, lattices with 0<v< 27, is indeed as suggested by the 
value of dinK/dinp. For example: for p=015, g= 2-5. 
§= 0-5, dinK/dinp= 3-4 and the distribution of the mole- 
cules over values of v has a flat maximum at v= 14; for 
p= 0-03, q = 5-6, 0 = 0-5, dink /dinp = 14-2 and the distribu- 
tion has a minimum near v=10; for p= 0-004, q= 157, 
9-0-5, dinK/dinp=25 and the fraction of each species 
with 2<v<22 is less than 0-005.) The experiments 
indicate cooperative unfolding within the limits of accur- 
acy of the technique. Therefore (dink /dinp)/N is at 
least, say, 0-9, and this places a lower limit on g and an 
upper limit on p. For the model these limits are p < 0-006, 
q>125. Experimental values of p (o in the notation of 
Zimm and Bragg’) for helix-coil transitions of synthetic 
polypeptides*-** le near 10-7, This is below the per- 
mitted maximum, and it is indeed reasonable that the 
folding unit in a protein molecule is similar in size to that 
observed in the x-helical conformation of poly peptides. 
From the values of din /dinp in Fig. 1 it appears that 
the unfolding is not two state outside the transition range. 
For the folded model well outside this range, the (very 
small) degree of unfolding is thus not the same for the 
various types of site (in the 3x 3x3 model: corners, edge 
centres, face centres, body centre). We have caleulated 
the degree of unfolding for all types of site and have used 
these to calculate hydrogen exchange curves (Fig. 2). 
It is seen that good agreement between theory and 
experimental data of Benson” is obtained with In p= 
—9 (p=1-2x 104), which is, as we have seen above. 
a reasonable value. The model predicts the existence of a 
class of hydrogens the exchange of which is so slow that a 
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® for a site with no neighbours in state 2, and of q, the equilibrium constant for joining two sites in 
we give 
where Kapp = 6/1 — 0) and N = 


the slopes of the transition curves, expressed as (dinKepp/dinp)/.. 
total number of sites. 
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a fanetion of the relative time, X,t, where k, is the e 
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fixed by the 
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urves calculated for the 3x 3x 3 model, expressed as average number of exchanged sites (lefi- 
xchange rate constant for 
and 4:5 x 104 min` at pH 8&8.) 
condition that the overall stability of the molecule must be that observed experimentally!~. 
ch lattice site makes possible comparison with experimental 


Relative time ( x 105) 


hand ordinate} as 
an unfolded molecule?! (bottom abscissa). (From Bryan and 
The value of Inp is given for each curve, while g is 
Allocation of four exchanpeable 
data on the number of exchanged hydrogens (middie ordinate) as 


a function of time (top seale), obtained by Benson*** on sperm whale myoglobin at two different pH values. 


value of the exchange rate constant for free hydrogens. 
ko of 500 min-, is insufficient to yield exchange in 40 h. 
By raising ky to 4:5 x 104 min-?, however, their exchange 
is predicted within a reasonable length of time. Further- 
more, the model predicts the rate of exchange of another, 
more accessible. class of hydrogens at pH 7 remarkably 
closely. Finally, the calculated exchange for a 3x 3x 3 
lattice in which one face centred site is empty is more 
than one hundred times faster than for the complete 
lattice. As a result. the “infinitely” slowly exchanging 
hydrogens seen at pH 7 with the intact model are no 
longer observed. Recent experiments on hydrogen 
exchange of globin (=haem free myoglobin) do, in fact, 
show this to be true experimentally (ref. 22 and unpub- 
lished results of the same authors). 
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Homeostasis and Differentiation in 
Random Genetic Control Networks 


THE genome is a complex net of mteracting components 
commonly thought to control homeostasis and differentia- 
tion through precisely constructed control circwits amoung 
the genes'-*, But I have found what seems to be a new 
class of dynamically stable systems. which suggests that 
even haphazardly constructed control nets of high mele- 
cular specificity undergo homeostasis and differentiation. 

The cell ean be considered to be a net with each gene a 
component with mRNA or protein as its output. Statisti- 
cal parameters describing the structure of this net are 
provided by histograms of the number of direct mputs per 
gene, the number of times each function on the inputs is 
realized by some gene, the number of genes in each feed- 
back loop, and the time taken for the various molecular 
species to decay. The behaviour of the initial cell might 
be typical of the class of dynamic systems that fits these 
statistical parameters, and therefore might be explaimec 
by theorems for that class. 

Because the parameters describing real cells are un- 
known. nets of very different statistical parameters were 
studied by computer simulation to investigate whether 
any of them were biologically reasonable. In three 
models, the gene was a binary’. continuous or stochastic 
device. The number of inputs per gene, X. was mde- 
pendently varied. Typical class members were chosen 
by random construction according to the class's statistical 
parameters. 

In the binary net model (B) the “gene” is a bimary 
device and the genome a net of N genes, each receiving 
exactly X (X <N) randomly assigned inputs from among 
the N, and one randomly assigned function from among 
the 2%” logical (Boolean) functions on its X inputs. By 
varying N and X, the behaviour of very different classes 
of these randomly built, finite sequential switching 
automata’ can be studied. A state of a net is a list of the 
present value, 1 or 0, of each of the N genes. At each 
moment, the present state determines, through the net's 
structure, the subsequent state. Because the net has a 
finite number (2%) of states, as it proceeds through a 
sequence of states, it must be trapped in a re-entrant 
cycle of states. If released from a different imitial state, 
it may reach the same or a different state cycle. Each 
state cycle is a distinct temporal mode of behaviour of 
the entire net. 

As a function of N and X, the 
were: how long are state cycles 
through which the net cycles), 


Fi 


EIN 


fundamental questions 
(the number of states 
and how many state 
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cycles does a net possess? With X=], and N=WN, 
cycles are very long. Computer simulations showed that 
with two inputs per gene, cycles are very short, about 
the square root of N. Thus, nets of 1.000 elements, and 
260e = 10° states, typically eyele among thirty inputs. 
The number of distinct state cycles per net is also only 
about the square root of N. Random, binary clement 
nets with two inputs per component behave in very few 
distimet. intensely localized wavs. The next model 
generalizes these results to nets with more realistic, 
contimuous components. 

In the continuous, determimistie model (CD), nets had 
two imputs and were again randomly constructed, Each 
gene, during each moment. made a fraction, R. of a mole- 
cule determined by the number of molecules in its input 
pools. Phe probability functions governing were simple 
generalizations of logical functions: let one input molecule 
have probability P of finding its gene during one moment, 
and {1 — P) of missmg. With K copies of the molecule, the 
probability that all miss is (I — P)“. and that at least one 
succeeds is (L—~(1—P)4 The sixteen probabilistic 
functions of two inputs were constructed from these 
building blocks. /?-loss of each product pool was destroyed 
at. each moment. P values of (3 to OL and P-loss of 
O- to 0-03 were used, 

In computer simulations, we first found a net's single 
steady state. Then the “phase value” of each gene was 
defined as | if R were above its cig eure reves and ( 0 if 
below. Thus. there were 2* 
ReneR. 

When released from an arbitrary initial state, a net 
quickly settles into a evelic sequence of phase relations 
around the steady state. Oscillatory amplitudes damp 
ey there are more en l, 000 iterations. ae NS = 


o poa ally venue ae. one to Ae aa 
cycles of phase relations. Behaviour remains extremely 
localized in these more realistic nets. 

Because the number of control molecules for each gene 
is probably small’. gene activity is probably best modelled 
as a stochastic function of the numbers of molecules in 
the pools of its inputs. 

In the integer, stochastic model (TS), 
defining a net are identical to 
whole molecules are produced. 
oe as before. 


the equations 
the CD model, but only 
with a probability R 
At ares iter ation, it is s randomly 
and Ae to P ous eine: each existing Produa 
molecule is destroyed. Thus the system is stochastic. 
Phase relations are defined from the CD steady state. 
During 60,000 iterations, the program records the time 
spent in eaeh phase re ation. Nets with ten genes, and 
a phase relations, oceupy a total of 100- 300 phase 

elations. Half the time is spent among only twenty to 
nay phase relations—-about 3 per cent of 1.024. Larger 
nets are even more restricted, With N = 15, half the time 
is spent among only O-1-0-6 per cent of the 32.768 
states. When run from different initial states, an IS net 
can occupy different subsets of phase relations, usually 
one to three. 

Contrary to what may be thought, extremely ordered 
dynamic behaviour seems to be typical of even randomly 
constructed nets with few inputs per component. If 
true. this suggests that homeostasis ts a direct consequence 
of the high molecular specificity possible among macro- 
molecules. Furthermore. because even random construc- 
tion suffices, the probability of homeostatic properties 
emerging and persisting in networks evolving by random 
mutation may be far greater than previously imagined. In 
this light, it seems no accident that most known operons 
and allosteric enzymes have about two direct inputs’. 
Cells may, indeed, belong to a class of nets with few Inputs 
per component, available for inv estigation, without first 
knowing the entire genetic net. by experimentally 
establishing the appropriate statistical parameters. 
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Cellular differentiation may commonly reflect the 
capacity of these systems to behave in several distinet, 
highly loealized ways. 
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Regulation of Chiasma Frequency in 
Lilium Microsporocytes in vitro 


WHENEVER it has been possible to test unambiguously 
the relationship between chiasmata and crossing over, 
they have been found to comeide in time and place. 
hy idence e CONC ering the sis et tosh over indicates 
= recombmation do 
not occur a pre meiotic DNA sy nthesis. Various 
physical and chemical agents affect recombimation and 
chiasma formation and treatment is effective during the 
S phase (DNA synthesis) Ha leptotene and during the 
meiotie DNA synthesis at zygotene- ‘pachytene. Treat- 
ment with mitomyem C ane vy-rays during the S phase 
before leptotene has always caused a decline in chiasma 
frequency or r ecombination except in Chlamydomonas’, 
An inerease of chiasma frequeney or recombination has 
been found as a rule after treatment with deoxyadenosine 
at zygotene, again except with Chlamydomonas, when 
there was a decline in reeombination. All these agents 
have been presumed primarily to affect DNA synthesis. 
The presence of evclohex cimide at z¥gotene-pachytene 
prevents the formation of ehasmata*®, which also happens 
when Trillium meiceytes are explanted inte culture at 
leptotene, 
ae ing me and ot me pods tor 


culturing: e 


aid proton aale at P a > pachytene in re relat LOT} 
to chiasma frequeney in the lly variety “Enchantment 
Orange. Cultures of microsporocytes treated with 
AdR. mitomycin C and eyeloheximids. chloramphenicol * 
at various stages from leptotene to pachytene were exam- 
med for their chiasmata characteristics at diakinesis. 
The most suitable cultures were those maimtamed in the 
presence of 4x 10-4 M AdR, Lx 10° M mitomycin C or 
0-25 ug/ml. of eye ‘loheximide, for higher coneentrations of 
inhibitors caused eytological disturbances mak ing observa- 
tion difficult. 

Four flower buds from each treatment were used in three 
sets of experiments. Three strings of microsporoeytes 
from each bud were given each treatment and twenty-five 
meiocytes of each string were examined. so that in each 
ease at least 200 pollen mother cells were seen after 
treatment. 

The maximum imerease in chiasma frequency per bival- 
ent in zygotene cultures in the presence of each DNA 
inhibitor, and also the reduction of chiasma frequeney per 
bivalent in zygotenc-pachytene cultures m the presence 

*4x10* M,2 x 10° M, 5x10 M AdK, 1x 105M, 2x 10% M mitomycin 


Cs 0-25 ug/ml., i “0-5 5 egimi., 1-0 gg/ml, 2-6 ‘ugiml, of ee 300 and 
600 +/mb of chloram phenieol, 
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Fig. 1. The number of chiasmata per bivalent (--———-) and chiasma 


terminalization (---) in lily meiocytes in the absence of inhibitors (C) 

and in the presence of AdR (@), mitomycin C CMD and cycloheximide (A) 

when cultured at leptotene (L) early zygotene (EZ), mid-zygotene iMZ) 
and at early pachytene (EP). 


of cycloheximide (Fig. 1), are statistically significant by 
the ż test at the l per cent level, compared with chiasma 
frequency per bivalent at diakinesis in cultures maintained 
without inhibitors. Fig. 1 shows that cycloheximide has 
an effect opposite to that of the inhibitors of DNA syn- 
thesis. The increase and reduction m chiasma frequency 
cannot be correlated substantially with a slight imcrease 
and decrease in chiasma terminalization that occur at the 
same time. The short term nature of the influence on 
recombination and chiasma frequency is a consequence of 
either an increased sensitivity of the chromosomes at this 
time or some particular property of the chromosomes or 
their behaviour, which increases the likelihood that th» 
effect will influence chiasma frequency or recombination. 
Such explanations of chiasma formation as the copy- 
choice hypothesis involving the formation of chiasmata 
at the time of premeiotic DNA synthesis understandably 
are no longer acceptable. Henderson' believes that 
breakage and reunion must be involved in chiasma forma- 
tion, 

From several standpoints crossing over and chromosome 
aberrations seem to involve similar mechanisms: the 
Lawrenee. however, 
dealing with the effects of non-lethal doses of radiation on 
recombination. considered that damage to chromosome 
structure other than that responsible for breakage may 
be involved’, Meiotie DNA synthesis is necessary at 
zygotene to initiate svnapsis®? and the presence of evelo- 
heximide does not interfere with the process’. The forma- 
tion of a synaptinemal complex is not sufficient to ensure 


crossing over®. The significance of an increase in chiasma 
frequency when DNA synthesis is blocked at zygotene— 


pachytene and, at about the same time, the reduction of 
chiasma frequency by an inhibitor of protein synthesis 
cannot be fully explained. If, however. chiasma inter- 
ference is due to active inhibition of crossing over, DNA 
inhibitors may impair this restraint. Defective synapsis 
through irregular formation of synaptinemal complex’ may 
increase the overall chiasma frequency in some way, per- 
haps by reducing chiasma terminalization. A distinct 
class of DNA svnthesized during late zygotene® is neces- 
sary for the disjunction of the paired homologues’. 
But this cannot easily explain the simultaneous increase in 
recombination. If failure to rejom broken ends during 
crossing over reduces chiasma frequency, the presence of 
cycloheximide may hinder the formation of chiasmata. 
Specific inhibitors of protein synthesis have been shown 
to hinder rejoining of broken chromosome ends. Chloram- 
phenicol had no effect on crossing over in Neurospora". 
The failure of the reunion process during chiasma forma- 
tion should be revealed at the anaphase IT separation, but 
sə far observations have not been adequate to substantiate 
this idea. 
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Inhibition by Juvenile Hormone of 
Growth of Crithidia fasciculata in Culture 


THE juvenile hormone of insects 1s produced by the 
corpora allata—the endocrine glands behind the bram to 
which they are connected by several nerves. The effect 
of the hormone on metamorphosis was first demonstrated 
by Wigglesworth'*, but interest in juveni le hormones 


amounts of juvenile hormone in the tissues of ite abdomen. 
Virtually all Lepidoptera, male and female. contain ether 
extractable juvenile hormone’ t, now identified as methyl- 
10-epoxy-7-ethyl-3, L1-dimethy]-2,6-tridecadienoate®. 

Table 1. EFFECT OF JUVENILE HORMONE ON Crithidia fasciculata 


Counts of 
protezoa/ai, 


Addition of juvenile 
hormone (g/ml) 


None 74,060 

10 8500 

ə 17,000 

1 66 OG 

0-1 ml. acetone 75,000 


The organism was grown at room temperature on a medium consisting of 
(per 100 ml.) 0-5 g trypticase, GOL g of 1: 20 liver fraction, O5 g sucrose, 
O-5 g veast hydrolysate, 2 mg haernin (dissolved in 50 per cent triethanal- 


amine}. The pH of the medium was 76. Approximately 27,000 protozean 


were inoculated into 10 ml. mediam to which the hormons had been added 
in 0-1 ml. acetone, The organisms were counted in an aliquot of the culture 
45 h later. 


Synthetic juvenile hormone was used which was prepared as described 
by Law ef al, or purchased from Calbiochem, The preparations were 
equivalent. 


Crithidia fasciculata is a trypanosomatid commensal in 
a mosquito gut, which is now grown in broth. Addition 
of 5 and 10 ug/ml. of juvenile hormone to the medium at 
the time of inoculation of the organism mhibits growth 
considerably (Table 1). The protozoa in these conditions 
are slender and very active compared with the control. 
A 48 h culture of organisms which had been exposed to 
10 ug/ml. of hormone, as well as control organ sms grown 
without hormone. were washed twice in cold saline and 
transferred to fresh medium without juvenile hormone. 
The organisms previously exposed to hormone continued 
to grow normally (85,000 protozoa per pl.) indicating 
that no permanent damage had been done and that the 
inhibition could be reversed. The corresponding control 
value was 70.000. These observations with Crithidia 


fasciculata demonstrate a direct action of insect hormone 


On Protozoa. 
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Cleveland et al.? discovered that ecdysone 
is responsible for gametogenesis in certain 
flagellate protozoans, which are internal 
mutualists of the woodroach, Cryptocercus. 
The action of eedysone may be indirect, 
through metabolic changes im the host 
before the moult, because no experiments 
have been reported on the effect of erystal- 
line ecdysone on these protozoa in pure 
culture. The salient point, however, 1S 
the fact that the life cycle of the protozoan 
is correlated with the moulting cycle of the 
insect host. The rabbit flea 1s an example 
of a unique type of adaptation, in that its 
breeding cycle is regulated by the reproduc- 
tive hormones of the rabbit. The cortico- 
steroids, which are stimulated by the 
adrenocorticotrophic hormone, contr l 
maturation and egg-laying in the rabbit 
flea. Thyroxine and oestradiol also play a 
significant part in these processes*. The 
effect of insect hormones is not restricted 
to insects: Krishnakumaran and Sehnet- 
derman have shown that ecdysone promotes 
moulting in classes like Merostomata, Arachnida 
Crustacea”. 

Our demonstration that juvenile hormone acts directly 
on protozoa may be of practical importance. Insects are 
vectors of many pathogenic forms of protozoa such as 
malarias, leishmanias and trypanosomes. The epimastı- 
gote, which was known as the crithidial form, is a stage 
in the life cycle of leishmantias and trypanosomes, which 
is maintained in the insect vector. Its growth 1s therefore 
bound to be affected by the titre of juvenile hormone m 
the host. 

We thank 
of Health, for 
work was supported by the 


Health. 


Fig. 1 
containing 4x 10* M IPC. 


and 


Dr L. 8S. Diamond, US National Institutes 
the strain of Crithidia fasciculata. ‘This 
US National Institutes of 


JOSEPH ILAN 
JUDITH ILAN 
SHOSHANA RICKLIS 


Department of Biology, 
Temple University. 
Philadelphia, Pennsylvania 19122. 


Received July 24, 1909. 


i Wigglesworth, V. B., Nature, 136, 338 (1935). 

? Wigglesworth, V. B.. Quart, J. Micros. Sci., 79, 91 (1036). 

3 Williams, C. M., Nature, 178, 212 (1950). 

‘Schneiderman, H. A., and Gilbert, L. L, Anat. Rec., 128, 618 (1957). 

s Gilbert, L. I., and Schneiderman, H. A., Anat. Rec., 181, 557 (1958). 

* Roller, H., Dahm, K. H., Sweeley, C. C., and Trost, B. M., Angew. Chem, 
(Intern. Ed.), 6, 179 | 1967). 

? Cleveland, L. R., Burke, A. W., and Karison, P.. J. Protozool., 7, 229 
(1980). 

* Rothschild, M., Nature, 903, 210 (1964). 

* Krishnakumaran, A., and Schneiderman, H. A., Nature, 220, 601 (1968). 

1 Law, J. H., Yuan, C., and Williams, C. M., Proc. US Nat. Acad. Sci., 55. 578 
(1960). 


Reversible Inhibition of Cilia 
Regeneration in Stentor coeruleus by 
Isopropy!-n-phenyl Carbamate 


[SOPROPYL-N-PHENYL carbamate (IPC), a pre-emergent 
herbicide’, decreases growth of roots, shoots and leaves? 
and induces micronuclei. On the ultrastructural level, 
low concentrations of IPC in dividing Hae manthus endo- 
sperm cells disorient microtubules involved in spindle 
formation’. Shed-regenerating stentors, known to be 
producing ciliary microtubules (see ref. 4 for discussion of 
complete band and in situ stentor oral cilia regeneration), 





Left, Shed stentor 1'5 
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ə h after shedding and placement into spring water 


Right, Controle stentor in spring water about 2 h after 


shedding. 


are reversibly sensitive to eolehicine®. The mechanism of 
action of IPC is thought to involve inhibition or dis- 
orientation of microtubules, so, by analogy with colchicine, 
IPC should interfere with regencrating cilia. These experi- 
ments were designed to compare the effects of IPC on 
cilia regeneration, growth and macronuclear morphology 
with the known effects of colchicine on these parameters**®. 

Stentor coeruleus, originally collected by Professor V. 
Tartar. were grown as previously described®, and induced 
to shed their oral membranellar bands by treatment with 
2 per cent urea“. Control animals placed in Long Island 
spring water (LISW), collected directly from the spring 
at Cold Spring Harbor, Long Island, New York, normally 
begin regeneration within several hours: within less than 
2:5 h the protruding anterior frontal field had retracted 
and new oral primordia were visible along the side of the 
organisms. Progressive regeneration and the effect of 
colchicine and IPC on the morphology of living cells were 
routinely observed and photographed with a Nikon phase 
contrast microscope and 35 min camera, 

ic (K and K Laboratories, Inc., Plainview, NY), 
sparingly soluble in water, was dissolved in 1 ml. of 
ethanol and diluted with spring water. Control medium 
containing ethanol but no IPC was indistinguishable from 
pure spring water. Shed stentors, washed free of urea, 
were placed into spring water with or without IPC. 

For the growth experiments ten stentors were hand- 
isolated and placed into small dishes of LISW containing 
desired concentrations of IPC and food; numbers of cells 
were counted at regular intervals. 

Shed stentors replaced into spring water containing con- 
centrations of IPC greater than 6x 10-4 M invariably 
cytolysed and died within minutes. TPC in concentrations 
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The first radioactive enzymes in other- 
than-custom quantities now are available 


WORTHINGTON from Worthington Biochemical Corpora- 
lil tion. They give the life scientist some new, 
precise, and versatile tools for his investi- 


gative work. 

The Worthington group of radioactive 
biochemicals is comprised at present ol 
seven hydrolytic enzymes which are cur- 
rently receiving considerable investiga- 
tive attention. They include radioactive 
ribonuclease, pepsin, chymotrypsin, lyso- 
zyme, deoxyribonuclease, trypsin, and col- 
lagenase. Four radioactive substrates— 
deoxyribonucleic acid, ribonucleic acid, 
soybean trypsin inhibitor and a-casein- 
also are included in the product line 

The Worthington radioactive enzymes 
offer the researcher advantages of sensi- 
tivity, specificity, and convenience: 

—with radioactivity levels ranging from 

3 to 30 wc/mg, the enzymes can be de- 
tected with much greater sensitivity 
than is allowed by current procedures. 


Radioactive enzymes —radiation detection and quantitation 


with standard laboratory scintillation 


new tools for counters is simple and rapid. 
eee 


—the presence of radioactive enzymes 
° ° can be detected despite their being 
biochemical research inactivated or inhibited. 

Worthington assay data indicate that 

° the radioactive label is on the individual 
from Worthington amino acid molecules making up the en- 
zyme. This avoids complications of using 
iodination or other “external” labels. That 
the enzyme remains catalytically active is 
analytically established. 

See what impact internally-labeled en- 
zymes can have on your work. Write for 
product literature, technical data and 

working sample. 





R 


7 
S n anad 


Worthington Biochemical Corporation 
Freehold, New Jersey 07728 


Please send information on 
radioactive enzymes. 


Name 





Title 





Institution 
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Even for centrifuging in a small way... 


CHOOSE THE BIG NAME- MSE. 


The first MSE centrifuge ever made was a Minor. Thousands are now in use through- 
out the world. You can’t make a better choice for small general purpose work — 
only a different choice, a Super Minor or Multex, if you need more speed or capacity. 








MINOR SUPER MINOR MULTEX 





P1629 


Meets the majority of small capacity 
centrifuging requirements. One of the 
most widely used in the world, both for 
day-to day laboratory work and teaching. 


Maximum Tube Size 50m! 
Maximum Total Capacity 400m! 
Maximum Speed 3,800 r.p.m. 
Maximum RCF 2,100 xg 


MSE Publication No. 203/C 


A general purpose laboratory centrifuge 
Offers unusually high speeds and 'g 
values for this type of machine. Built-in 
speed indicator. 


Maximum Tube Size 100ml 
Maximum Total Capacity 900m! 
Maximum Speed 5,000 r.p.m 
Maximum RCF 4,000 x g 


MSE Publication No. 201 /C 


Designed for general purpose laboratory 
use where 200 ml is the maximum sized 
tube required. Six swing-out and angle 
heads give a wide choice of loadings 


Maximum Tube Size 200m! 
Maximum Total Capacity 1,200mI 
Maximum Speed 600 r.p.m 
Maximum RCF 5.000 xg 


MSE Publication No. 200/C 











MICRO-HAEMATOCRIT 
Centrifuge 


Completely re-designed, this centrifuge 
offers the busy technician many ad- 
vantages. It is a single purpose model, 
designed specially forthe clinica! labora- 
tory where there is a constant demand 
for blood tests and where the use of a 
general purpose centrifuge would be 
inconvenient or uneconomic. The cen- 
trifuge is supplied complete with a 24- 
place head and a reader for assessing 
results. The speed of 12,600 r.p.m 
(15 000 x g) ensures complete sedi- 
mentation within 5 minutes. 

MSE Publication No. 463/A. 


MEASURING & SCIENTIFIC EQUIPMENT LTD. 
25-28 BUCKINGHAM GATE, 
Telephone: 01-834 7373 


Telex: 22666 





In USA MSE 


INCORPORATED, 811 


LONDON S.W.1. 


Cables: Emesetool, Sowest, London 


SHARON DRIVE, WESTLAKE, 





THE NEW MSE MICRO-HAEMATO- 
CRIT KIT IS ALSO AVAILABLE FOR 
USE ON THE MSE MINOR AND 
SUPER MINOR CENTRIFUGES 


ENGLAND 








OHIO 44145 aad op canes 
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Fig. 3. 


with macronucleus of stentor in 1 = 10* M colchicine. 


from 4 x 10-* M to 2 x 10-4 M blocked regeneration of cilia. 
Protruding anterior frontal fields on rounded cells were 
produced (Fig. 1), but normal regeneration resumed 
almost immediately on removal from IPC. Control cells 
showed evidence of proceeding with normal regeneration 
patterns while all stentors in IPC remained reversibly 
blocked for times up to 1-5-2-5 h. After 1-5-2-5 h or so m 
LPC, some blocked cells start to show signs of cytolysis and 
death: no shed cells survived more than 3 h in IPC at all 
concentrations which block. While 4x 10+ M IPC con- 
sistently produced the best inhibition results, often some 
cells regenerated normally at lower concentrations of the 
drug (Table 1). Concentrations of IPC that inhibit cilia 
regeneration also block growth: cells grow normally at 
concentrations less than 10-* M and are killed by con- 
centrations greater than 6x 10-* M—they neither grow 
nor die for times up to 168 h in 4x 10-* M (Fig. 2). The 
macronucleus became unbeaded and remained unbeaded 
in blocked cells, as expected, but the remarkably aberrant 
macronuclear effects known to accompany maintenance 
of stentors in colchicine and ‘Coleemid’ were not observed 
in IPC (Fig. 3). As far as we could tell, cells maintained in 


Table 1. EFFECT OF DIFFERENT CONCENTRATIONS OF IPC ON SHED STENTOR 


3-A h 
Membranelles 
lengthen to nor- 


9-3 h 
Short meni- 
branelles in 


1-5-2-5 h 
Regenerating oral 
primordia ob- 


Control Spring 


water 


served location mal size, all cells 
IPC (molarity) normal 
1x10? Die immediately — — 
sx10-* Dieimmediatėly —- — 
üx 10t Some die, some All die 
blocked All die unless re- 
4x10" All blocked All blocked, moved: all re- 


some begin to generate nor- 

die mally on removal 
Some blocked, of TPC 

some regener- 

ate 


2x10+ Some blocked, 
some regenerate 


I x 10+) Regenerating oral Short mem- Wembranelles 
lx 10 primordia ob- branelles in lengthen to nor- 
1» 10°*) served location mal size, all cells 


normal 


Table 2. COMPARISON BETWEEN EFFECTS OF IPC AND 


STENTOR 


COLCHICINE ON 


IPC 
2x10 M-6x10+*M 


Colchicine 
10-* M-10-* M 


Characteristic 


Effective concentration causing 
inhibition of oral cilin re- 
generation (approximate) 

Reversal of inhibition in Yes NO 
‘Trizma’ medium 

Aberrant macronucleus Cone, 10> M-10-* M 
within 1 day or se, 
all cells affected 


No obvious effect 


Concentration at which all cells 10"? M 6«10*M 
die (approximate) 

Concentration at which growth 10> M-10” M J-i x 10M 
is inhibited (approximate) 

‘Concentration with no effect <10"M <10"*M 





Macronucleus of stentor grown for several days in 4x 10-* M IPC compared 


4x 10 M IPC had normal headed macro- 
nuclei. Because inhibition of cilia regenera- 
tion by colchicine was reversed in fris 
buffer, these IPC experiments were re- 
peated in tris buffer medium (pH 7-4, 
‘Trizma’, Sigma Chemical Co.). Tris butter 
had no effect. 

Table 2 compares the effeets of LPC wu 
those of colchicine. IPC is an effeetiv: 
inhibitor of ciliary growth in stentors onl) 
at higher concentrations and in a very 
narrow range in relation with colehierrn 
The explanat ion for the precise mechanism 
of action of colchicine and IPC in cells 
actively forming microtubules is stil! 
obscure. even though there is evidenc: 
suggesting that colchicine binds directis 
to microtubular protein*. Whether IPC 
binds to microtubular protein is, of course. 
not known, but it is consistent with other 
work®ë in that its action is On 
eukaryote microtubules in general, Per- 
haps the statement that IPC in “animal 
experiments suggests low toxicity” reflects 
only the fact that the compound has failed 
to reach an active microtubule-producing site m the 
animals in which it has previously been tested. 

We thank Dr Peter Hepler for advice and many useful 
suggestions. This work was supported by the US National 
Science Foundation and the Boston University Graduate 
School. 
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Effect of Methyl Phenyldiazenecarboxylate 
(Azoester) on the Feeding Behaviour 
of Blood Sucking Invertebrates 


A NUMBER of stimuli controls the feeding behaviour of 
haematophagous organisms. Four steps in the feeding 
behaviour are recognized: (a) attraction to the host and 
settling; (b) probing; (c) sucking and (d) withdrawal. 
Various stimuli (visual, thermal, humidity, chemical) are 
involved in the first three steps. The stimulus for the 
fourth (cessation of feeding) has not been elucidated, but 
may well involve sensing a rise in pressure on distension 
of the abdomen as in the bug Rhodnius' or in the medica! 
leech?. We have investigated possible means of inter- 
fering with the chemical stimuli which induce feeding im 
blood sucking organisms, with the aim of developing an 
antifeeding agent that will protect people from the 1! 
effects of these organisms. We chose organisms im which 
the stimuli that induce feeding on blood have 
identified so that we were able to work in controlled 
conditions. using chemical stimuli rather than a host to 
induce feeding. 

Methyl phenyldiazenecarboxylate (azoester), CHN = 
NCOOCH, in red blood cells, developed for the study of 
glutathione (GSH) oxidizes GSH within the red cell to 
GSSG, the corresponding disulphide. in a stoichiometric 


been 
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manner’-", The high GSH content of neurones? suggested 
to us that azoester might affect neurone action. This view 
was supported by the discoveries of relatively specific 
“thiol reagents’ which interfered with acetylcholine 
receptors in certain conditions and with the firing of the 
squid axon*!*, Azoester has been used to dissociate a 
number of stages in the feeding behaviour of hydra 
(unpublished results of H. M. Lenoff, E. M. Kosower and 
N. 5. Kosower). We tested the effect of azoester on the 
feeding behaviour of a number of other organisms, which 
are stimulated to feed by specifice chemical stimuli and 
found that azoester has a pronounced effect. on the feeding 
behaviour; the precise details of the effect vary according 
to the usual behavioural pattern of the particular Organ- 
ism. We believe that these results open new possibilities 
for the investigation of chemical (and perhaps other) 
stimuli and imply that new and potent chemical weapons 
may be found for economic control of insects and other 
pests. 

Ticks (Ornithodoros tholozani) are readil y stimulated to 
feed by GSH, adenosine triphosphate (ATP) and a number 
of amino-acids (leucine) in the presence of glucose, Wel- 
starved ticks (12 months without feeding) were placed 
on permeable membranes! over solutions of (a) saline 
(0-15 M)+azoester (10-3 M); (b) glucose (5-5 x 10-+ M), 
ATP (10-3 M)+azoester (10-3 M); or (c) glucose (5:5 x 10-4 
M), leucine (10-2? M)+azoester (10-3 M) maintained at 
37° C. During 60 min no feeding was observed. Probing, 
however, continued during the whole period, so the ticks 
were not repelled. After the observation period, the ticks 
were transferred to fresh containers over glucose (5-5 x 10-4 
M) and GSH (10-3 M). More than 50 per cent of the 
ticks fed durmg an hour. Over 75 per cent of a group 
of control ticks fed easily on glucose +ATP solutions. 
Clearly, azoester inhibits the response of tieks to chemical 
stimuli which induce sucking, without affecting the 
response to stimuli which cause probing. The inhibition 
is readily reversible. 

The most effective feeding stimulus for the leech Hirudo 
medicinalis is L-arginine?, Starved leeches refused to 
“taste”? solutions of L-arginine containing azoester. If 
leeches were induced to begin feeding on membranes con- 
taining saline (0-15 M) and t-arginine (10-3 M) at 37° C, 
and azoester (final concentration about 5x 10-4) was 
then added to the solution, the leeches stopped feeding 
within seconds and dropped off the membrane. 

Tsetse fly (Glossina austent) is stimulated to feed by 
10 M ATP. Tests were carried out on single flies in 
small wire mesh cages, over which was placed a membrane 
containing the test solution at 37° C. Flies offered the 
stimulant solution fed completely within a short time. If 
azoester (10-? M) was added to the test solution, feeding 
was less complete. If the flies were exposed to saline 
(0-15 M) and azoester (5x 10-* M) for 8-10 min, they 
probed many times but did not feed. Subsequent addition 
of stimulant solution (ATP, 10-3 M) did not induce 
feeding, even though the flies continued to probe. Azoester 
does not inhibit the probing of tsetse fly, but slowly 
inhibits the sucking response to a chemical stimulus. The 
limited inhibitory effect of azoester on the behaviour of 
the tsetse fly may be related to the speed of feeding, 
which surpasses that of any other sucking insect. 

The most spectacular effect we found was that of 
azoester on mosquitoes. Like the tsetse fly, the mosquito 
Aedes aegypti is also simulated to feed by saline con- 
taining ATP and offered at 37° C. We observed that 
when 10-3 M azoester was added to the stimulatory solu- 
tion and offered through a membrane, the mosquitoes 
flew toward the membrane oriented by the heat, but 
turned away before even landing on it. It looked as if the 
compound had a strong repellent effect. We therefore 
tested the repellent properties of the azoester when applied 
on a living host. Azoester was dissolved in alcohol and 
applied on a shaven belly of a rabbit, at a concentration of 
about 0-14 mg/cm”. Mosquitoes (either A. aegypti or Culex 
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molestus) were placed in a glass tube covered with net on 
one side and open on the other side. The open side of the 
tube was brought in contact with the treated belly. 
Mosquitoes were strongly repelled; many, in fact, were 
killed. The concentration of the azoester used was as 
low as that of the best known mosquito repellents and as 
low as the concentrations of pyrethrum used to repel 
mosquitoes!® 17, 

The molecular mechanism of azoester action has been 
discussed in detail elsewhere”, It suffices to indicate here 
that acidic thiols are readily oxidized to the corresponding 
disulphide by the reagent and that glutathione is particu- 


One class of insecticides, the pyrethrins, possesses 
x, S-unsaturated ketone groups. We believe it possible 
that the pyrethrins might act through the combination of 
neurone thiol groups with the «, 8-unsaturated ketone 
bond, the remainder of the molecular structure providing 
the requisite specificity for allowing the molecule to 
arrive at an appropriate site. Although this is specula- 
tion, it at least provides a new way of thinking about 
pyrethrin action, for which no mechanism is vet known 
and for which no plausible hypothesis has been advanced’, 
It is striking that the rapid knock-down of mosquitoes 
achieved with pyrethrins resembles very much that we 
have seen with azoester. 
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Distinctive Sulphydryl Responses in 
X-Irradiated and in Heat-treated 
Micrococcus radiodurans 


Tue role of endogenous sulphydryl compounds (SH) as 
partial determinants of radio-resistance has been chal- 
lenged in wild type and in radio-sensitive mutants of 
Micrococcus radiodurans and in cell-free radio-protective 
extracts prepared from the wild strain?’. While agents 
such as p-hydroxymercuribenzoate (HMB) and iodoacetic 
acid (IAA) complex cellular sulphydryl groups and sensi- 
tize this cell to ionizing radiation™*, it has been shown 
that both HMB and IAA suffer radiolytic decomposition 
and possibly poison the cell by a non-sulphydryl vector®'§, 
When HMB was used to titrate the endogenous SH of 
eleven bacterial strains, however, a linear relationship 
was discovered between the quantity bound and both the 
LD,, and D, exposures’. Recent studies reveal (a) that 
M. radiodurans binds more HMB than expected from its 
larger mass, (b) that the change in HMB binding after both 
X-irradiation and heat exposure,is similar, and (e) that 
this response differs from responses of more radio-sensitive 
bacteria such as Escherichia coli B/r and Sarcina lutea. 
Shake cultures of these three organisms were grown to 
early stationary phase*. Binding of HMB after irradiation 
(200 kVp, 25 mA, 12 kR./min) or after heat treatment 
(60° or 80° C) was done in M/15 phosphate buffer at 30° C 
for 60 min. Final HMB concentrations for optimal 
binding were 0-05 mM for M. radiodurans and S. lutea and 
0-01 mM for E. coli B/r. Bound mercury was titrated by 
thermal neutron activation analysis after extensively 
washing the bacterial samples free of unbound HMB. A 


flux of 101 neutrons/em? s was used with p Hg’ "Hg? 
the reaction of interest. 


Table 1. RELATIONSHIP BETWEEN MASS AND HMB BINDING IN THREE 
BACTERIAL STRAINS 
HMB bound HMB bound LD. 
Strain Cells; Mass/e.f.u. moles/c.fu., moles/g, exposure 

fu g x10% x10” x 107 i 
E. coli Bir 1 0-11 4-5 41 26 
S. dutea 8 1-13 75 67 65 
M. radiodurans 4 4-2 500 119 450 


Table 1 presents a comparison of colon y-forming-unit 
masses (CFU) determined at 650 nm in a Beckman DB 
spectrophotometer where 1 OD = 200 ug/ml. HMB binding 
is expressed on a per-CFU basis to accommodate different 
strain morphologies. On a mass basis M. radiodurans 
binds three times more HMB than Æ. coli B/r and twice as 
much as S. lutea. When the values were corrected for 
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fig. 1. Changes in cellular HMB binding after exposure to X-radiation. 
@, M. radiodurans; A, S. lutea; W, E. coli Bir. 
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Fig. 2. Binding of HMB after heat exposure. @. M. radiodurans (80°); 
A. S. lutea (80°); W, E. coli Bjr (60°). 


CFU structure (division by four or eight), M. radiodurans 
bound from three to eighteen times more HMB on a per- 
cell basis than the more radio-sensitive strains. The 
LD,, exposures are ordered according to the SH contents. 

When cell suspensions were X-irradiated while they 
were aerated in phosphate buffer the post-irradiation 
patterns of HMB binding changed (Fig. 1}. The response 
in M. radiodurans is consistent with the exhaustion of 
SH groups (HMB binding sites) through hydrogen dona- 
tion or radical-mediated oxidation. Irradiation of Æ. colt 
B/r and S. lutea appears to generate SH groups probably 
because of protein uncoiling and disulphide (85S) reduction 
as reported for in vitro systems’. The plateau in each 
curve reflects the depletion of SH groups either from 
pre-existing sources, as in M. radiodurans, or, in the other 
strains, from the exhaustion of masked SH groups and/or 
SS reduction. 

Fig. 2 shows the radiomimetic action of exposing 
M. radiodurans and S. lutea to 80° C and E. coli Bjr to 


in E. coli Bjr and 8. lutea. 

Although the total X-irradiation and heat exposures 
extend beyond the range of biological interest, the early 
responses of each curve may well reflect the changes in 
cellular sulphydryl quality and quantity pertinent to 
survival. M. radiodurans appears to have an abundant, 
expendable and probably protective SH group component 
the amount of which decreases with both X-irradiation 
and heat exposure. LE. coli B/r and S. lutea, in contrast, 
generate HMB binding SH groups at the expense of other 
vital molecules. 

Based on these results, a role for SH groups m AT. 
radiodurans radio-resistance ought to be reiterated. The 
well documented and highly efficient repair system for 
radiation damaged DNA distinguishes this strain from 
more sensitive bacterial”. The unusual quality and 
response of HMB.-titratable SH groups examined in this 
study, however. suggest a significant action for sulphy- 
dryls in M. radiodurans, protecting either the cell as a 
whole or its repair svstems. 
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Activation of Citrate Synthetase 
by PRR Ea Acid 


EC 4.1.3.7 feitrate 
O pa heck eee, pig heart, corn scutella 
or castor bean endosperm was activated by incloleacetic 
acid (IAA). Although it was thought that the effect on 
the enzyme was allosteric, involving sulphydryl groups, 
Zenk and Nissl‘, using a more purified pig heart enzyme, 
found no activation by IAA at two acetyl-CoA concentra- 
tions. In view of these conflicting reports, we have re- 
examined whether or not IAA activates citrate synthe- 
tase isolated from plant tissue. 

1-2 em bypocotyl sections were excised from below the 
cotyledon of Phaseolus vulgaris grown for 5-5 days at 
21 © in a 16 h photoperiod. The enzyme was extracted 
at 4° © by grinding the sections with sand in pH T4 
potassium phosphate buffer and partially purified by 
ammonium sulphate fractionation and calcium phosphate 
gel treatment. The final preparation contained enzyme 
with an activity nine-fold greater than the crude extract. 
Preliminary experiments showed that this procedure 
yielded twenty times more enzyme activity than that of 
Mitchell and Sarkissian?. 

From Fig. | it is evident that 10-4 M TAA does not 
affect the imitial rate of reaction of citrate synthetase at 
any concentration of substrates studied, (The range of 
reaction rates was always less than +15 per cent of mean 
reaction rates.) In addition, all four inhibition patterns, 
with the non-varied substrate at saturating concentra- 
tions, were not affected by 10- M IAA. Using a crude 
dialysed extract of bean hypocotyl we also found that IAA 
from 10-' to 10-4 M. gibberellic acid from 10+ to 10+ M 
and kinetin from 10-' to 5x 10-* M did not affect citrate 
synthetase activity in the presence of 100 uM oxaloacetate 
and 50 uM acetyl-CoA. 

We conclude that TAA and other plant hormones have 
no effect on the reaction catalysed by citrate synthetase 
when the enzyme is isolated and assayed in these condi- 
tions, Qur enzyme preparation was somewhat purer 
than Mitchell and Sarkissian’s* and a wider range of 
substrate concentrations was used, Hence we agree with 
Zenk and Nissl? that citrate synthetase is not activated by 
TAA. We were unable further to compare our enzyme 
activities with those of Sarkissian!* because we calculate 
there was insufficient total acetyl-CoA and oxaloacetate 
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{ Acetryt~ CoA) 


A, Baum 


mamelles of substrate consumed per min 





100 200 300 400 
Qxaloacetate (uM) 
Fig. 1. Rates of the reaction catalysed by bean hypotoeyl’ citrate 
synthetase at several acetyl- CoA and oxaloacetate concentrations in the 
absence (>) and presence (@) of 10° M IAA. Reaction mixtures 
contained potassium phosphate buffer, pH 7-4, 20 uM; 48 uy of enzyme 
protein, substrates and TAA as indicated in R total volume of 1 ml. 
Reaction rates were determined from the rate of oo density decrease 
at 232 nm between about 308 and 2 min. 7 = 35 The Jines at each 
acety CoA concentration were obtained fram a veut gijuares fit of the 


data without added TAA to the equation p= oye 


=A“ Ki 


to Guibinsky and Cieland’. 


present in his reaction mixtures to account for the reported 
decrease im optical density. 

With corn scuteila citrate synthetase”, a plot of acetyl- 
CoA concentration against reaction velocity resulted in a 
sigmoid curve, with or without 10-1! M TAA. Sarkis- 
sian’s conelusion was that TAA was affecting the enzyme 
in an allosteric? manner. If the curves in his Figs. 3 and 
5 are extrapolated to zero acetyl-CoA concentration, a 
reaction rate 60 per cent of the maximum velocity is 
obtained. This is imposs:ble because at zero concentra- 
tion of acetyl-CoA. the reaction rate is zero. Hence we 
believe that the sigmoid curves were obtained by joining 
points involving experimental error, and do not show any 
allosteric effects. 

In the light of these discrepancies, the studies and far- 


? 


reaching conclusions of Sarkissian on the activation of 
citrate synthetase do not appear to be valid. His con- 
clusions must be examined in much finer detail and with 
much purer enzyme preparations than he or we have used. 

Does TAA affect citrate synthetase at substrate con- 
centrations lower than those studied here? We were 
unable to investigate this because we were already operat- 
ing very close to the resolution limut of the spectrophoto- 
meter. We do net. however. overlook the fact that 
modifiers of enzyme action would be most effective in this 
region of substrate concentrations”, 

This study was supporied by the National Research 
Council of Canada. 

Note added in proof. Using million-fold lower concentra- 
tions of TAA and different extraction procedures to their 
previous work?, Sarkissian and Schmalsteig (Naturissen - 
schaften, 56, 284; 1969) have re-confirmed bes an root citrate 
synthetase activation. Based on kinetic studies of the 
reaction, however, our conclusions remain unchanged. 

B, L. W. Brock 
R. A. FLETCHER 
Department of Botany, 
University of Guelph, 
Guelph, Ontario. 
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Evolutionary Rates and the 
Inference of Evolutionary Tree Forms 


SEVERAL methods have been developed recently to decide 
which of a set of alternative trees is the most consistent 
with genetic, biochemical or morphological information 
about populations of present day organisms’. Most of 
the methods involve a “minimum evolution” hypothesis 
to the effect that the observed differences have been 
established by the smallest possible number of mutations 
or unit biochemical or morphological changes. The aubious 
nature of the minimum evolution hypothesis has been 
emphasized by Inger* and Rogers ® al.’ and the difficulties 
involved in selecting strictly comparable units of morpho- 
logical change have been discussed by Lerman’. The fact 
that the number of possible distinct tree forms increases 
very rapidly with inerease in the number of populations 
leads to computational difficulties; several authors have 
used some form of average-linkage cluster analysis on 
dissimilarity or association measures between populations 
to obtain a preliminary reduction in the number of tree 
forms?:*)*, 

A subset of a set of populations can be said to be mono- 
phyletic if its component populations have diverged 
from one another more recently than from any other 
population. The method proposed here finds subsets of a 
set of populations which can be assumed to be mono- 
phyletic given a particular assumption about evolutionary 
rates. It thus provisionally divides the set of possible 
tree forms into an acceptable group and an unacceptable 
group. 

The hierarchic structure of evolutionary trees for 
genetically isolated populations ensures that the times 
since divergence obey the ultrametric inequality. That is, 
the time since divergence of any pair of populations a 
and b is less than or equal to the larger of the times since 
divergence of a or b from any other population. If evolu- 
tionary rates had been constant, then the pairwise dis- 
similarities of present day populations would be monotone 
with the times since their divergence, and would therefore 
be ultrametric. The correet evolutionary tree form could 
then be obtained immediately from the relative dis- 
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Fig. 1. Hierarchic arrangement of clusters whose monophyly is con- 
sistent with the hypothesis of local constancy of evolution rates. The 
dissimilarity measure is the minimum number of mutations needed to 
inferconvert pairs of cytochrome e molecular species (data from ref. 3). 
1, Man; 2, monkey (Jfacacus mulatta): 3, dog; 4, horse: 5, donkey; 
6, pig: 7, rabbit; 8, kangaroo (Canopus canguru), 9, Pekin duck: 
10. pigeon; 11, chicken; 12, king penguin {Aptenodytes patagonica); 
13. snapping turtle (Chelydra serpentina), 14, rattlesnake (Crotalus 
adamanteus), 15, tuna; 16, screwworm fly (Haematobia irritans) ; 
17, moth (Samia cynthia), 18, Neurospora crassa, 19, Saccharomyces 
oviformis, 20, Candida krusei. 


gers. 


similarities. It is well known that for genetically isolated 
populations from a wide range of groups of organisms the 
dissimilarities based on morphological and biochemuca: 
The extent 


to which evolutionary rates have been imeonstant Wi th 


refs. 10 and 11). 

A much weaker alternative to the generally false assump- 
tion of constancy of evolutionary rates is the assumption 
that evolutionary rates have usually been locally constant. 
That is 

dia, b) < d(b, c) =--> ta, b) < Hb. e) 


where d is the present day dissimilarity and ¢ is the time 
since divergence of a pair of populations. All subsets of a 
set of populations which can be assumed to be mono- 
phyletic without violating this condition can be obtained 
from the rank ordering of pairwise dissimilarities by 
A ball-cluster is a subset of the 
set. of populations for which each component pop ulation 
is less dissimilar from each other population in the = 
Pelt 


of objects has been programmed in Fortran by C. J. van 

Rijsbergen and will be deseribed in a later publication. 

An example of the application of the method using bio- 
chemical data from Fitch and Margoliash* is shown in 
Fig. 1. In this case the monophyly of the ball-chusters is 
consistent with what ean be inferred about the phylogenetic 
branching sequence on independent palaeontological and 
taxonomic grounds. The method has been checked also 
on various recently published biochemical, serological and 
morphological data and has in each case yielded results 
which are consistent with what can be inferred about 
phylogeny on independent grounds. 

Two tentative conclusions can be drawn from these 
results. First, in making inferences about phylogeny from 
information about contemporary organisms if may be 
more reasonable to attempt to exclude those tree forros 
which are inconsistent with the data given particular 
hypotheses about evolutionary rates than to attempt to 
infer a unique tree form from the data. Second, it seems 
that although evolutionary rates measured in various 
ways are not constant they are often locally constant. 
This might be explained either by supposing evolutionary 
rates to be partly under direct genetic control or by 
supposing that predominant among the selection pressures 
which determine evolutionary rates are the internal selec- 
tion pressures imposed by the chemical environment. In 
either case the more similar the genomes of populations 
the more similar would be their rates of evolu tionary 
divergence., 

This work was carried out during the tenure of a Roya! 
Society scientific information research fellowship and an 
SRC research grant by N. J. 
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C. J. JARDINE 
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University of Cambridge. 
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Population Differentiation within 
Agrostis tenuis L. in response to 
Colliery Spoil Substrate Factors 


OCCURRENCE of edaphic ecotypes, particularly in relation 
to nutritional factors, is well known!, Within Agrostis 
tenuis interest has centred around populations tolerant of 
heavy metals which occur in mine spoil at concentrations 
toxic to most higher plants®-*. Although A. tenuis is 
intermediate in tolerance to aluminium cornpared with 
other species of Agrostis (A. setacea relatively tolerant; A. 
stolonifera least tolerant’), differential tolerance of alu- 
minium within populations of Agrostis species has not 
previously been shown. 

The gradual oxidation and hydrolysis of the iron pyrites 
produce a substrate with very low pH value, as low as 
pH 2-0, in unburnt colliery spoil (and to a lesser extent 
burnt colliery spoil) in the West Riding of Yorkshire, 
In these conditions the detrital component of the spoil 
releases aluminium ions which add to the “acidity” of 
the spoil and may give rise to very high levels of readily 
available aluminium. Because A. tenuis is one of the most 
frequent natural colonizers of colliery spoil we are cur- 
rently testing some of these populations for tolerance to 
the toxicities encountered in the spoil. 

Gregory Spring (SE 208181), a colliery that ceased 
working 10 years ago, has both unburnt and burnt colhery 
waste. Both substrates support sparse populations of 
A. tenuis and in addition the species also occurs on the 
poor acid soil (designated “‘Placeland”’) adjacent to the 
tip. The populations were sampled and subsequently 
multiphed in John Innes No. 2 potting compost in a 
greenhouse. After 18 months material from each of the 
three populations was transplanted to obtain uniform 
groups of about six tillers of uniform size. 

Unburnt and burnt spoil, and placeland soil, was passed 
through a l cm sieve and used in a reciprocal transplant 
experiment. Table 1 gives the mean pH and aluminium 
content of the three substrates. The pH was determined 
electrometrically in a 1:2 spoil: 0-01 M CaCl, solution 
and the aluminium by atomic absorption spectrophoto- 
metry of a saturated paste extract. In saturation extracts 
<05 ppm. are usually regarded as being harmless, 
0-5-1-0 p.p.m. as toxic and > 1-0 p.p.m. as highly toxie!™. 


Table 1. pH AND ALUMINIUM CONCENTRATION 
i p.p.m. water 
Substrate pH soluble Al 
Unburnt spoil 24h 2:41 
Burnt spoil 3-30) O-75 
Pineeland 4-20 OLS 
Table 2. TOTAL GROWTH SCORES AFTER 12 WEEKS FOR THREE POPULATIONS 
GE Agrostis tenuis GROWING ON THREE SURSTRATES 
. Population : 

Spoil Burnt Placeland Unburnt 
Burnt 42 41 44 
Placeland 38 £5 45 
Unbarnt paisa 21 29 


L&D, (P= 0-05) between populations on one spoil = 5, 


Each population was grown on each substrate, the 


per cent dead material). The number of tillers were 
eounted and the material harvested for dry-weight de- 
terminations, Table 2 gives the performance of each 


population. The tiller counts and dry-weight determina- 
tons confirmed these results. While the unburnt spoil 


reduces the performance of all three populations the 
population from the unburnt spoil performs significantly 
better than the other two. 

In a second experiment the three populations were 
tested for tolerance of aluminium in the rooting medium 
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vee te rooting test similar to that devised by Wilkins‘. 
Single rootless tillers were grown for 8 days in a Long 
Ashton nutrient solution. Rooting occurred and the 
longest root of eaeh tiller measured. The tillers were then 
placed in aluminium solutions, maintained at pH. 4-5, con- 
taining 0-5 g/l. of calcium nitrate and either 0, 0-3, 0-9 
or 2-7 p.p.m. Al. After 12 days’ growth the longest root 
was again measured and an index of aluminium tolerance 
calculated (Table 3). The highest aluminium concentra- 
tion significantly decreases the root growth in all three 
populations but, whereas even a small increase in the 
concentration above nominal zero reduces root growth in 
the placeland population, increases in this element do not 
significantly reduce root growth in the burnt population 
and stimulate it in the unburnt population. Stimulation 
of root. growth by aluminium has been recorded in other 
grass species*:??, 


Table 3, [TOTAL INDICES OF ALUMINIUM TOLERANCE OF THREE POPULATIONS 
OF Agrostis tenuis 


ppm. Alin test solution 


Papulation ü + #3 09 aA 

Burnt '€-59 5-13 ARS 2-03 
Placelanad 16-49 6-05 4-44 2-10 
nburnt FRI 14°49 14°28 1-75 


L.S.D. (P = 0-05) = 3-20 between populations at any one Al level. 


The concentrations of aluminium used in the rooting 
tests are not high compared with solutions used by other 
workers? !*, These, however, were complete nutrient 
solutions rather than the simple test solution we used. 
The “tolerance” detected may be caused by some other 
nutrient factor correlated with aluminium concentration 
Wo are 
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Water Soluble Arseno-organic 
Compounds in Marine Fishes 


Marine fishes have been shown to contam arsenite in both 
the lipid and non-hpid phase'*, In the first case i is 
probably in the form of one or more arseno-organic com- 
pounds’, Previous work has established that when raw 
fish is boiled the arsenic is enriched in the water soluble 
phase (the N-hquor?. 

We have investigated whether the arsenic is present as 
an organic or an inorganic compound in the N-hquor. 
This is especially interesting in connexion with the use of 
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fish products as food. There may be an effect similar to 
that reported for the arsenicals used as additives in feed 
for domestic animals’. 

Our method has been to study the exchange between 
the arsenic originally present in the N-liquor and added 
radioactive arsenite—arsenate. Comparison of the arsenic 
content in the N-liquor before and after elution through 
an anion exchange resin can reveal the origin of the arsenic. 

We used samples of mackerel (Scomber scomber), 
capelin (Mallotus villosus) and herring (Clupes harengus), 
which were boiled for approximately 20 min to give the 
N-liquor. After removing the solid by filtration, the con- 
centration of dry matter in the N-liquor was adjusted to 
about 2 per cent with distilled water. To 100 ml. of this 
solution was added 2 ml. of a radioactive arsenite—arsenate 
solution (0-02 pg/ml. of As). We used the arsenic isotope 
76As, produced by irradiation with thermal neutrons in a 
nuclear reactor. The solution was heated to approximately 
80° C for about 5 h, cooled and eluted through an anion 
exchange column CDowex-? 1x8 900/400 mesh). The 
radioactive arsenic in the anion ¢xchange resin and the 
N-liquor were then measured in a well-type Nal scintilla- 
tion counter. Results showed that all radioactive arsenic 
was adsorbed to the anion exchange resin. 

The N-liquor, from before and after the treatment Just 
The 


tered by a y-speectrometer. We added 10 mg arsenic 
carrier and “hold-back” carriers of sodium and phos- 
phorus together with HC] to make the N-liquor about 
6Nin HCl. The solution was heated to 7 0°-80° C for 2 h. 
This treatment brought about an exchange between the 
arsenic carrier and the arsenic to be analysed. Arsenic 
was then precipitated as a sulphide, and the precipitate was 
washed. (If radioactive sodium and phosphorus, °*Na and 
3P were still present at this point a nd impeded the 
registration of As, the As,8, was dissolved in NH, and 
additional hold-back carriers were added before repre- 
cipitating the As,S; with HCl.) The samples were then 
ready for registration. 


Table 1. ARSENIC CONTENT IN N-LIQUOR BEFORE AND AFTER ION EXCHANGE 


TREATMENT 
Arsenic: Arsenic 
Locality before ion after jon 
Sample where caught When caught exchange exchange 
(p.p.m) {p.p m.) 
Herring West coast of Norway Spring 1968 8-3 TR 
Herring North coast of Norway Spring 1968 G4 52 
Herring North Sea Summer 1968 19-7 19-2 
Herring North Sea Summer 1962 22-0) 21-6 
Mackerel North Sea Summer 1968 8&2 ol 
Capelin North coast of Norway Spring 1968 10:3 79 


The results in Table 1 are calculated as p-p.m. of As 
as dry matter in the N-liquor before anion exchange. 
They indicate that the content of arsenic in the N-hquor 
was only slightly reduced during the treatment T described 
and diminished far less than the dry matter in the N-liquor 
during ion exchange-——on average 20-25 per cent. 


This investigation has shown that arsenic is present in 
the N-liquor chiefly as one or moro arseno-organie com- 
pounds in which the organic arsenic does not exchange 
with inorganic arsenic. The reduction of the arsenic 
content observed after ion exchange treatment may be a 
consequence of adsorption to the resin. 

T thank the Norwegian Herring Oil and Meal Industry 
Research Institute for samples of N-liquor. 


i GULBRAND LUNDE 
Central Institute for Industrial Research, 
Oslo 3, Norway. 


Received July 2, 1969. 


187 


1 Vinogradov, A. P., The Elementary Chemical Composition of Marine Orgar- 
isms, 551 (Sears Foundation for Marine Research, Yale University, 1953). 

! Lunde, G., Intern. Rev. Ges. Hydrobiol., 52, 265 (1967). 

2 Lunde, G., J. Amer. Oil Chem. Sot. 45, 331 (1063). 

1 Lunde, G., J. Sei. Food Agric. 19, 492 01 968). 

* Underwood, E. J., Trace Elements in Human and Animal Nutrition, 329 
(Academic Press, New York and London, 1962). 


Regulation of Oocyte Growth in the 
Mouse Ovary 


Mice are born with a finite number of oocytes which 
develop in foetal life from primordial oogonia and th cir 
direct mitotic progeny’. After birth no new oocytes are 
formed, and the total number of oocytes decreases with 
advancing age’. During the first 2 weeks of life this 
decrease is due to degeneration of small oocytes while 
later it is almost solely due to degeneration of developing 
oocytes or to ovulation®. 

The oocytes can be divided into two groups: small 
oocytes with a diameter of less than 20 mierons, and 
developing oocytes with a diameter between 20 and 70 
microns’. The small oocytes do not grow, they re- 
main unchanged for a shorter or longer period in the 
ovarian cortex. Once a small oocyte has been stimulated 
to grow and has become a developing oocyte, however, its 
growth continues through advancing developmental stages 
until it finally degenerates or ovulates’. The mean dura- 
tion of this development (developmental tune) is mde- 
pendent of the age of the animal’. The number of develep- 
ing oocytes found at any age Is therefore similar to the 
number of small oocytes, which have been stimulated to 
growth during a time interval corresponding to the 
developmental time. The ratio of developing/small oocytes 
is thus an expression of that fraction of the pool of small 
oocytes which within this time interval leaves the pool 
and begins to grow. We decided to investigate whether 
there is a relationship between the number of developing 
oocytes and the pool of small oocytes from which they 
are recruited. 

Oocytes were counted in serial sections of sixty-four 
ovaries of mice of the Bagg strain aged between 21 days 
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Fig. 2. Relation of developing/small oocytes to thè corresponding 
number of small oocytes in eleven ovaries after Intraperitoneal DM BA 
fo. +) and in twenty-five ovaries after oral DM BA (pe op). 


and 15 months; they were divided into those with a 
diameter of less than 20 microns (small oocytes) and those 
with a diameter of more than 20 microns (developing 
oocytes). The ratio developing/small oocytes was calcu- 
lated for all ovaries and plotted against their corresponding 
numbers of small oocytes in a semilogarithmic system 
(Fig. 1). The ratio is a logarithmic fanetion of the number 
of small oocytes and can be expressed as a regression line 
log y=8 859—3621 xv. with a correlation coefficient r= 
— 0922. 

This implies that it is the actual size of the pool of small 
oocytes which determines that fraction of it that is 
stimulated to growth. Because the number of oocytes 
declines exponentially with advancing age, however. the 
logarithmic relationship may be a simple consequence of 
ageing. 

We therefore investigated whether the relationship also 
applied to ovaries in which the oocyte population had 
been experimentally reduced. 9: 10-Dimethyl-1 : 2-benz- 
anthracene (DMBA) is a potent inducer of ovarian tumours 
in mice®, but its primary effect on mouse ovaries Is a 
direct destruction of small oocytes followed by a secondary 
reduction in the number of developing oocytes’. 0-25 mg 
of DMBA given orally to 21 day old mice immediately 
reduced the number of small oocytes, and when the mice 
reached the age of 3 months only 2-3 per cent of the 
normal complement remained. 0:25 mg of DMBA im- 
jected intraperitoneally to 21 day old mice caused an 
even faster reduction of the small oocytes: 1 week after 
rhe treatment only 8 per cent of the small oocytes could 
be found in the ovaries. 

The ratio of developing/small oocytes was calculated for 
eleven ovaries after intraperitoneal DMBA and for twenty- 
five ovaries after oral DMBA (only ovaries with more than 


y pme my 


expressed in a regression line log y= 3811 — 3677 v (corre- 
lation coefficient r= — 0-907). The data from the mice 
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treated orally follow the line log y=3-545—2-514 9 (r= 
— 0775). A regression analysis was performed im order 
to test whether these regression lines differed mutually or 
from the line found in the untreated group. We found 
that neither the position nor the slope of the lines differed 
significantly from one group to another (2? > 0-05), 
Comparison of Figs. | and 2 shows that. in ovaries with, 


for example, four hundred small ooeytes, the ratio of 


as well as in mice treated intraperitoneally or orally with 
DMBA. The age of the three groups of animals with four 
hundred small oocytes in one ovary. however, is 12 mouths. 
28 days and 42 days, respectively. 

We therefore conclude that that fraction of a pool ot 
small oocytes that is at any time stimulated to growth 
depends on the actual size of the pool, and mot on other 
paramaters--the age of the animal, for example. A 
decreas? in the number of small oocytes in itself causes an 
inereasing fraction of them to grow; this is true whether 
their number decreases physiologically with advancing 
age, or whether the deqrease is artificially induced. 
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Arterial Lesions in Gnotobiotic Mice 
congenitally infected with LCM Virus 


Mice, infected congenitally or neonatally with Iyrnpho- 
cytie choriomeningitis (LCM) virus, manifest lupuslike 
glomerulonephritis, extensive infiltrations of various 
tissues with mononuclear cells and hypergammaglobulin- 
aemiat?, This communication describes the development 
of necrotizing arteritis previously unreported in miee 
with persistent LCM virus infection. 

Swiss mice with congenital LCM virus infection (LCM 
mice?) were received from Dr Wallace P. Rowe of the 
National Institutes of Health, Bethesda. Maryland. and 
their progeny were derived by caesarian section mto germ- 
free status? +. This procedure excluded bacteria and other 
horizontally transmitted organisms from the mice; but 
vertically transmitted agents. such as leukaemia and 
LCM viruses, were found in “germfree” offspring of m- 
fected stock?.-?, They were foster-nursed on germfree 
mice, and, when weaned, they were fed steam-sterilized 
diets and propagated by natural means in sterile isolators, 
They were maintained free of bacteria throughout the 
period of experiment’. Lobund germfree Swiss-Webster 
(SW) mice, maintained in similar fashion, were arbitrarily 
selected as control subjects for the LCM nuce. Tissues 
such as kidney, pancreas, liver, lung, spleen. small intes- 
tine, lymph node and brain were collected from (2) 
apparently healthy LCM mice (at ages 2, 4, 6, 12 and 19 
months); (b) from an LOM mouse with symptoms of illness 
(3 months old); and (ec) from disease-free SW mice (6 and 
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10 months old), and they were processed for histological 
examinations by standard methods. 

In addition to the histological changes which have been 
described'?, degenerative vascular lesions limited to small 








Fig. 1. 
infected congenitally with LCM virus. 
like mass in lumen. 


Early degenerative changes of artery in the kidney of mouse 
Note the presence of hyaline- 
Haematoxylin and eosin. ( * 100) 


Fig. 2. Extensive fibrinoid necrosis in media of artery, and to less 
extent in the intima and adventitia, Cell infiltration and nuclear debris 
are observed, Spleen of LCM mouse. Haematoxylin and eosin, (x 100) 


Fig. 3. Complete obliteration of normal arterial architecture with exten- 
sive fibrinoid necrosis. Spleen of IE mouse. Haematoxylin and eosin. 
x 100) 
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and medium sized arteries and arterioles m varios 
tissues (especially the kidney and spleen) were observed in 
three of twenty-one LCM mice. Similar lesions were not 
observed in control SW mice. For descriptive purposes, 
the arterial changes in LCM mice were classified into three 
categories of severity: mild, moderate and severe. Exten- 
sive vascular lesions were noted in a moribund 3 month old 
female LCM mouse; and a few suggestive of 
vasculitis were observed in two symptom-free 12 month 
old LCM mice (male and female). 

The mild vascular lesions were characterized by partial 
loss of the tortuous appearance of the internal elastic 
lamina and/or by focal deposits of eosinophilic, PAS 
positive (fibrinoid) material in the middle or adventitial 
portion of the media (Fig. L), Small, PAS positive round 
or oval droplets were noticed occasionally in the media. 
Generally, there were no clear alterations in the endo- 
thelial cells and in the adventitia at this stage, but 
occasionally the endothelium was lifted, in various degrees, 
by a hyaline-like mass and by cell infiltration in the sub- 
endothelial space. Some vascular lumens contained 
hyaline-like masses. Moderate lesions involved focally 
disrupted endothelial cell layers, extensive disappearance 
of the internal elastic lamina, and distinct musculal 
degeneration and lysis, which were observed as the re- 
placement of musele cells with fibrinoid material (Fig. 2) 
Nuclear debris. leucocytes and macrophages were noted 
occasionally in such areas. In some cases, there were 
haemorrhages into the affected walls of the vessels. The 
lesions in some large vessels involved only a segment 
of the circumference of the arteries; but in others, 
the alterations involved the entire circumference. The 
affected wall appeared sometimes as thickened fibrinoid 


lesions 


masses. Collagen fibres in the adventitia were still 
preserved, but in some cases it appeared loose or 
replaced partly with fibrinoid material. In exten- 


sive lesions, complete obliteration of the normal archi- 
tecture was associated with severe fibrinoid necrosis which 
covered the entire thickness and circumference of the 
vessels and extended occasionally beyond the adventitia 
(Fig. 3). The endothelial cell layers were destroyed; the 
vascular lumens were narrow or completely oceluded in 
many severely involved lesions; and the degenerated wall 
showed. in part, an aneurysmal bulge or rupture. 
arterial lesions contained varying numbers of large 
nuclei. nuclear debris and erythrocytes in large fibrinoid 
masses. which occasionally showed lamellar patterns 
in the peripheral parts. 

The changes described in mice infected with LCM virus 


Severe 


indicate the presence of necrotizing arteritis, because 
fibrinoid degeneration involved eventually the entire 
thickness of many arteries. To distinguish the necrotizing 


arteritis described here from vascular amyloidosis. the 
tissue specimens were stained with congo red and with 
erystal violet respectively. There were no indications, 
from these preparations, that the lesions were caused by 
amyloidosis. Fibrin was not demonstrated in the lesions 
by phosphotungstie acid haematoxylin staining of the 
specimens. The phloxin-tartrazine stain combined with 
oreein, however, may be required for this purpose’. 
On the basis of histological observations, it is conceivable 
that the eosinophilic PAS positive materials observed in 
the arterial lumens may penetrate into the vessel walls. 
deposit in, and gradually cause degeneration of the walls 
Because the vascular lesions have been here detected only 
in bacteria-free, LCM-infected mice, it is likely that 
the virus was associated causally with the manifestation 
of this vascular disease. The pathogenesis of LCM virus 
in this disease of mice requires further investigations. 
although it is considered that the disease may be evoked 
indirectly through a virus-induced autoimmune-like 
dyscrasia'. In some aspects the necrotizing arteries 
described in LCM mice resemble those of periarteritis 
nodosa in man and those observed in NZB mice*™ and 
in Aleutian mink". 
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Herpes-like Virus Particles 
associated with Cat Scratch Disease 


NONBACTERIAL regional lymphadenitis (cat seratch disease) 
is a disease of man apparently acquired from cats and 
possibly other animals, Symptoms are extremely protean 
with a systemic febrile reaction occurring in about two- 
thirds of the cases, and the regional lymphadenopathy 
that occurs is usually the greatest cause for concern 
attracting medical attention. The specific aetiology of this 
disease, which is frequently confused with others involving 
lymphoid tissue, such as Hodgkin's disease, lympho- 
sarcoma, and so on!-*, is still in doubt although a number 
of investigators have reported isolating infective agents*~’. 

Here we report results of an electron microscopic 
examination of biopsied lymph node material of patients 
with the clinical diagnosis of cat scratch disease. These 
materials were either freshly obtained or tissue blocks 
stored in paraffin. Tissues from a total of eight randomly 
selected patients with positive skin tests were examined. 
Lymph nodes from normal individuals served as controls. 

Light microscopic examination indicated a diffuse non- 
specific lymphadenitis with marked lymphoid hyperplasia 
as previously described®:*, Under the electron microscope, 
however, the most significant finding in tissue from all the 
infected people was numerous herpes-like virus particles 
measuring approximately 100 millimicrons in the cell 
cytoplasm adjoining the nucleus (Fig. 1). Capsid and 
central cores of relative high density are discernible and 
at higher magnification an enveloped granular capsid with 
internal structure can be seen. Thus far, similar particles 
have not been found in control lymph nodes. 

The possibility, of course, exists that all of the randomly 
selected patients examined in this study were harbouring 
a herpes-like virus particle in their tissues which is un- 
related to cat scratch disease. While this seems unlikely, 
further studies on lymph nodes from non-cat scratch 
patients are needed to clarify this point. Perhaps more 
important, however, are the parallels between our findings 
and those reported by various investigators on other 
diseases of the lymphoid system. Herpes-like virus 


NATURE VOL. 224 OCTOBER 11 1969 


particles have been found in continuous cultures from 
Burkitt lymphomas'*-" and there now appears to be 
good evidence for a possible relationship between herpes- 
like viruses and infectious mononucleosis'!-'*. In keeping 
with the findings on cat scratch disease, attempts to 
isolate a virus from these diseases have had limited 
success and the part played by herpes-like viruses in the 
actiology of these syndromes is still not clear. The 
possibility that these viruses are passengers has not been 
completely ruled out, 





Fig, 1. 
100 millimicrons (indicated by arrows) found in the cytoplasm., Uranyl 
acetate and lead tartrate stain, x 27.000. 


Numerous mature virus-like particles measuring approximately 
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Induction of Bone Tumours in Rats 
and Hamsters with Murine 
Sarcoma Virus and their 

Cell-free Transmission 


ForLowrxe the isolation of murine sarcoma virus (MSV) 
by Harvey! and Moloney*, a number of reports have 
described the behaviour in vitro and in vivo of these two 
viruses (murine sarcoma virus-Harvey (MSV-H) and 
murine sarcoma virus-Moloney (MSV-M)). 

The two MSV isolates have similar morphological?” 
and biophysical®:* properties, but apparently differ in 
their tumour-inducing abilities!?47-**, In the experi- 
ments described here we investigated the tumour-inducing 
activity in rats and hamsters of both MSV-H and MSV-M 
in similar experimental conditions. Both virus isolates 
were found to have similar biological activity inducing 
bone tumours in both rats and hamsters. 

We used New Zealand black (NB) rats, an inbred strain 
of rats (originally obtained from Mr Samuel M. Poiley, 
National Cancer Institute, Bethesda, Maryland), and 
golden Syrian hamsters. MSV-H stock has been main- 
tained in our laboratory by periodic inoculation of mice 
and Sprague-Dawley rats with cell-free extracts of 
MSV-H-induced tumours or cell-free preparations from 
tissue cultures derived from these tumours. MS5V-M 
preparation was provided by Dr John B. Moloney. This 
virus preparation (SVRP-127) was a cell-free extract 
obtained from MSV-M-induced rhabdomyosarcomas in 
BALB/c strain mice™. Three to six-day-old NB rats and 
Syrian hamsters were inoculated intraperitoneally with 
0-2 ml. of a supernatant of 20 per cent (w/v) homo- 
genates of MSV-induced tumours. The homogenates 
were centrifuged at 1,000g for 30 min in the cold. the 
resulting supernatant at 7,000g for 15 min, and the 
supernatants from this centrifugation were used as inocula. 

A litter of NB rats was inoculated with MSV-M (SVRP- 
127) and one animal developed a bone tumour (45 days). 
Supernatant from a centrifuged extract o f this bone 
tumour was inoculated into other NB rats and trans- 
mission of bone tumours is now in the fifth serial passage 
(Table 1). Histological and X-ray examination showed 
bone tumours in all animals with tumours. Tumours were 
observed in all bones except spine. and frequently a 
number of bones were affected in the same animal. Most 
of the animals also had tumours of different types at other 
sites (diaphragm, peritoneum, subcutaneous tissues) and 
some had pleural effusions. In NB rats inoculated with 
MSV-H preparations bone tumours were also induced in 
addition to a variety of tumours, previously described'’. 


Table 1. SERIAL TRANSMISSION OF MSV-M-INDUCED BONE TUMOURS IN NB 
RATS BY SUPERNATANTS OF CENTRIFUGED TUMOUR HOMOGENATES 


Average latent 


Passage Incidence of period of bone 
No. bone tumours tumours (days) 

Original 1/9 45 

1 24/25 ars 

2 gig 16 

3 10/10 13 

4 18/18 14 

a 5/19 28 

6at 57 A) 

GOF 3i ran 


* 8-day-old NB rats were used in this experiment. 
+ 8-4 day-old NB rats inoculated with filtered extracts. 


In two experiments, NB rats were inoctlated with 
supernatants of bone tumour extracts, and filtered through 


Supernatant of a centrifuged extract (20 per cent w/v) 


(unclassified 
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hamsters!? (Table 2). Bone tumours were observed in 
short and long bones but not in the spine and cranium, 
Supernatant of a centrifuged extract of an MSV-M- induced 
osteosarcoma of an NB rat was inoculated intraperiton- 
eally into fourteen hamsters. Eight developed tumours of 
soft tissues, and four of the eight also developed bone 
tumours (Table 3), Two further experiments were made, 
using filtered (0-45 micron ‘Millipore’ filters) extracts of 
MSV-H-induced hamster bone tumours. In the first 
experiment, eleven of the twelve imoculated hamsters 
developed pleural effusions and/or diaphragm tumours 
within 15 days. In the second experiment, two of four 
hamsters developed tumours (70 days) and one of these 
animals had a bone tumour (82 days) diagnosed as osteo- 
sarcomas. All attempts at transmission of bone tumours 
(by supernatants from centrifuged homogenates) from 
hamsters into rats have so far been unsuccessful in spite 
of the use of Moloney leukaemia virus as a helper virus. 
Table 2. SERIAL TRANSMISSION OF MSV-H-INDUCED-‘TUMOURS IN HAMSTERS 
BY SUPERNATANTS OF CENTRIFUGED HOMOGHNATES 


Incidence Average latent Incidence Average latent 


Passage Material of all period ofall of hone period of hone 

No, inoculated tumours tumours idays) tumours tumours (days) 

sarcoma 1/7 57 4/7 57 
Original Unclassified 
1 Bone tumour 203 79 0/3 mn 
2 Subcutaneous 
tumour 15/27 33 0/27 ecua 
3 Subcutaneous 
tumour 5/9 43 1/9 48 
4 Bone tumour 7/13 55 1/33 176 
5 Diaphragm 
tumour 5/11 106 3/11 1I 

6 Bone tumour 12/17 26 1/17 O 4 

7a Bone tumour 12/12 14 0/12 an 

7 Diaphragm 

tumour 2/7 {il 217 it} 

8 Bone tumour 4/4 23 1/4 ay 
Table 3. SERIAL TRANSMISSION OF MSV-M-INDUCED BONE TUMOURS IN 
HAMSTERS BY SUPERNATANTS OF CENTRIFUGED TUMOUR HOMOGEN ATES 

Average Average 
Passage Incidence latent period Incidence latent period 
No. of all of all tumours of bone of bone tumours 
tumours {days) tumours {days} 

Original 8/14 83 4/14 SF 

la 6/14 75 54 78 

1b 4/6 77 4/6 77 

2 S/17 58 5/17 gg 

: 11/14 38 2/14 35 


oncogenic activity. 
derived tumours induced by MSV-H 
animals of both species reflects the pluripotential capacity 
for differentiation of these cells. The lesions in rats and 





Fig. 1. 

hamster inoculated intraperitoneally with MSV -H, <A characteristic 

malignant spindle cell parenchyma separates islands of partiy calcified. 

osteoid and osseous material (central and upper left quadrant). Several 

multinucleated giant cells are present in the upper right quadrant. 
x 160. 


Section of part of an osteosarcoma of the foreleg of a Syrian 
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hamsters included and fibrosarcomas. giant cell 
sarcomas, myosarcomas, and round cell and spindle cell 
sarcomas. Haemorrhagie cysts, 


peritoneal effusions. 


ungo 


as well as pleural and 
were also common. 
Hons from 
addition, tumours 
hamsters (Fig. 1). 
They 


chondrogenic. 


Sunilar observa- 
were other 


wi re 


repo! ted 


bone 


laboratoriesi 3-13, In 
observed in our rats and 

The tumours were classified aS Osteo- 
included with 


sclerosing 


sarcoma. tumours osteoid. 


mixed 
and myxomatous 
spindle cell, oval or 
round cell parenchyma. characteristic of the 
and 


with 


osteogenic, 
proliferating areas in a malignant 
osteolytic. 
NB rats and Syrian 
were routinely X-raved 


Osteogenic sclerosing types. 


hamsters bone tumours 
(Fig, 2). 
Electron 
hamster 
Dr S. Fujinaga, 


Irom plasma 


MSV -induced rai 
out in 


the 
carried 
revealed 
membranes 


microscopy of andl 
cooperation with 

budding of virus particles 
and virus particles morpho- 
logically similar to murine leukaemia type C virus particles 
n the rat and hamster 


bone tumours, 


bone their 


li niger 


tumours and after 
maintenance im tissue culture for 130 days or 


(Fig. 3). 


The results of cell-free transmission experiments of 


bone tumours are in agreement with the results of cell-free 
Other investigators 
described tumours of the extremities as pleomorphic or 


spindle cell sarcomas which invaded and destroyed the 
bone 


transmission of other tumours!*)!4 


but the y have not reported osteogenic sarcomas”: t’, 
Chesterman et al.” described histology of MSV-H-induced 
lesions and tumours in mice, rats and hamsters. Although 
some of the animals exhibited tumours of the limbs. none 
of the tumours was diagnosed as osteosarcoma. Rats of 
different strains to the one used in our studies were used 
and difference in strain susceptibility may have a profound 
effect on tumour response of the 
reported serial cell transplantation of 
tumours in hamsters and deseribed 
spindle cell but no 
mduced plasmacyvtomas of 


annals. Berman 
MSV-M-induced 
invasion by 
Osteosarcomas, MSV -M- 
bone in rats have 
reported'® but have not been serially transmitted. 


hone 
humours 


beer 





Osteosarcoma in the right ulna of a Syrian hamster. The lesion, 
originating from the ulna, has expanded the bone and exhibits areas of 
bone destruction and malignant periosteal new bone formation. 


Fig. 2. 
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Fig. 3. Immature type C virus particles and a budding particle in m 
MSV-M-induced osteosarcoma of a Syrian hamstes Seoond seria 
passage th hamsters < M2., 


In our studies. transmitted in rats 
and hamsters both by supernatants of centrifuged tumou 
homogenates and by cell-free filtrates. The 
induced and transmitted in rats and hamsters are osteo 
sarcomas. 


Osteosarcomas were 
lesions 


The bone lesions are lytic in some cases and 
proliferative in others. The observation of murine 
leukaemia virus-like particles in rat and hamster bone 
tumours and their cell-free transmission supports the viral 
involvement in the induced bone tumours 

This study was conducted within the special virus 
cancer program of the US National Cancer Institute and 
was supported in part by a grant from the National Cance) 
Institute, US Public Health Service, and by a grant-in-aid 
from the Leukemia Society of America, Ine. 
(R. L. S.) is a special fellow of the Leukemia Society Ol 
America, Ine. 

We thank Dr Sidney Wallace of the Department Oi 
Diagnostic Radiology for interpretation of X-ray films 
and Dr W. E. Poel and Dr K. Maruyama for consultatio 
In the interpretation of the histological slides. 


R. L. SOEHNER 
L. DMOCHOWSKI 


One of us 


Department of Virology, 
University of Texas M. D. Anderson Hospital, 
and Tumor Institute at Houston. 


Houston, Texas 77025. 
Received March 25; res 


1960 


sed July 29, 


1 Harvey, J. J., Nature, 204, 1104 (1064) 
* Moloney, J. B., Vat. Cancer Inst. Monog., 22, 139 (1966 
: Dalton, A. J Vat. ¢ ances Ingat. onog 99 145 | LOGG). 


y Dmoi howski, L it Subriral Cari ALLL Ll Li ] irat lt tern 
Viruses (edit. by Nagoya, Y. I.), 362 (Nissha Printing Co 
Mahy, B. W. J.. Harvey, J. J.. 
Wed.. 24, 620 (1988) 
*O'’Connor, T. B.. in Perspectives in Li ukemiu (edit, Dy 
Dutcher, R. M.), 64 (Grune and Stratton, New York 
' Chesterman, F. C., Harvey, J. J., Dourmashkin, R. R. 
Canc r Res.. 26, 1050 f 1966). 
* Ting, R. C.. Virology, 28. 783 (1988). 
' Huebner, R. J., Hartley, J, W., Rowe, W. P.. Lane. W. 1 
W., IL, Prot. US Nat. Acad. Sci., 56, 1164 (1968). 
Perk, K., Shachat, D. A., and Moloney, J. B.. Cancer Res.. 98, 119 
(1068), 
" Moloney, J, B., J. Nat. Cancer Inat., 24, 988 (1960) 
“" Soehner, R. L., Fujinaga, S.. 


mp. Tumour 
Kvoto, 1968 
Rep. Bi 


and Rowson, K. E. K.. Teras 


Dameshek, W., and 


16), 


d Salaman, M. H 


and Capps, 


Maruyama, K.. and Dmochowski. L 
Ninteenth Ann. Meeting, Amer. Assoc. for Labor. Animal Srienve. Oct 
21-25, Las Vegas. Nevada, Abstract No. 06 (1068) 

3 Harvey, J. J., J. Gen. Virol., 3, 327 (1968), 

’ Peak, K., Viola, M. V., Smith, K. L., Wivel, N. A.. and Moloney, J. R. 
Cancer Res., 29, 1080 (1069). 

Berman, L. D., J. Nat. Cancer Inst.. 39, 847 (1987). 
‘* Ribacchi, R., and Giraldo, G., Lav. Anat. Pat. Pe 


regia °8 144 (1957A) 


NATURE VOL. 224 OCTOBER 11 1969 


ok Reviews 


GENETICS AND HISTORY 


The Evolution of Man and Society 
By ©. D. Darlington. Pp. 753. (Allen and Unwin: 
London, September 1969.) 70s. 


SELDOM can a reviewer have been faced with a more 
difficult task than attempting an assessment of Professor 
Darlington’s new book—a book at once encyclopaedic in 
extent and erudite in exposition. Approximating to 
about 400,000 words and illustrated by many illuminating 
diagrams, pedigrees and maps, it reveals an astonishing 
range of knowledge far beyond the bounds of the subject 
of plant genetics of which the author is one of the most 
distinguished exponents. 

It would perhaps be ungracious to quibble about the title 
of the book on the grounds that the evolutionary origin 
of man (in the strict zoological sense) is only barely 
touched on, for the essence of this voluminous work is an 
interpretation of the development and diversification of 
human societies in terms of the genetical composition of 
the communities which determined them. Here, of course, 
the perennially debated and debatable problem of the 
relative importance of truly genetic factors and strictly 
cultural or socio-economic factors is constantly obtruding 
itself. Darlington lays particular emphasis on the first, 
while at the same time he recognizes their interactions 
with the others. Inbreeding of isolated communities 
or among select elements of compound societies tends 
towards homogeneity, and conservative and sometimes 
stagnant groups unable to cope with the contingencies 
of climatic variations or other environmental changes, 
while outbreeding, permitting genetic recombinations, 
promotes variability and the long-term persistence of 
populations. Does the author over-emphasize the genetic 
basis of dissimilar forms of human society ? Some may 
think so, but, even if they are right, it is to be conceded 
that over-emphasis may on occasion be necessary in order 
to force attention on a point of view that has in the 
author's opinion for long been under-emphasized. Thus 
Darlington’s exposition of the history of human societies 
does not for this reason deserve undue criticism. Excep- 
tion may indeed be taken to the statement that there 1s 
an exact analogy between speech and morals in their 
genetic basis, for, to my knowledge, as far as differences in 
speech are concerned no evidence has yet been adduced 
that these are related to structural differences in the 
palate, larynx or other components of the speech apparatus 
in the various races of mankind. And that morals 
(except in the broadest sense) are genetically determined 
will no doubt draw reactions of dissent, as will also 
the occasional use of the term ‘instinct’ in reference 
to certain behavioural traits characterizing primitive 
societies, 

“et, basically, Darlington’s thesis is well reasoned, and 
it is illustrated by such numerous references to human 
societies from ancient to modern times as to make one 
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marvel that he has been able to read and study so wide a 
range of literature on which he depends for his conchisions. 
The relation of a stratified society to assortative mating 
is, of course, well known. It was common enough in 
ancient societies for different groups such as craftsmen 
of various kinds, merchants, scribes, warrior classes, 
religious communities and so forth to segregate themselves 
in different parts of a city, and no doubt this tendency to 
segregation may have perpetuated some degree of genetic 
conformity within each group. How far this affected 
differences in the genetic constitution of the society as a 
whole is a matter for surmise—the time factor may have 
been inadequate to produce any durable result. But it us 
interesting to note that even in our own countries today 
some degree of social segregation occurs, either for con- 
venience or for its prestige value. Up to a point a low 
level of segregation may have little disadvantage, but it 
becomes socially dangerous when it involves immigrants 
of different types with different customs and different 
languages, or communities of different religious | and 
political persuasion. Is it too much to hope that distur- 
bances arising from such segregations confined to certain 
areas or streets might be avoided were it feasible for local 
authorities to insist on a more scattered distribution of 
groups of this kind ? 

But these comments are perhaps of minor pertinence 
to the main theme of Darlington’s book, for they give no 
indication of the wide field of discussion which it embraces. 
For example, there are chapters dealing with the discover- 
ies of cultivation, the domestication of animals, the inven- 
tion of pottery, and the effects of these on the cormmunity 
structure. There are other chapters on the colonization 
of Mesopotamia, the spreading of neolithic peoples mto 
the Nile valley and the rise of the Royal Dynasties of 
Egypt, the expansion of migrating populations into 
Europe carrying with them new ideas and novel tech- 
niques, the early history of the Greeks, the Semites and 
the Medes and Persians, the growth of the Roman Empire, 
the spread of religion over a large part of the Old World, 
the Reformation and the reactions to it of Charch and 
State, the colonization of America and the apparently 
independent growth there of societies that preceded 
subsequent invasions by Europeans, the organization of 
the slave trade, the early history of China and the diversifi- 
cation of its racial elements, the migration of peoples 
throughout Africa, and a final résumé of Man and Society. 
Some of the author’s expositions of the earliest movements 
of Homo sapiens from one geographical area to another 
are inevitably conjectural, but they are intelligent con- 
jectures based indirectly on archaeological evidence, and 
there seems little doubt that they approximate very closely 
to the actual facts of population dispersal in prehistoric 
and protohistoric times. 

Darlington’s book merits close study by all those con- 
cerned with the history and development of human 
societies. So compendious is it, and so richly provided 
with such a wide range of documentary evidence, that it 
can hardly be read from cover to cover in the matter of a 
day or two. Rather it is a book that should be read and 
digested at leisure. It certainly ought to be read, because 
it is an original and unusually comprehensive survey 
of the complexity of human societies by an exceptionally 
well informed geneticist. Winrrip Le Gros CLARE 


SPECULATIVE BIOLOGIST 
Biology and Man 


By George Gaylord Simpson. Pp. ix+175. (Harcourt, 
Brace and World: New York, July 1969.) 46s Gd; $5.95. 


esting subjects in the world”. 
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The author defines biology by comparing it with the 
physical sciences. He considers the most important 
characteristic of the physical sciences to be the “immediate 
and eternal’ repeatability of the experiments. The 
historical nature of the biological sciences complicates 
their methodology. 

The emphasis on the organism as a system in dynamic 
equilibrium with its environment and subject to the 
historical process of change leads the author to reject 
some of the more sensational conclusions of the molecular 
biologists and their publicists. He argues, for example, 
against the dramatic unportance of genetic engineering. 
If genetic engineering is the induction of mutation, then, 
the author concludes, the outcome is unpredictable. 
If it is the insertion of genetic material into defective 
cells. then it is a remedial activity analogous to the 
medical use of insulin in diabetes control. If it is the 
insertion of genes into the hereditary material, then the 
excitement is premature, for geneticists know very little 
about which genes control which characteristics in man. 
And if the organism is considered as a functional whole, 
the result of complex stabilizing mechanisms, then 
genetic engineering would need to take account of these 
self-regulatory capacities. 

Man, too, is definable in biological terms as a unique 
interacting combination of primate characteristics. The 
author lists the anatomical and behavioural features of 
man, coneluding that upright posture, toolmaking and 
language are the most important. As a systematist he 
regards language as the diagnostic character. Perhaps 
for this reason a new essay has been written for the book 
on the origin of language in comparison with other systems 
of animal communication. 

Man has not necessarily lost his evolutionary potential, 
for he is not freed from the forces of natural selection. 
The author stresses that differential reproduction is 
natural selection and makes it clear, therefore, that natural 
selection must apply to human populations. Thus if 
members of one geographical race or one economic 
group leave more offspring than those of others their 
genes will form a greater part of the future gene pool. But 
selection is a stabilizing force, extreme forms tending 
to be eliminated, so that differential reproduction neither 
eliminates genes considered undesirable nor makes them 
universal. It affects the level of incidence of given genes 
which is of medical and humanitarian concern, but does 
not necessarily affect the direction of evolution. But 
undesirability of genes is a relative criterion. What is 
bad in one individual or in one environment may be 
good m others. 

It might be thought that it is only the unique qualities 
of man that have given rise to ethical systems and that 
ethics and evolution are not interrelated. But ethics 
are adaptive and cannot be independent of evolution, 
vet ethics cannot be derived from evolution as an 
abstract principle. Human ethics exist because there 
are alternative ways of acting and man is capable of 
speculating on the outcome of his choice. It follows that 
in some circumstances one choice will lead to survival 
and in other circumstances to extinction; from which 
the author concludes that one system of ethics for all 
mankind would be biologically unsound because it would 
be unadaptive and therefore unethical. 
l WILMA GEORGE 


ANIMAL PIGMENTS 


Les Pigments des Invertébrés 

Biochimie et Biologie des Colorations. By Monique 
Vuillaume. (Les Grands Problémes de la Biologie.) Pp. 
xiv +184. (Masson: Paris, 1969.) 73 francs. 


THERE are available several books on animal pigmenta- 
tion, ranging from the early ones by Poulton (1885), 
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Beddard (1890) and Newbigin (1898), through Verne 
(1923, 1926 and 1930), to the modern works by Goodwin 
(1952), D. L. Fox (1953) and H. M. Fox and Vevers (1960); 
Verne and Newbigin included plant pigments, and Good- 
win dealt. with carotenoids only. All of these authors, 
except Goodwin, treat coloration from a biological or 
physiological viewpoint, and the early ones contain 
much information about adaptation and camouflage. 
Fox and Vevers’s book is unique in that it contains some 
history of the research on each pigment and a useful 
chapter of outlines for laboratory work. 

Mile Vuillaume’s book is an attempt to combine, in 
one slim volume, discussion of the chemistry of inverte- 
brate pigments, methods of isolation and identification, 


one of the most useful parts of her book is the inclusion 
of tables giving the distribution of pigments throughout 
the phyla. There are, however, many omissions and 
mistakes, factual, bibhographical and typographical. 
That there should be some omissions in a book of this 
size may be regretted but excused, but that there should 
be factual and bibliographieal errors may not. 

The arrangement of the chapters is illogical; flavins, 
ommochromes and melanins should follow one another. 
The chapters on pterins and quinones are the best in the 
book. Chapter two on flavins is sketchy and contains the 
sweeping statement that “riboflavin is not biosynthesized 
in invertebrates”, with which many will disagree. There 
is no mention of flavins in holothurians, or flavins and 
chloragogen. 

In chapter three, on carotenoids, all the newer work on 
« and y-carotenes, and the ketocarotenoids, is omitted, 
and the table of distribution of the carotenoids in inverte- 
brates is taken straight out of Karrer and Jucker’s book 
without any acknowledgment—-the reference numbers 
are changed—and the arrangement of the lamellibranchs 
is muddled. 

The sixth chapter, on porphyrins and bile pigments, is 
jumbled and unsatisfactory. It would have been better, 
in the interests of clarity, to have separated these pig- 
ments and dealt with them systematically. Haemato- 


porphyrin comes between the coproporphyrins and 
uroporphyrins, with no mention of Hoppe-Seyler. The 


discovery of uroporphyrin III is attributed to MacDonald, 
which should surprise him. The worst confusion, however, 
occurs with chlorocruorin. This is deseribed as “the 
chromoprotein of a porphyrin which one finds frequently 
in the blood of invertebrates. It was isolated for the first 
time from Luidia ciliaris by Fox et al. m 1953... 2°.) The 
isolation in crystalline form of chlorocruorim was, in fact, 
carried out by Roche and Fox in 1933, using the worm 
Sabella (Spirographis) spallanzani (Viviani). The free 
porphyrin, chlorocruoroporphyrin, was detected, for 
the first time, in the starfishes Luidia ciliaris (Philippi) 
and Astropecten irregularis (Pennant) by Kennedy and 
Vevers in 1954. There is also confusion between the 
chromoprotein and the free porphyrin in giving the 
absorption spectra; the pyridine haemochromogen of 
chlorocruorin has the «-band at 583 nm. There are no 
tables of collected absorption spectra, which would have 
been useful, and no methods are given, as in the other 
chapters, for the isolation of porphyrins from their animal 
sources. The haematins and the chlorophyll derivatives, 
which are found as important pigments in many inverte- 
brates, are missing, with the exception of bonellin. The 
pigment thalassemin, of Thalassema lankesteri Herdman, 
is given as dioxymesopyrrochlorin, and the authority 
cited as Lankester 1898. 

In the seventh chapter, on melanins, there is only scant 
reference to their occurrence in polychaetes and molluscs, 
and it is very confusing to foreign readers when the cuttle- 
fish is referred to by both “la Sèche” and “la Seiche”. 

The final chapter, on the biology of pigmentation. 1s 
good, and is concerned with colours of camouflage and 
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aggression, physiological adaptation, endocrinology of 
chromatophores and colour change, effects of animals 
living as a group on their colour, contrasted with solitary 
animals. The references throughout the book are pre- 
sented in a maddening way, in paragraphs, one after the 
other, and individual citations are very difficult to pick 
out. There is evidence here of careless proof-reading, 
titles sometimes being omitted or incomplete, an amusing 
example being “C. J. Watson, ‘The Pyrrol Pigments with 
Particular Reference’ ’’. I think there should have been 
at least one colour plate in a book on pigments, though 
perhaps this would have made an already very expensive 
book prohibitive. G. Y. KENNEDY 


RAPTORIAL BURROWERS 


Stomatopod Crustacea of the Western Atlantic 

By Raymond B. Manning. (Studies in Tropical Oceano- 
graphy.) Pp. viii+380. (University of Miami Press: 
Florida, 1969.) $20. 


e 

Manis shrimps, primitive but highly specialized members 
of the crustacean order Stomatopoda, are easily recognized 
both as adults and larvae by their large jack-knife-like 
raptorial claws. Our knowledge of the taxonomy and 
biology of the order is still very incomplete, for, although 
some species are common, many are known from only one 
or two specimens. In recent years, with improved 
collecting methods, specimens of many more species of 
these cryptic burrowers have been obtained. Manning 
first became interested in stomatopods while preparing a 
check list of the species recorded from the Florida~Gulf 
of Mexico area, which was published in 1959. Since then, 
he has studied material on a world-wide basis and is now 
the foremost authority on the order. Traditionally, all 
Recent Stomatopoda have been assigned to the single 
family Squillidae, with eight genera and over 180 species 
(1960 estimate). In the past few years, however. the 
classification of the order has undergone radical changes; 
four families and 37 genera are now recognized with over 
230 species (Manning, R. B., Bull. Mar. Set. Gulf Caribb., 
18, 105; 1968). This revision at the family level based on 
adults supports earlier findings by Giesbrecht based on 
larval forms. 

Manning’s latest work, the result of years of painstaking 
research, is the first major contribution to stomatopod 
systematics since the publication im 1913 of Kemp’s 
classic memoir on the Indo-Pacific species. Sixty-two 
species, nearly half of which were previously unknown 
from the western Atlantic, are described and their diag- 
nostic characters are illustrated. The treatment is given in 
full taxonomic detail, with synonymies, distribution records, 
notes on colour, sex dimorphism, and other information for 
each species. Wherever applicable, comparisons are 
made with related species in the eastern Pacific and 
eastern Atlantic. Keys are provided for the identification 
of the families, the American genera within the families, 
and the western American species in each genus. Kemp’s 
terms for the carinae have been adopted in descriptive 
accounts of the restricted family Squillidae, but those for 
the telsonic carinae in the family Gonodactylidae have 
been modified (Table 8, page 241). Students of the group 
have long been puzzled by the great variability of a few 
common species of Gonodactylus; on revision the American 
species G. oerstedii proves to be a complex of species, 
including dwarf ones that never exceed 30-35 mm in 
length. Further studies, including field observations on 
habitat and colour variation, are desirable. Most are 
warm water Central American species, living in sand, mud, 
sponges, porous coral or rock, some in shallow water, 
others at greater depths; Bathysquilla microps in 732- 
952 m is exceptional. The genus Pterygosquilla is sub- 
Antarctic; a few species are restricted to southern South 
America and one has been recorded only off New England. 
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This well illustrated book is a model of good monograph- 
ing. It is to be hoped that similar up to date accounts 
of the mantis shrimps of other zoogeographical areas will 
soon be available. I. GORDON 


FLORAL FAMILIES 


Evolution and Phylogeny of Flowering Plants 
Dicotyledons: Facts and Theory. By J. Hutchinson. 
Pp. xxiv+717. (Academic Press: London and New 
York, July 1969.) 170s; $25. 


THERE are few systematic botanists alive today who can 
rival Dr Hutchinson’s knowledge of the world’s phanero- 
gamic flora and its classification. This book is yet another 
to come from the pen of this very industrious writer who, 
although “retired” for more than 20 years, still actively 
continues his research in the Kew Herbarium. This 
work, which is concerned with the dicotyledons only, 
is ostensibly an elaboration and projection of the ideas. 
set out in the author’s earlier Families of Flowering Plante 
vol. 1 (1959), with modifications of the circumscription of 
some families and changes in the position of others in his 
well known phylogenetic systems. It differs from the earlier 
work, however, in that much more information is given 
about the morphological variation within each family and 
also many more details on interesting and economically 
important genera are included. A breakdown into 
tribes is sometimes given and there are keys to a few 
selected orders, families and genera. An interesting 
feature is that the author indicates and often describes 
the type genus and species of many of the larger families. 
Obtaining this information alone must have demanded a 
wide search of the literature. Attention is drawn to 
aberrant or unusual genera (farmae abnormes), which give 
so much trouble to people whe make and use keys. 

The illustrations are a particularly good feature of the 
book, there being more than 350 of them, mostly drawn 
with remarkable clarity and accuracy by the author him- 
self. Strangely enough, however, he never gives any 
idea of scale. Drawings of fruits, especially where they 
are significant in generic delimitation as in ‘‘Leguminales’”’, 
Brassicaceae (Cruciferae) anc Apiaceae (Umbelliferae), 
receive special emphasis. 

Hutchinson’s division of the dicotyledons into Lignosae 
and Herbaceae is well known, but his excessive weighting 
of the habit characteristic in considering their phylogeny 
has met with little acceptance among other evolutionary 
taxonomists. Too often one sees obviously closely related 
families widely separated; for example, Verbenaceae in 
Lignosae and Lamiaceae (Labiatae) in Herbaceae, and the 
like: this sometimes makes the book irritating to use for 
reference. His concept of the flowering plant family is 
rigorously conservative, but because this is one of the most 
subjective of taxa, one opinion is as good as another. 
Any finality in family limits seems virtually impossible 
in some controversial cases. I am alarmed to find, how- 
ever, that the author does not give family rank to some 
groups which have been recognized as deserving of it, 
following recent very intensive study by monographers 
who have often taken into account information other than 
comparative morphology. Chrysobalanaceae and Ptaer- 
oxylaceae are two such groups which immediately spring 
to my mind. I personally disagree with Hutchinson's 
placing of Ptaerorylon near Kirkia in Simaroubaceae—a 
hotch-potch at best and quite a new home for the latter 
genus in any case. Yet Cedrelopsis, a very close relative 
of Ptaeroxylon indeed, is left stranded in Meliaceae ! On 
the other hand, I found his account of the Asteraceae 
(Compositae) stimulating and an excellent résumé of 
this enormous family-—just what is needed by students. 

This book, which makes easy and lively reading, has been 
beautifully produced, but its price will, I feel sure, limit. 
its sale to specialists. Brian T. STYLES 
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ALGAE REVIEWED 


The Algae 

A Review. By G. W. Prescott. (Riverside Studies in 
Biology.) Pp. xi+436. (Nelson: London, April 1969.) 
608. 


Each time a new textbook of the algae is published, one 
hopes that at last it will be possible to stop telling 
students that Fritsch’s Structure and Reproduction of the 
Algae is a superb review of phycological knowledge up 
to 1935 but that no textbook written subsequently is 
wholly satisfactory for use in a modern course in phyco- 
logy. Alas, the current hope is quickly stifled as the 
inadequacies of The Algae: A Review become apparent. 

After a general introduction, the first two-thirds of 
the book present a taxonomic survey of the algae based 
almost entirely on morphology. In his preface, Professor 
Prescott says that the system of classification used is con- 
servative so as to follow the plan found in most handbooks 
on algae. This is not a very enlivening approach for 
students, who certainly like to feel that the information 
they are given is as up to date as possible. In fact, a good 
feature of the chapter on green algae is the placing of 
Coleochaete and related genera in the order Coleochaetales, 
separate from the Chaetophorales and the Ulotrichales. 
If non-conservative treatment is possible here, why not 
have an adequate account of other modern concepts 
such as the separation of the Prasinophyceae from the 
Chlorophyceae, and the Haptophyceae from the Chryso- 
phyceae ? The Prasinophyceae are mentioned (page 45) 
in such a confused way that the importance of the concept 
is completely lost; there is no mention of flagellar scales 
(one of the key features of the group) and postulated 
prasinophycean genera such as Platymonas and Prasino- 
cladus appear subsequently with no mention of their 
suggested relationship. Prescott’s many years of familiar- 
ity with the algae are, of course. apparent in this part of 
the book, particularly when he is dealing with groups 
on which he has himself carried out research (such as the 
desmids). Unfortunately, these 200 pages catalogue so 
many genera that the elementary student will rapidly 
become submerged beneath the flood of names, while the 
more advanced student will not find adequate information 
to assist in his study of the fairly small number of species 
he can deal with in detail in laboratory work. The illustra- 
tions are largely stvlized drawings of morphology which 
are often inadequate in relation to the text references. 
There is a halftone Ulustration at the beginning of each 
chapter (the first one of very great aesthetic appeal), but, 
incredible as it may seem for a review of the algae published 
in 1969, there 1s not a single electron micrograph anywhere. 

The rest of the book consists of short chapters on 
ecology, physiology, economics, phylogeny and culturing. 
In each case the treatment is necessarily brief and unneces- 
sarily old-fashioned. The ecological chapter devotes half a 
page to Feldmann’s 1937 classification of algal growth 
forms (page 306) when this has already appes ared at equal 
length (page 35) with different definitions, different 
terminology and different examples. There is some inter- 
esting information in this latter third of the book; in 
some Cases so interesting (and unusual) that one would 
like to know the source. Unfortunately, there are very 
few references in the text and the bibliography ts hardly 
a balanced selection of phycological literature. 

At a more detailed level, the book contains many errors, 
misprints and contradictions which should never have 
sured the aes Poor more a in re 


are e E ‘incorrect, a source of untold. hon 
among students. The term “pellicle” is consistently 
misdefined as “the bounding (plasma) membrane of the 
cytoplasm” and naive comments on mitochondria, Golgi 
bodies, chloroplasts and other organelles show a basic 
misunderstanding of standard features of cell structure. 
How can a student be expected to appreciate modern 
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studies on the importance of ultrastructure in algal 
taxonomy (admittedly hardly mentioned in the book) 
when flagellar structure is incorrectly described (with the 
term “‘flummer’’ wrongly used, a haptonema described as a 
type of flagellum, and the wrong type of flagellar appen- 
dage allocated to several groups as on pages 23, 42, 170. 
191, ete.); when told that “The chloroplast is composed 
of pairs of lamellae (from one to six) with a matrix between. 
The lamellae unite to form a disc” (page 39); and when 
told that pyrenoids in the Xanthophyceae are “usually 
free from the chloroplast” (page 157) and pyrenoids in 
Euglena are “free in the cytoplasm or attached to the 
chloroplasts” (page 191)? Confusion is complete over the 
term “chondriosome”’ (an outmoded term for mitochon- 
drion): “‘Chondriosomes, which are metachromatic 
granules thought to be volutin, oceur in the Chlorophyta, 
diatoms, and some euglenoids”’ (page 20); ““Metachromatic 
granules have been found in some chlorophycean cells as 
well as chondriocsomes. The latter possibly are a different 
form of plastid. Also mitochondria ... occur in the green 
algae” (page 41); “chondriosome see mitochondria” 
(Glossary, page 403). . 

These regrettable mistakes could be removed in a second 
edition or a reprinting, but this would not affect my basic 
objection to the book: that it is too old fashioned an 
approach to an exciting assemblage of plants which have 
had the full battery of modern research techniques turned 
on them. Prescott’s preface also includes the words, 
“with the development of refined culture techniques and 
the electron microscope, physiologists and cytologists are 
employing algae more than ever as subjects of study for 
fundamental scientific information’. It is a pity that this 
new review of the algae contains little reference to this 
fascinating storehouse of modern botanical knowledge. 

GORDON F. LEEDALE 


ORGANISMS IN FOODS 


Microorganisms in Foods 

Their Significance and Methods of Enumeration. Com- 
piled and edited by F. 8. Thatcher and D. S. Clark. 
Pp. xii+234. (University of Toronto Press: Toronto; 
Oxford University Press: London, July 1969.) 120s. 


To declare that the microbiology of foodstuffs is still an 
underdeveloped territory 1s in no way to denigrate the 
work of that devoted band of scientists who have carried 
it forward by the momentum of their enthusiasm rather 
than by the wealth of their resource. The contributors 
to this volume form a list which includes many members 
of this brotherhood and its authority is thus not in ques- 
tion. Its importance hes in the fact that it represents a 
determined effort at international standardization of 
snumerative and determinative techniques as agreed by 
twenty-two microbiologists from eleven different countries. 

The book falls naturally into three parts. The first of 
these deals with pathogenic organisms known to occur m 
foods and their significance. Much of this section will 
already be generally familiar to those engaged im the pro- 
fession of food seience, but the lucid text and well selected 
references make it a pleasure to read and an excellent 
introduction to the subject. The second section deals 
with the problems of sampling and enumerates recom- 
mended methods for the microbiological examination of 
foodstuffs for the principal groups of pathogens. ‘The 
third part lays down specifications for media, reagents and 
ingredients. The second and third sections are definitive, 
and form a solid foundation upon which future develop- 
ments in methodology can be built. The publication has 
been carried out under the sponsorship of the International 
Committee on Microbiological Specifications for Foods and 
the reader is advised to start by scanning Appendix 1 
which outlines the programme of this ecmmittee. By so 
doing he will better appreciate the terms of reference of 
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the compilers. The book does not claun to represent the 
last word on the subject. Instead it proposes a sensible 
pattern of techniques as a starting point for internationally 
agreed standards. 

The development of the work of the Codex Alimentarius 
and the tightening of specifications in intcrnational trade 
in foodstuffs make increasing demands on food micro- 
biologists. For this reason alone this publication is timely. 
It also provides an essential reference source for university 
departments and industrial laboratories, Dr Sam 
Prescott, the pioneer of food microbiology (who in his 
early nineties at the beginning of the present decade 
eould still be seen around the food laboratories of MIT), 
would surely have been delighted to see this publication. 
To say more is superfluous. JOHN HAWTHORN 


INTRODUCTORY OPTICS 


Elementary Wave Optics 
By Robert H. Webb. Pp. xii+ 268. (Academic Press: 
New York and London, May 1969.) 107s. 


Tus is a curious book. It is beautifully produced and 
contains a large number of delightfully executed multi- 
coloured line diagrams, attractively drawn and all a most 
lucid help to the student. Effectively, the text sets out 
to be an elementary introduction to classical wave optics 
at a level of perhaps first or second year honours courses in 
Britain. The twelve chapters, after preliminaries, essen- 
tially cover interferometry and diffraction, with additional 
wave optic properties. The mathematics used in the text 
proper is light, the more extensive treatments being 
carried forward to a 40 page appendix. 

More often than not, the treatment is quite superficial. 
The text lacks numerous aspects which traditionally in 
Britain are considered essentials for the subject. Thus, 
while elementary wave optics, including superposition, 
group velocity, scattering, diffraction and polarization are 
all treated with simplicity, clarity and sympathy, the 
approach to interferometry and interferometers can, 
on the other hand, only be described as less than felicitous. 
Thus, right from the start, interference effects from two 
slits are treated before introducing diffraction from a 
single slit. This inevitably creates a difficulty for the 
student, who is shown rays incident normally on a slit 
and then (inexplicably) diverging out on the other side. 
Unless diffraction is tied to Young’s slits, difficulties are 
experienced by the student. 

It is also unfortunate that problems and exercises 
involving laser beams are then proposed, but without the 
slichtest explanation of just what a laser beam is and 
why its properties are invoked, This is most curious. Is 
the student expected to be familiar with laser optics ? 

There is, however, much worse than this to come, The 
descriptions of the Michelson interferometer and of its 
applications are woefully weak. There is not even a 
mention of the glass compensating plate and the reason 
for its use. The instrument as such is not deseribed and, 
most surprising of all, the Michelson-Morley experiment 
is not even mentioned. Nor in fact is there mention 
elsewhere of the Michelson stellar interferometer, nor of 
the interferometric evaluation of the metre either by 
Michelson and co-workers or by Fabry~Pérot. The 
treatment of the Fabry-Pérot interferometer itself is, 
it is true, included, but the approach is deplorably 
inadequate. Incidentally, in this connexion the use by the 
author of the term “half-silvering” is both archaic and 
misleading to the student. It is, in the event, not sur- 
prising to find no mention of multiple-beam interference 
microtopography. Yet, as is fashionable, there are sections 
on holography and on Fourier transforms. 

Each chapter is followed by a group of problems, many 
of which I believe to be too difficult for this level of student. 





Indeed, that this is the case is made evident by the. 50 
pages of worked out solutions for sample questions. 
Many of these problems could with advantage be discussed 
by a teacher with a small tutorial group. Left to their 
own without such assistance, many students would find 
the problems formidable. . 
While a lot of the general treatment on wave properties 
is attractive, throughout the text the whole treatment on 
instrumentation, which is often the more exciting aspect 
for the student, is superficial. It must be noted that m 
spite of its 268 pages, if we exclude the space devoted to 
problems, appendices and answers, the whole residual text 
reduces to a mere 125 pages and of this a good deal 18 
diagram space. Clearly, with such a restriction On Bpace, 
only summary treatment can be expected for so 1 ormud- 
able a subject as this. S, TOLANSKY 


LIGHT AND LASERS 


Lasers, Light Amplifiers and Oscillators 
By Dieter Röss. Edited by O. S. Heavens. Translated 
from the German. Pp. xvii +755. (Academic Press: 
London and New York, May 1959.) 200s; $29.50. 


Tuis volume is the English edition of the first authorita- 
tive source book on lasers published in German by Dr 
Dieter Ross in 1966. The bibliography, which now con- 
tains more than 4,300 entries with the titles of all papers 
in foreign languages translated into English, and the 
tables, have been brought up to date. More than 1.000 
gas laser transitions are now tabulated and the opportun- 
ity was taken to correct text misprints and errors in the 
German edition. The treatment is generally non-mathe- 
matical. Models, with graphical representations and 
illustrations, are used and quantum mechanics 1s avoided. 
(The text thus admirably supplements the excellent 
Quantum Electronics (Wiley) by Yariv.) Each chapter 
can be read more or less independently and this encyelo- 
paedie approach is of great value in the now vast laser 
literature. 

After a short historical review, the general properties 
of light and its interaction with matter are briefly de- 
scribed. Five chapters devoted to laser dynamics are 
followed by three chapters on laser cavities and their 
modes. Measurement and optimum coupling of laser 
oscillator output power are next considered and the 
theory and practice of the transient behaviour of both 
relaxation oscillators and giant pulse systems are treated 
in detail, including the various experimental techniques 
for Q-spoiling and modulation. . 

The chapter on optical pumping systems is particularly 
good and contains many useful practical details. W hile 
the final chapter on applications of lasers is too short to 
cover in any detail this now extensive field of activity. 
most of the more important applications are suecinetly 
summarized. 

Inevitably, the latest discoveries are not included in a 
book now nearly four years old. The active worker in 
laser research and development will particularly notice 
the absence of detailed descriptions of tunable frequency 
parametric systems, organic dye lasers, ultra-short pulses 
and coherent interactions with matter. The new entrant 
to laser physics, especially the PhD student, will find, 
however, a great wealth of practical details as well as 
clear descriptions of fundamental principles and basic 
equipment. Although the active media may have changed. 
the laser cavity and pumping arrangements developed 
for the original ruby and gas lasers are still very much in 
use. The detailed descriptions and clear drawings and 
photographs of hardware such as mirror mounts, flash 
tubes and cavity reflectors are still of great value. The 
many oscillograms, of excellent qualty, are well repro- 
duced and set a standard sadly sellom reached in pub- 
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lished research papers. Perhaps the best comment that 
I can make is to note that in my own laboratory the 
two copies of this book are in continuous use, particu- 
larly among research students. D. J. BRADLEY 


Correspondence 


Neologonumismatology 


Srr,--I have just seen your leader on “Neologonumis- 
matology’’ (Nature, 223, 659; 1969). Your protest is 
fully justified, but you should not be too hard on Latin 
and Greek when a new word is truly needed. You quote 
‘“eonservation’”’, “pollution”, “desecration”, “extinction”, 
but all these are of Latin origin. Do you really wish us 
to talk of the ungetthroughfulness of stuff ? There is, I 
fear, no pure well of English undefiled. But certainly to 
hell with sosiecology. 

Yours faithfully, 

W. D. STURCH 

1 Lowther Gardens, 
Exhibition Road, 
London SW7. 


Immunization against Cancer ? 


Sir,—Although the rationale for the elegant and important 
study of Watkins and Chen, “Immunization of Mice 
against Ehrlich Ascites Tumour using a Hamster/Ehrlich 
Ascites Tumour Hybrid Cell Line’ (Nature, 223, 1018; 
1969), has been left to the imagination of the reader and, 
apparently, the Editor as well (‘something of a leap in 
the dark” —Nature, 223, 1190; 1969), their findings were 
specifically anticipated in an earher publication of ours, 
“Adjuvant Activity of Erythrocyte Isoantigens’” (Sczence, 
156, 658; 1967). In this study we demonstrated an 
enhancement of the immune response to “weak” blood- 
group system isoantigens by simultaneous immunization 
with “strong” blood-group system isoantigens present on 
the same cell. There is little reason to believe that the 
type of antigenic interaction demonstrated with hybrid 
tumour cells is fundamentally different from the phen- 
omenon which we described. 

It thus appears that an affirmative answer to our 
question of “whether advantage can be taken of the 
isoantigen adjuvant phenomenon in inducing effective 
immunity to weak viral or tumor specific antigens” may 
not be an unreasonable expectation. 


Yours faithfully, 


RAYMOND A. MCBRIDE 


Logis W. SCHIERMAN 


Department of Pathology, 
New York Medical College, 
New York, New York 10029. 


Sir, —An important concept of cancer was wrongly 
presented, in the editorial article “Immunization against 
Cancer” (Nature, 223, 1190; 1969). Of course, “the fancy 
of a cancer cure is as unreal as the Philosopher's Stone” 
and equally so would be an antibiotic or immunization 
procedure against all infectious diseases—viruses, bacteria, 
protozoa, and multicellular organisms ! A single cause 
of all infectious diseases is an equally remote possibility. 
But the hope of finding the cause or causes and the 
cure of specifie members of the heterologous group of 
: We 

know the specific causes of some individual kinds of 
cancer and we have developed both palliative and curative 
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treatments in recent decades. Examples include curative 
applications of chemotherapy and surgery or X-ray 
therapy or both, and the eradication of skin cancer by 
both chemotherapy and immunological methodst. New 
techniques of adoptive immunity may successfully sub- 
stitute living cells (lymphocytotherapy) for chemical 
agents for some kinds of cancer and more effective 
chemotherapeutic agents will be found. 

In summary, a member of the “hard core” of cancer 
researchers feels that the annotation does not reflect the 
flow of new, vital, basie, and applied information con- 
cerned with many different kinds of cancer but not 
necessarily “cancer”. 

Yours faithfully, 
G. E. Moore 
Publice Health Research Group, 
Roswell Park Memorial Institute, 
New York State Department of Health, 
Buffalo, New York 14203. 
UKlein, E., Geriatrics, 23, 154 (1968). 


+ 
“Anomalous” Water 


SiR, —A report on the properties of “anomalous” water 
appeared recently in Nature (222, 159; 1969). The 
probable structure of this phase was reported by Lippin- 
cott et alt who refer to the phase as polywater, a term 
descriptive of the structure. 

The properties of polywater are negligible vapour 
pressure, density ~1-4 g/cm’, partial miscibility with 
normal water (depending on the length of the polymer 
chains) and stability to temperatures ~500° C. The 
polymer chams are some 250-420 kJ/mole (60-100 
kealories/mole) of monomer more tightly bound than 
normal water. 

I need not spell out in detail the consequences if the 
polymer phase can grow at the expense of normal water 
under any conditions found in the environment. Poly- 
water may or may not be the secret. of Venus’s missing 
water. The polymerization of Earth’s water would turn 
her into a reasonable facsimile of Venus. 

There are examples of phases in other systems which 
are difficult to nucleate. Once the nuclei are present, 
the phases grow readily, often by mechanisms other than 
those required to form the nuclei. It is almost a truism 
that, under conditions where both a stable phase and a 
metastable phase may form, the metastable phase forms 
first. In this case the metastable phase would be normal 
water. 

After being convinced of the existence of polywater, I 
am not easily persuaded that it is not dangerous, The 
consequences of being wrong about this matter are 80 
serious that only positive evidence that there is no danger 
would be acceptable. Only the existence of natural 
(ambient) mechanisms which depolymerize the material 
would prove its safety. Until such mechanisms are known 
to exist, I regard the polymer as the most dangerous 
material on earth. 

Every effort must be made to establish the absolute 
safety of the material before it is commercially produced. 
Once the polymer nuclei become dispersed in the soil it 
will be too late to do anything. Even as I write there 
are undoubtedly scores of groups preparing polywater. 

Scientists everywhere must be alerted to the need for 
extreme caution in the disposal of polywater. Treat it as 
the most deadly virus until its safety is established. 


Yours faithfully, 


E. J. DONAHOE 
Wilkes College, 
Wilkes-Barre, 
Pennsylvania 18703, USA. 


‘ Lippincott, E. R.. Stromberg, R. R., Grant, W, H., and Ceszac, G. L., 
Science, 164, 1482 (1969). 
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Royal Charter for Physicists 


Sir,-There was considerable discussion in Nature (220, 
952; 1968) of the Charter proposals when these were pre- 
sented to the members of the Institute of Physics and the 
Physical Society in November. The provisions, involving 
the abolition of the Fellowship of the Physical Society, 
have continued to arouse strong opposition on the part of 
a responsible body of Fellows. Despite this opposition 
the Charter petition has now been presented to the Privy 
Council for approval. 

Those who find the Charter unacceptable should now 
consider seriously the formation of the British Physical 
Society. This is being actively discussed at Imperial 
College by a small committee, who would like to hear 
from those interested. 

Yours faithfully, 


M. BLACKMAN 
Department of Physics. 
Imperial College of 
Science and Technology, £ 
London SW7. 


Appointments 


Tue following appointments have been made by the 
Medical Research Council to its Research Boards and 


Goodwin, already a member of this committee, as 
chairman in succession to Professor A. S. V. Burgen; 
and Dr H. Jolly (Charing Cross Hospital, London) and 
Dr G. Pringle (Liverpool School of Tropical Medicine) 
to the Tropical Medicine Research Board. 


Announcements 


Tue British Association for Crystal Growth was 
formed on June 25, 1969, to encourage the scientific and 
technological discussion of the theory and practice of 
erystal growth and the appraisal of crystals. The first 
committee consists of Professor A. D. McQuillan (chair- 
man), Dr W. Bardsley, Mr J. C. Brice (treasurer), Dr D. 
Elwell (secretary), Professor F. C. Frank, Professor C. H.L. 
Goodman, Mr B. A. Joyce, Dr J. B. Mullin, Mrs B. M. 
Wanklyn and Dr E. A. D. White. Anyone interested in 
joining the association should contact Dr D. Elweli, 
Department of Physies, Portsmouth Polytechnic, Park 
Road, Portsmouth POI 2DZ. 

The Gold Medal of the Entomological Society of 
Canada has been awarded to Dr K. E. F. Watt, Univer- 
sity of California at Davis, in recognition of his contribu- 
tions to insect ecology. 


The Perkin Centenary Trust invites applications for 
the Perkin Centenary Scholarships and Perkin Travel 
Grants for 1970-1. The scholarships are offered to candi- 
dates employed in the United Kingdom in an industrial 
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firm or other institution concerned with the manufacture 
or the application of colouring matters, for study at a 
university or technical college. The travel grants are 
available to teachers concerned with the study of any 
aspect of the manufacture or the application of colourmg 
matters at universities, technical colleges or other insti- 
tutions in the United Kingdom, who wish to gain experi- 
ence at similar institutions in Europe. Further details 
may be obtained from The Secretary, The Perkin Cen- 
tenary Trust, c/o The Chem ical Society, Burlington House, 
London WIV OBN. 

I~ connexion with the announcement. (Nature, 223, 1395; 
1969) of the appointment of Dr H. W. Springer as Seere- 
tary-General of the Association of Commonwealth 
Universities, we have been asked to point out that the 
present Secretary-General, Dr J. F. Foster, does not retire 
until the end of September 1970. 


tenaespaisaa- anrai git aen a aa 


ErraTUM. In the article “Densities of the Terrestrial 
Planets” by W. H. McCrea (Nature, 224, 28: 1969), the 
abseissa-axis in Fig. 1 should be labelled “Mass (10°%g)", 
not “Mass (10?/g)". 

Erratum. In the article “Ribosomal Subunits and MS2 
Phage RNA-directed Protein Synthesis” by Grubman 
and Nakada (Nature, 223, 1242; 1969), the first sentence 
of the twelfth paragraph (page 1245) should read: “The 
requirement of protein synthesis for ribosomal subunit 
dissociation was shown as follows”. The first sentence of 
the eighteenth paragraph (page 1246) should read: 
“Requirement of the initiation of protein synthesis for the 
ribosomal subunit exchange . i 


International Meetings 


March 31-April 3, Yield, Deformation and Fracture of 
Polymers, Cambridge (Meetings Officer, The Institute of 
Physics and the Physical Society, 47 Belgrave Square, 
London SW). 

April 1-3, X-ray Analysis-—Past, Present and Future, 
London (Meetings Officer, The Institute of Physics and 
the Physical Society, 47 Belgrave Square, London SW1). 
April 1-4, Thermodynamics, Cardiff (Meetings Officer, 
The Institute of Physics and the Physical Society, 47 
Belgrave Square, London SW1). 

Applications of High Voltage Electron 
Microscopy, Harwell (Meetings Officer, The Institute of 


London SW)). 

April 6-8, Joint Meeting of the Association for High 
Speed Photography and the Shock Tube Liaison 
Group, Liverpool (Dr L. Davies, Aerodynamics Division, 
National Physical Laboratory, Teddington, Middlesex, 
UR). 

April 6-8, Chemistry and Mineralogy of Meteorites 
and Extraterrestrial Matter, London (Mr P. Wilkinson, 
Department of Geology, University of Sheffield, Mappin 
Street, St George’s Square, Sheffield, 51 3J D). 


April 6-11, Bio-Engineering 1970, Oxford (Conference 
Secretary, Biological Engineering Society, Mr J. Gasking, 
Department of Pharmacology, St Bartholomew's Hospital 
Medical School, Charterhouse Square, London EC), 
April 7-10, Experimental Stress Analysis and Its 
Influence on Design, Cambridge (Mr R. J. Millson, The 
Institution of Mechanical Engineers, 1 Birdcage Walk, 
Westminster. London SW)). 

April 7-10, Thermophysical Properties of Solids at 
High Temperatures, Risley (Meetings Officer, The 
Institute of Physies and the Physical Society, 47 Belgrave 
Square, London SW1). 
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British Diary 
Monday, October 13 


Modern Antidegradants for Natural and Synthetic Rubbers (7.30 p.m.) 
Mr D. A. Haromersley, Institution of the Rubber Industry, at BTR 
Industries Social Club, Farington, Leyland. 


The Community of Coal and Steel (5.30 p.m.) Dr H. M. Finniston, BUCRA 
Eighteenth Coal Science Lecture, at the Connaught Rooms, Great 
Queen Street, London WC2. 


Twenty Years of Electricity Distribution under Public Control (5.30 p.m.) 
Mr D., P. Sayers and Mr E, Hill, Institution of Electrical Engineers, 
at Savoy Place, London WEZ. 


Tyre Requirements from the Vehicle Manufacturers Standpoint 
(7.30 p.m.) Mr G. Baston, Institution of the Rubber Industry, at 
the Stork Hotel, Queen Square, Liverpool. 


Tuesday, October 14 


A Delivery Estimating Procedure (6 p.m.) Mr J. B. Supper and Sqdn Ldr 
P. S, Baxter, Institution of Electronic and Radio Engineers, y Bedford 
Square, London WCL. 


Effects of Lubricants on PVC Melts (2.30 p.m.) Mr G. M. Gale, Plastics 
Institute, at 11 Hobart Place, London SWL 


Scientific Papers and Film (5 p.m.) Zoological Society of London, at the 
Zoological Gardens, London NW1. 


The Human Necessity for Automation (5.50 p.m.) Mr P. L. Taylor, Institu- 
tion of Electrical Engineers, at Savoy Place, Londen WC2. 


Wednesday, October 15 


Computer Applications (2.30 p.m.) Mr J. F. Becker, Mr W. Kelly, Mr P. 
Mitchell, Mr J. Newell and Mr R. K. Webster, Society for Analytical 
Chemistry, at the University of Birmingham. 


Gravitation and Geometry (5.50 p.m.} Professor P. C, Vaidya, University of 
London, at Queen Elizabeth College, Campden Hill Road, London W8. 


Production of Giant Mouldings (2 p.m. symposium) Plastics Institute, at 
the Great Western Royal Hotel, London W2. 

Radio and Weather (5.30 p.m.) Dr J. A. Saxton, Institution of Electrical 
Engineers, at Savoy Place, Londen WC2. 


Thursday, October 16 


A Review of Soviet Space Programmes (6 p.m.) Sqdn Ldr R. C, Travis, 
institution of Electronic and Radio Engineers, at the Loadon School 
of Hygiene and Tropical Medicine, Keppel Street, London WEL 


High Speed Freight Wagons Institution of Mechanical Engineers, at ] 
Birdcage Walk, London SW1. 


Hyperfiltration (6.30 p.m.) Dr Muir, Institution of Chemical Engineers, at 
the University of Newcastle upon Tyne. 


Modern Development in Fern Taxonomy (5 p.m.) Professor Irene Manton, 
PRS, Dr W. A. Sledge and Dr F. N. Jarratt, Linnean Society of 
London, at Burlington House, Piccadilly, Londen W1. 


The Future of Postgraduate Medical Education (5.30 p.m.) Dame Janet 
Vaughan, University of London, at the Beveridge Hall, Senate House, 
London WC1. 


The Links between Education and Training (5.30 p.m.) Mr E. R. L. Lewis, 
Institution of Electrical Engineers, at Savoy Place, London WC2. 


Tropical Medicine Today (7.30 p.m.) Professor B. G., Maegraith, Royal Society 
of Tropical Medicine and Hygiene, at Manson House, 26 Portland 
Place, London W1. 


Airships (1 p.m.) Professor Gillett, Brunel Engineering Society, at Brunel 
University, Kingston Lane, Uxbridge, Middlesex. 
Friday, October |7 


Flash Photolysis of Aromatic Azides {1 pum.) Dr A. Reiser, Royal Institu- 
tion, Photochemistry Discussion Group, at 21 Albemarle Strect, 
London WI, 


Radiobiology Meeting (2 p.m.} British Institute of Radiology, at 32 Welbeck 
Street, London WH. 


Radiotherapy and Cancer (9 p.m.) Sir Brian Windeyer, Royal Institution, 
21 Albemarle Street, London W1, 

Son et Lumiere (5.30 p.m. discussion meeting} opened by Mr J. W. Bessant 
and Mr C., R. Passmore, Institution of Electrical Engineers, at Savoy 
Place, London WCE, 
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Monday, October 20 


A History of the Abundance Determination in the Universe with special 
reference to the Sun (5.30 p.m.j Professor 5. R. Pottasch, at Uni- 
versity College London, Gower Street, London WEL, 


An Interpretation of Tobias Mayer's Scientific Achievements (5.30 p.m.) 
Dr E. G. Forbes, British Society for the History of Science, at the 
Science Museum, London SWT. 


Modern Methods Used in the Production of Rubber and Plastic Footwear 
{6.45 pan.) Mr R H. Bullock, Institution of the Rubber Industrv, at 
the Waldorf Hotel, Cooper Street, Manchester 2. 


Problems of Identifying Smali Residues of Pesticides (5 p.m.} Professor 
G. Widmark, Society of Chemical Industry, at 14 Belgrave Square, 
Lendon SW. 


Submerged Repeater Systems-—-Past, Present and Future (5.30 p.m} 
Mr F. Scowen, Institution of Electrical Engineers, at Savoy Place, 
London WC2. 


The Industrial Monuments Survey (5.30 p.m.) Mr Rex Wailes. Royal 
Institution, Library Circle, at 21 Albemarle Street, London Wi. 


Reports and Publications 


(not included in the monthly Books Supplement) 
Great Britain and Ireland 


Proceedings of the Royal Ifish Academy. Vol, 68, Section A, No. 2: The 
General Linear Group GL (4) and the Lie Group Ca By J. MeConnell, 
Pp. 5-32. 8s, 6d. Vol. 68, Section B, No. 3: The Oughterard Granite, 
Connemara, Co. Galway. By R. Bradshaw, A. G. Plant, K. C. Burke and 
B. E, Leake. Pp. 39—66 + plate 1. 9s. 6d. Vol. 68, Section B, No. 4: Com- 
parative Electrophoretic Studies of Soluble Eyelens Proteins of some Irish 
Freshwater Fishes. By P. J. Haen and F. J. O'Rourke, Pp. 67-754 plate 2, 
3s. (Dublin: Royal Trish Academy, 1969.) [20 

Ministry of Agriculture, Fisheries and Food, Fishery Investigations, 
Series H, Vol, XXVI No.1: The Laboratory Culture of the Prawn Palaenon 
serratus. By M, R. Reece. Pp. v +38. (London: HM Stationery Office, 
1069.) 158, 6d. net. . {29 

Building Research Station, Current Paper 12/69: Priorities in Structural 
Engineering Researes. By 8. C. C. Bate. Pp. 15-27, (Reprinted from 
Structural Engineer, 1969, Vol. 47 (1), January.) (Garston, Watford: Build- 
ing Research Station, 1969.) Gratis. . B [39 

Natural Environment Research Council. Institute of Geological Sciences. 
Report No. 69/6: The Tertiary Welded-Tuff Vent Agglomerate and Asso- 
ciated Rocks at Sandy Braes, Co. Antrim. By I. B. Cameron and P. A. 
Sabine. Pp. iv+15 (4 plates). (London: HM Stationery Office, ue: 
28. net. fas 


Other Countries 


World Health Organization. Ms ni 
national Drug Monitoring—The Role of the Hospital. (Report of a WHO 
Meeting.) Pp. 24. (Geneva: World Health Organization; London: HM 
Stationery Office, 1969.) 2 Sw franes; 4s; $0 , 


Technical Report Series, No. 425: Inter- 


0-60, [20 

The Variation of Sr and Cs in Milk, some Factors Influencing the Radio- 
nuclide Concentration and the Effect of Remedial Actions, By Bjarne 
Underdal. Pp. 122. (Oslo: Department of Food Hygiene, Veterinary 
College of Norway, 1966.) Sage T [29 

Pakistan Council of Scientific and Industrial Research, PCSIR Bulletins/ 
Monographs. No. 3: Medicinal Planta of Southern West Pakistan. By 
Syed Riaz Baquar. Pp.iv+108. Rs. 7. No.4: Studies in the Alkaloidal 
Constituents of some Indigenous Medicinal Plants. By Vigar Yddin Ahmad. 
Pp.v+72. Rs, 10. No. 6: Temperature Coefficient of Insecticidal Action 
Using Radioactive DDT. By M. Yameen Zubairi. Pp. 19. Rs. 5. 
(Karachi: Pakistan Council of Scientific and Industrial Research, 1967, 1968 
and 1969.) | [39 

University of Helsinki, Department of Meteorology. Papers. No, 112: 
A Determination of the Intensity of the Atmospheric Energy Cycle from the 
Mean Vertical Distribution of Diabatic Heating. By E. 0. Holopainen. 
Pp. 5. No. 113: On tha Amount of Dew in Finland. By Seppo Huovila. 
Pp. 6. No. 114: Statistical Investigations of some Atmospheric Properties 
Above the Tropical Atlantic Ocean. Part 1: Caleulations of Average Lapse 
Rates. By Lauti A. Vuorela and Jorma Riissanen, Pp. 1i. (Reprints of 
Geophusiea, Vol. 10.) (Helsinki: The University, 1969.) {38 

Australia: Commonwealth Scientific and Industrial Research Organiza- 


tion. Annual Report of the Division of Plant Industry for 1965. Pp. 156. 
(Canberra: Commonwealth Scientific and Industrial Research Organiza- 
tion, 1969.) [89 

WHO. Smalipox-—-a Pictorial Guide to Diagnosis. Pp. 8. (Geneva: 


World Health Organization; London: HM Stationery Office, 1969.) 3 Sw. 
francs: 68.; St. [39 
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Separation 
Purification 


SALES AND SERVICE THROUGHOUT THE WORLD 





A separation 
of chicken haemoglobin. 


1969 


IN THE SERVICE OF SCIENCE 


ROTEIN 





manene aeia aae 


Ampholine Electrofocusing equ ipment, 
including Power Supply 

and Uvicord ultraviolet Monitor 

ready for protein separation. 





Characterization 


Research establishments, hospitals, 
and industry throughout the world 
have used LKB Ampholine Electro- 
focusing to successfully separate the 
following kinds of protein. 


Endotoxins from bacteria 
(lipopolysaccharides) 

Capsular polysaccharide from H. Influenza 
Urine gonadotrophins of pregnancy (human) 
Pituitary hormones 

Amonuim Sulfate preparations of human 
serum 

Blood coagulation proteins, namely FXII 
Whole serum 

Gamma globulin 

Steroid binding y-globulin 

Transcortin cortisol binding 6, globulin 
y-globulin, transferrins 

Cytochrome c from beef heart 
Biliverdin-protein in eel serum 

Rat fetal protein from albumin 
Immunoglobulins 

Bovine serum 

Albumin 

Ovalbumin 

Intact platelet mebranes 

E. coli nucleases 

Enzymes catalyzing sulphydryl 

— disulfide interchanges 
Enzymes-cellulases (some proteases) 
Butyrylcholinesterases from human brain 
Pancreatic enzymes 

Bromelain-+acid phosphatase from 
ananas comosus 

Arylsulphatases of aspergillus oryzae 
Mitochondrial transaminases 


D-aspartic oxidase 


Glycosidases from fungal or bacterial source 
Lactoperoxidase 
Invertase from yeast 





Ribosomal 

Catalase 

Acid phosphotases 

DNA polymerase 

Enzymes of carbohydrate metabolism 
Neurospora crassa invertase | 
Alkaline phosphatase in eel intestinal 
mucosa 

For myltetrahydrofolate synthetase from 
clostridium thermoaceticum 
Haemoglobin 

Isoenzymes of alcoho! dehydrogenase 
Soluble grape proteins 

Influenza virus and adenovirus 

Herpes simplex virus proteins 

Renin (ovine, human) 

Insulin 

Glycopeptides of fibrinogen and platelets 
Chondroitin sulfate glycoproteins 
Myoglobin 

Ferritin 

Chemically modified myoglobin 
Interferon samples from chicken eggs 
High and low molecular weight 
glycosidases. Detergent-soluble 
glycosyltransferases (membrane bound) 
Extracellular enzymes and toxins from 
staphylococcus aureus e.g. hyaluronate 
lyase 
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Have YOU a research problem that 
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APPOINTMENTS VACANT 


UNIVERSITY OF DUBLIN 
Trinity College 


RESEARCH APPOINTMENTS IN 
FIBRE SCIENCE & TECHNOLOGY 


Three appointments will be made 
at post-doctorate and one at post- 
_ graduate level, tenable for up to 
# three years, in the following fields: 


1. Nuclear Magnetic Resonance 
studies on polymeric materials 
(£700 p.a.). 

2. Polymer/Fibre Morphology 
(£1,250 te £1,350 pa.) 

3. Folymer characterisation tech- 
niques (£1,250 to £1,350 p.a.) 

4. Film /Fibre technology (£1,750 to 
£1,856 p.a.). 


Applications are invited from can- 
didates with appropriate experience 
(first or second class degree in 
Physics for the first. and Ph.D. or 
equivalent research experience for the 
other appointments). 


Further information may be ob- 
tained from Professor D. C. Pepper, 
Trinity College, Dublin 2, to whom 
applications should be made before 
November 3, 1969. (1214) 


























UNIVERSITY OF EDINBURGH 


DEPARTMENT OF 
MOLECULAR BIOLOGY 


Applications are invited for the post of 
SENIOR TECHNICIAN or TECHNICAL 
OFFICER in the above Department. The 
person appointed will be required to take 
complete responsibility for store-keeping, 
accountancy, and all routine ordering of 
equipment and materials, together with cer- 
tain other administrative duties. Time 
may also be made available, where appro- 
priate, for him to follow personal interests, 


in particular high grade photographic work, 
for which the Department is well equipped. 


The appointment will be as Senior Tech- 
nician on the scale £1,056 to £1,311 per 
annuum, with inkial placing according 19 
qualifications and experience, Hf the suc- 
cessful candidate holds the HNC., a 
University Degree or equivalent qualifica- 
tion he may be appointed on the Technical 
Oficer scale £1,125 to £1,500 per annum, 


Applications, giving full details, should 
he sent to the Secretary to the University. 
(id College, South Bridge, Edinburgh EHS 
YL., as soon as possible, Please quote 
reference 2084/83, (1204) 
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AUSTRALIAN ATOMIC 
ENERGY COMMISSION 


RESEARCH ESTABLISHMENT, 
LUCAS HEIGHTS, NEAR SYDNEY 


ENGINEERING RESEARCH 
AND DEVELOPMENT 


Vacancies exist for appropriately qualifie@ applied scientists for theoretical 
and experimental investigations of heat removal from nuclear reactors. 
Applications are invited from persons with a background of experience in 
one or more of the following specialities, viz. heat, fluid, flow, mechanics, 
dynamics, nucleonics, electronics, electrotechnclogy, control measurements, 
etc, 


we bie, 








The Research Scientist vacancies require a Ph.D. or equivalent together 
with proven research ability. Experimental Officer vacancies require a 
University Degree or Diploma. 


Salary depending upon qualifications and experience will be within the 
ranges of 


RESEARCH SCIENTIST 
$5,321(Aust.) to $6,693(Aust.) 


SENIOR RESEARCH SCIENTIST 
$6,963(Aust.) to $8,045(Aust.) 


EXPERIMENTAL OFFICERS CLASS Ul 
$6,241(Aust.) to $7,003(A ust.) 


EXPERIMENTAL OFFICERS CLASS H 
$5,332(Aust.) to $5,989( Aust.) 


Further information can be obtained from the Atomic Energy Adviser, 
Office of the High Commissioner for Australia, Canberra House, 10-16 
Maltravers Street, LONDON, W.C.2. Please quote Position L.22. 


(1207) 


LAND RESOURCES DIVISION, 
MINISTRY OF OVERSEAS DEVELOPMENT, 


Tolworth Towers, Surbiton, Surrey 


Environmental Scientist with Statistical background (graded Senior Scientific 
Officer /Scientific Officer) required to participate in the planning and under- 
taking of integrated surveys of land resources and planning for agricultural 
and forestry development for Governments overseas with particular reference 
to statistical aspects of sampling and the processing of the data collected. 
The post is at Directorate of Overseas Surveys Headquarters at Tolworth 
but the duties will include periods of service abroad visiting teams engaged 
in projects in the field. Applicants should have knowledge of computer pro- 
gramming and a genuine interest in studies of the natural environment and 
planning for agricultural and forestry development overseas. Experience of 
such studies and of relevant statistical sampling desirable. 

Qualifications : ist or 2nd class Honours degree or equivalent in physics, 
mathematics or natural science or a Ist or 2nd class honours degree in statistics 
with evidence of application to Agriculture, Climatology or other environ- 
mental studies and, for §.S.O., at least 3 years’ post-graduate experience. 


APPLICATION FORMS are obtainable by writing to the Civil Service Com- 
mission, Savile Row, London, WIX 2AA, or by telephoning 01-734 6101, 
ext. 229 (after 5.30 p.m. 01-734 6464 “ Ansafone service), Please quote: 
§/52-53/0DM/1. Closing date: October 31, 1969. (4222) 
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AUSTRALIAN ATOMIC 
ENERGY COMMISSION 
RESEARCH ESTABLISHMENT, 
LUCAS HEIGHTS, | 
NEAR SYDNEY 





CHEMISTRY DIVISION— 
ANALYTICAL CHEMISTRY SECTION 


RADIOCHEMIST 


Applications are invited from chemistry graduates to jain the Radiochemical 
Analysis Group. Duties will include research in neutron activation analysis 
and radiochemistry, analysis by neutron activation of special samples sub- 
mitted by Research Establishment staff and outside organizations and general 
radiochemical analyses. The successful applicant will be required to super- 
vise and organize the work of a small number of staff, and to give advice on 
radiochemistry and radiochemical counting procedures, 


The laboratories are modern and well equipped. in addition to a wide range 
of counting equipment, the group has a fast neutron generator and access 
to a high-flux source of thermal neutrons in the reactor HIFAR. Modern 
high speed computing facilities are available and publication of research is 
encouraged. 


Applicants should have a degree in chemistry with analytical, physical, or 
inorganic chemistry as major subjects. Previous radiochemical experience 
is essential. Salary is dependent upon qualifications and experience and 
will be within the following ranges: 


Experimental Officer Class IH 
$6241 (Aust.)--$7003(Aust.) 


Experimental Officer Class H 
$5332(Aust.)-—$5989(Aust.) 


Application forms may be obtained by writing to the Atomic Energy 
Adviser, Office of the High Commissioner for Australia, Canberra 
House, 10-16 Maltravers Street, Strand, LONDON. Please quote 
position E75. 


Applications close on November 24th. 


{12083 


UNIVERSITY COLLEGE HOSPITAL MEIN- GRADUATE PHYSICST OR ENGINEER 
cal School, Senigr Technician (1) with main required for research and development of selen- 
intereat in virology reanired by Department of tific and engineering techniques in rmredicine, 
Dermatology to work on mechanisms of recovery Activities expanding-—-currently include problems 
from virus infeetfons, involving assistance with in bacteriology, haematclogy, behaviour of ime 
tissue culure and serological techniques. Salary fants and physiclogy. New laboratory and èx- 
scale up to £1,210 (£45 increment second year) celient workshops, Experience or postgradaate 
plus £90 London Weighting allowance per annum. training in bic-engineering desirable but not 
Appointment for two years with possible exten- essential. Starting salary in range £1,240 to 
sion.—~Application forms avallable from the £1,585 per annum. Further details from Dr. 
Secretary, University College Hospital Medical R. E. Trotman.-Apply Secretary, St Mary's 
School, University Street, London, W.C.1. Please Hospital Medical School, Paddington, W.2. 
guste DERI. £1234) (1229) 
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UNIVERSIDAD DE LOS 
ANDES 
MERIDA, WENEZUELA © 


PHYSICISTS IN GEOPHYSICS, 
SURFACE, MOLECULAR AND 
SOLID STATE PHYSICS 


There are vacancies in the above meie 
toned fields in our Department of Physics. 
There are senior posts as wel as iunior 
posis. The candidates for the senior porig 
should be able to organize research groups 
in thek specialties. 


Sataries depend upon the qualifications 
of the candidate. The candidates should 
re a working knowledge of Spanish amd 

hould be able to teach basic | ang gdvapsed 
Anar 


Further particulars and information cians 
he obtained from the Physics Dep i 
Centro de Ciencias, Universidad “de Los 
Andes, Mérida, Venezutla. fide) 





UNIVERSITY OF 
NEWCASTLE UPON’ TYNE 
DEPARTMENT OF MINING 
ENGINEERING 


LECTURESHIP IN MINING 
ENGINEERING 


Applicatons are inviied for apnolaiment 
to a Lectureship which whi become vacant 
on December 31, 1969. Candidates having 
a first degree in Mining Engineering and 
who have read for a higher degree in an 
aspect related ro rock mechanics would oe 


preferred. 
The person appointed wih be required 
particularly to lecture at an ada! need ieyesl 


on the theoretical aspects of rheological 
and fracture phenomena in rock ETATE. 
He will alse be expected to participate in 
lectures in applied rock mechanics and to 
supervise research in this feid 

Opportunity will be given for participa~ 
tion in a wide range of research projects 
and to read for a higher degree where this 
is appropriate. 

The salary will be at an appropriate 
point on the Lecturer’s scale £1,240 te 
£2,850 according to age, qualifications and 
experiance, Membership of FSS, 
recurred. 

Further particulars may be obtained from 
the Registrar, Fhe University, Neowoastle 
upon Tyne N.E.1 TRU, with whom appl- 
cations (hree copies) shouk! be dodged ak 
soon as possible. Please quote reference NM, 

(1228) 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 


DEPARTMENT OF MINDING 
ENGINEERING 


Applications are invited for 2a ES 
SEARCH LECTURESHIP which E now 
vacant. Candidates should possess a good 
honours degree in Applied Physics, Physics 
or Materials Science or should have hed 
suitable postgraduate experience. 

The permon appointed wHl be required 
particularly, to lecture at an advanord ievel 
on the theoretical aspects of elasticity, 
plasticity and viscosity applied to rock 

materiak, and to supervise pariienjer re- 
search in the fleld of rock mechanics, 

Opportunity will be given for particips- 
tion in other research projects, and to read 
for a higher degree where this i appro- 
priate. 

The salary will be at an appropriaic 
point an the Lecturers’ scale £1,240 to 
£2,850 according to age, qualifications and 
experience, 

Further particulars may be obtained 
from Professor BE. L. J. Potts, Departmen: 
of Mining Engineering, University of Mira 
caste upon Tyne, Newcastic upon Tyne 
WEL TRU, as soon as possible. Please 
quote reference N. {1250 
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l | Research Opportunities in Imperial 
_ Chemistry + Chemical 
The Department of Chemistry at Industries 


Simon Fraser University, which is 
situated on the outskirts of the City 
of. Vancouver. has openings for 
suitably qualified students in the 
degrees of M.Sc. and Ph.D. Appli- 
cants will be expected to have an 
honours degree in Chemistry, or 
graduate programme leading to the 
A.R.LC. Financial assistance in the 
form of teaching assistantships and 
research assistantships, to a value 
of $3,300 in the first year, will be 
available to suitable candidates. 
The trimester system in operation 
at Simon Fraser University allows 
students to enter the graduate pro- 
gramme in September or January. 


Interested persons should write 
in the first place to: 


Graduate Admissions Officer, 
Department of Chemistry, 
Simon Fraser University, 
ee aR B.C., The Information Section of the laboratories includes a 
: i team of graduate staff specialising in answering quenes 
So on the mammalian toxicity of a wide variety of chemical 
ie g UNIVERSITY OF MANCHESTER SU aa A staff are n n e 
í INSTITUTE OF SCIENCE AND Ions are invite rom emaie gra : uates wno laye reaa 
ECHNOLOGY biochemistry or a biological science with subsidiary 
re chemistry. Previous experience of information work 15 


a ee not essential, but a reading knowledge of German is 
_* “Applications are invited for a Research Assist- S ` 
<> antship in the Physics Department. The Assist- desirable. 
“ant will be a member of a group which is work- 
ing on sequential and multiplex spectrometer, 
polarization measurement, and a new type of 
telescope. Applicants should possess a good 
degree, or an equivalent qualification in Physics. 
and have some experience in Optics and Mech- 
anical Design. Experience in Electronics would 
be an added advantage, though not essential 

Salary: £1,005 in the first year, rising to 
£1,058 for the second and any subsequent years 
with membership of F.S.S8.U. 

Inquiries and letter of application should be 
addressed to Dr: J. F. Grainger, Department of 
Physics, U.M.1.S.T., Sackville Street, Manchester 
M60 IOD. © (1202) 


Limited 


Female Scientific 
Information 
Officers 





Female graduates are needed as Scientific Information 
Officers at the Industrial Hygiene Research Laboratones 
of Imperial Chemical Industries Limited, situated at 
Alderley Park, Cheshire. 


The laboratories are situated amid pleasant rural 
surroundings only twelve miles from the centre of 
Manchester. A progressive salary plan and a profit- 
sharing scheme are in operation. 


Applications and enquiries, quoting ref. FSI/N to: 


Mrs P. M. E. Baker, 
Assistant Personnel Officer, 
Head Office Services Department, 
BEECHAM RESEARCH LABORATORIES Fulshaw Hall. | 
ia l Wilmslow, Cheshire. 
“have a vacancy for a 
BACTERIOLOGIST 


A Bacteriologist is required to join a 
team engaged in the evaluation of the anti 
bacterial activity of natural and syniheuc J cc a ag A ee tc eect 
substances. (14h 
with previous industrial experience or with 
good degree qualifications. An attractive 
salary will be offered, 


Beecham Research Laboratories is pari 








UNIVERSITY OF NOTTINGHAM 


UNIVERSITY OF LONDON DEPARTMENT OF BOTANY 


of the Beecham Group and is shuated in 
a pleasant area of Surrey within easy reach 
of London. The successful applicant will 
qualify for the Groups generous profi- 
sharing and non-contributory pension and 
life assurance schemes. There are excel- 

_ dent dining facilities and a flourishing sporis 
and social club, 


Applicants, stating briefly age, qualifica- 
tions and experience, should apply to tne 
Personne! Officer, Beecham Research 
Laboratories, Brockham Park, Betchworth, 
Surrey. ($205) 








Chair of Physical Chemistry 
at Bedford College 


The Senate invite applications for the 
Chair of Physical Chemistry tenable at 
Redford College (salary not less than 
£3,780 a year plus £100 London Allow- 
ance 

Applications (Gen copies), must be re- 
ceived not later than October 31, 1969, by 
the Academic Registrar (N), University of 
London. Senate House. W.C.1. from 
whom further particulars may be ora 


A SENIOR TECHNICIAN and TECHNI- 
CLAN are required to join the Agricultural Re- 
search Council group concerned with hybridisa- 
tion of cereals and other crops by fusion of 
isolated protoplasts. For the Senior Technician 
position plant asceptic tissue culture experience 
ig essential, while for the Technician appointment 
preference will be given to candidates with seme 
experience of plant tissue culture. Salary within 
the range £1,026 to £1,321 Senior ‘Technician, 
and £743 to £1,127 Technician. 

Applications in writing, quoting the names of 
two referees, to the Staff Appointments (Officer, 
University Park, Nottingham. ($253) 
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The brand new look of a brilliant double-beam 
The Unicam SP 1800 ultraviolet spectrophotometer. Look at the large, 
i easy-to-read meter, giving direct presentation of 
IS the New look absorbance on four linear scales — wide (0-2.0A) 
$ to narrow (0-0.2A). Look at the simple, positive 
I spectrophotometry controls — you simply switch scale and, 


automatically, get optimum concentration every 
time. And just look at the other features you get with 
this handsome instrument ; recording linear 
wavelength 190-850 nm with grating 
monochromator ; fixed wavelength ; 5 scan speeds ; 
and 7 recording speeds. The accessories are good 
to look at too — the new AR25 recorder is 
automatically synchronised with the wavelength of 
the SP1800 spectrophotometer. 

You need look no further for an ultraviolet 
spectrophotometer. Write or telephone Pye Unicam 
Ltd now for a complete technical brochure. 





PYE UNI ICAM Ma rA 


Pye Unicam Ltd 
— York Street Cambridge, CB1 2PX, England 
Precision Instruments Telephone (0223) 58866 Telex 81215 
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BEYOND REDUCTIONISM 


THE ALPBACH SYMPOSIUM 
Edited by Arthur Koestler and J. R. Smythies 


Reductionism derives from the 
mechanistic world-view of the last 
century which physics itself 
abandoned long ago but is still the 
orthodox attitude in the life 
sciences, from genetics to 
psychology. 


However, a strong undercurrent ot 


wide—authority in their respective 
fields. This book contains the 
proceedings — both the papers and 
the full discussions which followed 
them. 


CONTRIBL TORS 


Ludwig Von Bertalanffy, Jerome S. 
Bruner, Blanche Bruner, Viktor E. 


thought among eminent scientists Frankl, F. A. Hayek, Holger Hyden 


Barbel Inhelder, Seymour S. Kety, 
Arthur Koestler, Paul D. Maclean, 
David McNeill, Jean Piaget, 

|. R. Smythies, W. H. Thorpe, 


C. H. Waddington, Paul A. Weiss. 
platform for these critical voices. 70s. 


The fifteen participants were 
ka Hutchinson 


now rejects this orthodox view and, 
in the summer of 1968, Arthur 
Koestler organised, in a village in 
the Austrian mountains, a 
symposium to provide a common 


personalities in academic life with 
undisputed — and mostly world- 








Precision Instruments 














Optical HKlements— Manufacturing facilities for lenses, 


prisms and special optical elements in glass, silica, cultured and natural quartz. Polarising prisms 


up to 12 mm aperture usually ex stock. 


Ez 
Graticules— Circular and linear scales, masks, index lines, etc., on 


glass substrate, in photographic emulsion, etched or chrome deposited. Also clear apertures to 


precision form etched in metal foil for scanning discs, slits, etc. 


Ə Lad E 
A luminising— Mirrors, fully or partially reflecting in aluminium 


and other metals by vacuum deposition. 


Optical Caleite— A small quantity of high grade crystals in 


excess of our requirements is available for resale. 


BELLINGHAM & STANLEY LIMITED 


61, MARKFIELD AD. LONDON NAS. TEL.O1-808 2675 - 


SOLE DISTRIBUTORS IN U.K. OF SCHOTT INTERFERENCE FILTERS 
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Bleak Future for Humpty-Dumpty 


THe strange affairs of the British nuclear power 
industry continue to raise in the minds of honest people 
the simple question whether the British Government 
knows what it is trying to accomplish in this important 
field. A long time has gone since the Ministry of 
Technology first described, in July 1968, its scheme for 
the reorganization of the nuclear power industry. The 
Select Committee of the House of Commons on Science 
Technology says in its second report on the nuclear 
power industry, now published (HMSO, £1 10s), that 

“very little has so far been accomplished” in streng- 
thening the industry and in making it more competitive 
abroad. This is an understatement, all the more 
remarkable because the committee’s own advice on the 
reorganization of the industry, that there should be a 
single “boiler company” with responsibility for reactor 
development of all kinds, was rudely if rightly scorned. 
The truth is that the British Government’s policy on 
the reorganization of the nuclear power industry 1s a 
little like the attitude of a small gambler to the machin- 
ations of a one-armed bandit (otherwise known as a 
fruit machine); the government knows what it would 
like to happen, and is hoping that one day circum- 
stances will somehow conspire to make its dreams come 
true. The select committee is right in saying—this is 
the burden of its over-polite message-—that the 
government may well use up its credit before it 
hits the jackpot. 

Charity requires that the need for some kind of 
reorganization of the nuclear power industry should be 
openly acknowledged. By the early sixties, it had 
become necessary to construct some kind of bridge 
between the arrangements under which the Atomic 
Energy Authority, with a little help (or even hindrance) 
from the Central Electricity Generating Board, would 
implement as well as plan research and development. of 
new reactor types. One obvious difficulty was that too 
great a dependence on publicly supported laboratories 
had sapped the capacity of industrial companies in 
Britain to stand shoulder to shoulder with Westing- 
house, GEC (America) and even Siemens. Another 
was that the scale of the Atomic Energy Authority's 
operations, determined by the need to mount a military 
programme alongside purely civil developments, had 
become excessive. What seems now to have gone 
wrong is that the British Government is trying to call 
the tune while paying the piper less. 

Briefly, the government’s proposals for the reorgan- 
ization of the industry consist of the transfer of 
responsibility for the design and construction of 
reactors from the Atomic Energy Authority to two 
commercial organizations, in each of which the AEA 
would have a 20 per cent shareholding. The select 


committee is right to point out that these organizations, 
which already exist, resemble closely the industrial 
consortia from which they have sprung. The govern- 
ments proposals also included a scheme for the 
creation of what was called a “fuel company’, to be 
responsible for the production of fissile materi als and 
the fabrication of fuel elements. This part of the grand 
design was evidently in part inspired by the wish 
somehow to make the most of the brisk market in fuel 
elements which there is likely to be in the vears ahead, 
not to mention the products of enrichment centrifuges. 
It is therefore mystifying that nothing has so far been 
done to set up the fuel company, and the select com- 
mittee is well within its rights in complaining of the 
damage which has already been caused by this delay. It 
is unfortunate that it has not done more by the diligent 
questioning of witnesses to uncover the reasons for the 
government's prevarication. 

What is going wrong ? In the first place, it seems 
plain that in its relationship with the commercial 
companies already established in the nuclear power 
industry, the government has been hoping for too 
much, too quickly. The objective in bringing about the 
formation of two commercial organizations for reactor 
design and construction seems to have been the wish to 
stimulate industry to greater things by involving it 
more closely in the new developments. Tt is easy 
enough to see that the two organizations should | have 
jumped at the chance to complete the development of 
the advanced gas cooled reactor and the fast reactor, 
but somebody should surely have guessed that the 
companies would have been equally unwilling to saddle 
themselves with the cost of the Steam Generating 
Heavy Water Reactor. Whatever the technical merits 
of that apple of the AEA’s eve, its commercial useful- 
ness is entirely circumscribed by the shortness of the 
useful life which can be reasonably expected for it 
But this, of course, is a familiar dilemma in other 
fields—in the aircraft industry, for example. It 
frequently turns out that the government has set its 
heart on some technical development which does not 
seem a sensible risk to purely commercial developers. 
In circumstances like these, there 1s of course no 
alternative for the government but to shoulder for 
itself the responsibility and the cost of developments 
which are not instantly appealing to industry. Indeed, 
there is a case for saying that these are the ways in 
which governments should ordinarily seek to help 
industry along. In short, then, the creation of the two 
commercial organizations will not absolve the AEA 
from the need to retain at least the capacity to reformu- 
late forward policies on reactor development. That 
granted, however, it is also unfortunately clear that the 
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authority's financial stake in the two organizations, 
small though it may seem, may be a hindrance and not 
a help to plain dealing in the years ahead. How, for 
example, will the authority be able to discriminate 
between the two organizations on the grounds of 
competence ? How will it be able to enlarge the circle 
of companies which are in business in this field ? Even 
at this late stage, there is something to be said for 
asking that the government should sell out, instead of 
resolving on a policy of letting design and development 
contracts wherever seems most appropriate—and with 
non-British companies if necessary—~in exactly the way 
in which the public authorities in the United States and 
West Germany have successfully fostered the growth of 
nuclear power industries. 

The case of the still pending fuel company is some- 
what different, even though the essential trouble seems 
to be that the government has not thought through the 
implications of what it has proposed. One objective 
seems to have been the wish to recognize the impor- 
tance of fuel supply m the economy of nuclear power. 
Another has been to find some form of organization— 
a private company registered under the Companies 
Acts—-which would make it easier for the AEA (the 
only shareholder to begin with) to enter into commer- 
cial relationships with outside organizations. There is, 
however, much to be said for the argument of the 
Institute of Professional Civil Servants to the select 
committee that such an organization is not the only 
means of fostering such relationships. What, for 
example, is to prevent the Atomic Energy Authority 
as at present constituted from winning the participa- 
tion of private mining companies in the fuel business 
by the negotiation of the kinds of long term contracts 
under which the outside companies would provide more 
of the capital cost of holding stocks and would be 
appropriately rewarded? By the same test, the 
authority could think of putting some of its fuel 
reprocessing out to tender. Here, as with the creation 
of the design and construction consortia, the govern- 
ment has sought too tidy an organization, and has in the 
process suggested devices which will either become 
too quickly institutionalized or which may even yet fall 


Too Short on Promises 


It would be good to be able to be cheerful about the 
transformation of the Post Office from a department of 
government to a commercial-style corporation. But 
the new organization seems to be discouraging optimism 
in a most unbusinesslike way. It neglected to use the 
opportunity of its Vesting Day on the first of this 
month, and the blaze of publicity surrounding it, to 
tell the public why the change was a good thing. In 
fact, most corporation people say that there will be 
no difference at all and that, in fact, while the name is 
changed, the staff remains the same. 

Lord Hall, who has become chairman of the Post 
Office Corporation (with a security of tenure that 
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apart because they fail to reconcile the conflicting 
interests, public and private, which they combine. 

There remains the mismatch between the scale of the 
authority's operations and the tasks which it is now 
designed to carry out. What, in short, is going to 
happen to the establishments ? Since the issue of how 
to reorganize the authority thrust itself on public 
attention three years ago, the Atomie Energy Research 
Establishment has been able to diversify its work 
successfully. More than twenty per cent of the work at 
Harwell is carried out for purposes not directly con- 
nected with atomic energy, and there is at least a 
chance that much of this work will eventually be 
commercially viable. But Aldermaston is in less cheer- 
ful condition, and will presumably continue to decline 
until and unless there is some revival of the nuclear 
weapons trade—an unlikely possibility. So does not 
the Ministry of Technology owe it to the establishments 
to formulate some coherent plan for their future? To 
begin with, there is a need openly to face the fact that 
there are more facilities for long-term research and 
development than are now really necessary. Admitting 
this would be less cruel to the people directly involved 
than the perpetuation of the uncertainty which has 
eaten away at their morale for the past six vears. Here, 
however, there are opportunities for devolution of res- 
ponsibility along the lines of the Fulton Commission’s 
report. 

The sad truth in all this, unfortunately, is that the 
opportunity for the government to implement its plan 
is rapidly fading away. If it had been possible to act 
quickly, some good might have been achieved. As 
things have turned out, however, it is seriously to be 
doubted whether the select committee is right in asking 
that the Ministry of Technology should quickly bring 
into being the Atomic Energy Board which is supposed 
to become the residual legatee of the Atomic Energy 
Authority. What has happened is that the government 
has been forced to halt repeatedly in its attempts to 
reconstruct a whole industry on a theoretically devised 
pattern. The time may well have come to go back to 
the beginning again, seeking some pattern for evolution 
rather than for transformation. 


Postmasters General, of whom there have been four 
in the past five years, never had), has been particularly 
ready with buckets of cold water. He has said that the 
public, for eighteen months or so, will notice little 
except price increases and that, for that matter, letters 
are obsolete. To a television interviewer, desperately 
trying to extract some glint of hope for the future, all 
Lord Hall could offer was the promise that when the 
press attacks the new corporation, “we shall answer 
back”. 

Where then was the answer to the stinging criticism 
delivered by Which ? in time for Vesting Day + Which ? 
reported that over the past four years there has been 
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virtually no improvement in the number of telephone 
calls going wrong; the failure rate is about one in 
ten, and worse than that in London. The corporation 
obviously believes that there is no need to apologize 
for the sins of its father. But some acknowledgment 
of sin there should be. There is absolutely no justifica- 
tion for revamping the Post Office into something else 
unless it is to give Britain a better telephone service. 

The new corporation must obviously avoid false 
promises. It would be folly to promise that, in a matter 
of months, every lifting of the receiver will bring a 
dial tone or that every mountain dweller can have a 
telephone. The waiting list for new telephones is 
still about 85,000, in spite of a monumental reduction, 
The telecommunications industry is still too slow in 
supplying the new exchanges on which expansion 
rests—and even in supplying, modest new devices, like 
the Trimline phone, which the Post Office is timidly 
offering as part of its new line of goods. What the new 
board of directors plans to do, apparently, is to take a 
long look at the inherited problems. Then, next April, 
a report will be released, revealing the diagnosis. A 
year later, something like a five-year plan will emerge. 
In it should be some of the sophisticated economic 
calculations—how to apportion charges more fairly 
between local calls, which are too cheap, and trunk 
calls, which are too dear, for example—which were 
never the strong point of the old GPO. 

Eventually some blunt and simple questions are 
going to have to be answered. When can Britain 
expect to have, like the Americans and the Swedes, 
one telephone for each two people in the population ? 
(Britain now ranks eighth among developed countries 
in telephone density, with fewer than twenty-five 
‘phones per 100 people.) And when, if commercialism is 
to be its mandate, will the corporation actually be 
able to encourage the demand for telephone service ? 
The new corporation, terrified like the GPO that 
demand will explode, has small incentive to make sure 
that calls reach their destination or to lower rates in 
case these improvements only persuade more people 
to ask for a telephone. 

The problem all boils down to money and where to 
find it. The new corporation is supposedly freg to go 
abroad for the capital needed to pay for the expansion 
of the service. But will it dare ? And will the Treasury 
actually allow it? The debt ceiling for the Post Office 
has been raised, from £1,750 million to £2,200 million. 
What happens when that is reached ? Another clamp- 
down on expansion and demand ? 

Some loud voices in the Conservative Party are 
demanding that telecommunication expansion should 
be financed by private capital, while the Labour Party 
is committed to the idea that all telecommunications 
must remain a monopoly for all eternity. It is a pity 
that such a crucial question, financing the necessary 
expansion, makes such a neat and divisive political 
issue. The French have now decided that public 
money cannot possibly put their dreadful telephone 
system right and will allow some private companies 
to run parts of the service on contract. The Americans, 
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on the left as well as the right wing, boast of their 
privately financed telephone service, and if the New 
York system has now come a cropper, the American 
Telephone and Telegraph Company is having to do 
such penance before its governmental regulator, the 
Federal Communications Commission, as the British 
Post Office never dreamed of. The new corporation 
must be prepared to try radical (m the widest sense) 
solutions to finance the expansion of the telecom- 
munications system. 

There are other tasks for the new corporation, such 
as keeping the letter deliveries going, setting up its 
National Data Processing Service and persuading 
people to use the Giro. But its telephone service is 
the heart of the matter. That is where the profits are 
and that is where the national shame is. The corpora- 
tion may be wise not to promise miracles but might it 
not at least start life by saying frankly what its wishes 
are for the future ? 


SPACE 


Soyuz Six, Seven and Eight 


Tur undoubted excitement and propaganda stimulus 
of the multiple Soyuz flight has tended. both to re-stress 
and obscure the current aims of the Russian space 
programme. Certainly, the prestige of a space spectacn- 
lar, starring more men in orbit than ever | efore, 
would appear to be an attempt to re-establish the 
Soviet space image (somewhat tarnished since last 
July) in public opinion both at home and abroad as 
well as to serve as a technological gala to celebrate 
the imminent centenary of Lenin’s birth. 

From the first indication that welding experiments 
were to be carried out “in conditions of high vacuum 
and weightlessness” it was assumed that the Soyuz 
spacecraft would link up to form a space station, to 
serve as a basis for future manned lunar and inter- 
planetary research, since the construction of such a 
station is one of the historical objectives of Russian 
space plans, dating back to Tsiolkovski’s Beyond the 
Earth (1920). 

- Docking manoeuvres, too, seem to have involved at 
least a certain amount of practice. Thus, the initial 
orbital parameters of Soyuz 6 were: apogee 223 km, 
perigee 186 km, orbital inclination 51-7", period 88-36 


min, After orbital corrections to Soyuz 6 and the 
launch of Soyuz 7, a situation was reached in which 


both craft had the same inclination, 51-7°, and period, 
88-6 min. but somewhat different eccentricities (Soyuz 
6: perigee 230 km, apogee 194 km; Soyuz 7: perigee 
226 km, apogee 207 km). 

Leaving aside the “prestige” and “spectacular” 
aspects of the project, what appear to be the aims of 
this particular project? Apart from the “welding” 
tests, the programme includes geographical and geo- 
logical surveying of the Earth and “scientific investiga- 
tion of the physical characteristics of near-Earth 


the first official hint of attempts to make out an 
economic justification for the Russian space pro- 
gramme. 
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OCEANOGRAPHY 


Hint of Oil in Lost Laurasia 


A NEW sedimentary basin has been discovered in the 
Rockall plateau by the research ship RSS Discovery. 
Besides holding the possibility of oil, the basin may help 
to unravel something of the history of the Rockall 
plateau, which seems to constitute a missing piece in 
the reassembly of the ancient supercontinent of 
Laurasia. 

The expedition, which set sail in August, was manned 
by oceanographers from Cambridge University and 
the National Institute of Oceanography and was 
financed by the Natural Environment Research Coun- 
cil (NERC). The basin, which lies about 300 miles 
north-west of Ireland, measures about 80 by 190 miles, 
and extends to a depth of about ten thousand feet 
below the sea floor. It seems to be very similar to those 
in the North Sea which contain natural gas. The 
Rockall basin, however, lies about 300 miles from the 
shore, and under about 3,500 feet of seawater, while the 
North Sea deposits are some sixty miles out, in a depth 
of about 250 feet. Even if hydrocarbon deposits were 
to be found in the Rockall basin, it would be no easy 
task to exploit them. 

The geological interest of the discovery lies in the 
fact that the Rockall plateau is believed to be a frag- 
ment of continent left behind after North America 
and Greenland separated from Europe some 100 million 
years ago. When the continents are placed together 
in a pre-drift reconstruction, an unacceptably large 
gap is left between the margins of Europe and North 
America—Greenland which the Rockall plateau, if of 
continental origin, would conveniently fill. The dis- 
covery of the sedimentary basin makes the continental 
origin of the plateau much more plausible. 

Fresh with the success of the expedition, the Natural 
Environment Research Council announced last week 
the establishment of a new research council, to be 
known as the Unit of Coastal Sedimentation. Based 
at Taunton, Somerset, the unit will study marine prob- 
lems affecting the coasts of Britain, and in particular 
the reasons for sedimentation in various areas. This 
will assist in the dredging of ports and in gauging the 


effects of offshore disturbances such as the dumping of 


waste material or the removal of sand and gravel. The 
director of the new unit is Dr R. L. Cloet, who was 
formerly with the hydrographic department of the 
Ministry of Defence. 


DUSTMEN’S STRIKE 


Is Rubbish Unhealthy ? 


Nosopy really knows what risk an overflowing dust bin 
is to public health, if the conflicting opinions about the 
possible effects of the London dustmen’s strike are 
anything to go by. The government has said that the 
situation remains safe, wherees the chairman of the 
Association of Public Health Inspectors, Mr William 
Parker, was quite convinced last week that there is a 
definite health hazard, mainly because of the flies. 
Much will depend on how long the strike continues— 
early this week the action had been called off in several 
London boroughs but had spread to cities in the 
pre yvinces, 

It is the sight and smell of the piles of refuse that 
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have caused the most immediate offence. Even in 
commercial areas the air has been pungent enough 
where restaurants have unloaded their rubbish on to 
the pavement, and in boroughs further east where 
there is dense housing large tips have piled up in the 
road—the picture shows conditions in Hackney. It 
certainly looks unhealthy, but the appearance may be 
worse than the reality. 

One medical opinion is that the garbage itself is not 
directly harmful, and that problems arise only when 
there is a possibility that food may be contaminated 
through the transfer of matter by flies. There is, of 
course, plenty of scope for flies to congregate and 
breed in dumps containing rotting food, but the usual 
hygienic precautions should be enough to avoid disease. 





The recent warm weather may have provided conditions 
suitable for a rapid increase in the fly population, but 
this can be controlled with insecticides. The only 
difficulty here would be the possibility of resistant 
strains emerging if the strike lasted, although the 
headline announcements of “‘superflies”’ are premature. 

What is more troublesome is that rats could thrive 
on the food waste that is going into the streets. Again, 
there is no reason for thinking that the situation would 
get beyond control, and so far there are no signs of an 
alarming increase in the rat population. But with such 
plentiful food supplies the animals could become strong 
enouth to survive in sewers for some time after the 
refuse has been carted away. 

The controversy does even begin to look as though 
it is about the meaning of “health” rather than the 
implications of piling up garbage. No doubt a healthy 
environment is one without a dump on every doorstep, 
but there is not necessarily a risk to health provided 
that the usual precautions are followed. The fact that 
the tip illustrated is outside a school indicates that 
this is not always the case. 


INSTRUMENTS 


New Solar Telescope 


from our Astronomy Correspondent 
A $3-3 MILLION solar telescope at the Sacramento 
Peak Observatory of the Air Force Cambridge Research 
Laboratories is now operational. The telescope is 
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described as the most important new instrument for 
solar observations to be built in the United States for 
a decade and its resolving power of 0-2 s of are matches 
that of the most powerful telescopes in existence. 
Sacramento Peak Observatory is at appropriately- 
named Sunspot, New Mexico, ten miles south-east of 
Alamogordo, 9,200 feet above sea level, and specializes 
in solar work. In particular, the observatory is con- 
cerned with the influence of solar activity on air force 
communications, and several years ago the air force 
initiated a research programme of solar forecasting. 
Radio blackouts caused by the absorption in polar 
regions of high energy protons from the Sun are 


a 





Solar telescope at Sacramento Peak Observatory (objective 
mirrors on top of the telescope have not yet been positioned 
in this photograph). 


especially serious, but military activities can be affected 
in other ways. Solid state electronics on satellites can 
be damaged and satellite orbits can be altered by 
changes in air resistance induced by high energy 
particles. From March 1 next year the air force will 
have a system which, it is hoped, will predict solar 
bursts and the effect on the atmosphere. The basis of 
the system is a network of ground-based and satellite 
observatories feeding information into a complex of 
computers at Offutt Air Force Base, Omaha. No 
unambiguous claims are made about how good the 
forecasts are going to be, but some hints are dropped 
in an article on the system by the commander of 
AFCRL (D. J. Flinders, Air University Review, in the 
press). Long term prediction of flares seems to be 
almost impossible, and the best that can be done at 
present is to say that under certain solar conditions no 
flares are likely to occur for between three and five 
days. Prediction of the likely effect once a flare is 
seen is easier but still fraught with problems—not all 
flares influence the atmosphere. The travel time of 
radiation from the flare is important here and can be 
several days. AFCRL radio astronomers can help, 
and there is a certain spectra] pattern in the centi- 
metre range which means that there is an 80 per cent 
chance of high energy protons arriving within hours. 
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The new telescope and its $1 million worth of 
instrumentation will be used for research into solar 
forecasting. One aim is to search for signs on the 
Sun which can be used to predict the occurrence of 
bursts. The telescope is 365 feet long, of which 227 feet 
is underground, and great care has been taken to 
remove instabilities in the image. Air currents within 
the telescope are eliminated by evacuating all of the 
light path to 250 torr, and by water-cooling the con- 
crete walls of the tower, and light enters the system 
above most of the ground turbulence. The 32! feet 
long, 250 ton, evacuated tube which contains the optics 
is suspended like a pendulum and rotates on a mercury 
bearing to follow the Sun. Light enters the telescope 
through a 32 inch quartz window and is deflected to a 
64 inch mirror near the foot of the tube which brings 
the image to a focus near ground level. The instru- 
ments at ground level include two large evacuated 
spectrographs which rotate with the shaft. 


FISHERIES 


Farming the Sen 


from our Special Correspondent 


FARMING marine fish has progressed from fiction to 
fact at Hunterston nuclear power station in Ayrshire, 
and at Ardtoe, on a remote loch in Argyllshire. In less 
than five years, the White Fish Authority has convin- 
cingly shown that it is possible artificially to hatch ancl 
rear large numbers of flatfish (Dover sole at Hunterston 
and plaice at Ardtoe) to a market size of about eight 
ounces weight in half the time it takes in the open sea 

This effort has been achieved with very limited funds 
(currently less than 10 per cent of the authority's 
annual research and development budget of just over 
£400,000) and in face of very little knowledge about 
the biology of marine fish and engineering aspects of 
running a marine fish farm in British conditions. 
The authority’s experiments so far have been carried 
out with only a handful of professional staff, the 
majority of whom are engineers, stock breeders or 
agriculturists and not fishery biologists. Indeed, in 
practice, farming sole and plaice at high densities seems 
to have more similarities with intensive chicken and pig 
farming than with biological research and this may 
explain the project's success. 

At present, the White Fish Authority is concentrating 
on intensive methods of cultivation in shore tanks, and 
in cages and net enclosures in the sea. It is finding that 
the fish can be most successfully reared in high den- 
sities—up to five or more fish per square foot of 
bottom—but as yet little is known about disease 
and sustained growth in these conditions. 

The technique used at both Hunterston and Ardtoe 
is essentially a development of that pioneered at the 
Ministry of Agriculture’s fisheries laboratories. At 
Hunterston, fish are grown in shore tanks fed with 
warm seawater discharged from the power station. 
After the eggs have hatched, the larvae are fed first 
with nauplii of the brine shrimp (Artemia); when they 
start to metamorphose, the fish are weaned by way of a 
cultivated red worm (Lumbriculus) on to a specially 
prepared solid food. The food, which is made largely 
from fish wastes, is given in larger pieces as the fish 
crow. At Ardtoe, the farm is in a small inlet of a loch 
cut off from the sea by a dam wall with sluice gates 
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so that the temperature and salinity of the water inside 
can be to some extent controlled. There, three main 
types of husbandry are being studied: nett ing enclosures 
on the sea bed, floating tanks and netting cages of 
various sizes, and submerged cages anchored to the 
sea bottom. The fish are grown first in onshore tanks 
or in small floating nursery cages, and are then trans- 
ferred, once past a certain size, to one of the other 
types of tank or cage for “fattening”. 

The White Fish Authority has been suecessful and 
some would say lucky. There is still much to be done, 
particularly on the question of the most economical 
food for all species and sizes of fish. The experiment 
can be extended to other species of marine fish and the 
authority has already made a start by including turbot, 
lemon sole and brill in its programme for bony fish: 
it has also been operating for some time a pilot oyster 
hatchery at Conway in North Wales. Once the genetics 
of marine fish are better known, selective breeding 





Experimental floating cages of various types at the White Fish 
Authority’s fish cultivation unit at Ardtoe. 


could be used to improve the stock. There are then 
exciting possibilities ahead. It may be that the most 
practical method of the future will be to rear fish to a 
certain size in warm water effluent at coastal power 
stations, and then to transfer young fish of various 
species to sea farms in sheltered regions of the coast 
such as in Scottish lochs. The authority is already 
collaborating with the Highlands and Islands Develop- 
ment Board to build cages for use in open lochs which 
could be suitable for crofting-type industries in the 
Western Highlands. 

The authority has shown that farming the sea is 
possible; it must now persuade industry and the 
Government that it could be an attractive alternative 
to hunting the sea for certain species, particularly those 
on the decline or costly to catch, but it will be up to 
others to develop farms into commercial ventures, 
Meanwhile, the project needs more money and more 
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scientific data. The Natural Environment Research 
Council, the Ministry of Agriculture, the Ministry of 
Technology’ s Torry Research Station and some uni- 
versities are already involved in a small w ay, but the 
White Fish Authority needs more coordinated support 
if the full promise of its fish farming venture is to be 
realized. 


UNIVERSITIES 


How the Cake is Cut at Stirling 


THE annual battle for staff and funds between univer- 
sity departments is often won by those who shout the 
loudest, not by those who are most deserving. A 
notable departure from this laissez-faire situation is 
the procedure used at Stirling University whereby the 
allocation of staff between de ‘partments: is decided by 
a formula. Devised by the vice-chancellor, Dr T. L. 
Cottrell, the formula is a sophisticated calculation of 
the expected workload in each class. Given the total 
number of staff that the university can afford, staff 
are allocated among subjects so as to give each the 
same workload, Members of staff at Stirling seem 
well pleased with the visible fairness of the formula. 

Although it may not be a perfect description of reality, 

what matters is that its assumptions are plausible and 
applied uniformly, 


The basic formula. for the workload in a class. is 
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The symbols have the following meanings: X—work- 
load in h/week; m—time to give and prepare a lecture; 
L—number of lectures: N—students in class; W— 
weekly essay frequency; w—time to correct an essay; 
w—time to correct a translation per week; we—time 
to correct lab book; x—time to correct an exam 
script: F—weekly tutorial frequency; tp—time to 
prepare a tutorial: n—number of students in a tutorial 
group; | |—inte gral part of; t,—time to give a tutorial; 
s—time to prepare and give a language lab class; 
S—weekly frequency of language lab e lass; r—number 
of students in a language lab; Q—hours of lab work 
per student per week; p—number of students in a 
laboratory group: qj—time to prepare experiments 
for a 4 h lab period; q,—time to replicate experiments 
as class grows. 

The formula was first put into practice last year and 
produced results not greatly different from what would 
have been expected, though doubtless at lesser emo- 
tional cost than can be incurred by the usual horse- 
trading. Stirling took its first students only in 1967 
and the formula will certainly stand it in good stead 
as the student population grows to the 3,000 planned 
for the mid-1970s. A similar, though less sophisticated, 
formula is operated at Loughborough University. The 
example is one to be followed. 
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PARTY CONFERENCES 


No Conservative Science 


Tur Conservative Party Conference resulted in little 
change in the party’s policies on education or the 
Common Market and consequently there was no change 
in its attitude towards science. No other motion 
greatly affecting science and technology was debated 
and, following the example set by the Liberal and 
Labour Conferences, these issues had a back seat 
in all debates. This was perhaps predictable, but the 
lack of disagreement during the debates on education 
and the Common Market took many people by surprise. 

A motion condemning the Labour Government's 
plans to compel local education authorities to go 
comprehensive was carried overwhelmingly and with- 
out the traditional clash between Sir Edward Boyle, 
the Conservative spokesman on education, and his 
more right wing colleagues. Sir Edward promised that 
if the Government brought in a bill to make compre- 
hensive education compulsory, then Conservatives 
would oppose it at every stage, and would repeal it 
if they were returned to power. He also promised an 
inquiry into teacher training, and hinted that priority 
areas in education would be extended to aid urban 
schools. It seems that Black Paper Two, published 
on the eve of the conference with the obvious intention 
of influencing opinion against Sir Edward's more liberal 
views, was preaching to the converted, and in the 
event it was superfluous. This, the second in a series 
of salvoes against “progressive” education, has re- 
ceived enough publicity to ensure that its sales will 
exceed the 25,000 achieved by the first Black Paper. 

A motion proposed by Mr Eldon Griffiths, MP for 
Bury St Edmunds, in favour of Britain's application 
to join the Common Market was also carried by a sub- 
stantial majority. Following the pattern set by the 
Labour Party conference, the main issue debated 
was the effect entry into the EEC would have on the 
cost of living. Mr Griffiths did, however, emphasize 
that a major incentive for joining the Common Market 
is the possibility of cooperation in the computer and 
aerospace industries. This, he argued, is the best way 


to combat increasing domination of the markets for 


sophisticated equipment by America and the USSR. 


MUSEUMS 


Birds Leave Cramped Home 


THE Trustees of the British Museum (Natural History) 
are unable to report the building in the past three 
years of any new extensions to the over-stretched 
research departments (Report on the British Museum 
(Natural History), 1966-68. £1 5s), but they are not 
too unhappy at the state of progress—the birds will 
soon be on their way north to the Zoological Museum 
at Tring in Hertfordshire where there is to be a new 
building specially constructed for them (see Nature, 
221.1094; 1969) and outline plans have been approved 
for an eastern tower on the North Block of the main 
building in South Kensington. Work should be started 
on the tower at the beginning of 1970, and when it 
is completed it will house the sub-department of anthro- 
pology, the exhibition section, the photographic unit, 
and a much needed extension to the general library. 
The trustees are, however, unhappy about the museum’s 
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purchase grant which has still to pay not only for 
books and periodicals for the libraries and specimens 
for the collections, but also for expeditions and field 
training. With more than half the purchase grant 
going towards library needs, there is little left for the 
other important requirements of the museum. The 
trouble seems to stem from the fact that the museum, 





Albertella bosworthi, a trilobite from the Middle Cambrian of 
British Columbia, in the Rasetti collection now in the British 
Museum (Natural History) (x 2-4). 


while classed as a research institute when the estimates 
are made, is treated as a museum when it comes to 
purchase grants, and these normally only cover 
purchases of objects, and not expeditions and other 
essential needs of a large research institute. With the 
current estimate running at only £29,000, the trustees 
naturally hope that there will be a substantial increase 
in the purchase grant for 1970-71. 

The museum was, however, able to make some 
purchases on its small budget in the three year period. 
For the sum of £26,900, of which £12,000 was raised 
by private subscription, the museum bought a particu- 
larly fine collection of 937 minerals recovered from 
localities all over the world, together with a supple- 
mentary collection of 76 specimens from Foote Mineral 
Mine, King’s Mountain, North Carolina. The best 
single specimen is a group of polybasic crystals from 
Mexico which is believed to be the finest ever found. 
Another important purchase was a collection of more 
than 5,000 North American trilobites, a group of marine 
fossil arthropods which died out towards the end of the 
Permian period. The collection was made by Professor 
Franco Rasetti of Johns Hopkins University and was 
bought for £8,000. 

To fill most of the gaps in its collections, however, 
the museum has to rely on donations or bequests. 
In the past three years, the museum acquired no less 
than 1,047,770 specimens in this way, amounting to 
three quarters of the total number of acquisitions. 
Among the more unusual gifts received were the skin 
of a pigmy hippopotamus from Nigeria, 890 human 
skeletons from excavations made by the Ancient 
Monuments Division of the Ministry of Public Building 
and Works, and 7,488 grams of the meteorite which fell 
at Barwell in Leicestershire on Christmas Eve 1965, 

Scientific research is the major activity of the 
museum, only 12 per cent of its funds being devoted 
to educational activities. Nonetheless, in 1968, the 
museum managed to attract more than 1,330,000 
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visitors to look at its galleries and attend its lectures 
and films, and an impressive new insect gallery was 
opened to the public in October 1968 which should 
help to boost attendances in future. 


POLLUTION 


Fish Throng Sweeter Thames 


e Was caught i in, Ju une 1833 mi the eee 
fisheries, some of which brought in annual catches 
worth £5,000 a year, disappeared a few decades later. 
The villain of the piece was an English invention, the 
water closet, which by its widespread adoption in 1810 
rapidly turned the Thames into a sewer for the two 
million inhabitants of London. 

The Greater London Council and the Port of London 
Authority have made notable efforts to clean up the 
river, and within the past ten years fish have once 
more returned to the Thames. A sample of fish trapped 
in the intake screens to power stations has shown that 
forty-one different species were present in the lower 
Thames last year, according to a survey by Alwyne 
Wheeler of the British Museum (Natural History) 
(Biological Conservation, 2, 25; 1969). Particularly 
encouraging is that smelt, a member of the salmon 
family, have succeeded in crossing the most heavily 
polluted part of the river between Gravesend and 
Putney. In the past five years this stretch of river has 
rarely been totally deoxygenated, as used to be the 
case, but there seems little hope of the oxygen reaching 

the 30 per cent saturation which is necessary for the 
survival of salmon. The prospect that salmon will 
return to the Thames is remote not only because of 
their particular sensitivity to lack of oxygen but also 
because the weirs and other obstacles that have since 
been built may prove impassable. 


AGRICULTURE 


Research for the Farmer 


THERE might almost be a biological clock controlling 
the regularity with which Agricultural Research Council 
units come and go. The annual report for 1968-69 
(HMSO, 12s 6d) records the closing of the unit of 
embrvology at Bangor on the retirement of its director, 
Professor F. W. Rogers Brambell. But in the same year 
two new units were set up: the unit of invertebrate 
physiology and biochemistry split between Professor 
A. W. Johnson at Sussex and Dr J. E. Treherne at 
Cambridge and the unit of developmental plant 
physiology and pathology under Professor P. W. Brian 
at Cambridge. 

As the report says, ARC units are usually created 
to provide additional research facilities for a university 
scientist who is recognized as a leading authority in a 
line of research which is of immediate or potential 
interest to the council. After agreeing to the broad 
outlines of the themes to be studied a director is free 
to pursue his research in whatever way he thinks fit 
without interference from the council. These units are 
regarded as an important means of recruiting to the 
agricultural 3 research service, and when a “director 
retires and his unit is disbanded staff members can 
usually be transferred to other ARC posts. 
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In 1968-69 the research units received £830,991 of 
the ARC’s total expenditure of £13,909,900; £3,860,098 
went to the ARC institutes and another £7,707,504 
to other state aided agricultural institutes, such as 
Rothamsted Experimental Station and the National 
Vegetable Research Station, which are not supported 
solely by the ARC. These items of expenditure are all 
slightly greater than the previous year’s figures, but 
there has been a noticeable decrease in grants for 
studentships, training awards and fellowships, which 
amounted to £17,485 compared with £34,358 im 
1967-68. 

As usual, much of the annual report is taken up with 
recent dev elopments at the institutes and units, in 
particular those visited by the council’s representatives 
making their routine inspection of progress. Last year 
they went to the National Institute of Agricultural 
Engineering, where they were able to see the latest 
developments in potato harvesting, which include an 
automatic separator for removing ‘potatoes from clods 
of earth and stones. X-rays are beamed onto mixtures 
of soil, stones and tubers, but pass through only the 
potatoes, which are then deflected out of the machine. 
Some fully automatic harvesters, incorporating the 
separator, are now being manufactured for use on 
farms. 

Other recent developments featured in the report 
include the low alcohol cider produced at Long Ashton 
Research Station. The production of this beverage 
involves distilling the aleohol from normal cider and 
replacing the volatile flavour constituents removed 
during distillation. Cider produced by this method, 
for which a patent has been filed, contains less than 
1 per cent alcohol. 

An intriguing possibility for biological research has 
come from joint work carried out at the Pest Infestation 
Laboratory and Rothamsted Experimental Station. It 
seems likely that the wax moth, Galleria mellonella, a 
pest of bee hives, can be controlled by adding Bacillus 
thuringiensis to the foundation wax put in by bee 
keepers. The bacterium is harmless to man and bees, 
but devastating to the moth. 


CONSERVATION 


Strong Council 


Tue Council for Nature is in a stronger position than 
ever before. This is the conclusion of its chairman, 
Sir Landsborough Thomson, reviewing progress since 
the adoption of a new constitution in April 1968 
(Working for Nature, Council for Nature report 1968- 
69, 2s). Before the change, which replaced an 
unwieldy executive committee by a properly consti- 
tuted council, the organization was in danger of 
becoming too inde pendent, expressing opinions that 
member bodies might not have shared. This was 
contrary to the original aims of the Council for Nature, 
which was set up in 1958 to represent and coordinate 
the voluntary movement for conservation and natural 
history in the United Kingdom. Now there are 
affiliated rather than member bodies, represented on 
the council through standing committees, although a 
dozen constitutive bodies are represented directly on 
the council. 

The chairman remarks that the process of streamlin- 
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ing has not been painless, and has involved redundancy 
for the general secretary. Apparently much adminis- 
trative work has been taken on by two members of the 
council, Mr Peter Condor of the Royal Society for the 
Protection of Birds and Mr A. E. Smith of the Society 
for the Promotion of Nature Reserves, bodies which 
each have four representatives on the council. This, 
says the chairman, exemplifies the helpful cooperation 
of the largest constituent bodies. His final remark 
that permanent arrangements have yet to be worked 
out seems to be connected with the fact that talks are 
in progress about the possibility of a merger of the 
Council for Nature with the RSPB and SPNR. Sir 
Landsborough, it will be recalled, circulated a plan 
for a merger on his own initiative in February this 
year to the chagrin of a good many interested parties. 

The council has not been without its financial 
problems. These have been alleviated to some extent 
by increases in subscriptions, while donations have 
increased by £2,153 since December 1967. Neverthe- 
less, activities had to be curtailed last year. Habitat, 
the council’s news bulletin, previously published 
monthly, began to appear every two months during 
1969 as an economy measure. The conservation corps 
was revived by £5,487 from the Soil Association when 
most of the organizations that had made grants in 1967 
failed to repeat their generosity. Arrangements are 
now in hand to establish the conservation corps as an 
independent charitable trust. In spite of its troubles 
the corps has continued to do sterling work in the field. 
Last vear’s most noteworthy operations included the 


construction of a deer observation tower in the Cairn- 


gorms national nature reserve for the Nature Con- 
servancy. 

Financial difficulties have also hit the youth com- 
mittee, preventing it from mounting any ambitious 
projects for European Conservation Year 1970. But 
the council as a whole will be involved. The October 
issue of Habitat has news of the Countryside Awards 
Scheme of which the council is a joint sponsor. Projects 
eligible for awards should have been completed during 
the past five years and must have produced some 
physical improvement to the English countryside, or 
made an educational contribution in increasing aware- 
ness of the rural environment. Judges will represent 
the standing committee of the Countryside in 1970, 
the Council for the Preservation of Rural England and 
the County Councils Association as well as the Council 
for Nature. Awards, in the form of specially designed 
plaques, will be presented by the Duke of Edinburgh 
in the autumn of 1970. 


SCIENCE POLICY 


Canadian Policy Criticized 


“THE overall pattern of Canada’s chemistry research 
and development appears to be characterized by a 
rigidity and lack of cooperation which are the result 
of the lack of an overall science policy.” This is the 
main conclusion drawn in an extensive report on 
Canadian chemistry, carried out by the Chemical 
Institute of Canada. The report does not confine 
itself exclusively to chemistry, however, but includes 
recommendations on general government policy for 
the whole spectrum of science. The report is also con- 
cerned that insufficient coordination exists between 


209 


industry, government and the universities, and it 
recommends that consultation and the interchange of 
personnel between these sectors should be increased. 
It calls for the provision of postdoctoral assistants for 
scientists in government and industry “to engage in 
research work which would complement that in the 
scientists’ prescribed area of special endeavour a cry 
familiar to many people in other countries. 

The report is also concerned that an imbalance 
exists between basic and applied research, and it 
argues for more effort to be put into applied research, 
while that in basic research should be maintained. 
Research institutes should help smaller companies to 
undertake research and development, by supplying 
some risk capital. More urgently, a thorough investiga- 
tion should be made into the supply and utilization of 
scientific manpower. Again, this is a problem which 
has occupied many other countries, but this report 
suggests that the rate of graduation of PhDs will be 
sufficient to serve a rapid increase in research and 
development in Canada, the main problem being 
correct usage of the available talent. 


PUBLIC RELATIONS 


Around the World in 37 Days 


THOSE who believe that astronauts are the next things 
to angels will have had their faith confirmed this week. 
The three American moon voyagers flew to London, 
radiating sweetness, patience and wisdom, im the 
midst of a gruelling world tour that would make a 
saint snarl. Someone—-President Nixon ? an official 
of the National Aeronautics and Space Administration ? 
—has seen fit to book the three heroes and their wives 
into twenty-odd countries in 37 days, and into a travel 
schedule with inexplicable criss-crossings. Ankara on 
October 21 is to be followed by the Congo on the 22 
and 23, and then by Teheran. On their London stop, 
the three maintained that they did not mind, that it 
was part of carrying out the President’s request to share 
the fruits of Apollo with America’s friends around 
the world. Only their slight laryngitis and Colonel 
Aldrin’s narrowly glittering eves betraved any sign of 
strain or Impatience. 

The reason for the rush, apart from noblesse oblige, 
the duty to be seen by as many earth-bound mortals 
as possible, is the imminent launching of Apollo 12 
on November 12. The three astronauts will serve as 
consultants. Until then, their whole bag of talents 
must be displayed day after day. It is no mean feat 
for a country to have found three men who are eloquent, 
unassuming, handsome, brave, knowledgeable and-— 
to a singular degree—unflappable. 

Mr Armstrong said nice things about the Soviet 
space programme and gave his views on the origin 
of lunar craters (volcanic, he thinks). Commander 
Collins had acquired a new perspective from space: 
both political wrangling and pollution seem senseless 
from 100,000 miles out. They provided the narration 
for a bright colour film of their voyage, with humour 
but an impressive lack of barrack-room bonhomie, 
and can apparently, when the occasion demands, do 
so in Spanish. When they came to London, they had 
given twelve press conferences in 13 days. It all seems 


_ a nasty way to treat an astronaut. 
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THE House of Commons Select Committee on Science 
and Technology has fired several shots across the 
ambitious bows of the Natural Environment Research 
Council in the report on the inquiry into the council's 
operations carried out earlier this vear (HMSO, £1 8s 6d). 
Although the general tone of the report will no doubt 
allow the high officials of NERC to sleep easily in their 
beds, some of them may also be disconcerted that the 
committee has incon ered such a great deal of un- 
certainty in the council’s oper rations. 

The committee is evidently hoping for a great deal 
from the detailed planning documents which the 
NERC is said to intend to publish before the end of 
this vear, The point here is that the council is hoping 
to stimulate the interest of the scientific and technical 
community in the chief areas of its own interest, 
especially in coastal oceanography, coastal geology 
and ecology, the geology of the continental shelf and 
the hydrology and biology of inland water, by circulat- 
ing to universities and other institutions documents 
w vhich ae ns own views of the research oppor- 
The statement of the chairman 
ol the mane Pe W ynne-Edwards, that the difficulty 
in producing these documents is “to get someone who 
will take the step between policy forming and putting 
it out in a publishable form” 
the report more than it seems to have surprised the 
committee, 

The relationship between the Nature Conservancy 
end the Natural Environment Research Council, its 
new paymaster, occupied a good deal of the select 
committee's time. Ever since the Nature Conser vancy 
ceased to be directly responsible to the Department of 
Education and Science, there have been complaints 
that the new arrangement was needlessly bureaucratie. 
The select committee admits the truth of some of these 
complaints, and is, for example, “rather disturbed” 
that there had been no formal attempt to co-ordinate 
work on water pollution between the Water Pollution 


Laboratory, the Warren Spring Laboratory, the 
Water Research Association and the Nature Con- 
servancy. On balance, however, the committee argues 


that it is important that the responsibilitics of the 
Nature Conservancy for conservation and for certain 
long-term research should be kept together, partly at 
least to ensure that the work of conservation will be 
sufficiently well informed. This accepted, the com- 
mittee also comes down-~-although with greater diffi- 
culty—in favour of the present arrangement in which 
the Nature Conservancy is the responsibility of NERC. 

“The advantages outweigh the disadvantages’, the 
committee says, and although it is properly sceptical 
of the relationship between - money and quality, some 
importance must be attach-d to the way in which the 
puget of the evn oe has grown trom 


iene al year. 

Expenditure on geological sciences has increased 
even. more dramatically. The select committee points 
out that the budget of the Institute of Geological 
Sciences has increased from £1-009 million in 1965- 66 
to 2-967 million in the current financial year, while a 
note from the Department of Education and Science 
suggests that within a steadily growing budget for 


will surprise readers of 


“mittee 
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Ambitions of NERC Restrained 





NERC as a whole in the next few years, the “solid 
eat peienees, like C j and some forms of 
expense “of ‘antarctic research, p a id 
life” 

The select committee is, however, somewhat critical 
of the relationship between the Institute of Geological 
Sciences, or NERC as a whole, and the universities. 
For one thing, the committee seems to accept that 
there is at first sight a case for thinking that there may 
be too many departments of geology in Britain, and is 
“concerned” that the council of NERC has not eon- 
sidered this possibility but, rather, that it seems to have 
been Kear heavily on. 1 the view oi Dr R. A nna 





F he commit t ee t ee ‘hie 
view ae ce e ine may prevent NERC from 
concentrating its resources where they could do most 
good. At the same time, the committee is worried 
that geophysies and hvdrogeology are less widely 
taught at British universities than they should be. 

The committee is particularly exercised by the 
problems of university hydrology. {n spite of the 
decision a year ago to use the small Hydrological 
Research, Unit at the H vdraulics Research Station, 
Wallingford, as the nucleus of a new Institute of 
Hydrology, it seems to be agrecd between the com- 
and NERC that there should be a review of 
needs and progress in roughly five years from now. 

Oceanography gives the se lect committee its biggest 
headaches. For one thing, it does question the ‘good 
sense of the operation of the Advisory Committee on 
Marine Technology, the existence of which was 
justified by the Government White Paper of April 
1969. Thus the committee points to the conflict 
between the assertion in the White Paper that it would 
constitute a “landmark” in the history of the marine 
SCIENCES bee ause it embodied the “first comprehensive” 
study in this field and the view of NERC, chiefly 
expressed by Professor James Lighthill, the chairman 
of the NERC Oc eanography and Fisheries C ‘ommittee, 
that much remains to be done before a strategy for 
the marine sciences can be developed. 

This discovery seems to set the tone of the select 
committee’s criticism of present arrangements. First, 
it complains that the Committee on Marine Technology 
has been too quick to decide that industrial representa- 
tion would be inappropriate, and itself suggests some 
form of representation on the committee for the 
Commercial Oceanology Study Group and also for 
the Underwater Engine ering Group of the Construction 








Industry Roksan Association oe two of the more 
conspicuous parts of the marine science lobby. More 
radically, the select committee also asks that the Com- 


mittee on Marine Technology should be made re- 
sponsible not to the Cabinet as at present but to the 
Ministry of Technology. In particular, the committee 
Is se eptical of the kind of coordination likely to be 
achieved by the interlocking system of advisory 
committees within the Cabinet Office. “More action 
is needed at a time when, despite considerable achieve- 
ments, Britain has already been unnecessarily dilatory 
in meeting foreign competition.” 
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In fisheries, the committee seems to accept the 
force of the argument made by NERC itself that there 
should be a closer coordination of the work of the 

several bodies responsible for work in this field, 
although it is as yet unwilling to accept NERC’s own 
belief that it should be the agent for coordination. 

The committee is also unw illing to bless an extension 
of NERC’s influence in mete orok ogy, and indeed turns 
on its head the argument of NE RC that there must 
bea source of finance e for university research which is 
administratively separate from the Meteorological 
Office by suggesting that the Meteorological Office itse lf 
should be given power to spend money on university 
research much as if it were a research council in its own 
right. In much the same spirit, the committee would 
prefer to see the new Institute of Forestry Research at 
Edinburgh under the Forestry Commission rather than 
NERC, and does not accept the view that NERC 
should become the chief coorglinator of methods of 
controlling environmental pollution—-a “cause dear to 
the committee's heart” as Mr Arthur Palmer, the chair- 
man, has described it. The committee does, however, 
ask that there should be a study of how best to put 
responsibility squarely under one organization. 

Because the committee's study of NERC i is the first 
public examination of a research council to have been 
earried out, it is only natural that the committee 
should have ventured on a discussion of generalities. 
It has several useful things to say. First, it asks that 
there should be a study of the operations of the Science 
Branch at the Depar tment of Education and Science to 


SRC Gives More Weight to 


A REORGANIZATION of the University Science and 
Technology Board of the Scie nce Research Council 
into two new boards, the Engineering Board and the 
Science Board, is announced in the annual yo rt of 


8s 6d). The new boards came into eon on Deteber 
l and have already had their first meetings. Their 
creation means that the council is now advised by four 
boards—-the Astronomy, Space and Radio Board and 
the Nuclear Physics Board continue as before. Intro- 
ducing the changes at the publication of the report 
last week, the chairman of the council, Professor Sir 
Brian Flowers, said that the creation of the new 
boards is an event of great significance for the SRC 
and the universities. “Clearly the reorganization is 
part of the welcome trend to be more aware of the 
needs of industry, and to raise the status of engineering 
in the council's activities. 

The Engineering Board is to look after the support 
of research and postgr aduate training in aeronautical 
and civil engineering, chemical engineering and tech- 
nology, electrical and systems engineering, mechanical 
and production engineering, control engineering, metal- 
lurgy and materials, computing science and “polymer 
science. Advising the council on the training appro- 
priate to qualified scientists and engineers to be em- 
ployed in areas such as design and manufacturing is 
cited as an example of the board's activities outside 
the research and development field. 

The Science Board is responsible for support of pure 
and applied research and postgraduate training in 
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see whether this group of civil s 
equipped for the work it has to do. Second, the com- 
mittee says it has a “little uncertainty” about the role 
of the Council on Scientific Polieyv in forward planning, 
partly because its relations with other poliev-making 
bodies are ao ar P it iS anxious a tha at i a concern 
in the r } 
cae ne the economic returns oath rese ee coud 
not distract from the “essential role” of encouraging 
university research. 

Where NERC is concerned, the committee says it can 
“detect. some confusion” about the propriety of strictly 
economic objectives in the planning of research. The 
committee recognizes that the suggestion that research 
councils should “be guided by economic objectives cails 
into question the Haldane Principle. but says that 
“perhaps after half a century of lip service, it is time 
k an at it again in the light « of our more eee ated 


servants is properly 


fear thee even a a each ical fee ee 
identify fields in which economic benefits might be won, 
there is a danger that it will not commit to them the 
resources needed to bring quick returns. Especially in 
oceanography, it considers that more rapid progress 
would have been possible if industry had been more 
quickly engaged. The select committee coneludes by 
asking for a more “constructively critical” approach to 
anti- pollution problems, and says that, on this issue, 
public opinion may be in advance of the Department of 
Education and Science. 


biology, chemistry, enzyme chemistry and technology, 
mathematics and physics (other than astronomy, 
nuclear physics, radio and space research), for the 
operation of the Atlas Laboratory, and for the arrange- 
ments for university use of neutron beam facilities 
and the services of the Physico-Chemical Measure- 
ments Unit. 

Financially, this has been another disappointing year 
with a little over half of the 9 per cent rise in gross 
expenditure over 1967-68 attributable to increased 
subscriptions to CERN, ESRO and the NATO scientific 
schemes, and much of the increases in any case due 
to devaluation. Gross expenditure is now {4205 
million, £348 million up on the previous fnancial 
year. The report says that “chronic uncertainty” 
about the level of the future budget is making it 
difficult to start the new programmes which the council 
would like, and is especially galling now that the 
eouncil is doing more forward planning. Professor 
Flowers mentioned the high flux beam reactor as an 
example of a project w hich had been deferred. On the 
question of the CERN 300 GeV accelerator, which is 
still raising the temperature in nuclear physics circles, 
Professor Flowers said that the council’ is marking 
time so as not to make decisions which may prejudice 
British participation later on. During 1968-69 there 
were no changes in British nuclear ph ysies facilities, 
but the report. says that there will certainly be some 
running down of equipment in future. 

The council reaffirms its policy of giving increasing 
support to training and research which is likel y to be 
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of social and economic benefit. This policy was arrived 
at after a major review described in the 1967-68 
report, which was brought up to date in the period 
covered by the latest report. To attain this objective 
the council is developing three broad policies. First, 
the council is continuing to make its support more 
selective by increasing the priority given to applied 
research and by concentrating its support on a small 
number of groups in each field—the “centres of excel- 
lence” principle. But because of the dangers which 
exist in this policy the council has sensibly ‘decided to 
publish any reports of selectivity in particular fields 
so that they can be discussed before they become 
set policy of the SRC. During 1968-69 there have 
been reports on plasma physics, organometallic 
chemistry, polymer science, and enzyme chemistry 
and technology. Professor Flowers tempered talk of 
selectivity with the declaration that the council hopes 
to continue to support individual examples of high 
quality research from any university. The second 
policy is to increase the priority given to postgraduate 
training and research which is directly concerned with 
the needs of industry, at the expense of other kinds 
of postgraduate work. The proportion of graduates 
receiving SRC awards is to remain at the current figure 
of 16 per cent. A jomt committee has been set up with 
the Social Science Research Council to support post- 
graduate training which will provide a basis for careers 
in management, and the report commends the work of 
the Universities of Aston, Loughborough, Manchester 
and Stirlmg in devising courses of this nature. The 
number of Cooperative Awards for Pure Science, which 
are for students in pure science departments carrying 
out research in cooperation with industry, has been 
increased from 130 to 180. Last year, applicants 
outnumbered awards by two to one. There has also 


HOW THE SRC CARE WAS CUT, 1968-69 


£ Net 
London office 843,393 
Rutherford Laboratory 7.379,781 
Daresbury Laboratory 3,582,640 
Atlas Laboratory 436,097 
Radio and Space Research Station 1,077,458 


Royal Greenwich, Cape of Good Hope and 
Radcliffe Observatories 594.119 

Royal Observatory, Edinburgh 27 

Grants to universities and other bodies 
Nuclear physics 


ped 
9] 
T 
~ł 
S] 
[a> 


Astronomy 363,157 
Upper atmosphere 507,274 
Other researches 6,154,794 
Postgraduate training awards and fellowships, etc. 5,162,872 
Payments to MinTech for satellite engineering and 
work on sounding rockets 1,075,816 
Other expenditure on research facilities 811,520 
Subscriptions to international organizations 
CERN 6,200,000 
ESRO 5,000,000 
NATO acientific schemes 358,000 
Total 41,176,317 
DISTRIBUTION GF AWARDS CURRENT ON OCTOBER 1, 1968 
Advanced 
Research course Research 


studentships studentships fellowships 
Aeronautical and civil 


engineering 278 140 1 
Biological sciences 849 83 54 
Chemical engineering 

and technology 203 84 ł 
Chemistry 1,528 77 116 
Computing science 64 R4 m 
Electrical and systems 

engineering 366 148 1 
Geology 2 = 6 
Human sciences 53 53 1 
Mathematics 519 318 5 
Mechanical and 

production engineering 199 109 J 
Metallurgy and materials 267 5i 5 
Physics 995 123 63 

Total 5.324 1,269 254 
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been an increase from 170 to 216 in the number of 
studentships which are awarded on graduation but 
can be taken up from one to five years later. The time 
is to be spent in industry or teaching, and provides 
further welcome flexibility in the postgraduate train- 
ing system. Third, the council is to ensure university 
staff increases no faster than in direct proportion to 
the student population. This is, of course, again to 
encourage scientists to go into industry or teaching, 
and the council recognizes that this will mean reduc- 
tions, in nuclear physics for example. To sugar the 
pill, the technical staff is to be strengthened, and the 
report says this will make university research more 
effective. 

Since the publication of the report last week the 
trend towards a greater awareness of the needs of 
industry has been boosted by the appointment of 
Professor Michael Swann and Dr Duncan S. Davies to 
the council. Professor Swann was of course chairman 
of the working group on manpower for scientific growth 
which a year ago highlighted the needs of industry 
which the council is trying to fulfil. The Swann report 
was the most recent of a series of reports on scientific 
manpower which has influenced SRC policy. Professor 
Swann is principal and vice-chancellor of the Univer- 
sity of Edinburgh, has been a member of the Council 
for Scientific Policy since 1965, and a member of the 
SRC’s sister organization, the Medical Research 
Council, from 1962-65. He has been appointed from 
January 1, 1970. Dr Davies joined the research 
department of ICI dyestuffs division in 1945 and has 
been general manager of research and development at 
ICI since April. The council of the SRC now consists 
of Professor Sir Brian Flowers (chairman), Sir Derman 
Christopherson, Dr Duncan 8. Davies, Dr E. Eastwood, 
Professor H. Ford, Dr M. R. Gavin, Professor J. C. 
Gunn, Professor F. Hoyle, Professor H. L. Kornberg 
Professor Sir Bernard Lovell, Dr J. W. Menter, 
Professor Sir Ronald Nyholm, Professor P. A. Sheppard, 
Professor M. Swann and Professor D. H. Wilkinson. 

The membership of the two new boards is as follows. 

Engineering Board: Professor H. Ford (Imperial 
College, chairman), Professor J. G. Ball (Imperial 
College), Professor C. E. H. Bawn (Liverpool), Pro- 
fessor A. H. Chilver (University College, London), 
Dr J. V. Dunworth (National Physical Laboratory), 
Mr J. M. Ferguson (English Electric), Dr H. R. Galley- 
more (Procter and Gamble), Dr M. R. Gavin (Chelsea 
College of Science and Technology), Professor G. G. 
Haselden (Leeds), Professor J. H. Horlock (Cambridge), 
Dr J. W. Menter (Tube Investments), Mr D. L. 
Nicolson (management consultant), Mr L. A. B. 
Pilkington (Pilkington Bros, Ltd), Dr D. N 
Williamson (Molins Machine Co., Ltd). 

Science Board: Professor H. L. Kornberg (Leicester, 
chairman), Professor E. J. W. Barrington. (Notting- 
ham), Professor W. H. Cockeroft (Hul), Dr N. A. 
Burges (Ulster University), Dr Duncan Davies (ICI, 
Ltd), Dr T. Emmerson (Guest, Keen and Nettlefolds), 
Professor K. Hoselitz (Mullard Research Laboratories), 
Professor A. T. James (Unilever Research Laboratory), 
Professor Sir Ewart Jones (Dyson Perrins Laboratory), 
Professor R. Mason (Sheffield), Professor B. W. J. 
Mitchell (J. J. Thomson Physical Laboratory), Pro- 
fessor Sir Ronald Nyholm (University College, London), 
Professor Sir Rudolf Peierls (Oxford), Professor G. H. 
Twigg (British Petroleum). 


“~ 
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NEWS AND VIEWS 





Do Quasars Cluster ? 


“THERE is a non-random character in the red-shift 
that must be interpreted before the true nature of the 
red-shifts in QSOs can be explained” is the closing 
sentence of the article by Moxley B. Bell on possible 
clustering of quasi-stellar objects (page 229), and few 
would disagree. The sudden absence of red-shifts 
greater than fractionally more than two sticks out 
like a sore thumb, as does the concentration of red- 
shifts around 1:95. If the red-shift is cosmological, 
then the results nicely fit an evolutionary universe. 
QSOs must have begun to form at a time corresponding 
to a red-shift of two with a large population building 
up at a red-shift of 1-95. But the red-shift pattern is 
complicated by evidence that there are other preferred 
red-shifts and that they show more or less regular 
periodicities. There are several more or less bizarre 
explanations. G. Burbidge, for example, has put 
forward the case for a pattern of the form z=1-95 
+0-061n where n is a small integer (Astrophys. J. Lett., 
154, L41; 1968). 

One favourite idea is that there is something unusual 
about the emitting atoms so that the red-shifts are 
at least partly intrinsic to the sources. For example, 
there is the notion that fractionally charged particles 
might exist which would screen part of the nuclear 
charge. Instead of putting the atomic number into 
spectroscopic formula, something fractionally less must 
be substituted. Cowan has suggested screening charges 
which are multiples of e/12 (Astrophys. J. Lett., 154, 
L5; 1968), and it is only a small step to talk of quarks 
on QSOs. But the evidence for periodicities in the 
red-shift distribution is not cast-iron, although if it 
were the case for an intrinsic contribution to the red- 
shift would seem to be inescapable. The fact that a 
QSO can show absorption red-shifts of several different 
values complicates the problem even further, and much 
of the discussion centres on whether the absorption is 
intrinsic to the QSO or arises in the intergalactic 
medium. 

What Bell has done is to look at the peaks in the 
red-shift distribution for signs that QSOs within each 
peak show relationships with one another. There is 
evidence that if the QSOs under each peak are plotted 
on the sky, then the red-shift is a monotonic function 
of the angular distance from the centre of the group. 
Further, in a joining-up-the-dots exercise, Bell found 
that the QSOs of each group are on a spiral, in most 
cases with red-shift increasing outwards. The spiral 
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patterns nicely fit the fashionable view that QSOs are 
ejected objects (see G. R. Burbidge and E. M. Burbidge, 
Nature, 224, 21; 1969), presumably from galaxies, but 
the patterns cover such vast areas of sky that if they 
are genuine then the mescapable conclusion is that 
QSOs are local objects. Much depends of course on 
the statistical significance of the spiral structures, of 
the red-shift/angular distance relationships, and of the 
peaks in the red-shift distribution curve, and attacks 
on the article will concentrate on these points. 

By claiming that QSOs spread over large areas of 
sky are somehow related, Beil is firmly in the camp of 
those who believe they are local objects. Recent 
attacks on this view have come observationally from 
Bahcall, Schmidt and Gunn (Astrophys. J. Lett., 157, 
L77; 1969) and theoretically from Lynden-Bell 
(Nature, 228, 690: 1969). Baheall ef al. report a QSO 
in the same part of the sky as a cluster of galaxies 
which shows the same red-shift as four of the galaxies 
and, because the cosmological nature of galactic red- 
shifts is not doubted, the inference is that the QSO 
red-shift must also be cosmological. Baheall has since 
published a list of QSOs in the direction of galactic 
clusters which would be suitable for red-shift studies 
(Astrophys. J. Lett., 157, L151: 1969), But G. R. 
Burbidge and E. M. Burbidge have pointed out that 
the spectrum of the QSO in the study by Baheall ef 
al, is like that of N-galaxies and Seyfert galaxies, and 
that it may not therefore be a true QSO (Nature, 224, 
21: 1969). Lynden-Bell’s view that some galactic 


notion that a QSO is an early step in the evolution of 
galaxies which includes N-galaxies and Seyfert galaxies, 
QSOs could be the end point of the evolution of galaxies 
(Astrophys. J. Lett., 157, L73; 1969). In any case it 
is still as clear as it ever has been that the red-shifts 
must hold the clue to the nature of quasars. 


ASTRONOMY 


New Light on the Sun 


from a Correspondent 
A NEW analysis of the long term variation in brightness 
of the Sun, carried out by a team of Austrian astrono- 
mers at Vienna University, has revealed that the 
behaviour of the Sun differs only in magnitude from 
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that of the known variable magnetic stars. The 
observations on which this discovery depends were 
made between 1950 and 1966, when observers at the 
Lowell Observatory kept a close watch on the bright- 
ness fluctuations of Uranus and Neptune. It 1s more 
convenient to observe these planets than the Sun 
directly because the brightness of the reflected light can 
be directly compared w ith the known brightness of 
fixed reference stars in the same field of view. These 
observations have only recently been analysed statis- 
tically, and now R. Albr echt, H. M. Maitzen and 
K. D. Rakos have discovered two linked patterns 
within them (Astronomy and Astrophysics, 3, 236; 
1969). 

First, there is a relatively large variation (which is 
nonetheless a minute part of the whole) that takes 
place over a period of eleven years and must be 
associated with the sunspot cycle. Second, there 
is a smaller perturbation on top of this variation, 
the exact period and amplitude of which depends 
on the stage reached in the sunspot cycle. 

Because this rapider fluctuation always has a 
period in the range 25 to 30 days, it ties in well with the 
widely held view that the core of the Sun is rotating 
fairly rapidly, completing about one revolution per 
month, pecans the base aaa a ae the core and 


this per ae 2 

brightness var oo in ee stars can be caused 
by the build-up of many large “‘starspots’” which 
would reduce the average temperature ¢ of the stellar 
surface, because the material in spots is always cooler 
than the surrounding surface. Again, this fits the 
pattern seen in the solar variation. 

Further long period observations of the solar fluctua- 
tion should provide invaluable assistance to theoreti- 
cians investigating the problems associated with the 
magnetic variable stars and already the unexplained 
mechanism by which the two solar fluctuations interact 
provides an intriguing opportunity for the develop- 
ment of new Ideas. 


PHYSICS 


New Key for Old Lock 


from our Solid State Physics Correspondent 


THe van der Waals force, first conceived nearly a 
hundred years ago to explain the behaviour of real 
gases, has at last been measured directly in an experi- 
ment by D. Tabor and he H. S. Winterton at Cam- 
bridge (Proc. Roy. Soc.. A, 312, 435; 1969). They used 
delicate balancing apparatu to bring two-ultra- 
smooth surfaces of mica to within less than 10 nm of 
each other, which is close enough for the van der Waals 
force to act. As well as directly estimating the size of 
the van der Waals attraction between two surfaces, 
they have established the somewhat surprising fact 
that there exists a quite sharp transition between 
regions where the normal and the retarded van der 
Waals forces are operative, 

The failure of earlier experimenters to bring surfaces 
closer together than about 100 nm is a fair reflexion of 
the deftness of tec hnique required of such an experi- 
ment. Not only must the surfaces be exceptionally 
smooth, but comparable precision must be achieved in 
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both erecting the specimens at their desired separations 
and in measuring the vacant distance. Tabor and 
Winterton used a cantilever to balance one of the 
specimens and they measured the van der Waals force 
by noting when the stiffness of the cantilever just 
balanced the attractive force between the two surfaces. 
The separation of the surfaces was measured by mul- 
tiple beam interferometry which is claimed to give an 
accuracy of about 0-3 nm. 

The theory of van der Waals forces in solids emerged 
from confusion about fifteen years ago when Lifshitz 
put forward an approach w hich preserved the Important 
distinetion between normal and retarded forces but 
took into account the existence of multiple Interactions 
due to neighbouring atoms or molecules. He con- 
sidered the zero point energy of electromagnetic radia- 
tion in a system of two closely spaced plates. The 
upshot of his and indeed earlier treatments was that at 
very small separations the normal van der Waals force 
would apply and that the retarded force, taking its 
name from a phase lag, wouid apply at larger distances. 
The critical separation was derived from a character- 
istic wavelength in the absorption spectrum. 

Tabor and Winterton made measurements at separa- 
tions between 5 and 30 nm. They used cantilevers of 
different stiffness, and found that at a distance of about 
15 nm there appeared a distinct change of slope in the 
curve monitoring the attractive force. At separations 
greater than 20 nm they found that their results agreed 
with the Peon. of Lifshitz theory for retarded 
forces. They also managed to extract ‘values for two 
important. parameters in “the theory. 

What now seems clear is that the distinction between 
normal and retarded van der Waals forces is quite well 
defined. In the case of mica, Tabor and Winterton put 
limits on the transition region of between 10 and. 
20 nm. 


STARS 


Astronomical Get-together 


from our Astronomy Correspondent 


Ox October 10 the Royal Astronomical Society held the 
first ordinary meeting of the session which will see 
the society's 150th anniversary. Professor Martin 
Schwar zaschild of Princeton Unive rsity gave the 
George Darwin lecture, on stellar ev olution in globular 
clusters, and afterw ards the action was maimtamed by 
an announcement from Professor J. G. Davies of two 
new pulsars from Jodrell Bank. The meeting was the 
first to be held in the British Academy, in the opposite 
corner of Burlington House from the old lecture room 
of the Royal Astronomical Soe iety which is being 
converted into a fellows’ room and ‘office necomuiola: 
tion. But the move seems not to have alleviated the 


TWO NEW PULSARS FROM JODRELL 
JP 2118 
2i h 13m 30s 


BANK 

JP 2022 

20h 22m 20s 
+im +1m 

Declination (1960-0) +4667 +0-1° 451-9" +0-1° 
Galactic longitude 89” SS” 
Galactic latitude ~~ 1-3° +847 
Period 10147777 8 052921 s 
Dispersion measure ~100em" pe ~ 10cm” pe 


Right ascension (1950-0) 
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problem of lecture room space, and the meeting was as 
crowded as any at the old site. 

By one reckoning Professor Davies's announcement 
brings the number of known pulsars to 43, and he 
commented that there are a further one or two possible 
pulsars being investigated at Jodrell Bank. The dis- 
covery i$ a result of repairs and improvements to the 
Mark 1 radio telescope which has now reached a stage 
where the telescope has to be pointed at the zenith for 
most of the time. No azimuth movement will be 
possible for about two months. During this period of 
forced inactivity all the time on the telescope i is being 
devoted to a pulsar search, using a new technique 
developed by Professor Davies to look for individual 
dispersed pulses rather than period phenomena. The 
search is carried out at two frequencies separated by a 
few MHz near 480 MHz, and the advantage of the new 
method is that it is sensitive to the many pulsars which 
do not show continuous traint of pulses. Thus it is 
hardly surprising that the two new pulsars are more 
sporadic than the first pulsars to be found. Otherwise 
there is nothing remarkable about the periods or the 
positions of the two new pulsars which both lie close to 
the plane of the Milky Way. Professor Davies said 
that their positions will be measured more accurately 
during the coming weeks, and that the values of the 
per iodicities can be improved. The final two sevens in 
the period of JP 2113 are doubtful, and the period is 
not corrected to the barycentre. 

The lecture by Professor Schwarzschild, who is one 
of the society's gold medallists this vear, reviewed the 
field of stellar evolution with particular relevance to 
globular clusters. He listed some of the outstanding 
problems which have to be solved for the further 
understanding of stellar evolution, a study which he 
has done so much to promote. For one thing it is not 
vet known how to handle the important question of 
convection in stars in the abnormal conditions of core 
flash. For example, at the time of the helium flash there 
must be a steep temperature gradient extending from 
the core which causes a convection layer. Convection 
cells eventually reach the hydrogen- burning layer and 

“liek” a little hydrogen back to the core. This could 
Ue the origin of the hy d toe in ee hot core W ae was 


of build up “of hee aS But it is still not 
known how the heavy elements are brought to the 
surface of the star and ejected into the interstellar 
medium to take part in future processes. 


BACTERIOPHAGE 


Almost All Present and Correct 


from our Cell Biology Correspondent 


It was of course the single stranded DNA genome of the 
coliphage Ø@XIT4 w hich Kornberg, Goulian and 
Sinsheimer used as a substrate for the Kornberg DNA 
polymerase in their famous tour de force, the synthesis 
in vitro of complete and infectious phage DNA genomes. 
Even if the ramours are correct that the Kornberg DNA 
polymerase is not the enzyme which replicates the 
E, coli chromosome in vivo but perhaps a DNA repair 
enzyme, coliphage ØX174 has a secure place in history. 
With a genome that contains enough information to 
specify only seven or eight proteins, @X174 DNA lends 
itself to the grand scale in vitro experiment. Hayashi 
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and his colleagues, for example, are at present using the 
double stranded replicative form of @S174 DNA in an 
E. coli cell-free system in which they hope to couple the 
transcription of the @X174 DNA into messenger RNA 
with the translation of the messenger into phage protein. 

So far they have shown that the system will incor- 
porate UTP into RNA and also incorporate amino-acids 
into pe (Bryan, Sugiura and Hayashi, Proc. 
US Nat. Acad. Sci., 62, 483: 1969). And hybridization 
analysis of the RN A being made shows that it is trans- 
cribed off the complete PX174 genome, The next step, 
characterization of the protein made in the system, 
which hopefully will prove to be @XIF4 protein, 
depends on an assay for the phage proteins, and poly- 
acrylamide gel electrophoresis seems to fit the bill. In 
the latest issue of the J ournal of Molecular Biology, 
Burgess and Denhardt (44, 377; 1969) and Gelfand and 
Hayashi (7bid., 501) simultaneously report more or less 
identical electrophoretic characterizations of @X 174 
proteins synthesized in W. coli cells irradiated with 
ultraviolet light, so as to reduce the background host 
protein synthesis, and then infeeted with phage. Both 
groups have used the time honoured technique of com- 
paring the proteins made in cells infected with wild 
type and amber mutant phage, and the proteins in the 
ph age particles themselves, to prove which gene 
specifies which protein. 

Burgess and Denhardt have resolved five proteins in 
extracts of phage-infected cells and a sixth protein, 
which, although not detectable in cell extracts, is 
present in phage particles themselves, Four of the six 
proteins are components of the phage coat (three can 
be detected in both infected cell and phage particle 
extracts). One of the other two proteins Is involved in 
the lysis of the host cells during normal infection and 
the other is required for the synthesis of single stranded 
progeny @N174 genomes from the double stranded 
replicative form molecule, This accounts for six of the 
seven phage genes that have been identified by genetic 
complementation tests and may well comprise the 
entire genome. The seventh gene is known from the 
complementation work to specify y a protein involved in 
the replication of replicative form; failure to detect it 
on the polvacrylamide gels may mean that it has the 
same electrophoretic mobility as one of the other 
proteins, possibly that involved in synthesis of single 
stranded progeny DNA, and is not therefore resolved. 

Gelfand and Hayashi, using virtually identical fa 
niques, have identified four @X174 proteins made 
infected Æ. coli cells, but they failed to identify the 
fifth protein seen by Burgess and Denhardt, the lvsis 
enzyme. But whatever the reason for this discrepancy 
the stage is now set for the characterization of the 
PXN174 proteins made im vitro by coupled ges se 
and translation systems programmed with @X17 


DNA. 





RNA POLYMERASE 


Multiple Forms 


from our Cell Biology slop aus 
THE iacovery of sigma factor in E. 





plate ae of the bacter ria 1 DNA d pondent R RI vA 
polymerase, has started a new chapter in the story of 
gene regulation in bacteria and bacteriophages. Already 
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it looks as though sigma factors will prove to be a 
general feature of the regulation of gene expression in 
bacteria and phages, each factor uniquely modifying 
the range of DNA templates that can be transcribed 
by a single basic RNA polymerase molecule. Bacterio- 
phages T4 and T7, for example, are now known to 
specify their own sigma factors which subvert the RNA 
polymerase of their host E. coli, causing the enzyme 
to transcribe the phage imstead of the host genome. 

Of course by invoking hierarchies of sigma-type 
factors it is easy enough to devise schemes to explain 
differentiation of eukaryotic cells, replication of viruses 
in such cells, the transformation of animal cells by 
viruses, and every other phenomenon that involves 
regulation of gene expression. But such speculations, 
although intriguing, are more than a little premature. 
No one is certain just how many distinct species of 
RNA polymerase occur in eukaryotic cells, let alone 
whether or not such cells also contain sigma factors to 
act as fine controls over gene expression. 

According to Roeder and Rutter, for example (see 
page 234 of this issue), there are three distinct RNA 
polymerase activities in developing sea urchin embryos 
and two distinct activities in rat liver nuclei. On 
‘DEAE-Sephadex’ columns the RNA polymerase 
activity of sea urchin egg nuclei and rat liver nuclei 
is resolved into three and two peaks respectively. 
Two of the sea urchin activities resemble the two rat 
liver activities, which suggests they are cognate forms 
of the same enzyme, and none of the activities appear 
to be interconvertible or different aggregates of a 
single polymerase. Moreover, the ratio of Mn** to 
Mg** ions needed for optimal activity are all different 
and the enzymes respond differently to changes in 
the ionic strength. All, however, absolutely require 
native or heat denatured DNA as template and catalyse 
the incorporation of all four bases into RNA. 

There is no evidence that the different polymerases 
have any preference for selected regions of DNA 
molecules in vitro, but the localization of the activities 
in the nucleus suggests to Roeder and Rutter that 
they may have distinct functions. One of the species 
common to both sea urchin and liver nuclei seems to 
be located in the nucleolus while the second common 
species occurs in the nucleoplasm. Perhaps the 
nucleolar activity is responsible for transcribing ribo- 
somal RNA in life, but the distinct transcriptive 
properties of the different activities have yet to be 
established. The fact that they all make the same sort 
of RNA in vitro may mean that some specificity 
factor analogous to sigma factor has been lost during 
the isolation procedure, but even if that proves to be 
the case it does not explain why these cells have more 
than one species of RNA polymerase. Neither does it 
take into account the different localization of the 
enzymes in the nucleus. 


ENZYMES 


Patterns of Synthesis 


from our Microbiology Correspondent 
SyNcHRONOUSLY dividing microbial populations have 
provided some of the most valuable insights into the 
processes of differentiation operating during the cell 
cycle. These studies, carried out predominantly with 
bacteria and yeasts, have pointed to an ordered 
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sequence of chemical changes occurring throughout the 
cycle. Most of the enzymes investigated (more than 
80 per cent according to Mitchison, Science, 165, 657; 
1969) are synthesized discontinuously during develop- 
ment. In the case of stable enzymes there is a “step” 
pattern of synthesis whereas unstable enzymes “peak” 
at a particular point during the cycle. The remaining 
enzymes have continuous patterns of synthesis which 
may have exponential or linear rates of increase. 

J. M. Mitchison and his colleagues at Edinburgh 
have been interested particularly in linear patterns 
of enzyme synthesis, and have stressed the need for 
very accurate assay procedures and statistical treat- 
ment of data in order to distinguish between “linear” 
and “exponential” enzymes. The Edinburgh group 
has analysed continuously synthesized enzymes in the 
fission yeast Schizosaccharomyces pombe, the first 
eukaryotic organism to be examined in this context 
(Mitchison and Creanor, J. Cell Sei., 5, 373; 1969). 
Of the four enzymes known to be synthesized through- 
out the cell cycle of S. pombe, sucrase, acid phosphatase 
and alkaline phosphatase were found to possess linear 
kinetics, and the cellular levels of these activities 
doubled at a defined point in the cycle, the “critical 
point”. Furthermore, it has been demonstrated that 
the “potential” for these enzymes, namely their 
capacity for enhanced rates of synthesis in conditions 
of derepression, existed at all times during the cell cycle 
but doubled sharply at the time corresponding to the 
critical point. 

Results from earlier experiments in Pardee’s lab- 
oratory (Proc. US Nat. Acad. Sci., 54, 64; 1965) 
indicated a correspondence of doubling of the sucrase 
potential in Bacillus subtilis with the doubling of the 
respective structural gene. 

It is therefore significant that Mitchison and Creanor 
have elucidated a distinctly different pattern in their 
eukaryotic system. They found a temporal disasso- 
ciation of the doubling of the enzyme potential and 
the brief period of DNA replication during the yeast 
cell cycle. DNA replication took place approximately 
one third of a cycle earlier than the critical point. 
Mitchison and Creanor, while cautioning against the 
extrapolation of these findmgs to other eukaryotes, 
pose an intriguing question: when is a new genome 
first used in different cell types? It could be immed- 
iately, as in the case of bacteria, or later when mitosis 
is completed. The explanation of this delay in genome 
expression is unknown but Mitchison and Creanor 
propose a tentative model based on organizational 
differences between the chromatids such that only 
one is available initially for transcription. Although 
the synthesis of precursors and their assembly are 
delayed in the cases of sucrase and alkaline phospha- 
tase, this delay (15 minutes) did not account for the 
much greater separation (50 minutes) between genome 
replication and the critical point. 


TRANSITION 


Amphibians to Reptiles 


from our Vertebrate Palaeontology Correspondent 


CARBONIFEROUS tetrapods are so few and poorly known 
that it is often uncertain whether a particular genus or 
group belongs to the Amphibia or to the Reptilia. 
There has been no reliable method for defining either of 
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these two groups in palaeontological (that is osteo- 
logical) terms. This situation could be resolved only by 
a complete and thorough description of at least one 
member of each group, a study that has been under- 
taken by R. L. Carroll of the Redpath Museum, 
Montreal. 

During the past few years he has described Hylono- 
mus and Paleothyris, two little Carboniferous romeriid 
reptiles. Together with Don Baird (Princeton Uni- 
versity) he has described the Carboniferous microsaur 
Tuditanus and shown that this group is definitely 
amphibian and not reptilian, and he is also studying 
the Carboniferous anthracosaurian amphibian Gephy- 
rostegus. Carroll has now used these accounts as the 
basis of a review of the structure of the major groups of 
Carboniferous tetrapods (Biol. Rev., 44, 393; 1969). 

Carroll first describes the osteology of the most 
primitive reptiles, the romeriids, based on his work 
on Paleothyris. The romeriid’ are the probable ances- 
tors not only of all the major groups of reptile but also 
of such short-lived Permian lines as the araeoscelids, 
captorhinids and mesosaurs. The limnoscelids and 
solenodonsaurids seem to be two side lines which are 
more primitive than the romeriids in several features. 
Though reptilian in their osteology, they may not have 
possessed the reptilian method of reproduction which 
the romeriids must have achieved (for it is found in all 
of their descendants). The position of the highly 
specialized diadectids is still uncertain. 

Turning to the amphibians, Carroll notes that it has 
long been suspected that the origin of the reptiles lay 
within the anthracosaurian amphibians, though the 
most terrestrial of these (the Permian seymouria- 
morphs) were not only too late in time to be the actual 
ancestors of the reptiles but also were specialized in 
several ways. Carroll has, however, found that 
Gephyrostegus from the Middle Pennsylvanian is an 
anthracosaur which lacks these specializations, and that 
its morphology is exactly what might be expected in 
the amphibian ancestor of the reptiles—though even 
Gephyrostegus itself is still too late to be their ancestor. 

By comparing Gephyrostegus and Paleothyris, Carroll 
proceeds to analyse the changes which took place in the 
transition from the amphibian to the reptile. Both 
have skeletal proportions which suggest terrestrial 
habits, indicating that this was attained by the reptile 
lineage before it achieved the amniote method of 
reproduction. The earliest reptiles are quite small, 
and, as a result, their eggs too must have been small. 
The small mass and high ratio of surface-area to volume 
of these eggs must have facilitated the transition to a 
shelled egg laid on land. It may be significant that 
the limnoscelids and solenodonsaurids, which may not 
have developed in a reptilian way, are also larger than 
their truly reptilian relatives. 

Carroll believes that many of the changes in skull 
architecture were consequences of a change from a 
kinetic-inertial system of jaw movements in amphi- 
bians to a static pressure system in reptiles. The 
adductor muscles, especially the pterygoideus, became 
larger and more vertically positioned. This led to a 
reduction in the depth of the otic notch and to an 
increase in the size of the sub-temporal fossa, so that 
the posterior portion of the palatal ramus of the 
pterygoid became distinguishable as the separate 
transverse flange characteristic of all reptiles. 

After so many years during which understanding of 
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the amphibian-reptile transition was confused by the 
pseudo-reptiles Seymouria and Diadectes, and by lack 
of knowledge of the more relevant Carboniferous tetra- 
pods, the basic and comparatively simple story seems 
at last to be emerging. 


ANIMAL BEHAVIOUR 


from a Correspondent 


STRANGE cases of animal communication continue to be 
discovered. One of the highspots of this year’s Inter- 
national Ethological Conference, held at Rennes in 
France from September 1 to 10, was Roger Payne's 
account of the “song” of the hump-backed whale. Payne, 
from Rockefeller University, New York, has been 
analysing deep sea recordings made in the vicinity of 
Bermuda during the annual spring migration of these 
animals, and has found that the whales not only 
produce many different squeals, squeaks and groans, 
ranging from ultrasonic to very low frequency sounds, 
but also that these sounds are arranged into a highly 
complicated “song”. The song of the whale is in many 
ways like a bird song, but differs in that it lasts not for a 
few seconds, but for eight or nine minutes. At the end 
of this time, the whale starts again at the beginning of 
the song, and spectral analysis has shown that the 
sequence of sounds is repeated almost exactly each 
time. 

Payne believes that the singing whales are communi- 
cating with each other, and suggests that they may do 
so at distances as great as tens or even hundreds of 





Hump-backed whale (Megaptera novaeangliae). 


kilometres. The singing of the whales has been picked 
up by hydrophones between 2,000 and 4,000 feet under 
the surface, where there is a layer of water so consti- 
tuted that sounds spread within it in two dimensions 
rather than three. This has the effect of carrying 
sound over enormous distances, and by means of this 
“sound channel” it is theoretically possible that one 
hump-backed whale could hear the singing of another 
hundreds of kilometres away. 


PIGMENTS 


from our Molecular Biology Correspondent 


Tue haemocyanins are giant proteins, which contain 
copper and carry oxygen. They are made up of many 
chains, and because they exhibit cooperative ligand 
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binding, they provoke questions concerning the manner 
of the cooperative interactions between the subunits 
in such a large aggregate, the extent to which they 
parallel smaller systems, such as haemoglobin, and the 
possible size of the functional unit. In their studies 
of squid haemoeyanin DePhillips et al. (Biochemistry, 
8, 3665; 1969) have uncovered a remarkable new phen- 
omenon, which bears on these problems. 

The intact pigment, which requires magnesium ions 
for its integrity, has a molecular weight of nearly 
four million, sediments at 59S, and dissociates in 
alkaline solution into fifths and then tenths. The 
oxygen uptake reaction is clearly complex, showing 
in the physiological pH range a high degree of coopera- 
tivity, though only in the middle of the binding curve. 
There is, moreover, a very large Bohr effect, which 
manifests itself as a sharp change in oxygen affinity 
between pH 7-2 and 8-2. Working at pH 7-5, De- 
Phillips et al. observed that if the deoxygenated 
pigment is allowed to equilibrate with air, when it 
becomes 70 per cent saturated with oxygen, it disso- 
ciates into subunits, whereas both the fully oxygenated 
and fully deoxygenated forms are in the intact 59S 
state. The dissociation is slow, but the equilibrium 
position is reached after some hours from either 
direction. 

After a study of the profile of sedimentation against 
pH, it became clear that the extent of dissociation is 
determined only by the degree of saturation, and 
that in the vicinity of 80 per cent oxygenation, dis- 
sociation is complete. Moreover, an examination 
in the ultracentrifuge, scanning ultraviolet absorption 
optics, makes it clear that the subunits are more 
highly oxygenated than the associated molecule, and 
thus have a higher oxygen affinity. 


there is a small 
increase in the sedimentation coefficient of the 598 
molecule on oxygenation, and a change also in a feature 
in the ultraviolet circular dichroism, identified, if 
rather tenuously, with a protein rather than the 
prosthetic chromophore. The salient deduction is 
that the conformational change is a function of oxy- 
genation, and is not manifested when dissociation of 
the 59S is brought about by removal of magnesium. 
One must suppose then that the two conformational 
states of the subunits, as in some other highly aggre- 
gated systems, associate to give different symmetry 
forms of the molecule. In the intermediate condition, 
some of the subunits are in the one state, some in the 
other, and if the two are incompatible, there is no 
alternative to disintegration. Even where the transi- 
tion is in principle fully cooperative, one may still 
envisage a situation in which dissociation is inevitable, 
if a direct pathway from the one structure to the other, 
by movement of subunits relative to one another, 
as for example in haemoglobin, is sterically ruled out. 
The authors’ restraint in eschewing arbitrary models to 
explain their results is as admirable as it is unusual. 

It may be noted that partial dissociation of a 
different haemocyanin has been achieved by succinyl- 
ation (Konings et al., Biochim. Biophys. Acta., 188, 
43; 1969). The subunits so produced have a molecular 
weight of some 500,000, which seems to represent 
a twentieth of the intact molecule. Further dissocia- 
tion does not occur, although there is one copper atom 
per 24,000 in all. The interesting feature of this work 
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is that there is no cooperativity of oxygen binding in 
the dissociated form, which suggests, if it does not 
altogether prove, that the cooperative unit is a remark- 
ably large entity. 


ANAESTHETICS 


Ghosts and Nerves 


THE mechanism of action of anaesthetics is now being 
clarified at several centres by work on artificial] experi- 
mental systems. At the close of the last century 
Overton and Meyer propounded a theory of anaesthesia 
in which the narcotic potency of a compound was 
correlated with its solubility in lipid, and this theory 
has since formed the basis of much work. It is true 
that Pauling, in 1961, argued in favour of an aqueous 
site for the reaction between an anaesthetic and 
nervous tissue, but most evidence points to the involve- 
ment of membrane lipids. The Overton—Meyer theory 
predicts that anaesthesia arises when the narcotic 
substance attains a certain concentration in the mem- 
brane, and the corollary of this is that, by contrast 
with many other drugs, anaesthetics do not have 
specific chemical groupings but act by virtue of an 
ability to dissolve and cause disorder in nerve mem- 
branes. Alcohols, steroids, secondary or tertiary 
ainines, and even inert gases are effective, and it is 
thought that their action is basically to impede the 
rearrangement of groups in the excitable membrane 
and thereby block the action potential. 

Clearly it would be desirable to study the perme- 
ability characteristics of isolated neurone membranes. 
This, however, is virtually impracticable on any useful 
scale, simply because of the technical difficulty of 
obtaining neurone plasmalemmata free of adhering 
material. Instead, investigators have had to resort 
to simpler systems: for example, artificial lipid 
membranes and erythrocytes. To find pharmacologists 
using red cells to model neurones may seem strange 
but should be no more surprising than to discover that 
knowledge of protein synthesis rests heavily on studies 
with Escherichia coli. And—going one step farther— 
if cell-free ribosomal systems can be trusted to give 
answers about metabolism in vivo, then surely model 
membranes are a reasonable substitute for nervous 
tissue. As it happens, the use of both types of svstem 
is fully justified by the results they give. 

Studies by J. ©. Skou and particularly those by 
J. A. Clements and K. M. Wilson (Proc. US Nat. 
Acad. Sci., 48, 1008; 1962) established the validit vof 
using lipid model systems to examine the effects of 
local anaesthetics. They concluded that the immediate 
action of the anaesthetic is to expand the membrane, 
and subsequent work has elucidated in great detail the 
permeability changes which ensue. Those who have 
chosen erythrocytes find that they, too, yield results 
relevant to the situation in nerve. The nuclear mag- 
netic resonance studies of J. C. Metcalfe, P. Seeman 
and A. S. V. Burgen (Mol. Pharmacol., 4, 87; 1968) 
showed, for example, that alcohols induced alterations 
in membrane structure which could be correlated with 
the physiological changes occurring in anaesthesia. 
Indeed, a later investigation (Nature, 220, 587: 1968) 
demonstrated that similar effects could be detected 
in preparations of nervous tissue. A series of articles 
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by Seeman and his collaborators in Toronto (Biochim. 
Biophys. Acta, 188, 476; 1969) report detailed investi- 
gations on the membrane stabilizing properties of 
anaesthetics based on studies with erythrocytes and 
the products of their haemolysis—the so-called ghosts. 
In hypotonic solutions red cells swell, fissures appear 
in the membrane, and cytoplasmic material—including 
haemoglobin—is lost. Anaesthetics consistently block 
this process and stabilize the membrane, and the close 
correlation between red cell stabilization and narcotic 
action suggests that both have a similar mechanism. 
To measure quantitatively the membrane concentra- 
tion of a local anaesthetic, Seeman et al. allowed 
chlorpromazine to interact with haemoglobin-free ghost 
membranes in concentrations known to be membrane 
stabilizing for both nerve fibres and erythrocytes. 
They found that the uptake of anaesthetic, in condi- 
tions of 50 per cent stabilization, was 0-033 mole/litre, 
in excellent agreement with the value (0-03 mole/litre) 
which the Overton-Meyer theory would predict for 
anaesthesia of 50 per cent of subjects. This alone, 
apart from the other data reported by Seeman, would 
support the extrapolation of results with erythrocytes 
to the situation in nerve. 

In the latest Biomembranes issue of Biochim. Biophys. 
Acta (198, 92; 1969), S. M. Johnson and A. D. Bangham 
report studies on the permeability of artificial phospho- 
lipid structures, “liposomes”, in the presence and 
absence of anaesthetics. Thermodynamic considera- 
tions lead them to suggest that anaesthetics increase 
the freedom of movement of groups in the lipid near 
the interface, increase the disorder in this region, and 
so block the action potential in the nerve axon. It is 
coneluded that. the biological endpoint in this pheno- 
menon is the point at which a certain degree of disorder 
is reached and that anaesthetics—alcohols, for example 
—differ only in the amount required to bring this about. 


ASTRONOMY 


Temperature of Moving Background 


from a Correspondent 


Ever since the discovery of the black body radiation 
at a temperature of about 3 K, with which space 
appears to be filled, there has been speculation about 
the possibility that the radiation may actually be 
anisotropic. The point here is that the anisotropy 
might be a proof of the existence of a frame of reference 
which is fundamental to the universe at large. The 
frame in which the radiation is isotropic is the new 
fundamental frame, and it is convenient to regard the 
radiation as “at rest” in this frame. When the radiation 
is viewed from the Earth the apparent temperature of 
the radiation will be highest in the direction in which 
the radiation is approaching, and lowest in the direction 
in which the radiation is receding. At present the 
upper limit for the velocity component of the Earth 
which lies in the plane of the Earth’s equator is of the 
order of 300 km s~ through the cosmic background 
(Partridge and Wilkinson, Phys. Rev. Lett., 18, 557; 
1967). In these discussions, the formula for the varia- 
tion of apparent temperature with direction relative 
to the microwave background has been independently 
derived on several occasions, and one of these deriva- 
tions was quoted in Nature a few weeks ago (221, 1100; 
1969). 
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It seems, however, to have been forgotten that the 
first general formulae dealing with this variation of 
is l Fraaie Ji Eom „f 
apparent temperature are due to Pauli (Theory of 
Relativity, Pergamon, London, | 958: Relativats Theorie 
in Encycl. d. Math. Wiss., Teubner, Leipzig. 1921). 
Where the microwave background is concerned, the 
most pertinent of the formulae is the ¢ xpression for the 
specific intensity or brightness per unit frequency 


$ 3 


rie) eos We yy 
k T3 4 






K (vr, 9, v) = = 


at observed frequency v, and angle O to the relative 
velocity v. 

Pauli himself introduced a temperature T=7), 
(1 — (eje)? as a kind of Lorentz-transformed tem- 
perature, but there has been some controversy over 
the propriety of using this (see Nature, 214, 1069; 
1967). It is important to note that the apparent 
temperature T” obtained from the exponent of equation 
(1) cannot be used as a Lorentz t ransformation of 
temperature by means of the expression 
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This, after all, depends on the angle of observation 
as well as the velocity v and no temperature, even if 
generalized, can reasonably be expected to be de- 
pendent on angle. 

Two lines of current investigations are seen to merge 
when the anisotropy of black body radiation is dis- 
cussed: our motion through the background radiation 
and the question of special relativistic thermodynamics. 
In both areas work is continuing, and at a conference 
on thermodynamics in Pittsburgh in April this year 
several papers were read on relativistic thermo- 
dynamics. 

The difficulty of defining a temperature in relativistic 
situations in which the thermometer may be moving 


is generally small, but will go to infinity if the velocity 
approaches c. 


cosmic background radiation. 


PARTICLE PHYSICS 


Duality and Particle Spectroscopy 


THE important role of the concept of duality in solving 
the riddle of the hadron spectrum has been further 
developed by two interesting applications. Mandula 
et al. (Phys. Rev. Lett.,22, 1147; 1969) have considered 
a large number of scattering processes and shown how 
the particles arrange themselves in highly degenerate 
sets. To do this they used finite energy sum rules and 
some additional information from experiment. More 








220 


recently, Mandula, Weyers and Zweig (Phys. Rev. 
Lett., 23, 266; 1969) have studied the modification to 
this picture when the approximate nature of both the 
Regge and resonance representations in the finite 
energy sum rules is taken into account. This situation 
is referred to as “broken duality” and leads to a 
qualitative understanding of how the previous de- 
generacy patterns are modified to give better agree- 
ment with experiment. 

The concept of duality can be put in perspective by 
reverting to the essential difference between atomic 
and relativistic particle physies, namely particle 
dynamics. In atomic physics the key lies in the 
Schrödinger equation and the inverse square law. In 
relativistic particle physics neither the equation nor 
the law of force is known; but an important general 
feature for relativistic particles is that when two 
particles A and B are scattered elastically by each 
other the amplitude—the square of which is its cross- 
section—is thought to vary with energy in a particu- 
larly simple way. This property is known as analyticity, 
and can, for example, lead to equations for the scatter- 
ing amplitude known as dispersion relations. 

In scattering processes, particles of definite spin 
show up as resonances or bound states, usually through 
peaks in the experimental cross-section. It is often 
possible to represent the amplitude as a sum of such 
resonances, this being known as the resonance approxi- 
mation. This is only possible at low energies, however, 
and is a particularly simple form that satisfies the 
requirement of analyticity. 

Another pillar of relativistic particle physics is to 
be found at the other extreme of high energies. Here 
the amplitude can be expressed as a sum of what are 
known as Regge poles, each of which corresponds to a 
string of resonances of different spin called a Regge 
trajectory. In contrast to the previous case, these are 
resonances between particle A and the antiparticle of 
B. The Regge pole approximation does not fit the 
bumpy structure characteristic of low energies—it 
produces a very smooth variation with energy. 

A remarkable fact has emerged from scattering 
experiments, however. The Regge pole approximation 
has turned out to be a good average representation of 
the scattering cross-section even at the very lowest 
energies, where it runs through the middle of the 
bumps caused by the resonances. This is known as 
duality. The Regge poles seem to “contain” the 
resonances of the system AB even though they do not 
exhibit the bumpy structure associated with the 
resonances. Duality becomes a powerful concept 
when expressed in the mathematical language of 


analyticity. It leads to the finite energy sum rules 
which have the form 

w N v 

f og (v) dv = R(w) 
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where s,{v) is the total scattering cross-section at 
energy v and R(w) is the Regge pole contribution, 
taken to be accurate at energies above v=. op is 
either taken directly from experiments or is written 
in terms of the resonances which have important 
contributions below the energy o. 

The latter situation gives rise to self-consistency or 
bootstrap equations when the scattering process is 
such that the resonances on the left-hand side are the 
same as those contained in the Regge poles on the 
right. These equations give strong restrictions not 
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only on the masses and couplings of the particles but 
also on the kinds of particle allowed. 

The outcome of the early stages of this approach 
has been unexpectedly successful. Among other things, 
it has shown how the observed spectrum of particles 
can come about as a result of analyticity and Regge 
asymptotic behaviour. There can be little doubt that 
the concept of duality is proving an important mile- 
stone in the understanding of the spectrum of strongly 
interacting hadrons. 


PHYSICS 


New Bound State 


Tue first indications of what may be a chemically 
bound state of a neutron and an electron have emerged 
from an experiment by T. J. Grant and J. W. Cobble 
at Purdue University. Bombarding a crystal of lithium 
fluoride containing trapped electrons with slow moving 
neutrons they have found that some of the neutrons 
are retained inside the crystal for more than half a 
minute, the cause of which, they believe, is the forma- 
tion of the species n` (Phys. Rev. Lett., 28, 741; 1969). 

This unexpected result is based on four experiments, 
in each of which the target material was a lithium 
fluoride erystal which had been irradiated with gamma 
rays and contained numerous trapped electrons. In 
the first experiment the crystal was cooled to 4K 
and irradiated with neutrons for about one minute. 
‘Transferred to a neutron spectrometer and allowed to 
warm up, the crystal gave off neutrons which must 
have been retained for at least forty seconds after the 
irradiation had ceased. 

Could the neutrons be the product of some different 
process inside the lithium fluoride or be part of some 
spurious background? By repeating the experiment 
at room temperature Grant and Cobble obtained a 
spectrum of neutron counts which they believe elimin- 
ates the first of these possibilities. The original experi- 
ment was also repeated with a sheet of neutron 
absorbing cadmium placed between the sample and 
the counter, and they found a reduction of a factor 
of twenty or so in the number of neutrons counted, 
This suggested that background effects were not 
dominant. The most convincing test, however, came 
from the third experiment. In this case the lithium 
fluoride crystal was heated to remove the trapped 
electrons. It was then cooled to 4 K and the original 
experiment was repeated. This time only about ten 
neutrons were counted compared with about fifty in 
the original experiment in which trapped electrons 
were present. This was felt to be convincing evidence 
that the electrons were involved in retaining the 
neutron in the sample. 

Grant and Cobble indicate that the binding energy 
of the neutron—electron state in lithium fluoride, which 
they call a bound state of the n- species, should be 
about 0-1 eV. They believe that one of the mechanisms 
for destroying this weak bond may be by nuclear 
capture of the neutron. Looking to other ways of 
confirming the existence of the bound state, they point 
out that with such low binding energy the stability of 
the n~ should be very sensitive to its chemical environ- 
ment and that it may well be possible to find a more 
effective bonding agent than the lithium fluoride 
system. 
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PLANT PHYSIOLOGY 


A Multi-Volume Treatise 
edited by F. C. STEWARD, 


Cornell University, ithaca, New York 


This authoritative multi-volume treatise presents a reasoned analysis 
of the current status and development of plant physiology. Its useful- 
ness has been increased by the attention given to the identification 
of each plant by its scientific and trivial names, Each volume contains 
an Index to Plant Names in addition to an Author Index and Subject 
Index. 

Volume 5A ANALYSIS OF GROWTH 

Behaviour of Plants and Their Organs 

1969, 435 pp., 215s. ($23.00) 


Volume 58 ANALYSIS OF GROWTH 
The Responses of Cells and Tissues in Culture 
1969, about 425 pp., 215s. ($28.00) 


CURRENT TOPICS IN PLANT SCIENCE 


SYMPOSIA OF THE TORREY BOTANICAL CLUB CENTENNIAL 
edited by JAMES E. GUNCKEL, 


Rutgers University, New Brunswick, New Jersey 





This book presents an overview of the research programmes of a 
number of institutions and individuals associated with the Torrey 
Botanical Club. Topics covered include the control of growth and 
morphogenesis, processes of disease induction in plants and insects 
and the activities of fungi—all treated as problems of molecular or 
cell physiology; normal and abnormal plant growth, and various 
aspects of morphogenesis. A section on taxonomy treats the family 
Cyperaceae, the genus Eriogonum, and a North American Flora. 
December 1969, about 435 pp., 182s. ($19.50) 


PHENOLIG SUBSTANCES IN GRAPES 
AND WINES AND THEIR SIGNIFICANCE 


by VERNON SINGLETON and PAUL ESAU 

both at the Department of Viticulture and Enology, University of California, Davis, California 

This book describes, evaluates, and draws new hypotheses from old 
and new literature on scientific grape growing and wine processing. 
Also emphasized is a complete up-to-date look at the phenolic 
constituents of food products and plants. Over 1200 references are 
cited. 

1969, about 275 pp., 135s. ($14.50) 


AFLATOXIN 


edited by LEO A. GOLDBLAT 


southern Regional Research Laboratory, U.S, Deportment of Agriculture, New Orleans, Louisiana 


This work offers a comprehensive, in-depth analysis of the afla- 
toxins—their discovery, precautions, their elaborations, chemistry 
and assay, effects, metabolic fate, processing for removal or inacti- 
vation, and aspects of regulation. All those concerned with the 
production of foods and feeds, with nutrition, and with animal and 
public heaith will find this volume indispensable. 

1969, 470 pp., 201s. ($21.50) 
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by Prostaglandins are widely distributed in mammalian tissues and have 


V. R. PICKLES 


Physiology Department, 
University College, 
Cardiff 


insight 


PROSTAGLANDINS have been deseribed as “seminal mole- 
ecules’. The adjective aptly indicates both one of their 
sources and, in its figurative sense, their potentiality for 
future development—not of the molecules themselves but 
of our understanding of biological control mechanisms. 
The noun is also significant. In the decade following the 
first definitive descriptions?-? of prostaglandin, all publica- 
tions on the subject came from a single laboratory, that 
of U. S. von Euler in Stockholm; but since January 
1968, results from more than a hundred different labora- 
tories have been published. The change came when 
prostaglandin ceased to be thought of as a single substance 
with impressive biological but somewhat indefinite 
chemical properties, and the word came to indicate any 
one of a family of molecules of a previously undeseribed 
type (Fig. 1). 

Prostaglandins are fatty acid derivatives, found in 
extracts of many, but by no means all, mammalian tissues. 
They are of such high biological potency that nanomolar 
concentrations can produce well-marked effects; and yet 
they are not readily classifiable as hormones, co-enzymes, 
transmitter substances, or by any such convenient term. 
Their name indicates the source in which they were first 
discovered, namely the male genital glands and their 
secretions. It was introduced by von Euler as follows: “The 
ether- and water-soluble substance, which has the effects 
of lowering the blood pressure and stimulating various 
isolated smooth-muscle organs, is provisionally named 
prostaglandin’*. Even this brief description indicates 
the remarkable nature of prostaglandins. The combina- 
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Fig. 1. Two representative PGs. Many formulae published before 


1967 are in effect the mirror images of these, but are now known to be 
incorrect. 


a high order of biological activity, but their functions are not fully 
known. This article is intended to give the non-biologist some 
into the events leading to the present minor publication 
explosion and the current state of knowledge of these substances. 


tion of water solubility and ether solubility results from 


the blood pressure suggests a relevance fo a common 
clinical problem, which recent work tends indirectly to 
substantiate. The ability to stimulate smooth or visceral 
muscle is an example of a general property of prostagian- 
dins, namely that of modifying the activity of “excitable” 
cells including many in the central nervous system. "The 
activity may be either creased or decreased in different 
circumstances--again a somewhat unusual property of a 
physiological agent. 

There is only one respect in which one might now wish 
to modify von Euler's definition of 34 years ago. He 
spoke of “prostaglandin” in the singular, and implied 
that it was a single substance. Recent chemical analyses, 
made by methods not available in 1935, have shown that: 
human-seminal-fluid prostaglandin comprises at least 
thirteen related substances, each of which is now called 
“a prostaglandin”, usually abbreviated to “PG. The 
principles of the nomenclature of the various PGs are 
shown in Fig. 2. 

The outstanding work of Bergström and his colleagues** 
in establishing the structure of the first PGs is to many 
people the beginning of the prostaglandin story. Un- 
doubtedly, the demonstration that prostaglandin activity 
could be attributed to these clearly definable compounds 
stimulated interest in them. The outpouring of biological 
rather than of chemical papers since 1965 is, in my view, 
more the consequence of the ready availability of samples 
of pure PGs by the courtesy of three leading laboratories, 
This in turn was made possible by the discovery by 
van Dorp? and by Bergström and their respective col- 
leagues of the fact that PGs are synthesized m the tissues 
from precursors that were already known in nutrition 
as the “essential fatty acids”. With this knowledge, not 
only could natural PGs be made on demand but variations 
in strueture could be introduced and the 
biological activity studied. 

In our knowledge of PGs, their chemistry is cent ral. 
Not only the original prostaglandin but also several 
other “principles” have been shown to contain PGs which 
are the cause of much or all of their biological activity; 
examples being a lung spasmogen, Darmstoff, imn, 
menstrual stimulant, and medullin. (The word “spasmo- 
gen” here means a substance capable of making smooth 
musele contract.) Each of these has contributed to the 
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15 17 19 


Prostanoic acid 


Fig. 2. Nomenclature of the main natural PGs, 


; “Prostanoic acid” is the trivial name for the unsubstituted carboxylic acid, which is not a 
All natural PGs contain the trans double bond and the 15-hydroxyl substituent, and the unsubstituted saturated ring is replaced by one 
or other of the four structures shown on the left, giving the PGFa, PGE, PGA and PGB series. 
series represented by the suffix 1; farther cis double bonds give the dienoic (suffix 2) and tricnoi¢ (suffix 3) series, 


Unmodified side-chains give the monenoic 
19-OH variants have heen 


described on PGA,, An B, and Ba. 


body of biological knowledge about PGs, so that even 
before pure substances became available, many of their 
principal biological actions were known. The use of pure 
PGs then enabled these actions to be examined in greater 
detail and with more understanding. Other effects of 
PGs were unknown, or at most only suspected, until the 
pure substances became available for trial. 

In Fig. 3 is sketched the convergence of several different 
lines of work onto the central discovery of the chemical 
nature of the PGs. It is oversimplified, as such a diagram 
must be. I shall now trace some of these lines in a little 
more detail. 


Earlier Studies 


Using the metaphor well known in examination ques- 
tions beginning “Discuss the role of .. .”, one may 
describe the original seminal “prostaglandin” as a player 
in search of a part. Although von Euler mentioned the 
effeets on blood pressure and on smooth muscle in his 
initial definition, using intestinal muscle as an example 
of the latter, it was not supposed that either of these 
necessarily represented a physiological function. Rather 
they were convenient laboratory tests, without which it 
would have been impossible to monitor the progress of 
the biologically active material through the purification 
procedures necessarily preceding the chemical analysis. 
Von Euler suggested that the physiological function might 
be to facilitate the expulsive contractions of the smooth 
musele of the seminal vesicles and prostate gland or both. 
This hypothesis is not incompatible with a further proposal 
developed later by Eliasson, working in von Euler’s 
laboratory, that human seminal prostaglandin may also 
be absorbed through the vagina after intercourse, and 
may act on the smooth muscle of the female genital tract 
in such a way as to facilitate the transport of spermatozoa. 


Eliasson? and his colleagues’ confirmed that the human 
non-pregnant uterus normally responded to seminal 
prostaglandin by relaxing rather than contracting, thus 
possibly sucking semen in. In parallel with these con- 
tinuing biological investigations, more was being dis- 
covered of the chemical nature of prostaglandin, and the 
first two pure crystalline constituents (PGE, and PGF,,) 
were being isolated. Their full structural characterization 
required “non-classical” methods such as reversed-phase 
and gas-liquid chromatography, , mass spectrometry, 
nuclear magnetic resonance and X-ray crystallography. 

Seminal-fluid prostaglandin contains more of the PGE 
than of the PGF, series. The individual PGs found in the 
various non-seminal extracts (menstrual stimulant and so 
on) named in Fig. 3 are usually the same as some of those 
found in semen, but in smaller amounts and different 
proportions. The first non-genital source in which PGs 
were identified was the lung, where was found among 
others a PG (Fa) which had not been discovered in 
seminal sources. 

If the seminal prostaglandin story was initially one of 
a player in search of a part, that of the endometrial 
(menstrual stimulant) PGs began as a part for which 
there was no known player. Clinical observers had 
known for a long time that during the menses the human 
uterus actively extruded the disintegrated endometrium 
(the mucous membrane lining the uterus) by means of 
powerful coordinated contractions, but the immediate 
cause of these was not known. A possible cause seemed 
to be some stimulant substance liberated by the endo- 
metrium, and fragmentary evidence suggested that this 
substance might be soluble in fat-solvents such as ether. 
This proved to be so!!; and a provisional name, “menstrual 
stimulant” (ms), was proposed. As with seminal prosta- 
glandin, the physiologists were able to evaluate many 
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fat metabolism 
EFA deficiency 
blood platelets 


etc, 


An attempt to indicate the convergence of several Initialiy independent lines of 


research onto the chemical identification of PGs, and the subsequent facilitation of further 
biological work. The width of the page from left to right roughly represents the time-scale 
from 1930 to the present. For some account of the inadequacies of this diagram, see text. 


biological details of the menstrual stumulant and give 
some general indication of its chemical nature. Co- 
ordinated work by organic chemists and physiologists 
later resulted in the identification of the principal active 
constituent as PGF, (ref. 12). In retrospect, the menstrual 
stimulant function of the endometrial PGs in the female 
is seen to be strikingly similar to that originally suggested 
by von Euler for the seminal PGs in the male, for in each 
case the PGs facilitate the rhythmical contractions of the 
organs that produce them, causing them to expel their 
contents. A similar idea is involved in Karim’s recent 
suggestion that uterine prostaglandins at the end of 
pregnancy facilitate the expulsion of the foetus. 

Another of the lines shown in Fig. 3 as converging on 
the chemical identification of PGs is that of Darmstoff, 
described by Vogt'4. Darmstoff is a biologically active 
substance produced by the intestine, possibly involved in 
the control of the latter’s propulsive contractions. One 
notable outcome of this work is the indication of the 
importance of the enzyme phospholipase A in controlling 
the production of PG. The next name in Fig. 3, irin, also 
indicates the tissue of origin, namely the iris of the eye", 
Ambache found that the rabbit iris contained a highly 
active substance or principle, the liberation of which was 
clearly the cause of some previously unexplained reactions 
of the eye, for example, during injury. He was able both 
to delineate with precision many biological properties of 
irin for, more correctly, wins), and to go a long way 
towards their chemical identification. The presence of 
iris was demonstrated in species other than the rabbit, 
and, in the sheep, one was formally identified with 
PGF (ref. 16). 

Ambache also found that one of the principal nerves to 
the eye region contained a substance indistinguishable 
from irin, and later he turned to the study of similar 
substances in the brain. Prostaglandins are among these 
substances, and Horton showed that mnjection of certain 
PGs into the cavities of the brain had pronounced be- 
havioural effects on the animals", 

The last special name shown in Fig. 3 is medullin. This 
refers to the discovery, in the medulla or inner zone of the 
kidney, of a substance which brings about a pronounced 
lowering of the blood pressure'®. This discovery resulted 
from a long standing interest in the kidneys as regulators 
of normal blood pressure, and as one cause of high blood 
pressure in some kinds of renal disease. Thirty years 
earher, von Euler had described the blood-pressure-lower- 


ing effect of prostaglandin, but medullin differed from 
seminal prostaglandin and from the PGE series in its 
much lower spasmogenic (smooth muscle stimulating) 
action. While ‘‘medullin” was being characterized in the 
United States, “new” PGs were being investigated im 
Sweden, but results had not been published. When they 
were, the identity of medullin with the “new” PGA, was 
recognized. Other PGs and related substances may also 
be involved’. 


Too Many Names ? 


The special names shown are not the only ones that 
have been proposed at various times for “principles” 
that are likely to owe their activity chiefly or entirely to 
PGs, but they are among the best defined. Would it not 
now be better to drop these special names altogether, and 
refer only to the PGs involved ? To do so emphasizes the 
unity of scientific method. There are, however. two 
dangers. One is that investigations done during the “‘pre- 
identification” stage may be ignored simply because the 
key letters PG do not appear. For example, one fairly 
recent paper stated that nothing was known of the function 
of PGs. In the sense that there is still no universal theory 
to comprise all their functions, this is true; but no com- 
ment was offered on the various functions suggested for 
PGs in particular parts of the body, often with substantial 
evidence. A second danger in dropping these special 
names is that the “principles” they represent may not 
consist entirely of the standard PGs, and some discrepan- 
cies and exceptions may point the way to further dis- 
coveries. An early example was that of seminal fluid 
prostaglandin itself; in 1959, when only two PGs were 
known, then called simply PGE and PGF. it was shown 
that the biological properties of seminal fluid prostaglandin 
could not be attributed to either PGE alone or POE 
alone or to any mixture of the two. This conclusion? was 
amply justified by the later identification of eleven further 
PGs in semen. 


Prostaglandin Research Today 

Full papers on prostaglandin topics are now appearing 
at the rate of more than 200 a year. Most recent origina! 
research reports concern biological rather than chemical! 
work. In part, this can be attributed to the ease of getting 
some kind of publishable results by putting enough of 
these highly potent agents into whatever experimenta! 
animal preparations happen to be available. Although the 
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word “pharmacological” is sometimes used pejoratively 
for such experiments, they may be justifiable if some of 
them uncover previously unsuspected actions at the 
cellular or molecular level, which may then prove to 
apply to more physiological situations also. Indeed, 
considermg the very wide range of possible experimental 
tests, the number actually tried is very small. Thus, 
almost all animal experiments have been done on one or 
another of only ten genera, chosen more for their ready 
availability in laboratories than for any more funda- 
mental reason. 

Other laboratories are at the same time producing a 
range of new PGs and PG-lke substances by biosynthesis 
from “unnatural” precursors and by total synthesis. 
Ideally, a detailed survey of the biological effects of these 
should give a new insight into the precise nature of the 
interaction between PGs and cellular constituents. There 
is a problem of manpower; so many different types of 
PG action are already known that it seems almost im- 
possible for the detailed biological testing to keep up 
with the production of new compounds. This problem ts 
partially soluble if efforts are concentrated on a selected 
few biological actions, and the selection must depend on 
the purpose of the work. One obvious purpose is to find 
something of value to clinical medicine. Although the 
patent specification??? for the first two PGs described 
these as “therapeutic hydrocarboxylie acids”, no clear 
therapeutic application (with perhaps one exception} has 
yet been established. 

Another kind of experiment. sometimes reported in- 
volves the identification of PGs or PG-like substances in 
various tissues or tissue extracts. Here is a difficulty: 
how much evidence is needed for an “identification” ? 
A PG must at least be a recognizable prostanoie acid 
derivative, but no simple and specific tests for this 
structure are available. The interval between Bergstrém’s 
first paper on PG chemistry and the publication of the 
first structural formulae was thirteen years. including 
about seven years when the work was laid aside, and one 
stereoisomeric detail was not settled until four years after 
that. This is not surprising in view of the fact that no 
similar compounds were known before and that much of 
the work had to be done with milligram amounts or less. 
Confirmatory syntheses came later. Most of the PGs in 
the named sources in Fig. 3 were identified by rigorous 
chemical and physical methods, greatly helped by the 
knowledge derived from the initial identification of 
seminal PGs, By contrast, some more recent reports rely 
on the behaviour of the active substances in two or three 
simple partition and thin-layer chromatographie systems, 
the biological activity being tested on convenient, but 
not specific, animal preparations. Prostaglandins have 
been described as “ubiquitous” (in the sense of widespread, 
rather than universal, distribution), and it is no surprise 
that, in one paper alone*!, as many as sixteen out of 
twenty-three human tissues and fluids should be reported 
to contain stated quantities of specified prostaglandins. 
af particular prostaglandins in amounts often less than 
10 ng/g of tissue (0-01 p.p.m.) should not be under- 
estimated. An enzyme method’? promises to give a 
desirable combination of sensitivity and specificity; and 
physico-chemical methods may perhaps be developed. 
A further difficulty in interpreting experimental results 
is that small amounts of prostaglandins may be formed 
by non-enzymic oxidation of fatty acids*, and if this 
oceurred during the extraction of tissues the resulting 
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prostaglandins would obviously be of little physiological 
interest. 


Mechanism of Action 


The determination of the PG content of a tissue, which 
is inevitably destroyed by the extraction process, gives 
in effect a blurred stationary picture of an essentially 
dynamic process. In some cases it is possible to study the 
rate at which an organ produces PGs and the ways in 
which this varies according to circumstances; some in- 
vestigations by Ramwell and Shaw*! are examples of this 
approach. Biochemical studies of the mechanism of 
biosynthesis are relevant to this question of the physio- 
logical control of PG production. Of the same generally 
biochemical nature are studies of the further metabolism 
of PGs and the eventual elimination of the products of 
their metabolism. Generally, the metabolic products are 
considerably less active by most biological tests than the 
PGs from which they are formed: but it might be unwise 
to draw too firm a line between “active PGs” and 
“inactive metabolites”. 

There seem to be two central questions, on which the 
various experimental attacks are directed. At the molecular 
and cellular levels of organization, precisely how do PGsact ? 
At the organ level, what are their physiological functions ? 
Both these questions involve the inherent difficulty that 
the experimental evidence is bound to be somewhat 
indirect, and the answers are reached by inference. 

At the molecular or biochemical level, much more is 
known of the actions of PGE, than of any other. For 
example, it has been shown that some actions of PGE, 
are mediated by changes in the concentration within the 
affected cells of adenosine 3°5’-monophosphate (cyclic 
AMP), a substance which acts as a ‘second messenger” 
to various hormonal influences*®, The concentration of 
evelic AMP inside cells may fluctuate within seconds, and 
its measurement is technically not easy. PGE, probably 
modifies the action of the enzyme adenyl cyclase which 
catalyses the formation of eyclie AMP. This enzyme is 
located at the cell membranes and is not readily isolated 
for more direct study, and the details of its interaction 
with PGE, remain uncertain. Other evidence implicates 
other enzymes also in PG actions. 

A further hypothetical means by which some PGs act 
is by facilitating the movements of calcium ions at eritical 
sites within the cell. Such movements are on a sub- 
microscopic scale and are virtually impossible to observe 
directly; the larger-scale fluxes of Catt into or out of 
tissues can be measured, but their relation to intracellular 
Cat? movements is to some extent inferential. 

In the case of many highly active physiological and 
pharmacological substances or “agonists”, ib 1s supposed 
that they act by attaching themselves to “receptors”. 
These are reactive molecular structures in or on the cell, 
reacting specifically with particular types of agonist, and 
the combination of an agonist molecule with the appro- 
priate receptor triggers a response in the cell. In some 
cases the existence of receptors is well established and 
their molecular constitution has been proposed in fair 
detail. The use of highly potent and specific competitive 
antagonists has played an important part im the analysis 
specific PG-receptors of different types has been less 
acceptable?! PGs can be roughly classified into three 
principal groups according to their effects on tissues: 
PGE, PGF, and PGA-B. It would be pleasant if there 
proved to be speeific receptors for each of these groups, 
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with specific antagonists produced by the chemists for 
each. Although selective antagonists to PGs are begin- 


ning to be mace, it is not yet quite clear that they act by 
“eompeting’ with PGs for combination with specific 
receptors. New evidence may alter this situation at any 
moment, but at present it seems that the actions of PGs 
are far from being fully explained im precise terms, 
whether those of pharmacology, physiology, or bio- 
chemistry. This is a problem in ‘molecular biology”, 
which is not a separate discipline capable of being followed 
only m special molecular biological institutions, but 
rather, in the words of the Kendrew report, “biology at 
the molecular level” which can be undertaken wherever 
there is the necessary expertise. It seems reasonable to 
predict that the complete account of PG action on cells 
will involve elements derived from physiological, physico- 
chemical, biochemical, pharmacological and other dis- 
ciplines. 


Effect on Whole Animal 


If one central problem of PGs is their functions in 
molecular terms, another is their functions at the organ 
or at the whole-animal level of organization. Again, 
evidence is bound to be indirect. The recent review by 
Horton? has been devoted to current hypotheses, and 
since its publication at least one further fascinating 
possibilty (‘luteolysis”) has appeared??, The large num- 
ber of hypotheses does not imply that most are incorrect. 
We can reason as follows. 

First, what does a physiological function mean? The 
words are normally used for processes that form parts of 

u but, if a substance 
were shown to be “merely a by-product” rather than an 
essential part of some control mechanism, there would 
be only semantic reasons for not calling this also a physio- 
logical function. More evidence might be required to 
prove that a PG was “merely a by-product than would 
be needed to show that it had some “useful” control 
function, but this kind of possibility cannot be eliminated 
a priori. 

“Useful” functions must be limited temporally by the 
rates of formation and destruction of PGs, and spatially 
by the distances through which PGs can diffuse or be 
carried. We still do not know enough about either of 
these factors, but it is known that the PGE and PGF, 
series are rapidly removed from the bloodstream, which 
makes it unlikely that they act as blood-borne hormones 
of the normal kind. Nevertheless, the action of seminal 
PGs on the female genital tract after human coitus is not 
ruled out, for the amounts of PGs in the semen are so 
great, and the uterus is one of the organs that can remove 
and concentrate them from the blood. The PGA series 
may behave differently, being less readily ‘‘cleared’’ from 
the circulating blood. The combination of lipid-solubility 
and water-solubility which von Euler mentioned in 1935. 
and the rather small molecular weights of about 350, 
suggest that PGs may diffuse both through and between 
cells far enough to act as loeal regulators, and theories of 
this kind have been proposed in several situations. Some 
of these have been mentioned already. Another?! suggests 
that PGs in the kidney act as a subsidiary control mechan- 
ism on water output, preventing the “hunting” that might 
otherwise result from the actions of the principal hypo- 
thalamic—pituitary~—renal control. Yet another proposal? 
is that PGs in fatty tissue similarly regulate fat metabol- 
ism. In the central nervous system, PGs have potent 
effects resembling those of the “transmitters” that convey 


, 
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the nerve impulses from one cell to the next®*, but it 
would be premature to conclude that they necessarily 
act as such; there are other possibilities. 

Substantial evidence has been adduced for all these 
and for other possible funetions, none of which is in- 
compatible with any other. Regrettably, it seems likely 


found in semen” might have been an adequate statement 
for elementary physiology students m the past, those of 
the future will have to learn a list of a dozen or more 
functions. 

Although this number is of the same order as the 
number of different active PGs that have been found in 
tissues, it is already clear that one PG does not act 
predominantly in the brain, a second in the uterus and 
so on. This brings us back to the problem of PG action 
at the molecular level. Until this is fully solved, attempts 
to classify PG effects and to produce therapeutically 
useful analogues and antagonists will remain largely 
empirical. 

As short a review as this is bound to be somewhat 
arbitrarily selective. Several reviews*!-"* and sym- 
posia®®-5*, thernselves selected from a larger total number, 
are recommended to anyone wishing to read more. 
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Fay, Stewart, Walsby and Fogg! provided indirect 
evidence that large empty-looking cells called heterocysts 
which characterize nitrogen-fixing blue-green algae* may 
be the sites of nitrogen fixation. We now have evidence 
that (i) heterocysts have the biochemical characteristics 
necessary for nitrogen fixation, (ii) they are the loci of 
nitrogenase activity, (iii) the requirements for nitrogenase 
activity in algae are similar to the requirements for 
nitrogenase activity in other nitrogen-fixing plants, and 
(iv) the nitrogen fixed in heterocysts is transported rapidly 
to associated vegetative cells. 


Biochemistry of Heterocysts 


Nitrogen fixation is a reductive process and reducing 
conditions are required for the efficient functioning of the 
enzyme", There is already evidence that the heterocysts 
possess this’, but we have experienced difficulty in 
obtaining consistent results by previous methods. We 
have demonstrated consistent reducing activity in hetero- 
cysts using a method developed by chance when we found 
that in control experiments of an autoradiogram the 
emulsion was blackened around the heterocysts when 
developed for a long time (10 min at 25° C). Filaments of 
actively growing Anabaena cylindrica were washed in 
fresh culture medium, dried on microscope slides at room 
temperature, coated in the dark with Agfa-Gevaert type 
3-07 nuclear emulsion and after 30 min in the dark the 
emulsion was developed for 10 min, fixed and examined 
under the microscope for the blackening characteristic 
of the reduction of the silver salt in the emulsion. Clearly 
blackening was found typically in the region of the hetero- 
cysts (Fig. 1). More than 90 per cent of the heterocysts 
were black and there was no evidence of blackening in 
vegetative cells. 

Fig. 2 illustrates the reducing activity in heterocysts at 
different stages of maturity. The first sign of development 
of a heterocyst is the slight enlargement of a vegetative 
cell almost half way between two adjacent heterocysts, 
and reducing activity begins early at the poles (Fig. 2a). 
As the heteroeyst enlarges, blackening extends toward 
the centre (Fig. 26) and when the heterocyst is fully formed 
the entire cell possesses reducing activity (Fig. 2c). The 
blackening we found is probably analogous to that which 
Talpasayi® noted when silver nitrate was reduced in 
heterocysts. These findings show that the mature 
enlarged cells have the greatest overall reducing activity 
and suggest that these may be the sites of nitrogenase 
activity. 

Fay and Walsby® reported that isolated heterocysts 
did not photosynthesize or fix nitrogen. Wolk? and Fay 





Pw. 


Fig. 1. Filaments of Anabaena cylindrica showing reduction by the 


heterocysts. 


The firm identification of the heterocysts as the sites of nitrogenase 
activity marks them out also as the site of nitrogen fixation in blue 
green algae. 


and Walsby (unpublished) showed that heterocysts did 
not fix "CO,. Our results (Fig. 3) confirm these findings 
in general and further indicate that there is a sequential 
loss in the capacity to accumulate “C as the heterocysts 
mature and that only in the mature heterocysts is activity 
lost entirely. Because mature heterocysts do not fix 
NCO, they are unlikely to evolve oxygen in photosyn- 
thesis. We have shown, by making in situ measurements 
on cells of intact filaments of Anabaena cylindrica using a 
Vickers M85 scanning microdensitometer, that the phyeo- 
eyanin content of heterocysts as indicated by absorbance 
at 615 nim is often only 20-50 per cent of that present per 
unit area of a vegetative cell. This can be taken to 
support the view* that, because of the paucity of phyco- 
eyanin, photosystem IL may not be present in the hetero- 
cysts of blue-green algae and thus these cells would not 
evolve oxygen. But, on the other hand, others*’ have 
shown clearly that blue-green algae may evolve ©, in 
the absence of phycocyanin. 


Nitrogenase Activity in the Heterocyst 

Fay, Stewart, Walsby and Fogg! suggested that tri- 
phenyl-tetrazolium chloride (TTC) may prove useful in 
locating nitrogenase within heterocysts. Talpasayi’ 
also showed TTC reduction in heteroeysts. A. D. L. 


od 





Successive stages in the development of reducing activity by 
maturing heterocysts (h arrowed) (see text). 
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Table 1. C,H, REDUCTION AND “CO, FIXATION BY TTC-TREATED Anabaena cylindrica AND A. flos-aquoe 
Percentage of Percentage Percentage 
Percentage of vegetative “C-labelled inhibition of inhibition of 
Alga Treatment he ts cells with nmoles C,H,/ NaHCO, C,H, reduction ‘*C-fixation in 
with formazan formazan sample/min uptake i TTC-treated TTC-treated 
erys erystals (e.p.s.) cells cells 
A. cylindrica TTC-treated 98 17 0022 1,770 -5 ə 
Control 0 (i 0-085 1,880 ms ai 
A. flos-aquae TTC-treated 96 15 042 513 os 6 
Control 0 0 0190 647 A 





Fig. 3. Autoradiograph showing incorporation of *CO, into filaments 
of Anabarna cylindrica; (a) shows that mature heterocysts do not 
sesivaitate "COs: (b) that at the youngest stage in heterocyst develop- 
ment (1) "CO, is incorporated, but that as the heterocyst matures the 
ability to incorporate “CO, decreases (2 and 3) until in the mature 
heterocyst the ability to incorporate “CO, is lost (4). Algae were 
incubated in the presence of O-1 pCi/ml. of NaHCO, for 3 h prior to 
autoradiographic treatment. 


Ackermans (personal communication) has noted inhibition 
of nitrogen fixation by Anabaena filaments in which the 
heterocysts produce formazan after treatment with 
neotetrazolium., We have followed up these studies and 
shown that heterocysts are the sites of nitrogenase activity. 
Cultures of Anabaena cylindrica and of A. flos-aquae were 
placed in the dark for 12 h, then TTC was added to give 
a final concentration of 0-01 per cent (w/v). The treated 
algae were incubated under a light intensity of 300 foot- 
candles at 30° C. Samples were withdrawn every 5 min 
and the cells examined for formazan crystals. After 
60 min, when almost all heterocysts, but few vegetative 
cells, contained formazan crystals, the material was washed 
free of exogenous TTC, resuspended in fresh medium and 
incubated in the light for 30 min. Samples were assayed 
over 30 min for acetylene reduction" and for photosyn- 
thetic activity, using CO.. 'C assays were carried out by 
planchet counting using a Nuclear Chicago low background 
gas flow counter. We also estimated the percentage of 
heterocysts and vegetative cells with formazan. Control 
algae treated with distilled water instead of TTC 
solution were also included, 

Table 1 shows that in the filaments treated with TTC 


formazan crystals occurred in most heterocysts, but only 
in a small percentage of vegetative cells. The extent of 
the deposition of formazan varied from culture to culture 
and the percentage of cells containing formazan depended 
on the culture conditions. Acetylene reduction was 
strongly inhibited in cells treated with TTC but photo- 
synthesis continued unimpaired. The deposition of 
formazan in the heterocysts after filaments have been 
treated with small concentrations of TTC thus preferen- 
tially inhibits nitrogenase activity, and shows that the 
heterocysts are the sites of nitrogen fixation in Anabaena, 
High concentrations of TTC inhibit both acetylene reduc- 
tion and photosynthesis. Further evidence that the 
heterocysts are the nitrogen fixing sites was obtained 
with isolated heterocysts (described later). 


Requirements of the Heterocyst 


To determine whether the heterocysts depend on 
associated vegetative cells for nitrogenase activity we 
sequentially disrupted the filaments, This meant that 
an increasing percentage of heterocysts became detached, 
and some of the vegetative cells disrupted while others 
remained intact as short chains, usually three to ten cells 
long. Fig. 4 shows that in both aerobic and anaerobic 
conditions there is a progressive loss of nitrogenase 
activity as the number of heterocysts decreases. This 
loss of activity does not correlate with increased rupturing 
of the vegetative cells, for measurement of soluble phyco- 
cyanin shows that activity is completely lost when only 
about half the total vegetative cells are ruptured. 

The necessary attachment of the heterocysts to the 
vegetative cells for fixation to occur suggested that the 
vegetative cells may supply ATP and reducing power or 
both to the heterocysts—both essential for nitrogenase 
activity in other nitrogen fixing forms'?-"*. This was 
tested by adding ATP and Na,S,0, singly and together to 
preparations of isolated heterocysts which were obtained 
after rupturing the filaments with a Dawe ultrasonic 
disintegrator. Table 2 shows that in strict anaerobic 
conditions neither ATP nor Na,S,O,, when added separ- 
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Table 2. REQUIREMENTS FOR NITROGENASE ACTIVITY BY HETEROCYSTS OF 


Anabaena cylindrica 


Treatment nmoles C,H,/sample/10 min 
Complete 2°58 
az NaSO, 0-36 
ATP 0-36 
~ Na,8.0,, ~ ATP 0-30 


ATP was supplied as an A TP-generating system (12 pmeales of creatine 
phosphate, 5-4 #moles of ATP, 0-7 mg of creatine phosphokinase and 5-0 
gmoles of Mg?*/mi.). 
200 pmoles/ml The pH was 7-5 and polyvinylpyrrolidone was supplied at a 
concentration of 0-050 mg/ml. 

Table 3. ACETYLENE REDUCTION BY VARIOUS FRACTIONS OF Anabaena 
cylindrica 
nmoles of C Haime N} 


Fraction 10 min 
Complete suspension 0-372 
Soluble protein 000 
(30,0009 x 20 min supernatant) 
Lamellar fraction 0-200 
(5,0009 x 10 min supernatant) 
Particulate fraction 2-330 


(5,000g x 10 min pellet) 


Samples of Anabaena cylindrica were fractionated anaerobically by ultra- 
sonic disintegration until the vegetative cells, but not the heterocysts, were 
ruptured. Various fractions were then obtained by centrifugation and 
assayed for acetylene reduction after the addition of ATP and Na,5,0,, a8 
deseribed in the legend to Table 2. 


ately, supports acetylene reduction, but that acetylene 
reduction occurs when both substrates are added simul- 
taneously. These substrates probably enter the hetero- 
evsts through terminal pores in isolated heterocysts!:!*. 
The finding that ATP and reducing power are required for 
nitrogenase activity and our unpublished findings that 
oxygen inhibits nitrogenase activity by isolated hetero- 
cysts would explain why Fay and Walsby® did not detect 
nitrogenase activity in isolated heterocysts which they 
exposed aerobically without added exogenous substrates. 

To determine whether nitrogenase activity was associ- 
ated only with the heterocysts, A. cylindrica filaments 
were disrupted and separated into various fractions, 
Results (Table 3) show that activity is not associated 
with soluble protein or photosynthetic lamellar fractions 
from the vegetative cells, but only with the particulate 
fraction rich in isolated heterocysts. These data support 
the conclusion from the TTC experiments that the hetero- 
cysts are the sites of nitrogenase activity. 


Transfer of Fixed Nitrogen 

The fact that the heterocyst is the site of nitrogen 
fixation explains why they tend to develop half-way, or 
almost half-way, between existing heterocysts, and 
suggests that there must be a rapid transfer of fixed 
nitrogen from heterocyst to associated vegetative cells. 
This possibility was examined by exposing vigorously 
growing Anabaena cylindrica filaments to a gas phase of 
20 per cent N, enriched with 95 atom per cent YN, 20 per 
cent Oa, 0-03 per cent CO,, with the balance as argon, 
Samples were taken 30 min and 120 min after exposure to 
N, and the algae were separated into heterocyst and 
vegetative cell fractions after disruption of filaments with 
a French press. The results of total nitrogen analysis and 
subsequent mass spectrometer assay, as described earlier", 
are shown in Table 4. Clearly ‘if the heterocysts fix 
nitrogen, as our data suggest, there is a rapid transfer 
of fixed nitrogen from the heterocysts to the vegetative 
cells with only 5-6 per cent of the total nitrogen fixed 
remaining in the heterocysts. This suggests that the 
heterocyst is a source of fixed nitrogen and that biosynthe- 
sis of cell material in general is a feature of the vegetative 
cells rather than of the heterocysts. Heterocysts thus 


GN ENRICHMENT OF HETEROCYSTS AND OF VEGETATIVE CELLS 
GFE INTACT Anabaena cylindrica FILAMENTS TO TPN, 


Table 4. 
AFTER EXPOSURE 


1N in 
Vegetative cells Heterocysts heterocysts 
Time as per- 
(min) Mean atom Mean atom centage of 
percentage Mean total percentage Mean total total N 
excess GN N (ug) excess HN N assimilated 
0 0-000 2,825 0-00 220 oe 
30 0-044 2,770 0-041 203 6-4 
120 0-226 2,808 0-162 216 52 


Each value is the mean of duplicate determinations. 


NaSO; was supplied at an initial concentration of 
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resemble legume!!! and non-legume' root nodules where 
most of the fixed nitrogen is transported rapidly out of the 
nodules. 

These findings explain satisfactorily the function of a 
cell which has so far been considered a “botanical 
enigma’’?®, They agree with indirect evidence that the 
heterocysts are the sites of nitrogenase activity’??? and 
with Fogg’s finding™ that they may be the sites of am- 
monia accumulation. Algal nitrogenase seems to be little 
different from that of other nitrogen-fixing organisms; it 
requires an anaerobic site, energy and reducing power, 
and the nitrogen fixed is rapidly transported away from 
the site of fixation. Langt! has shown that a characteristic 
of the developing heterocyst is the contortion of the 
lamellae at the poles to form a complex honey ‘comb-like 
membrane system. The findings in Fig. 2 suggest that 
this membrane system is the general site of reducing 
activity and that it is fully developed only when the 
photosy nthetie lamellae within the entire heterocyst 
become so arranged. 

Our results explain why non-heteroeystous blue-green 
algae do not fix nitrogen? 23 and call for a re-investigation 
of Trichodesmium, the alga claimed by Ramamurthy and 
Krishnamurthy?! to fix nitrogen in pure culture. We 
suggest that either Trichodesmium does not fix nitrogen or 
else it has heterocysts. 

The geological record shows that blue-green algae were 
among the early types of organism present on the Earth, 
probably persisting relatively unchanged. It is reasonable 
to suppose from what we know about nitrogenase that it 
was developed in the reducing conditions of the early 
Earth’s atmosphere, and that the general capacity of 
blue-green algae to fix nitrogen was lost as they developed 
two photosystems and concomitant oxygen evolution 
(unpublished work of W. D. P. S. and H. W. P.). It is 
conceivable that the capacity to fix nitrogen was retained 
only in blue-green algae which developed heterocysts 
or perhaps already possessed them as perennating organs, 
and indeed the heterocysts can germinate in certain 
conditions’, 

We thank Dr A. D. L. Ackermans of Leiden for his 
discussion on the usefulness of TTC reduction in locating 
nitrogenase. His findings, and ours on nitrogen fixation 
by algal cell-free extracts will be published elsewhere. 
We thank the Royal Society, NE RC and ee for support 
and Professor G. E. 
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Clusters of Quasi-stellar Objects 


by 
MORLEY B. BELL 


Radio and Electrical Engineering Division, 
National Research Council, 
Ottawa, Canada 


Distribution of Red-shifts 

I wave divided the list of emission and absorption red- 
shifts for QSOs and related objects prepared by Burbidge 
and Burbidge! into two lists: one containing all QSOs 
with right ascensions between 8h and 16h, and the other 
all QSOs with right ascensions between 21 h and 05 h. 
Very few are observed outside these ranges because of 
the galactice plane. 

Fig. 1 shows the number distribution with red-shift 
(z< 1-1) for QSOs in both directions. A limited z range is 
chosen so that the number of sources in any given range 
will not be insignificant. Although N- galaxies have been 
included in the red-shift plot. only that portion of the 
curve between z= 0-12 and 1-1 will be considered, that is, 
only QSOs. Both curves are based on a running average 
over a z-interval of 0-06. 

Three separate groups are evident on the 0 h curve while 
the 12 h curve contains several bumps, all with a similar 
dispersion in red-shift. In the 0h direction the dispersion 
seems to be about twice that in the 12h direction. Vertical 
lines on both curves indicate where peaks might occur if 
there were a periodicity in the distribution. In the 0h 
direction, peak positions are given by 


z= 0-043(8.N — 1) N = 1,2,8, . 
where N is the number of the peak in order of increasing 
red-shift. Inthe 12h direction the positions are given by 
z= 0-043(4N — 3) N=1,2,3,.. 


The peaks in the 0h direction seem to fall midway between 
the peaks in the 12 h direction, suggesting that the number 
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Fig. 1. Distribution of red-shifts for z less than 1-1. Vertical dashed 


lines indicate where peaks might occur if there were a periodicity in the 
distribution, Top, sources in 12 h direction, z< 1-0; bottom, sources in 
Oh direction, z< 1-1. 


An analysis of 150 QSO red-shifts suggests that there are groupings 
of QSOs extending over large areas of sky. The inference is that 
QSOs are not at cosmological distances. 


0-086 might be even more fundamental than the 0-172 
suggested for the period of the peaks in the 12 h direction. 

Burbidge? has suggested that bumps on the red-shift 
distribution curve might indicate that QSOs are located 
in clusters. We would then expect. to find the sources in 
each group to show some relationship that would verify 
their membership in that group, and each of the eight 
groups have been examined to determine anything that 
might indicate they are members of a cluster. Many con- 
tain variable sources so that magnitude relationships are 
unlikely to reveal anything significant, and an examination 
of the spatial distribution provides no convincing evidence 
because the area covered by the sources in each group 
typically has a radius of 60 to 80 degrees. But for eluster 
number 2 (N= 2) in the 0h direction, a relation between 
red-shift and position seems to be indicated by Fig. 2 
which is a plot of the red-shift of each source in the 
cluster versus its distance from a point near the cluster 


centre, Fig. 3 suggests a similar relation for the sixth 
group in the 12 h direction. In the latter case the red- 


shift increases outwards whereas in the former it mereases 
towards the centre. 


Statistical Significance 
Two different statistical tests were used to investigate 


the probability of getting the relations by chance from a 
random source distribution. One of these, the Spearman 
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Variation in red-shift with angular distance from the centre of 
the cluster for cluster number 6 in the 12 b direction. 
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same numbers that appear in the red-shift distribution curves in Fig. 1. 


These are the 
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rank-correlation test, is well suited to a case such as this 
because it requires no assumptions about the form of the 
probability distribution or any of its parameters. In each 
test the four points that best fitted a straight line were 
considered to define the central point. These points were 
then discarded and statistical tests carried out on the 
remaining ones. For cluster number six in the 12 h 
direction the value of rs (rs is a measure of the extent to 
which the points lie in a straight line) was found to be 
greater than 0-89. Because some of the points had almost 
identical red-shift it was somewhat arbitrary which should 
be ranked highest. The worst possible arrangement was 
chosen. The chance of obtaining such a good correlation 
from a random distribution is less than 1] per cent. 

Similarly for cluster number 2 (N = 2) in the Oh direction 
the same procedure yielded rs= — 0-93. The probability 
of obtaining two clusters out of eight with a correlation 
coefficient such that |r] > 0-89 is, again, about one per 
cent. Hence the chance that the red-shift distribution 
in these two clusters is random is very unlikely. There 
are other red-shift relationships in most of the remaining 
groups, but the number of sources in each is smaller and 
it is difficult to attach a statistical significance. 

As a further test, three artificial clusters were generated 
from random number tables and the best centre point 
found in each. Statistical tests on each of these gave 
r,= 0°13, 0-35 and — 0-08, indicating statistical significance. 

Fig. 4 shows similar plots for the remaining six clusters, 
together with two additional clusters in the 12 h direction, 
N=1l and N=12 (z approximately equal to 2). These 
two clusters are made up of sources that have been grouped 
together because they show a relation between optical 
apparent magnitude and position in the sky (my 
unpublished work), and are not meluded on the red- 
shift. distribution plots in Fig. 1. In each case in Fig. 4 
the sources in a cluster seem to divide into at least two 
more groups, which greatly reduces the significance of any 
relationships obtained. Except for N=2 in the 12 h 
direction, however, all sources in a cluster can be fitted 
onto lines having the same slope and a red-shift separation 
of either 0-086 or 0-172. These are the same numbers 
that appear in the periodicities suggested in Fig. 1. To 
test the possibility of this happening by chance we again 
generated several artificial clusters with source numbers 
and z ranges similar to the clusters in question. We have 
concluded that only the plots for clusters N= 1 and 3, Oh 
direction, and N=2 in the 12 h direction, might have 
signifiesnce by themselves. The possibility of getting the 
relationship shown for cluster N=11, 12 h direction, by 
chance seems very unlikely; however, due to the number 
of sources involved it is difficult to estimate its signifi- 
cance. No points could be found in any of the four 
generated clusters about which there was a slope or 
separation common to two or more clusters. Most 
resulted in seatter diagrams with little or no correlation. 
In one case out of four, two groups were found in one 
cluster with approximately the same slope ; however, 
the dispersion in each group was very great, resembling 
that in cluster N= 3, 12h. In view of this we suggest that 
although the plots for clusters N = 3, 4, 5, 11, 12 in the 12 h 
direction are insignificant in themselves, the occurrence 
of a red-shift separation of 0-086 or 0-172 in every case 
may be significant—-especially as these numbers have 
appeared previously in the red-shift plots. 

Į would like to point out further that for the real 
clusters, as opposed to the generated ones, very little 
difficulty was encountered in finding a central point. In 
all cases where two groups were found, lining up sources 
in one group automatically lined up sources in the other. 


Spatial Distribution 


The sources in cluster N= 1, Oh. and cluster N= 2, 12h, 
are plotted in equatorial coordinates in Figs. 5 and 6 
respectively. Curved lines have been added simply by 
connecting the objects in order of increasing red-shift and 


NUMBER | 


CLUSTER 


oh DIRECTION 





DECLINATION 





13 
eee ae ta tae ca EALE pees 
of im 2” a” 
RIGHT ASCENSION (1950) 
CLUSTER OR DIRECTION 


NUMBER 2 


st e a Na ia mea i a carpets ae 
i 
i 








wW 
tad 
Z 0 
20 l 
z i a 
> o oO “ 
i sy pia Sle aoa 
z ob SED #2 ~ Ca 
S No “ 
ea i 3 = LN Mig ` 
21g $94 ` ppe ay 38? 
ad © A cate ty. EAE Sh 
O aee A Eea A Ware 
-29 f- ree 
ol 
| 
tadar LES a SR RON aa e TRO S EENI PEA a 
Zi 2 23 G 3 a % 4 5 & 
RIGHT ASCENSION {hours} 
CLUSTER NUMBER 3 O” DIRECTION 
7 
i 
i 
i 
i 
$ 
. 
Re H 
G | 
Pa 
Q 
p 
<4 
= 
at 
AS 
tad 
o 





PPM IKLAN SONN SI POL RITE OE Sa 


RIGHT ASCENSION 


(1950) 


+ 


on Fig. 4.4 


the filled dots identify the groups from which the objects 
“ame on Fig. 4. No significance has vet been drawn 
from the apparent spiral-like distribution. The fact 
that a similar spiral structure can also be constructed for 
six of the remaining eight clusters may not be surprising 
in view of the fewer sources involved. But only for one 
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of the four clusters generated from random numbers (from 
four, five or six points) could a structure resembling a 
spiral be found. 

Fig. 5 plots the sources in the three clusters in the 0 h 
direction in equatorial coordinates. If a spiral structure 
is present in cluster N = 2, it appears to be viewed at an 
angle. Four clusters from the 12 h direction are plotted in 
Fig. 6. In each case the structure is very open with the 
two ‘arms’ running almost parallel. For clockwise 
opening spirals, red-shift is observed to increase outwards 
from the centre (N= 5, 11, 12). In the counter-clockwise 
opening spiral (N= 4) red-shift is observed to decrease 
outwards. This is not the case in the 0 h direction, however. 
Cluster N= 1, 0h, has a well-defined spiral opening in a 
counter-clockwise sense and z increases outwards. Al- 
though clusters N = 2 and 3, 0h, seem to be similar to those 
in the 12 h direction there may be some uncertainty as to 
the opening direction in these two cases. In any event. 
if the structures are spirals the opening sense depends 
only on whether they are viewed from the top or the 
bottom. This does not change the direction in which z 
increases or decreases. 

If the red-shift-angular distance relations obtained from 
the groups in Fig. 1 are statistically significant, I suggest 
that QSOs are located in clusters that may contain some 
kind of organized structure. Because of the large area of 
sky covered by each group (with radu from 30 to 80 
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degrees) it is difficult to understand how these objects 
could be at cosmological distances. 

No attempt has been made to analyse the red-shift 
distribution plots of Fig. 1 in detail as some of the clusters 
are partly shielded by the galactic plane. Bumps on the 
red-shift plots that are not completely filled out may be 
explained by the fact that some sources are covered by 
the galactic plane (for example, cluster N = 3, Oh; cluster 
N=5, 12h). At first glance it might appear that the three 
main clusters in the 0 h direction could be subdivided into 
several additional clusters, but this is not the case, because 
each cluster is defined by its centre point and only one 
centre is required for each of the three main groups. 

Some attempt was made to determine if single sources 
that appear away from the main groups in Fig. 4 are 
perhaps members of another cluster. This does not seem 
to be so and each plot in Fig. 4 contams only those 
sources defined by a particular bump in Fig. 1. In most 
cases a red-shift gap exists between sources in each 
cluster and it is not difficult to determine the cluster to 
which each belongs. 


Log z versus m Relation 


A large magnitude dispersion in the m,—log z relation 
has, in the past, introduced an uncertainty into the 
determination of its slope. I have attempted to remove 
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my of brightest non-variable QSO in cluster 


Fig. 7. Log 2-my plot for the brightest non-varlable source in each of 
the ten clusters. Lower line indicates the slope and magnitude disper- 
sion for radio galaxies, (K-correction has been included.) 


some of the dispersion by plotting the magnitude of the 
brightest object in each cluster versus the mean red-shift 
of the cluster. The result is shown in Fig. 7 for non- 
variable sources in the ten clusters. The dispersion in 
luminosity is now similar to that observed for normal 
and radio galaxies; however, the slope is much steeper. 
The steepness cannot be interpreted as a luminosity 
evolution if the red-shift is not cosmological in origin. 
and some other explanation, perhaps in terms of additional 
red-shift components, must be considered. 


Absorption Lines 


Assuming a cosmological red-shift, Roeder and 
Verreault? have investigated the possibility of a distant 
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emitter being screened by an intervening galaxy. Fig. 8 
shows all the QSOs on Burbidge’s updated list and the 
large circles represent the five areas in the sky where the 
observed density to date of QSOs is the greatest (nowhere 
outside the cireles can there be drawn a circle of the 
same radius that will contain as many sources). Three- 
quarters of the sources with absorption lines are located 
within the circles. If this effect is not due to selection, 
then we can suggest that absorption is associated with 
those directions in space where QSOs are more numerous. 
Also, there are seven absorption cases indicated by the 
small circles where two QSOs seem to be almost in line 
with one another. In all eases absorption is observed. 
In one case both sources show absorption lines. Any 


large filled dots. 

Four of the spiral-like structures in the 12 h direction 
have been outlined on the plot of QSOs in Fig. 9. Dense 
regions of QSOs seem to be associated with spiral nuclei 
and regions where several spirals intersect. This is also 
observed in the 0h direction where clusters | and 2 are 
centred on the region of highest source density. Absorp- 
tion sources are concentrated in these same regions, and 
I suggest that the absorptions may be associated with 
material in the cluster structure and that it therefore may 
not be necessary to place QSOs at cosmological distances 
to explain the absorptions. Burbidge and Burbidge' 
have recently concluded that absorption lines found in 
QSOs are likely to be associated with the source rather 
than the intergalactic medium. This, too, would permit a 
non-cosmological interpretation for z. 


Conclusions 


I conclude that bumps on the red-shift distribution 
curves can be interpreted as source groupings only 
and not a red-shift quantization. No evidence for an 
intrinsic red-shift quantization has been found; instead, 
red-shift seems to be a function of position in the cluster. 
No selection effect is known which could produce the 
red-shift-angular distance relation observed. 

But there are several characteristics in the data that do 
not seem to agree with a cluster interpretation. For 
example, it is difficult to imagine, in view of the fact that 
no quantization is apparent, why there might be a 
periodicity in the red-shift distribution, and also why the 
bumps in the 0 h direction have about twice the period 
and twice the dispersion observed for the 12 b direction. 
The fact that the same “magic numbers” are observed 
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Fig. 8. QSOs on Burbidge’s apusred list plotted in equatorial coordinates. Large circles represent areas where the density of QSOs is greatest, Absorp- 


tion sources are indicated 


y small circles and large dots. Small circles also indicate cases where two QSOs are almost in line with one another. 
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Fig. 9. Four apiral-like structures observed in the 12 h direction outlined on the plot of all QSOs. 


throughout is also difficult to explain on this basis. One 
is tempted to suggest that something local (the galaxy, for 
example) is influencing the observations, but this explana- 
tion seems equally hard to accept. I do feel, however, 
that there is a non-random character in the red-shift that 
must be interpreted before the true nature of the red- 
shifts in QSOs can be explained. 


I thank Drs J. L. Locke, R. C. Roeder and E. R. Sea- 
quist for helpful discussions and comments, and Mr E. A, 
Richards who investigated the statistical significance. 
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Multiple Forms of DNA-dependent RNA Polymerase 


in Eukaryotic Organisms 


by 
ROBERT G. ROEDER* 


WILLIAM J. RUTTER; 


Department of Biochemistry, 
University of Washington, 
Seattle 98105 


Three distinct RNA polymerase activities have been isolated from 
developing sea urchin embryos. in rat liver nuclei there are two RNA 
polymerase activities. One polymerase (l) is probably localized in 
the nucleolus and one (Il) in the nucleoplasm. 


One mechanism for regulating gene activity via trans- 
eription might involve multiple RNA polymerases with 
different template specificities. Recent observations! 
suggest that regulation of RNA synthesis in bacteria may 
involve regulatory modifications of a single basie poly- 
merase. On the other hand, the possibility of multiple 
RNA polymerases involved in specific transcription of 
the chief classes of RNA in eukaryotic cells is attractive. 
For example, the following considerations support the 
idea of an enzyme responsible for ribosomal RNA synthesis 
which is distinct from the enzyme(s) involved in the pro- 
duction of the remainder of the cellular RNA: (a) ribo- 
somal RNA has a base composition distinct from the 
other chief classes of RNA and the ribosomal genes are 
unusually redundant’-1?; (b) the ribosomal genes are 
localized in the nucleolit-?°-" whereas the remainder of 
the nuclear DNA is more dispersed throughout the nucleo- 
plasm; and (c) in some cells! the synthesis of ribosomal 
RNA and DNA-like RNA is apparently independently 
regulated. 

Previous studies!®-?" of the RNA polymerase in isolated 
nuclei are compatible with, but do not prove, the sugges- 
tion of more than one RNA polymerase. In the presence of 
Mgt at low ionic strength, nuclei synthesize predomin- 
antly a GC-rich (ribosomal-like) RNA®*?2, and the poly- 
merase activity is localized principally in the nucleolus?!:22, 
By contrast, in the presence of Mn++ at higher ionic 

*Present address: Carnegie Institution of Washington, Department of 
Embryology, 115 West University Parkway, Baltimore, Maryland 21210. 

t Present address: University of California, Department of Biochemistry 


and Biophysics, San Francisco Medical Center, San Francisco, California 
94122. 


strengths, the nuclei synthesize a more DNA-like RNA2:23 
and the synthetic activity is more generally dispersed 
throughout the nucleoplasm?!*?, These observations 
could reflect the presence of distinct nucleolar and nucleo- 
plasmic RNA polymerases; however, these results could 
also be explamed by differential effeets of ions on the 
respective chromosomal templates, thus altering the 
transcriptive efficiency of a single enzyme?*~**, This latter 
possibility has also received experimental support. The 
stimulation of polymerase activity by high levels of salt 
in crude systems results, at least in part, from the dissocia- 
tion of proteins from the nucleoprotein template?3-26, In 
addition, to date?*~38, only a single eukaryotic RNA 
polymerase activity has been detected. We have used 
the sea urchin embryo and adult rat liver, each of which 
offers certain advantages, in our attempt to determine 
whether or not. multiple RNA polymerases occur in eukary- 
otes. In the sea urchin, independent regulation of rRNA 
and DNA-like RNA has been reported during early 
development!’ !7_, If multiple functional forms of RNA 
polymerase exist, their concentrations might change with 
alterations in the patterns of RNA synthesis. In rat 
liver, excellent techniques for the isolation of nuclei 
and nucleoli exist; furthermore, the synthesis of rRNA 
and DNA-like RNA may be independently influenced by 
certain hormones!’. Thus changes in the relative amounts 
of RNA polymerases might be detectable during functional 
transitions. 

We developed procedures that essentially completely 
solubilize the nuclear RNA polymerase activity, and then 
resolved the putative polymerase species by chromato. 
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Fig. 1. Resolution of multiple forms of nuclear RNA polymerase by 
‘DEAE-Sephadex’ chromatography. <A, Sea urchin gastrula (52 h 
development). A sample containing 11-4 mg protein (0-07 units/yg at 
0-05 M ammonium sulphate) was applied to a 1 x 12 cm column equilibra- 
ted with 0-05 M (NH,).SO, in standard buffer (0-05 M tris-HC] (pH 7-9), 
25 per cent (v/v) glycerol, 5 mM MgCl, 0-1 mM EDTA, 0-5 mM dithio- 
threitol)], After washing with 0:1 M (NH,),.50O, the enzyme activities 
were eluted with linear gradients of (NH,),50, (in standard buffer) as 
indicated. 1 ml. fractions were collected and 0-05 ml. aliquots assayed 
as described below, except that unlabelled UTP was omitted from the 
reaction mixtures (miting UTP assay). The activity is expressed in 
pmoles UMP incorporated into RNA/10 minjml. The absolute 
activities for the peak tubes from I, TI and IH were 5-5, 8-7 and 5-4-fold 
higher, respectively, when reassayed at the standard UTP concentration. 
R, Adult rat liver. A sample containing 4-6 mg protein (0-104 units/e¢ 
at 0-05 M ammonium sulphate) was chromatographed as in 4. The 
activities of the peak tubes were +8 and 5-5-fold higher for I and TI, 
respectively, when reassayed at the standard UTP concentration. The 
standard assay mixture for RNA polymerase contained in a volume of 
0125 mi.: 20 ug native calf thymus DNA (Sigma, Type 1), 25 xg 
pyruvate kinase (Calbiochem), 7 «moles tris-HCl (pH 7-9), 0-2 pmoles 
MnCl, 1-0 gmole KCl, 0-75 umole NaF, 0-5 smole phosphoenol pyruvate 
(Sigma), 0-2 umole 2-mercaptoethanol, 0-075 ~mole each of GTP, CTP, 
ATP, 00125 umole unlabelled UTP, 0-0005 umole *H-UTP (2-0 Ci; 
mmole, Schwarz Bioresearch), ammonium sulphate (as given for each 
experiment), and 0-05 ml. of the enzyme solution. After incubation at 
39° C for 10 min, trichloroacetic acid insoluble radioactivity (in RNA) 
was determined by standard procedures. One unit of activity is that 
amount of enzyme which incorporates one pmole of UMP into RNA 
per minute. 


graphy or electrophoresis. We detected and partially 
purified three RNA polymerase species (I, H, HI) from 
the sea urchin. At least two cognate forms of RNA 
polymerase (I, II) were found in rat liver nuclei. The 
properties of form I suggest that it may be located primar- 
ily in the nucleolus while those of form IT suggest location 
in the nucleoplasm. 


Nuclei Isolation and Enzyme Solubilization 


Eggs of Strongylocentrotus purpuratus were fertilized 
and the embryos grown®*, Nuclei from embryos of the 
desired stage were isolated by procedures to be deseribed 
elsewhere. Nuclei from adult rat liver were isolated by 
the procedure of Blobel and Potter. The RNA poly- 
merase activities present in the isolated nuclei were 
solubilized and partially purified by procedures which 
include sonication at high tonic strength, reduction of the 
ionic strength with subsequent chromatin removal by 
centrifugation, and ammonium sulphate fractionation. 
Maximal yields of soluble activity were obtained only 
when the high ionie strength sonication step was included. 
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These soluble enzyme preparations were used in the 
subsequent chromatography. 


Chromatography of RNA Polymerase 

Fig. 1A shows the resolution of the solubilized enzyme 
preparations from embryonic sea urchin nuclei into three 
peaks (I, IT, HI) of activity by chromatography on 
‘DEAE-Sephadex’. The specifie activities (units/pg 
protein) of the peak fractions, measured in the standard 
assay (Fig. 1), are at least 0-43, 2-10 and 0:55 for 1, IL 
and III, respectively, substantial increases over the 
specific activity of the initial nuclear sonicate (0-02 
units/ug protein). 

Fig. 1B shows the resolution of the RNA polymerase 
activity from rat liver into two major peaks which have 
been designated polymerases I and II, because their 
properties resemble those of sea urchin forms I and I 
(see later). The peak fractions have specific activities of 
0-58 and 5-1, substantial increases over the specific activity 
of the initial nuclear sonicate (0-03 units/ug protein). 
The activity eluting with the 0-1 M (NH,),8O, front ts 
probably an artefact because it is not found consistently. 
The separated polymerase activities are not apparently 
complexes of a single enzymatic species with qualitatively 
or quantitatively different nucleic acid components. The 
280/260 absorbance ratios for all of the peaks are high, 
indicating that little, if any, nucleic acid is present. In 
addition, the activity in each peak is, within the lmits 
of our assays, absolutely dependent on exogenous DNA. 

For further studies, larger scale preparations were 
made; pooled fractions containing each RNA polymerase 
activity were concentrated by ultrafiltration and stored 
at —90° C after addition of erystalline bovine serum 
albumin to a concentration of 1 mg/ml. (to stabilize the 
RNA polymerase activity). The chromatographie proper- 
ties of each sea urchin activity are maintained during con- 
centration and subsequent rechromatography in identical 
conditions (Fig. 2). The overall yield is essentially quanti- 
tative; we have found no evidence for dissociable 
complexes of a single polymerase or intraconvertibility of 
the various forms. 


Metal lon Requirements 

Figs. 3A and 3B show the requirements for divalent 
cations of the sea urchin and rat polymerase activities. All 
species display maximal activity with Mn** at a concen- 
tration of 1-2 mM. This value is close to the level of the 
combined nucleotides present in the assay (1-9 mM) 
and suggests that a metal ion ribonucleotide complex 
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Fig. 2. Rechromatography of sea urchin polymerases, Samples of forms 
I, II and If] obtained from “DEAE-Sephadex’ chromatography as in 
Fig. 14 were rechromatographed separately on 1x13 em “DEAE 
Sephadex’ columns in identical conditions, The arrows represent the 
salt concentration at which the peaks were eluted during the original 
chromatography. . 
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may be the substrate for the enzyme. Optimal acti- 
vity with Mg*t is maintained over a broader concen- 
tration range. The Mn++/Mg++ activity ratios (at the 
optimal concentration of each ion) for sea urchin activi- 
ties I, I and UI are approximately 1, 10 and 2-5 respec- 
tively. The corresponding ratios for rat forms I and IT 
are about 2 and 5 respectively. Thus the two liver 
enzymes appear qualitatively similar to their counter- 
parts in the sea urchin, form II exhibiting a higher Mn++ / 
Mgt+ activity ratio than form I. 


lonic Strength and Polymerase Activity 


The enzyme activities are markedly influenced by the 
ionic strength as is commonly observed with other poly- 
merases. Fig. 44 shows the effect of various concentra- 
tions of ammonium sulphate on the activity of the sea 
urchin enzymes with native DNA as a template. The 
activities against salt profiles are distinct; form I exhibits 
optimal activity at less than 0-04 M salt and form IT 
exhibits a rather sharp maximum at about 0-1 M, while 
form HI shows constant activity up to 0-2 M. There is 
no single concentration which can yield optimal activity 
for all three forms. The activities against salt profiles 
for the rat enzymes are different from one another (Fig. 
4B) but similar to sea urchin forms I and II, respectively. 
The added salt was mixed with the substrates before 
the addition of the enzyme so the effect of ionic strength 
might be at any step in transcription. 


Template Requirements 


Purified polymerases exhibit an absolute requirement 
for template which is satisfied by either native or heat- 
denatured DNA. Denatured DNA saturates sea urchin 
activities I and II at lower concentrations than does 
native DNA, while the saturation curves of form TTI with 
the two templates are similar (Fig. 5). The studies shown 
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Fig. 3. Effect of divalent metal ion concentration on RNA polymerases. 
For these studies and those described in Fig. 4, aliquots of the concen- 
trated DEA E-enzyme fractions were passed through a ‘Sephadex G-25’ 
column equilibrated with 0-05 M tris-HCl (pH 7-9), 25 per cent glycerol, 
01 mM EDTA, 0-5 mM dithiothreitol, 0-2 M (NH,),80,. Incubation 
conditions were as described in Fig. 1 for the standard assay, except for 
the metal ion concentration. Each reaction mixture contained 0-046 M 
(NHO. A, Sea urchin enzymes. The amounts of enzyme protein 
were 17, 12 and 7-5 ug for I, H and HI, respectively. B, Rat liver 
enzymes, The amounts of protein were 9-0 and 20 ug for I and TT, 
respectively. 
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Fig. 4. Effect of ionic strength on RNA polymerases. DEA E-enzyme 
fractions were partially desalted as described in Fig. 3. Beaction 
conditions were as described in Fig, 1 for the standard assay, except the 
ammonium sulphate concentration was varied as indicated. A, Sea 
urchin enzymes. The amounts of enzyme were 17, 50 and 7-5 ug for 
F, if and HHI, respectively. B, Rat liver enzymes. The amounts of 
enzyme protein were 909 and 20 ug for forms I and H, reapectively. 


in Fig. 5 were all conducted at 0-065 M (NH,),SO,. 
Because the relative activity with native and denatured 
DNA templates of forms I and II is a function of the tonic 
strength, further investigation of this poins is desirable. 
Experiments with polymerase IT show that the activity 
with denatured DNA is less sensitive to changes in ionic 
strength than is the activity with native DNA. At 
saturating levels of template and at 0-04 M (NH,).SO,, the 
denatured DNA/native DNA activity ratios are 1-3 and 
3-1 for rat activities I and IT. respectively. Jacob et al.3* 
have shown that the crude soluble rat liver enzyme, 
analogous to form II, displays a high denatured DNA/ 
native DNA activity ratio, and that this ratio is a function 
of the salt concentration. 


Incorporation of Ribonucleoside Triphosphates 


The three sea urchin RNA polymerases eluted from 
“DEAE-Sephadex’ catalyse the incorporation of all four 
bases into acid-inscluble products (RNA) as shown in 
Table 1. Significant homopolymer formation was detected 
only with ATP. The base ratios of the RNAs transcribed 
from native DNA by the sea urchin activities are similar 
to each other and to those of the RNA produced by the 
E. coli enzyme with the same template. In these 
conditions at least, there is no indication that the poly- 
merases as isolated are endowed with the capability to 
transcribe selected regions of a DNA molecule. 


Distribution of the Polymerases 


The RNA polymerases resolved from both sea urchin 
and rat liver nuclei appear to be distinct. They are 


readily separated from each other by chromatographic 


procedures and maintain their distinctive properties after 
freezing and thawing, dilution and reconcentration, and 
rechromatography. We have no evidence for intercon- 
version of any of the activities. Furthermore, the separ- 
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Fig. 5. Relative transcription of native and heat-denatured DNA by 

sea urchin RNA polymerases. Calf thymus DNA was denatured by 

heating at 95°-98° C for 10 min and quick cooling. Reaction conditions 

were as deseribed in Fig. 1 for the standard assay, except for the primer 

added. Each reaction mixture contained 0-065 M (NH,),S0O,. The 

amounts of enzyme protein per reaction were 30, 7-4 and 8-4 wg for forms 
I, LY and IF, respectively. 


ated species show different Mn++, Mg** and salt activity 
profiles; and the relative activity with native and de- 
natured templates is different for each polymerase. 
Finally, the similarity of the catalytic properties of forms 
I and II of the sea urchin and the rat suggests the evolu- 
tionary maintenance of specific features of these enzymes. 

The present work provides a convincing interpretation 
of previous experiments on intact and broken nuclear 
preparations’®*-?, The varying effects of Mg** and Mn** 
ions and ionic strength on the specificity and localization 
of RNA synthesis can now be related to their selective 
action on at least two RNA polymerase species. The 
catalytic properties of the easily solubilized polymerase 
II are, in general, similar to the properties described by 
others for the soluble enzyme derived from several eukary- 
otic organisms?7-**, The earlier studies on isolated 
nuclei!*-22 are consistent with the idea that polymerase 
IL is localized chiefly in the nucleoplasm. Our isolation 
procedure, which involves disruption of nucleoh in condi- 
tions of high ionic strength, also yields the more difficultly 
solubilized polymerase I. Polymerase I is active in condi- 
tions of low salt, as is the polymerase activity commonly 
associated with the nucleolus in isolated nuclei'*-*?, and 


Table 1, RELATIVE NUCLEOTIDE INCORPORATION BY SEA URCHIN RNA 
POLY MERASES 

Nucleotide Relative incorporation 

incorporated I yi {II E. coli 
GMP 0-21 0-22 0-19 0°23 
CMP 0-21 0:21 0-22 0) 22 
AMP 0-26 0-26 0-30 0-25 
UMP 0°31 0-30 0-28 0-29 


Independent incubations were conducted (in triplicate) with each labelled 
nucleotide in the assay conditions described in Fig. 1 except that all nucleo- 
tide concentrations were 0-40 mM. For I, II and IH the (NH,).SO, concen- 
trations were 0-04, 0-08 and 0-09 M, respectively, and the quantities of 
purified enzyme protein were 30, 7-4 and 8-4 zg, respectively. Total nucleo- 
tide incorporations were 645, 819, 126 and 3,668 picomoles/10 min for I, H, 
TIT and the E. coli enzymes, respectively. For I, If and HI the rates of 
incorporation when only a single nucleotide was present were negiigible 
except for ATP where the activities were 11 per cent, 27 per cent, and 24 
per cent those of the complete system. respectively. E. coli RNA poly- 
eae Coe fraction) was kindly supplied by the laboratory 
af Dr E. Davie. 
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polymerase II. 

During sea urchin development (manuscript in prepara- 
tion), form I increases relative to II from the early blastula 
to the gastrula stage. The relative increase in the synthesis 
of rRNA by the gastrula stage7 may thus be caused, at 
least in part, by an increase in the level of polymerase I. 
The localization and function of RNA polymerase II are 
at present unknown. 

The distinct transcriptive roles of polymerases [I and 
II have yet to be established and must be reconciled with 
the similarity of base ratios of the RNA transeribed by 
these polymerases from a common template as reported 
in Table 1. These similarities may be an artefact of the 
assay conditions or the loss of components which determ- 
ine transcriptive specificity and which are normally 
associated either with the enzyme or with the template. 
Alternatively, transcriptive specificity may result from 
specific sequestration of the polymerases in the various 
nuclear structures. Whether these polymerases are 
products of separate genes or regulatory modification of a 
single gene product remains to be seen. 

This work was supported by the US National Institutes 
of Health. R. G. R. was a predoctoral fellow of the 
National Institutes of Health. 
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on sexual hybrids, where different genes are combined 
within a single cell. Either mutant genes at different loci, 
or contrasted alleles at the same locus, may be combined 
in this way, and the consequent genetic interactions have 
been intensively studied. Recently it has become possible 
to undertake the developmental and genetical analysis 
of animal chimaeras, where contrasted genes are segues- 
tered in different cell lines within the same individual. 
Where these cell lines collaborate in the formation of a 
single organ or tissue, complex interactions may be 
expected. These may be termed phenotypic interactions; 
a striking example is seen in the present work. 
Chimaeras, defined as individuals which are the product 
of more than one zygote, can be produced by the fusion 
of mouse embryos at the eight-cell stage8. Chimaeric 
“mice obtained in this way have been described!--°-13, 
Where the ernbrvos both come from the same strain, no 
-direct evidene himnaerism is obtainable other than the 
~ oeeasional devélopment of hermaphrodites, but when 
‘genetically distinct embryos are fused, the developmental 
fate of the two chirnaera components can be followed. 
Genetic differences used for this purpose have affected 
retinal pigment?:+'!, coat colour>™ï, isocitrate dehydro- 
genase (IDH) and ‘antigenic constitution?, 

So far. not more than one genetic difference has been 
considered at a time. We have now fused embryos differ- 
ing by nie genetic factors affecting seven characters, 
namely coat colour, agouti hair ticking, eye pigmentation, 

“hair and whisker waving, ear length, tail length and IDH 
type. One component (Fig. 18) is from a multiple reces- 
sive strain, homozygous for non-agouti (a), brown (6), 
dilute (d), pink-eye (p), chinchilla (ch), waved-2 (wa-2), 
short-ear (se), vestigial-tau (vt) and supernatant-N ADP 
IDH typea (I D-14). ae other component (Fig. LA) is either 

a (C57BL @ x C3H 3) F, embryo, heterozygous at the agouti 

and IDH loci, homozygous dominant at the other seven, 
or a (CBA 2x C3H J) F, embryo, homozygous for all of 
the contrasted alleles. In appearance, the two component 
types are respectively cream-coloured mice with pink 
eyes, curly hair and whiskers, short ears and tall, and 
wild-type agouti mice with dark eyes, straight hair and 
whiskers, and long ears and tail. 































Producing the Chimaeras 

Eight-cell embryos are fused at room temperature after 
removal of the zona pellucida with pronase, and subse- 
quently cultured at 37°C for 30-50 h. The resulting 
double-size blastocysts are transferred surgically to the 
uterus of a 25 day post coitum pseudopregnant recipient 
of the randornly bred Q strain. A more detailed account 
of the fusion, culture and transfer techniques is given 
elsewhere!®6, The fourteen mice produced so far in this 
series are listed in Table 1. Three died at or about the 
time of birth, probably because each was the only mouse 
in its litter. Two resembled the multiple recessive type in 
skin and eye pigmentation and tail structure, the only 
characters that can be determined at birth. These animals 
are unlikely to have been chimaeras, for a small admix- 
ture of the dominant component seems sufficient to modify 





In classical animal genetics, attention has been eud 
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rom Fusion of Embryos differing 


Gene interaction is studied in mouse chimaeras demonstrating 
dominance relations at several loci. 


eyes, ears and tail from the recessive type. The other one 
had dark eyes and a long tail. Of the eleven which survived 
at least 2 weeks. two resembled the multiple recessive 
strain in all characteristics, including IDH type (liver, 
kidneys, skeletal muscle), the other nine had dark eyes 
and long tails (one had a kink in the tail) at birth, and of 
these all but one subsequently showed evidence of chimaer- 
ism in coat colour, and waving of the hairs and whiskers. 


Table 1, INCIDENCE OF CHIMAERISM AS JUDGED BY EXTERNAL CHABAC- 

TERISTICS (THAT IS, TAIL LENGTH AND EYE COLOUR AT BIRTH; TAIL LENGTH, 

EYE COLOUR, COAT COLOTR AND HAIR AND WHISKER WAVING AT 2 WEERS), 
AMONG FOURTEEN MICE DEVELOPED FROM EMBRYO FUSION 


Neonatal phenotype 2-week phenotype 


Survival Reces- Domin- Reces- Domir- Total 
sive ant Chimaeric sive ant Chimaeric 
Perinatal 
deaths ] 2 0 oom _ — 3 
Survived 
at least 
Y weeks 2 8 1 2 1 3 11 


The incidence of overt chimaerism in earlier studies is 
presented in Table 2. To what extent do the mice of 
apparently single phenotype conceal a real chimaerism ? 
It is of course possible for an individual to possess a 
second cell line which does not affect coat colour, but all 
mice derived from embryo fusion may not be chimaeric. 
Sometimes the fusion fails and only one embryo develops 
to blastocyst stage, or both develop but one is overlooked 
at transfer, or fusion may occur bat all the cells from one 
component may die, or both may survive but one cell 
line may contribute only to the trophoblast, so that its 
descendants populate the placenta and foetal membranes 
rather than the foetus itself. | 

The sex of the embryos is of course unknown. at the 
time of fusion. Half the pairs on average will therefore 
be female-male fusions. Some of these give rise to 
hermaphrodites, but most probably develop as normal 
males. Fully fertile males with 50 per cent or more 
of XX eells in the bone marrow have been identified’, 
but no normal females containing NY cells have vet 
been reported’, One might therefore predict that 
only 25 per cent of chimaeric mice will be female. In 
the present study, thirteen out of fourteen individuals 
are phenotypically male, and the single female is one of 
three fully recessive animals, showing no evidence of 
chimacrism. In Table 3, all the data reported so far on 
the sex ratio of mice from fused embryos are given, The 
extensive data of Mintz™ show an unexplained but highly 
significant deviation both from the other three series and 
from the predicted |: 3 ratio. The other bodies of data are 
consistent with each other and with expectation. Although 
apparently developed from fused embryos, however, by 
no means all the animals included in Table 3 will in fact 
be chimaeras. Of our eight overtly chimaerie mice (Table 





Table 2, INCIDENCE OF CHIMABRISM IN EARLIER STUDIES OF MICE DERIVE» 


FROM EMBRYO FUSION 


Phenotype 
Source Criterion Reces- Domin- Total 
sive ant Chinmaeric 
Mintz** Coat colour 33 35 4l 109 
Mystkowska and Saat colour . I 2 g 9 
Tarkowski’ Retinal pigment 1 1 7 
Tarkowski* Retinal pigment 1 1 g iG 
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Tabla 3. THE SEX RATIO OF MICE DEVELOPED FROM EMBRYO FUSION 


Hermaphro- 

Source Female dite Male Total 
Predicted 25% 75%. 100%, 
Tarkowski’ 3 ji 16 
Mystkowska and 

- Tarkowsk? | 6 1 a 24 
>o MeLaren and — 

Bowman . 1 0 13 14 

Mintz** i 216 6 241 463 


1), all were male; the sex ratio of the forty-one overtly 
chimaeric individuals in Mintz’s series't (see Table 2) 
has not yet been reported. The proportion of hermaphro- 
dites is likely to be underestimated in our own data and 
those of Mintz, for many of these mice are still alive, 
and the histological examination necessary for a reliable 
diagnosis of hermaphroditism is not yet possible. 


Resulting Phenotypes 


The coat colours of our eight visibly chimaeric animals 
are listed in Table 4, together with a summary of the 
apparent distribution of the two cell lineages in each 
animal. One mouse was cream and black (Fig. 1, E, I), 
two were cream and agouti (Fig. 1, D, G), two were agouti 
and black (Fig. 1, C, H) and three were tricoloured, cream 
and agouti and black (Fig. 1, F, J, K, L). The most 
striking feature of the coats of the chimaeras is the appear- 
ance of black hairs (confirmed by microscopic examina- 
tion), although the two component strains are cream and 
agouti respectively, and neither contains any black hairs. 
The agouti pattern, which consists of a yellow band at or 
near the tip of a black pigmented hair, is known to be 
controlled by the genotype of the epidermal hair follicle 
cells, and not by the melanocytes which migrate from the 
neural crest to colonize the follicles!?1*, Presumably the 
black hairs arise in the chimaeras when pigmented melano- 
eytes from the F, cell line colonize hair follicles which are 
predominantly composed of “recessive’’ and hence non- 
agouti cells. The situation is set out in Table 5. The 
participation of one or both cell lines in neural crest 
(melanocytes) and epidermis (hair follicles), deduced from 
the coat colour, is indicated in Table 4. The appearance 
of black hairs is an example of phenotypic interaction, & 
phenomenon which is likely to occur frequently when 
cells differing at more than one locus are combined in the 
same individual. 
~~ Although there is little sign of the “standard” pattern 
“postulated by Mintz", some regularities in the distribution 
of the colours in the coat have been observed. (1) There 
is a general tendency for transverse stripes to oecur, both 
in the combinations due to neural crest chimaerism (for 

example, cream and black) and in those due to epidermal 
chimaerism (for example, agouti and black). Some of 









Table 4. APPARENT DISTRIBUTION OF THE MULTIPLE RECESSIVE {r} AND 
DOMINANT F, (d) CELL LINEAGES IN EACH OF EIGHT OVERTLY CHIMAERIC 
MICE (SEE TABLE 1) DERIVED FROM EMBRYO FUSION 


Hair follicles 


Colours Melano- Agouti Wav- Tail Ears 
eytes pattern ing 
Cream and biack r+d r T r+d rtd 
2 Cream and agouti and black r+d r+dosor+d d d 
3 Cream and agouti and black r+d r+d r+d d d 
4 (Cream and agouti and black r+d rtd “(r+)d d € 
5 Cream and agouti r+d d r+d d d 
§ Cream and agouti r+d d ir +d d d 
7 Agouti and black d r+ā ir+)d d d 
8 Agomti and black dd rèd (r+hi d d 


* A cell lineage in parentheses indicates that the corresponding phenotype 
(for example, hair waving) was present in too small an amount to be seen by 
groas inspection, but could be detected by microscopic examination. 


Table 5. CONTROL OF HAIR COLOUR, BY INTERACTION BETWEEN PIGMENT- 
BEARING MELANOCYTES FROM THE NEURAL CREST AND THE EPIDERMAL HATR 
FOLLICLE WHICH DETERMINES THE AGOUTI PATTERN 


Melanocy tes + Hairfollicle —-——> Hair 
Pigmented +o agouti e= ~> agouti 
N on-pigmented + non-agouli RTI 
Pigmented + non-agouli m black 
Non-pigmented + agouti a OPAL 

The F, melanocytes are fully pigmented: the multiple recessive melano- 


cytes are virtually non-pigmented, by virtue of their pink-eye chinchilla 
genotype. If the follicle is of the recessive non-agouti type and the melano- 
cytes are pigmented, a black hair develops; the converse situation gives a 
cream agouti hair, but since a cream hair contains no pigment except at the 
base, the agouti pattern fs not seen. 


these stripes are very thin, as in tabby mice, others are 
broad bands. Most are broken and irregular. (2) A sharp 


dermarcation between left and right sides is often seen. 


(Fig. 1, G, L). (3) Where black hairs occur, they are often- 
concentrated in a broad longitudinal mid-dorsal stripe, - 


* 


with some lateral extensions, leaving the lower part of the — 


body agouti or cream. A similar distribution is often seen 
in non-chimaeric animals, for example in the mutant" 
umbrous. (4) A cream spot on the forehead is very character- 


istic, similar to that produced by various spotting genes. 

Waved hairs occur more frequently on the back and 
are seldom found in the cream head spot. Waving of some 
of the whiskers is common, and may be asymmetrical, 
so that the whiskers are mainly waved on one side, — 
mainly straight on the other. Although patches occur of 
predominantly one colour or another, or predominantly _ 
waved or straight hair, much of the coat has & brindled » 
appearance, with hairs of different colours finely inter- 
mingled. If hairs from a mixed ‘patch are examined 
microscopically (after mounting in Berlese’s fluid}, one 
finds chimaerism within as well as between hairs, both for 
pigmentation (for example, alternating pigmented and 
non-pigmented regions in the hair shaft) and waving (the 
mean degree of waviness of the waved hairs in chimaeric 
mice is less than in waved-2 controls). 

The eyes of all the overtly chimaeric animals are dark 
on external inspection, but have not yet been examined 
microscopically. Although quite a low proportion of pig- 
mented cells suffices to produce a dark-eyed mouse, the 
pigment cells of the retina give one of the most reliable 
indices of chimaerism’. 

The short-ear gene is associated with a widespread defect 
of cartilage formation in the embryo. Vestigial-tail arises 
as an abnormality of the ventral ectodermal ridge, modify- 
ing the neural tube and tail gut as well as the skeleton. 
The results in Table 4 suggest that both these genes show 
a different type of chimaeric interaction from the genes 
acting in the environment of the hair follicle and its 
associated melanocytes. One mouse, which resembled 
the recessive strain in coat colour and structure except 
for the presence of some black markings on the back, 
showed evidence of its recessive ancestry in both tail and 
ears (Fig. 1, Æ, J). Both ears were short, one more so than 
the other. The tail was more or less normal in length, 
but had a sharp bend in the middle, as sometimes occurs 
in vt/+ heterozygotes. In the other seven avertly 
chimaeric mice, the ears and tail resembled the wild-type 
F, component strain. 

We may postulate that, for some genes (for example, 
short-ear acting in cartilage), a mixture of normal and 
mutant cells produces a tissue which is functionally 
normal, perhaps because the mutant cells lack an enzyme 
which is freely diffusible and hence can be supplied by the 
normal cells; while in others (for example, those acting in 
the hair follicle) no such compensation is possible, so that 
a similar mixture of normal and mutant cells gives rise 
to a partially abnormal structure. The two types of gene 
may be termed “non-local” and “local”, respectively, 
For “non-local” genes, the same dominance relations 
appear to operate in chimaeras as in sexual hybrids; that 
is. the dominant character is fully expressed, unless the 
gene dosage is strongly tilted in the direction of the 
recessive genotype. “Local” genes, on the other hand, 
show intermediate manifestation in chimacras, even 
though the mutant form is fully recessive in sexual 
hy bridization. 

The distribution of IDH types will be determined in 
various tissues of the chimaeric animals, and their skele- 
tons examined in greater detail, after their reproductive 
life is completed. 

Note added in proof. Since this account was prepared, 
four more overtly chimaeric mice of this genetic combina- 
tion have been raised: one female (agouti and cream) 
and three males (agouti and black, cream and black, 
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Mosr investigators agree that biological membranes 
are composed mainly of high molecular weight lipids and 
proteins. In other words, they are networks of polymers. 
We hope to demonstrate the usefulness of viewing mem- 
brane properties in this context and to consider, in 
particular, the process whereby those non-electrolyte 
molecules which do not move by mediated transfer are 
able to diffuse across biological membranes. Such 
biological diffusion can, in our view, be explained 
quite simply in the same terms used to deseribe diffusion 
across well-characterized networks of synthetic poly- 
mers. 

Among the advantages of our approach are (1) simplicity 
~~diffasion phenomena, which have been explained previ- 
ously only by assuming that biological membranes are 
porous, can be accounted for naturally when the membrane 
is treated as a homogeneous polymer network; (2) 
predictive value--for a given membrane, the determina- 
tion of a few permeability coefficients allows the calcula- 
tion of all others, a property of great potential usefulness 
for drug “design” studies; (3) it is a basis for classifying 
diverse biological membranes according to their partition 
coefficients and their mass selectivity properties; and 
(4) the concept of biological membranes as dynamic 
polymeric structures may give insight into other mem- 
brane problerns. 


Diffusion across Synthetic Polymer Membranes 


In order for a permeant completely to traverse a mem- 
brane from a cis to a trans external phase, it must (1) 
enter the membrane at the cis interface, (2) diffuse within 
the membrane from the cis to the trans interface, and (3) 
leave the membrane at the trans interface. For the per- 
meation of a non-electrolyte molecule across a homogene- 
ous membrane of macroscopic thickness /, the permeability 
coefficient P ean be expressed as 


P=KDall (1) 


where K is the equilibrium distribution or partition 
coefficient between membrane and external phases, that is, 
the equilibrium ratio of permeant concentration in the 
membrane phase to that in the external phase, and Dm is 
the diffusion coefficient for diffusion within the membranet. 
For synthetic membranes, the quantities P, K and l can 
be determined independently, allowing the accurate 
calculation of Dm. (Alternatively, Dm is sometimes 


* At present visiting the Department of Polymer Science, the Weizmann 
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A model is put forward to describe the non-mediated transfer of 
non-electrolytes in terms of diffusion in homogeneous networks. 


calculated without a knowledge of K using a time lag 
method?.) 

Accurate values of the diffusion coefficient Dm for 
diffusion within synthetic polymers make it possible to 
determine relationships between these values. 


Kana 


We have examined the manner in which the 
diffusion rates of non-electrolytes within relatively non- 
polar soft polymers—-polymers, that is, maintained far 
above their glass transition temperatures-—-depend on 
the molecular weights of the non-eleectrolytes. We have 
found (Fig. 1) that to a good approximation the following 
empirical relationship is valid 


Da=D ka M an (2) 
where Mre is the diffusant molecular weight relative to 
methanol, and sm and D? are constants characteristic 
of the polymer being considered at the given temperature. 
We shall call the parameter sm the differential mass 
selectivity coefficient. For the polymer systems of Fig. I, 
the values (+S.H.) of sm are 38402 for polymethyl- 
acrylate and 1-1401 for natural rubber. These values 
should be compared with the established values cf sm= 
1/3 to 1/2 for diffusion in water and other simple liquids®. 
It is thus clear that sm may be many times greater for 
diffusion within polymers than for diffusion within simple 
liquids. For this reason the frequently made assumption 
that the mass dependence for diffusion within biological 
membranes is the same as that for diffusion within simple 
liquids is seen to be unjustified’~*. This erroneous assump- 
tion has in fact caused much confusion in the field. 

It is implicit in equation (2) that the chemical nature 
of the permeant is of only second-order importance for 
diffusion within the polymer network. This assumption, 
known to be valid for diffusion in simple liquids, is sup- 
ported also by the observations of Kokes and Long!", who 
found that the diffusion rates of organic molecules within 
polyvinyl acetate are insensitive to the types of functional 
group on the diffusant molecules. 


Diffusion across Biological Membranes 

Although, in principle, equation (1) is valid for both 
synthetic and biological membranes, the inability to 
determine the operative thickness / of biological mem- 
branes makes it necessary to modify this equation. We 
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first define Pmem, the permeability coefficient for diffusion 
across but within the membrane phase by | 


Prnem=Dnall . 3 a (3) 
Equation (1) now becomes 
P=KP mem (4) 


in which K is the equilibrium distribution coefficient of 
permeant partitioning between the hydrophobic inner 
phase of the membrane and the external aqueous bathing 
phase. Although biological membranes possess polar 
and charged groupings on their surfaces, these groupings 
will have no effect. on the equilibrium coefficient K and 
hence on permeation rates. In fact, permeation rates 
ean be affected by surface properties only in conditions 
in which P mem is 80 large that equilibrium is not obtained 
between the bathing solutions and the outer faces of the 
hydrophobic membrane phase; such conditions do not 
seem to occur for the non-electrolyte permeants and mem- 
branes considered in this analysis, but may apply for 
small ions. 
In strict analogy with equation (2), we can write 
Prem = Py Mop (5) 


rel 
where we have used equation (3) to obtain the constant 
P= D? jl. Combining equations (4) and (5) leads to the 
following formula for diffusion across biological mem- 
branes 


P= PKM (6) 


rel 

This equation states that the permeability coefficient of a 
non-electrolyte across a given biological membrane is 
directly proportional to its distribution coefficient between 
membrane and water and imversely proportional to the 
Smth power of its molecular weight. An increase in 
distribution coefficient A makes it easier for a permeant 
to enter the membrane, whereas an increase in molecular 
weight Mre makes it more difficult for the permeant to 
diffuse within the membrane. 


Test of Polymer Treatment for a Biological Membrane 
In order to test equation (6) for applicability to bio- 
logical membranes, we first write it in the entirely equiva- 

lent form 
logy oP = logol o + logy — Sm logyy Meret (7) 


Unfortunately, values of the membrane : water distribu- 
tion coefficients K are not available, so that we have to 
use as estimates of A the partition coefficients Kest for 
simple non-aqueous : aqueous two phase systems. The 
olive oil : water system is often used for this purpose and 
seems to be a reasonable a priori choice for estimating K 
(ref. 7). To determine the applicability of these estimates 
Kest, as well as of the polymer treatment, a generalized 


re 


form of equation (7) can be used 

logio P = logy) Po + 8x logipMest — Sm logy Af rei (8) 
For membrane systems in which permeation does not 
occur primarily through a hydrophobic phase, permeation 
rates will not be correlated with non-aqueous ; aqueous 
system values of Kes, and therefore sy will equal zero. 
It is implicit in our treatment, however, that in most 
biological membranes almost all of the diffusional flux of 
non-electrolytes occurs through a hydrophobic membrane 
phase. We thus expect s to be positive and much greater 
than zero, becoming unity as the behaviour of the non- 
aqueous : aqueous systems approaches that of the mem- 
brane : water system. 

We now operate on equation (8) by using the method of 
least squares. To obtain error estimates for the three 
undetermined constants, Sk, 8m and logio o in equation 
(8), we must consider a large number of permeability 
coefficients P for the penetration of non-electrolytes 
under conditions of minimal volume flow. (We omit, 
when possible, situations in which permeation rates may 
be altered because of coupling of permeant and water 
fluxes.) In addition, the least squares method requires 


a4) 
that the independent variables, lOg Kest and logo reis 
in equation (8) must be known without appreciable error’. 
Fortunately, these strict requirements are satisfied by the 
data of Collander and Bärlund“, who determined by 
chemical methods the permeability coefficients of a large 
number of non-electrolytes for leaf cells of Chara cerato- 
phylla in non-plasmolysing conditions. In addition, 
for most of the permeants used, the corresponding olive 
oil: water partition coefficients were determined experi- 
mentally. We selected the most accurate partition 
coefficients from these data using the criterion that the 
maximum deviation of any single listed determination 
from the mean must be less than 10 per cent. The 
application of least squares analysis to this accurate 
subset of data indicates that 8k (+S.#.) is equal to Ll 
0-1 (Table 1). Because s, is not significantly different from 
unity, the olive oil: water partition coefficients seem 
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Fig. 1. Diffasion of non-electrolyte molecules within polymer networks. 
D, is the diffusion coefficient (em? st) for diffusion within the polymer 
extrapolated to zero concentration of diffusant. Myg ia the masa of the 
diffusing molecule relative to methanol. The polymera were maintained 
far above their glass transition temperatures. ‘The straight lines in this 
and succeeding figures are linear regression Hines caleulated by the methad 
of least squares’. The polymer in a is polymethvlacryiate at 65° © 
(ref. 4). The negative of the slope (+ 5.4.) of the regression Hne is 
8m =3-840-2. The polymer in b is natural rubber at 80° © (ref. 5). 
The natural rubber contained a small degree of crosslinking due te 
vulcanization (1-7 per cent sulphur), The negative of the slope (+ SBD 
of the regression line is ¢m=1:1+0-1. Non-electrolyte compounds are 
referred to as follows: 1, acetamide; 2, butane; 4, butyl acetate: 5, 
butyramide; 6, diacetin: 7, N,N-dimethy! area: 9, ethane: 11, ethyl 
acetate: 12, ethylene; 13, ethylene glycol: 14, ethyl urethane: 15, 
formamide: 16, glycerol; 18, lactamide: 26, methane: 21, methanol: 
22, methyl acetate: 23, methyl urea; 24, monacetin; 235, e-monc- 
chlorohydrin: 26, propane: 27, 1,2-propanediol; 20. proplonamide : 
36, propyl acetate; 31, succinimide: 32, thiourea; 33, trimethyl! citrate: 
34, urea: 35, urethviane. Where applicable, the p isomer is fo be 
understood. 
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to be good estimates (to within a constant multiplying 
factor) of the membrane : water partition coefficients K. 

Using equation (4), one can obtain values of P mem, the 
permeability coefficient for diffusion within the membrane. 
We would expect that a graph of logie Pmem versus 
logioMre1 would resemble Fig. 1 for the diffusion of non- 
electrolytes within soft polymers. ‘This expectation is real- 
ized in Fig. 2: all of the points, except that for trimethylei- 
trate, fall very nearly on a straight line. (The aberrant 
behaviour of this one large compound may result from the 
fact that its volume relative to methanol is much less than 
its Mre This suggests that volume rather than mass may 
be the fundamental determinant for internal membrane 
diffusion. The diffieulty of unambiguously defining 
permeant volume within a hydrophobie membrane has 
prevented the use of volume in the present analysis.) 
The differential mass selectivity coefficient sm of the 
Chara membrane system is simply the negative value 
of the slope of this regression line; its value (+S.E.) is 
3-5+0-3 which, although close to that obtained for 
polymethylacrylate (Fig. 1), is far greater than the maxi- 
mum value of 0-5 obtained for diffusion in simple liquids. 

We conclude that the diffusion of both large and small 
non-electrolytes within the membrane phase of Chara 
resembles closely the diffusion of non-electrolytes within 
homogeneous polymers maintained far above their glass 
transition temperatures. 


Extension to other Biological Membranes 


When such an analysis is applied to other biological 
membranes, results like those in Table 1 are obtained. 
The least squares estimates of the undetermined constants 
of equation (8) for the various cells are shown, olive oil: 
water partition coefficients being used for Kes. Only 
in the case of Nitella and Chara, however, can the results 
be considered strictly meaningful. For the remaining 
cell types the permeability coefficients used in this analy- 
sis were determined by approximate methods involving 
large volume flows. It was necessary, moreover, to use 
values of olive oil : water partition coefficients which are 
not highly accurate, but we thought it worthwhile to 
include these cell types in order to obtain a preliminary 
incication of the behaviour of animal cell membranes. 

Table 1 demonstrates that for all of the biological 
membranes analysed, permeation rates are highly corre- 
lated with olive oil: water partition coefficients and are 
steeply decreasing functions of permeant mass, as would 


Table 1. PRELIMINARY TEST OF POLYMER TREATMENT USING OLIVE OIL AS 


A MEMBRANE ANALOGUE 


Cell a $m LogipPs a Set of permeants 
Chara L11401 29406 -09406 029 1, 5, 6, 7, 13, 15, 16, 
18, 23, 24, 25, 29, 
31, 33, 34 
Nitella V4t+O1 3-7405 ~O3i0-5 0-28 1, 5, 6. 7, 13, 14, 15, 
21, 2 25, 29, 31, 33, 
Phascolosoma 1040-4 5241-7 -—14416 644 1, 6, 13, 15, 24, 27, 


29, 32, 34 
1440-3 GO+16 O-741-4 0-64 1,5, 6, 13, 15, 16, 24, 

27, 29, 32 
LIŁO2 4241-7 —O4408 030 1, 5, 13, 16, 27, 29 


The estimates and standard errors for the parameters, Sk, 8m and logba 
of equation (8) were calculated by the method of least squares’. The para- 
meter o is the square root of the variance estimate for log,,F: it is thus a 
useful index of the goodness of fit of the model to the experimental data 
when A values are estimated from olive oil: water partition coefficients. 
All olive oil: water distribution coefficients used in this paper were those 
determined by Colander and Barlund!!. The permeability coefficients used 
in this paper have all been expressed in common units (em s) All partition 
and permeability coefficients were determined at approximately 20° ©. The 
sets of permeability coefficients used for Chara ceratophylla’, Nitella mucro- 
nala’, and the coelomie cells of Phascolosoma gouldi were each obtained 
from a single collection of data. The other sets are composed of permeability 
coefficients obtained from more than one source. Bovine red cell data are 
from ref. 14 (permeants 1, 5, 15 and 29) and ref. 15 (all other permeants). 
Permeability coefficle nts for the eggs of Arbacta punctulata are from ref. 15 
(permeants 13 and 27) and from ref. 16 (all other permeants) as listed by 
Lovett, Except for permeants entering a given cell by mediated transport 
(as determined by Hunter et al.'*) or possessing permeation rates too large 
or smali to be measured accurately by the method used, no permeants have 
been deleted from the last three sets in the table. In addition to these 
criteria, for the first two sets (Chara and Nitella) only those permeants 
possessing very accurate values of olive ofl: water distribution coefficients 
m a2inwum deviation of any single determination from the mean <10 per 
n : bsve been inchided. 


Bovine red cell 


Arbacia 
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Fig. 2. Diffusion of non-electrolyte molecules within the membrane 

system of Chara ceratophylla. The data (see Table 1) have been plotted 

according to equation (5). Pmem (cm s~') is estimated as the ratio of the 

measured permeability coefficient P to the olive oil: water artition 

coefficient. The regression line was calculated with the exclusion of 

trimethylicitrate Wickman 33). The negative of the slope (+ S.E.) of 
this line is ¢m=3°5+ 03, 


be expected for membranes behaving as homogeneous 
networks of hydrophobic polymers. We have already 
described the detailed behaviour of the Chara system; 
the behaviour of Nitella cells is similar except that sr is 
significantly greater than unity. This indicates that olive 
oil is not a good analogue for the partitioning properties 
of the Nitella membrane system; a better analogue 
might be a more hydrophobic solvent than olive oil, 
which would have the effect of lowering the value of sp. 
Unfortunately, in the absence of extensive listings of 
non-electrolyte partition coefficients for such non-aqueous : 
aqueous systems, our analysis of the Nitella membrane 
system could not be as thorough as that for Chara. 
Although the results given in Table 1 for the remaining 
cells correspond to those for the two plant cells just 
considered, a full analysis is not yet possible because of 
the uncertainty of existing data. 


Re-evaluation of Previous Evidence for Porous Behaviour 
How can some of the evidence previously used to 
support the concept of porous behaviour in biological 
membranes for permeation in the absence of bulk flow 
be explained on the basis of the polymer concept ? When 
a homologous series of permeants is considered, it is 
often found that the introduction of alkyl carbon groups 
in the first few members of the series decreases the permea- 
tion rates. Because the alkyl carbon group is hydropho- 
bic, previous non-porous models would predict the opposite 
behaviour!’, vet according to our equation (6), the effect 
of adding a given chemical group depends largely on the 
mass of the acceptor moleeule. Thus the addition of an 
alkyl carbon group will have a large retarding effect on 
the rate of internal membrane diffusion for a small mole- 
cule because the per cent increase in mass will be large. 
Conversely, the corresponding increase for addition to a 
large molecule will be almost negligible and no retardation 
of internal diffusion will result. In both cases, the en- 
hancement of overall permeability rates by increased 
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partitioning into the membrane phase would be expected 
to be similar. For small molecules the diminution of 
internal diffusion rates resulting from the addition of an 
alkyl carbon group may offset the enhancement of parti- 
tioning into the membrane phase; for large molecules 
the latter effect will always predominate. Thus the 
observed effect can be accounted for quite naturally by 
the concept of biological membranes behaving as homo- 
geneous polymer networks. 

Another argument for porous behaviour in biological 
membranes makes use of the observation that for a set of 
non-electrolytes with different masses but with similar 
- partition coefficients, the smaller molecules penetrate a 
given membrane much more rapidly than larger molecules. 
This has been used to support the concept of a hetero- 
geneous sieve like membrane., The experimental 
evidence is usually presented in the form of a double 
logarithmic graph of permeability coefficients versus 
partition coefficients, in which the points representing 
small molecules lie above the line which best fits the larger 
molecules. This approach is sometimes extended to 
plots in which the permeability coefficients are multiplied 
by some arbitrary power of mass, where the same type 
of behaviour is observed!®, According to our polymer 
membrane model, this approach is in the right direction 
but falls just short of using the correct higher power of 
molecular weight. Thus, when the accurate Chara data 
are plotted in Fig. 3 according to a simple rearrangement 
of equation (6), the “‘mass-corrected’’ permeability co- 
efficients of small molecules do not tend to lie above the 
regression line. Once again, therefore, the observations 
can be explained quite simply by treating the biological 
membrane as a homogeneous polymer network. (Since 
the submission of our manuscript, we have become aware 
of three papers by Wright and Diamond in Proc. Roy. 
Soc., B, 172, 203, 227, 273; 1969). Like most previous 
investigators, they have assumed that the mass depend- 
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Fig. 3. Correlation between the “‘mass-corrected” permeation rates 
across the membrane system of Chara ceratophylia and the olive oil: 
water distribution coefficients for non-clectrolyte molecules. The data 
(see Table 1) are plotted according to a simple rearrangement of equation 
(6) with the valne of sm = 3-5 obtained from the regression line of Fig. 2. 
The least squares line of unit slope was calculated with the omission 
of trimethy! citrate (permeant ae) O, Mra <2; @, Mrep= 2-4; ©, 
AM yey > 4, 
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ence of diffusion within biological membranes is that found 
for simple liquids, and they therefore have to postulate 
an alternative pathway for the diffusion of small mole- 
cules. A complication is that they have not measured 
permeability coefficients, but rather reflexion coefficients. 
The mass dependence of reflexion coefficients in non- 
porous polymeric systems is unknown at present. Note 
added August 7.) 

We conclude that it is unnecessary to postulate the 
existence of pores in order to explain the permeability 
behaviour of biological membranes in the absence of bulk 
flow. This does not necessarily indicate the non-existence 
of such pores; it ony. Hache that ey are » of little 


in the essence of Bulk Hoe. 


Molecular Basis of the Internal Diffusion Process 

Because non-electrolyte diffusion within biological 
membranes has been shown to resemble diffusion within 
soft polymers, it is tempting to consider that the diffusion 
mechanisms may be similar. A completely satisfactory 
theory of diffusion within polymers is not available, but 
it is generally agreed that the random thermal motion 
of the polymer chains results in the formation of transient 
pockets of free volume or “holes” into which a permeant 
molecule can enter. Diffusion may be limited by the 
formation frequency and the size distribution of these 
“holes”, which are in turn affected by the nature of the 
polymers, the interactions of the polymer chains with 
each other and with dissolved substances, and the temper- 
ature?+4, 

The extension of these ideas to the diffusion of non- 
electrolyte molecules in biological membranes is clear. 
Thus the dynamic motion of the chains of membrane 
proteins and lipids may result in the formation of transient 
“holes” inside the membrane. These “holes” will probably 
extend for at most a few chain segments and not com- 
pletely across the membrane, so that no pores will be 
formed by this mechanism. Diffusion would result when 
a permeant moves from a& donor to an acceptor “hole”. The 
large mass and volume selectivities of biological mem- 
branes would be explained by the fact that more “holes” 
are available to small molecules than to large molecules. 
Finally, these ideas can be extended to explain many 
aspects of membrane behaviour other than the diffusion 
of non-electrolytes. 
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Rabies and Quarantine 


by 
N. H. HOLE 


Central Veterinary Laboratory, 
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RABIES is one of the oldest and possibly the most dreaded 
of the zoonoses. Britain is one of the few countries in 
the world that has succeeded in eradicating this animal 
disease and eliminating the risk of human infection, It 
was a considerable problem in this country until several 
years of intensive control measures succeeded in stamping 
it out by 1902, Quarantine measures prevented the re- 
introduction of infection by imported animals until 1918, 
when illegal evasion of the regulations resulted in serious 
outbreaks which were not cleared up until 1921, since 
when no rabies in indigenous animals has occurred in 
Britain. 

In recent years some attempts have been made to 
obtain some relaxation of the quarantine restrictions; it 
has also been suggested that animals with a properly 
attested certificate of vaccination should be excused 
quarantine or subjected to a very brief period of detention. 
Such demands are made on grounds of expense, in- 
convenience, hardship to the animals, the fact that only 
thirty cases of rabies have been diagnosed in animals in 
quarantine in this country over the past 50 years, and 
the fact that dogs vaccinated with live virus attenuated 
by cultivation in chicken embryos have been shown to 
be protected against experimental infection for a period of 
2 years or more'. The objections of owners and breeders 
to 6 months’ quarantine for cats and dogs brought into 
this country are understandable, but after nearly 50 years 
of freedom from rabies the benefits to the community 
tend to be overlooked. Before amending regulations that 
have proved so effective in preventing the re-introduction 
of a disease of such potential danger to man, the past 
history of rabies in this country, the present difficulties in 
other countries where the disease is prevalent, and the 
risks that any relaxation of quarantine restrictions might 
involve should all be taken into consideration, 


Rabies in Animals 


Rabies is believed to have originated as a disease of 
wild canines, and has been perpetuated in wild carnivora. 
This sylvatic rabies is the main reservoir of infection for 
domestic animals today, but in more recent years bats 
have been shown to be another reservoir of virus, capable 
of transmitting the disease, and bat transmitted rabies is 
a great problem in South America and quite common in 
parts of the United States. The vampire bat is the chief 
danger to animals and man, but infection of insectivorous 
bats has also been found. A bite or a scratch is necessary 
for the transmission of infection, and any warm-blooded 
animal is susceptible, although it is carnivorous animals 
that are responsible for the spread and perpetuation of 
the disease. According to Johnson? the domestic dog 
plaved little part in the spread of rabies until the eighteenth 
century, and Fleming? has given an interesting account of 
the ravages of rabies up to the middle of the nineteenth 
century. Very extensive infection of animals and man 
has occurred since ancient times in Europe and Asia, and 
the disease spread to the Americas and other parts of the 
world. Wolves. foxes and other wild animals were com- 
monly affected, and in the eighteenth and nineteenth 
centuries considerable infections occurred in dogs. No 
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The history of rabies and its eradication in Britain provides a con- 
clusive argument against any relaxation of existing quarantine 
regulations. 
species covered by the regulations should be increased. 


If anything, recent experience suggests the number of 


statistics of the incidence in Britain are available until 
after the passing of the Rabies Order in 1886, but Fleming’ 
refers to the frequent occurrence of serious outbreaks in 
the eighteenth century, stating that ‘“‘madness raged 
among dogs in London and its neighbourhood in 1759- 
1760”, The number of human deaths in such conditions 
must have been considerable. After 1886, 1,583 cases 
were confirmed in dogs and other animals in this country 
before the disease was eradicated by 1902; the year 1895 
was the worst with 672 eases‘, 

Although sylvatic rabies has long been recognized and 
still exists in Europe, Asia, America and other parts of 
the world, there appears to be no record of infection of 
wild carnivora in Britain. There are three accounts of 
rabies in herds of deer, the most recent in 1886 when it 
was reported as causing the death of over 400 animals in 
Richmond Park‘. In each of these three outbreaks infec- 
tion was attributed to attacks by rabid dogs. The absence 
of sylvatic infection seems to be confirmed by the success- 
ful eradication of rabies by 1902 as the result of eliminating 
the disease in dogs. Nevertheless, because of the wander- 
ing habits of rabid dogs and the extreme susceptibility of 
the fox to experimental infection, it seems very curious 
that sylvatic infection has not occurred. In the 1918-21 
outbreak in Britain, for example, a number of rabid 
dogs were picked up 30-49 miles from home after wander- 
ing through rural country. Sylvatic rabies in Britain 
would be a disaster; experience in other countries indicates 
that it would almost certainly prove an insurmountable 
obstacle to permanent eradication. In the United States 
intensive efforts have been made in recent. years to control 
rabies, and with the help of mass programmes of dog 
vaccination the incidence in these animals was reduced 
from 8,354 cases in 1946 (ref. 4) to 412 in 1966 (ref. 7), 
but over the same period there has been little reduction in 
the extensive infections of foxes and skunks, responsible 
for most of the 4,198 cases diagnosed in 1966. 

It is worth noting that in Britain eradication was 
delayed by objections to control measures that were 
proving very effective in reducing incidence. Muzzling 
and movement restrictions in infected areas introduced 
in 1889, when 312 cases were diagnosed, reduced this 
number to thirty- eight by 1892 (ref. 5), when popular 
outery resulted in the measures being withdrawn. A 
sharp increase in incidence to 672 cases m 1895 resulted 
in the re-imposition of centrally directed control measures 
which culminated in complete eradication by 1902. The 
necessity for the quarantine regulations then applied to 
prevent the re-introduction of the disease was justified 
in 1918, when illegal evasion resulted in serious outbreaks 
that took 3 years to clear up. Three hundred and nineteen 
cases were diagnosed in animals in seventeen counties m 
England and Wales and 144 people who had been bitten 
received Pasteur treatment, an essential but very un- 
pleasant precaution not without risk of serious side-effects 
or even fatal consequences. Fortunately there were no 
human fatalities. The history of this outbreak clearly 
showed that the unsuspected introduction of infection is 
less likely to be immediately recognized and controlled in 
a country that has been free for many vears than in one in 
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which the disease is an accepted hazard. The evidence 


by mid-October sixty-seven cases of rabies had been 
diagnosed in Devon and Cornwall’. 

Today rabies is enzootic in many countries? Although 
in the past serious epizootics have occurred in dogs, today 
in most advanced countries dog rabies is under control, 
although eradication is prevented by the occurrence of 
sylvatic disease. Sylvatiec rabies occasionally assumes 
epizootic proportions, resulting in an alarming spread of 
infection such as has occurred in Western Europe since 
1945. Infection, chiefly in foxes, has spread from the 
east across Germany to Denmark and very recently to 
Switzerland; several thousand cases are being diagnosed 
every year. In underdeveloped countries rabies is still a 
considerable problem in both domestic and wild animals, 
and takes a considerable toll of human lives. 


Rabies in Man 

Rabies in man is still commonly known as hydrophobia, 
a symptom which according to Fleming? is only seen in 
some eases of human infection. Fleming describes 
numerous examples of the terrible effects of attacks by 
rabid wild animals and dogs in the past. The Governor 
General of Canada died of rabies in 1819 after being bitten 
by a fox. Rabid wolves are still liable to attack man in 
some parts of the world and, although today rabid dogs 
are commonly considered the chief danger, Tierkel® points 
out that 20 per cent of human infections in the United 
States over a period of years resulted from bites by rabid 
wild animals, particularly skunks and foxes. In Britain 
between 1848 and 1898, 1,113 people were recorded as 
having died of rabies, averaging 43 per year between 1876 
and 1885 (ref. 4). 

Pasteur’s discovery that an attenuated vaccine given 
promptly after a bite or seratch from a rabid animal 
prevented the development of the disease in most cases, 
and the world-wide availability of such treatment today, 
have markedly reduced human fatalities, but human 
deaths from rabies are still common in under-developed 
parts of the world where rabies is enzootic; according to 
Kaplan’, 400-500 people die annually in Thailand and 
several hundred in Indonesia, Ceylon and the Philippines, 
and human rabies is not uncommon in India, Asia and 
Eastern Europe. Successful though post-infection vac- 
cination has proved, it must not be regarded as a panacea 
for the human disease. In the first place such treatment, 
to be effective, must be carried out promptly after exposure 
to infection. Vaccine operates by producing antibodies 
before the development of the symptoms of the natural 
disease, and it fails where the incubation period of the 
latter is very short, such as may result from injuries to 
the head or neck. Johnson? points out that a false sense 
of security is given by statistics on successful vaccinations, 
because they frequently include as failures only those 
that occur 2 weeks or more after the completion of the 
course of treatment, and ignore those that occur earlier 
on the grounds that the vaccine has had insufficient time 
to protect. Kraus et al.” reported that 11 per cent of 
children and 3 per cent of adults injured about the head 
or face died of rabies despite vaccine treatment. Children 
are particularly vulnerable to such injuries; it is signi- 
ficant that Tierkel® found that between 1944 and 1954 
more than half the human fatalities in the United States 
were people less than 15 years old. And, although vaceina- 
tion is essential for anyone known to have been injured 
by & rabid animal, post-infection vaccination is a most 
unpleasant procedure. Although modern vaccines are 
less dangerous than that originally devised by Pasteur, 
which occasionally had fatal effects, considerable nervous 
disturbances are liable to result from their use’. 
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Modern rabies vaccines fall into two categories, those 
containing dead or inactivated virus and those containing 
living virus attenuated by passage through chicken 
embryos. The live virus vaccines have infinitely superior 
immunological potential, which, however, varies m dif- 
ferent recipient species. They have proved very effective 
for dogs, but their value in man appears to be hmited 
because the virus fails to multiply". Post-infection treat- 
ment of man consists of vaccination with inactivated 
rabies infected material, commonly of the Semple type, 
that is, rabbit brain that has been infected with a fixed 
rabies virus and inactivated with phenol. The poor 
immunological response to dead rabies virus necessitates 
the use of large doses to effect post-infection protection, 
and the treatment consists of fourteen daily injections 
into the tissues of the abdominal wall, It is the ammount of 
foreign protein injected that is responsible for the post- 
vaccination reactions. Humrmeler and Koprowski’ have 
described such vaccines as “the worst biological products 
ever injected into the human body” and emphasize the 
need for further research into the possibility of producing 
a more purified effective vaccine. 


Quarantine 
Quarantine regulations have proved very effective in 
keeping rabies out of Britain since the disease was 
eradicated in 1902, and the danger of quarantine evasion 
was clearly demonstrated by the outbreaks im 1918-21. 
Although this country hitherto appears to have escaped 
sylvatie infection, this possibility cannot be excluded 
should there be a serious outbreak in dogs. Foxes are 
known to be exceptionally susceptible, and these animals 
have recently been reported to be frequent visitors to 
gardens and dustbins in a number of urban areas. Fox 
infection would establish a permanent reservoir of infec- 
tion for dogs, and bites or scratches inflicted by these 
animals would have to be regarded with suspicion. 

No one with any knowledge of rabies is likely to advocate 
doing away with quarantine, but a number of people con- 
sider that the period of detention could be shortened and 
that vaccinated animals could receive preferential treat- 
ment without increasing the risk of introduemg infection. 
The evidence does not support either contention. Although 
Kaplan? emphasized the importance of quarantine to 
prevent the introduction of the disease. he suggested that 
4 months’ detention might be considered sufficient on the 
grounds that a longer period of incubation of infection was 
exceptional. British experience of rabies in quarantined 
animals does not support this; seven of the thirty cases 
that have been diagnosed since 1919 have developed 
symptoms after the fourth month of detention. Shortening 
quarantine might be a reasonable concession in & country 
where the disease is an accepted hazard, but in one that is 
rabies-free a measure missing 25 per cent of infection 
would be of little practical value and would give rise to a 
false sense of security. 

Preferential treatment of vaccinated dogs 


uncommon in Uganda. 

A dog dying of rabies in quarantine im Britain in 1965 
had a history of more than one vaccination before importa- 
tion. Circumstantial evidence is also provided by the 
suggestion, made by Hagan and Evans" and Beauregard 
et al’, that vaccination and partial immunity might be 
one explanation of the lowered incidence of Negri bodies 
in rabid dogs. Second, the possibility that vaccinated 
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animals may act as symptomless carriers of infection has 
to be considered. Although in an infected area the 
advantages of dog vaccination outweigh the disadvantages 
of such a possibility, in a rabies-free area it has greater 
significance. Bindrich and Schmidt! found that virulent 
virus used to challenge the immunity of vaccinated dogs 
can be demonstrated in the saliva and urine of resistant 
animals for up to 14 days after inoculation, indicating 
that a vaccinated dog could be capable of transmitting 
infection for a short time after being bitten by a rabid 
animal. It is of some significance that in Russia, where 
rabies is common and dog vaccination extensive, there 
have been reports of human deaths from rabies after 
injuries inflicted by apparently healthy dogs. Yurkovsky!§ 
describes the occurrence of twenty-one such cases, in a 
number of which Negri bodies were demonstrated in the 
human victims, and none of the dogs involved ever showed 
symptoms of infection. 

In countries free from the disease a fatal nervous diseass 
other than rabies in a vaccinated animal could lead to an 
initial false positive diagnosis and undesirable unnecessary 
human treatment. Flury vaccine contains living virus and, 
although there does not seem to be any conclusive evidence 
that vaccination at a peripheral site results in Negri 
body formation, Schaal and Kleikamp! have reported 
Negri body development after the intracerebral inocula- 
tion of Flury viruses. MacKinnon™ considered that a 
biologically positive test was necessary for the confirma- 
tion of rabies in vaccinated animals in which Negri bodies 
were demonstrated, and Schneider? has reported obtaining 
positive fluorescent antibody tests in vaccinated dogs. 

In conclusion, if the rabies-free status of Britain is to 
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Rases usually receives scant mention in standard texts 
on infectious diseases published in Britain, from where it 
was eradicated by 1902. Following the clandestine entry 
of a dog in the post-war confusion of 1918, however, 
rabies spread to seventeen counties in southern England; 
908 animals were involved, 358 persons were bitten, 
and four years elapsed before the disease was climinated?. 
Twenty-eight animal and six human cases have been 
reported since then, in all of which the infection was 
acquired outside this country? *. It has been suggested 
that the geography of the British Isles, the type, habit 
and number of the indigenous fauna and the largely 
urbanized way of life provide most of the factors necessary 
for successful eradication}. 

Although immunization of dogs in countries where 
rabies is endemic has reduced their role in transmitting 
rabies to man, the infection of wild animals in these regions 
has increased®:*. Destructive assaults on wild life reser- 
voirs of infection have not provided a complete answer to 
the problem of eradication in the United States’. Where 
rabies is present in the wildlife of countries with extensive 
land borders, quarantine measures are impracticable and 
immunization of dogs may reduce the risk to man. The 
World Health Organization expert committee on rabies® 
recommends that countries free of rabies maintain their 
quarantine restraints on the importation of dogs and cats. 
Stringent import and quarantine regulations covering 
both domestic and non-domestic canidae and felidae are 
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be maintained, no relaxation of the present quarantine 
regulations is justifiable. Furthermore, the recent occur- 
rence of rabies in a monkey imported for medical research 
work*! suggests that the regulations might advisedly be 
made to cover a wider range of susceptible imported 
animals, 


Received August 7, 1969, 


t Tierkel, E, S., Kissling, R. E., Edison, M. E., and Hable, K., Proc. Ninetieth 
Ann. Meet. Amer. Vet. Med. Assoe., 443 (1953). 

* Johnson, H. N., Viral and Rickettsial Infections of Man (edit. by Rivers 
and Horsfall) (Pitman, London, 1959). 

? Fleming, G., Rabies and Hydrophobia (Chapman and Hall, London, 1872). 

* Rep. Dis. An. Acts (HMSO, Lendon, 1895, 1902, 1918, 1982), 

* Report Director Veterinary Department (HMSO, London, 1887, 1889, 1892). 

* Tierkel, E. S. Adv. Vet. Sei, 5, 269 (1959). 


* Zoonoses Surveillance May (Nat. Commun. Dis. Center US Dept. Health 
Educ, and Welfare, 1967). 


* Kaplan, M. M., Nature, 221, 421 (1969). 


* Kraus, R., Gerlach, F., and Schweinburg, F., Lyssa bei Mensch und Tier 
(Urban, Berlin, 1926). 


1 Sharp, J. C. M., and McDonald, 8., Brit. Med. J., iii, 20 { 1967). 

*! Habel, K., Laboratory Technique in Rabies, 2nd edit. (WHO, Geneva, 1966). 
* Hummeler, K., and Koprowski, H., Nature, 221, 418 (1969). 

8 MacKinnon, J., Bull. Off. Int. Epizoot., 60, 87 (1963), 

1$ Featherstone, D. J. L., Vet. Rec., 84, 443 (1969). 


is aye A., and Evans, W. H., Rep. Fourteenth Int. Vet. Cong., 2, 457 


1: Beauregard, M., Boulanger, P., and Webster, W. A., Canad. J. Comp. Med., 
29, 141 (1965). 


C Bindrich, H., and Schmidt, U., Arch. Exp. Vet, Med., 12, 202 (1958), 

>’ Yurkovsky, A. M., J. Hug. Epidem. Microbiol. I mmen., 6, 73 (1962), 
Abst. Trop. Dis. Bwll., 58, 776 (1962). 

= Schaal, E., and Kleikamp, I., Vet-med. Nachr. 1967, No. 4, 875 (1967), 
Abst. Vet. Bull., 38, 684 (1968). 

* Schneider, L. G., Bull. Off. Inter. Epizoat., 67, 453 (4967). 

1 Boulger, L. R., Lancet, 941 (1966), 


The free importation of pets is an important source of danger from 
rabies while available human vaccines are unsatisfactory. 


probably the principal reason for Britain’s continuing 
freedom from infection. 


Danger from Pets 

But more than a million birds, mammals and reptiles 
reach Britain every year. Some are in transit and many 
that remain are virtually quarantined in laboratories and 
zoos*, There is, however, a potential source of rabies 
infection in the considerable number of wild animals, 
particularly Mustellidae and Viveridae, which ean be 
imported without restriction for sale as pets. These 
pets obviously have ample opportunities for contact with 
man and domestic animals. Rabies infection of British 
wildlife through eseaped pets or other captive imported 
animals may be unlikely; but. as the experience with 
mink in this country shows, escaped exotic animals sus- 
ceptible to rabies may establish themselves as feral 
populations. 

Investigations of the alarming spread of rabies among 
wild animals in western Europe!’-?? show that European 
foxes are by far the largest source of infection in domestic 
animals, and are thus indireetly a constant threat to man. 
Furthermore, infected wild animals lose their fear of man 
and enter farms and villages, thus constituting a direct 
source of infection. An estimated 50,000 foxes are killed 
annually in Britain with little effect on the population 
density, which varies according to location from 1 to 50 
per square mile (ref. 13 and personal communication from 
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S. R. Hedges). Britain also has a large population of 
deer, which could become infected although they have no 
important epidemiological significance in the European 
rabies problem™. There is therefore a large potential 
reservoir in Britain for rabies infection and, as has 
recently been emphasized'!, the introduction of rabies 
might well create an actual reservoir. The few positive 
isolations of rabies virus from European bats, and their 
numbers and habit, suggest that they should be regarded 
as a cause for vigilance rather than concern}, 


Vaccines not Good Enough 


The purification of rabies virust! and the improvement 
of the quality of vaccines” have been reviewed recently’. 
The results suggest that rabies vaccines for man may 
soon be safer and more effective than current vaccines. 
At present, however, the bulk of the rabies vaccines 
produced in the world for therapy in man are made with 
virus grown in mammalian brain tissue"! and their use 
carries a high risk of serious neural damage to the recipient. 
These risks may prove to have been completely eliminated, 
when the results of adequate tests of the new preparations 
are known. Improvement of the vaccine, however, pro- 
vides no grounds whatever for the relaxation of existing 
regulations or for complacency concerning potential 
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sources of infection. It is to be hoped that the long 
contemplated extension of the regulations, to cover the 
importation of exotic pets, in particular Mustellidae 
(skunks, badgers, weasels, stoats and so on) and Viveridae 
(mongooses, civets and so on) may soon be implemented, 
Some special provisions might also be made for neotropical 
bats and primates. 
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CHLORINATED pesticides can spread in living matter, 
and they are now present all over the world. In 1966 
(ref. 1), it was discovered that some previously unknown 
substances isolated in analyses of pesticide residues were 
polychlorinated biphenyls (PCB). In Sweden, they occur 
in the natural environment in the same amounts as the 
chlorinated pesticides!*. Recently, PCB has been found 
in organisms in the Netherlands, Great Britain®-* and the 
United States*. PCB is used almost exclusively in indus- 
try, and it seems to be more persistent than DDT. We 
have assessed PCB and DDT (including metabolites) 
contamination in Swedish marine ecosystems by analysing 
176 samples. The hydrographical conditions along the 
Swedish coasts are not uniform so the residues are classi- 
fied according to the four regional subdivisions shown in 
Fig. 1. Few samples were taken from the Sound and so 
this area has been included in the Baltic proper. 

The species studied were: (1) mussel (Mytilus edulis); 
(2) herring (Clupea harengus); (3) plaice (Pleuronectes 
platessa); (4) picked dogfish (Squalus acanthias); (5) 
cod (Gadus morhua); (6) salmon (Salmo salar); (7) grey 
seal (Halichoerus grypus); common seal (Phoca vitulina) 
and ringed seal (Pusa hispida); (8) guillemot (Uria 
aalge); (9) white tailed eagle (Haliaeetus albicilla); (10) 
eggs of white tailed eagle; (11) heron (Ardea cinerea). 
Three samples of separated fish oil were also analysed. 
Two were taken from the Norway pout (Boreogadus 
esmarkz) and one from herrings from the northern part of 
the west coast. One sample (largely herring oil) was also 


Analyses of pesticide residues in a wide range of marine organisms 
from the coastal waters of Sweden show that there is a marked 
contamination in the Baltic. There are signs of an increase in 
polychlorinated biphenyls (PCB) from north to south in this area. 
Exceptionally large amounts of residues were found in white tailed 
eagles from the archipelago of Stockholm. 


extracted from fish from the southern Baltic proper. 
This was unseparated. 

Homogenates of one or more mussels were analysed. 
In the fish, axial muscle tissue extracted from the dorsal 
side above the lateral line, approximately a third of the 
length from the tail was analysed. In nine out of eleven 
salmon, the samples had to be taken immediately behind 
the head (only heads were available). Most of the samples 
from the seals were taken from the blubber in the tail, 
In two seal pups from the Gulf of Finiand, the samples 
were from the fore leg, and in one grey seal from the 
Baltic proper, the sample was liver. It is reported’, 
however, that in seals the chlorinated hydrocarbon con- 
tent in the fat is approximately constant throughout the 
different parts of the body. As a rule, the specimens, 
or parts of the specimens, were sent to the Swedish 
Museum of Natural History immediately after capture 
and were stored at — 20° C. Three seal tails from the 
archipelago of Stockhelm and one from the Gulf of 
Bothnia were, however, kept by the hunter for six months 
in a non-heated room. In the homogenized eggs of the 
guillemot the fat varied from 3-6 to Ll per cent probably 
because homogenization before aliquotation was not 
quite perfect. Samples were taken from both the pectoral 
muscle and brain of the white tailed eagle. All the eagles 
were found dead and in some cases in a state of decay, 
and all the eggs were either addled, rotten.or dry. In 
the heron, pectoral muscle only was analysed. 

DDE was the principal metabolite of DDT found, 
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DDD was found in small concentrations, not usually 
more than 10 per cent of the e DDT, in most samples. 
{e DDT stands for the sum of DDT and DDE—-DDE was 
multiplied by 1-11 to correspond to the original DDT.) 
For seals from the archipelago of Stockholm and for salmon 
from the Baltic proper which had relatively large amounts 
of DDD, s DDT stands for the sum of DDT, DDE and 
DDD. 

We analysed all the samples using gas chromatography 
and electron capture detection. Confirmations were 
carried out with double column systems combined with 
treatments with sulphuric acid and potassium hydroxide’. 

We found that the principal PCB components were PCB 
numbers 7-14 (low number is equal to a low chlorination 
degree), but the mussels also contained the lower 
numbers (the PCB composition being similar to clophen 
A 50). The PCB amounts given in Table | are, noverthe- 
less, the sum of all PCB components found in the samples 
although the relative amounts of the different numbers 
vary. The results suggest that the low PCB numbers 
are metabolized or exereted faster than the higher 
numbers, so that there is an increase of the latter as it 
passes through a food chain. 

An attempt to quantitate PCB has been made in 
Sweden’, but because the method is still rather rough the 
values may be correct only within a factor of 2. The 
method is indirect because ail the PCB components have 
not been isolated yet, and it is based on a combination of 
mass spectrometry, micro-colorimetric and electron cap- 
ture detection. For each twenty samples a blank 
on the solvent and a residue-free plaice sample with added 
pesticides (lindane, aldrin, pp’DDE, dieldrin, pp’-DDD 
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and pp’-DDT) were also analysed. Recovery was above 
80 per cent, but as normal in residue analysis* we made no 
correction. 

The mean figures in Table 1 are calculated from the 
average value of each locality within the four regions. 
The residue values are based both on fresh tissue and on 
hexane extractable fat. The figures for fresh tissue are 
comparable with reported values from other countries. 
We believe, however, that the fat values are of particular 
interest from an ecological point of view. Fat is important 
in the transport of energy and as a carrier of the residues 
between the species in the food chain. Furthermore, there 
is a great seasonal variation in fat content within the 
populations. The difference between the greatest and the 
smallest residue level in the extractable fat of individuals 
of one species at a given time, in a given place, is less than 
in fresh tissue. The fat content of herring muscle, for 
example, varied from about 1 per cent in the spring to 
about 10 per cent in the autumn. Our discussion will 
therefore be based largely on residue levels in extractable 
fat. 

Mussels from the west coast of Sweden have lower 
average values of e DDT and PCB than from the Baltic 
proper and the archipelago of Stockholm. The level of 
e DDT in mussels from the Dutch, West German and 
British coasts’:® has an upper limit similar to that in 
mussels from the Baltic proper and the archipelago of 
Stockholm. 

DDT contammation in individual plaice, cod and in 
fish oil is greater in the Baltic proper than off the west 
coast of Sweden, and there is little or no overlapping of 
the residue values. In the case of PCB, a plaice from the 
very polluted Idefjord in the west coast Increases the 
average value for the west coast samples from 0-69 to 5 
p.p.m. Other individual samples of fish from the west 
coast contain PCB residues of the same magnitude as 
residues in specimens from the Baltic. This may be the 
result of coastal contamination. The picked dogfish, 
which lives more in the open sea, seems to have the same 
amount of e DDT, but a smaller amount of PCB than other 
fish from the west coast of Sweden. 

The samples of herring from the Baltic proper. the 
archipelago of Stockholm and the Gulf of Bothnia had 
large residues of s DDT. No herring from the west coast 
of Sweden has been studied. Recently we analysed eight 
herrings from the west coast. On fat basis the mean 
values were: s DDT, 1-9; DDT, 0-86; and PCB, 0-75, in 
good agreement with the fish oil values (see Table 1). 
Juvenile herring from the Dutch Wadden Sea (coastal 
waters)? contained DDE residues in fresh tissue with an 
upper limit of the same magnitude as in herrmg from the 
Baltic area. 

Residues of PCB and s DDT in one sample of fish oil 
from the southern Baltie proper were about five to ten 
times greater than the three samples from the west coast 
of Sweden. The figures for the latter are similar. This 
is in accord with residues in fat in fish from the respective 
areas, 

One herring from the Sound had a much larger content 
of PCB (23 p.p.m.) than the herring from the rest of the 
Baltic area. This increased the average value in this area 
from 4:6 to 6-8 p.p.m. Cod and plaice from the Sound also 
had a larger PCB content than specimens from the Baltic 
proper and off the west coast. This suggests that there is 
local contamination of PCB in the Sound. Furthermore, 
the mean levels of PCB noted in herring were smaller 
in the Gulf of Bothnia than in the rest of the Baltic. 

The vagrant Baltic salmon had about ten times more 
chlorinated hydrocarbons residue than a sample reported 
from Great Britain’. 

The seals from the Baltic proper, the archipelago of 
Stockholm and the Gulf of Bothnia contained large 
amounts of residues of both e DDT and PCB, about ten 
times greater than amounts found in Great Britain’, 
“anada? and the Netherlands’*. One speeimen from 
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the archipelago of Stockholm had 310 p.p.m. in fat, 
increasing the mean value for this part of the coast from 
117 p.p.m. to 170 p.p.m. The levels of PCB decrease 
from south to north. This fact, together with lower 
average values of PCB in herring from the Gulf of Bothnia, 
indicates decreasing PCB contamination from south to 
north in the Baltic. Seal pups, one week old, also con- 
tained large amounts of e DDT and PCB residues, and 
seal milk from the stomach of one of these pups had the 
same level. 

Guillemot eggs from the Baltic proper provided addi- 
tional information on the contamination of the Baltic. 
The means of e DDT and PCB in eggs (wet weight) were 
40 p.p.m. and 16 p.p.m. respectively, which for e DDT 
is about ten times the levels reported from Great 
Britain? 1-3. The Baltic levels, both for s DDT and PCB, 
are about four to five times greater than levels reported 
from the west coast of the United States*, if the figures 
for residues in fat are compared. In guillemot eggs from 
the Baltic, as much as 87 per cent of e DDT was DDE. 

The population of white tailed eagles in Sweden seems 
to be on the decline. Only about two of ten pairs nesting 
in the archipelago of Stockholm succeeded in hatching 
during the past few years (E. Larsson, personal com- 
munication). All specimens of white tailed eagle studied 
up to the present contained at least three accumulating 
substances known to be toxic. These are DDT meta- 
bolites, PCB and mercury compounds. Figures for four 
birds are reported in Table 1. A fifth specimen is not 


249 


included because the fat content was not determined, 
but the pectoral muscle and brain tissue of this bird 
(wet weight) contained 190 and 39 p.p.m. respectively 
of DDT (as DDE), and 230 and 24 p.p.m. of PCB. Two 
specimens from northern Sweden, one of which died by 
accident, contained 2-6 p.p.m. (1:8-3-4) of DDT (as DDE) 
and 2-9 p.p.m. (1:8-3-9) of PCB in musele tissue, the 
second having 1-8 p.p.m. DDT (as DDE) and 1-2 ppm. 
PCB in brain tissue. The figures from the archipelago of 
Stockholm are thus a hundred times larger, suggesting 
that there is a strong contamination in this area. 

It is well known that residues of chlorinated hydro- 
carbons tend to be greater in the higher trophic levels than 
in the lower. Some simplified food chain relations can 
be deduced from the figures in Table 1. These are fish to 
seal, fish to guillemot, fish to heron and fish to white tailed 
In all cases, the increase in residues from prey to 


and fishes there is up to 50 per cent of DDT. This differ- 
ence may be the result of differences in metabolism’’. 
As previously mentioned, the seals from the archipelago 


Table 1. CONCENTRATION OF ORGANOCHLGRINE COMPOUNDS IN SWEDISH MARINE ORGANISMS 1065-68 





No, in P.p.m. in fat P.p.m, in fresh tissue Per cent 
sample sDDT DDT PCB eDDT DDT PCB fat 
Swedish West Coast 
Musse? 17 ł 0-6 2 002 TOT MORA 13 
ne ne (0-4-5) (0-3-1-3} (0-5-7-0) (0-005-0-04) (0002-0-03) (0011-033) (080-2 8} 
ec. 1967 
Plaice 3 1 5 0-006 0-004 G24 0-5 
Sept. 1966 (0-9-2) ne (04-14) (0003-0000) (frace--0-006) {00023-0006} (ei) 
Cod 4 1 7% 0-005 6-003 Hog O30 
Sept. 1987 (0-6-2) nme. {1:8-16} (0-001-0-008) {n.d.—0 006) (0000-0030) AURE TES 
Picked dogfish 7 15 0-91 1-5 0-15 Oot O15 H 
Aug. 1965 {0-29-3-9) (152-3) (0-81-2:4) (0029-0-33) {015-0 21} (050-20) (@-7~14)} 
Fish oi! 3 2-1 1-2 0-74 
Oct, 1968 (1-5-2-6) (0:83-14) (0-54-10) 
Baltie Sea proper incl. the Sound 
Mussel 8 1s 4°3 0-03 aoe O08 92 
Oct. 1966, Dec. 1966 (0 9-10) (0-5-2-9) (1-9-8-6} {0-009-0-07) (0003-0023) 008-0057} (0-46-1-0) 
Dec. 1967, Jan. 1968 
Herring _ 18 17 OF GGS 40 0-27 £4 
April, Sept. 1966-65 {4-1-37} {1-5-21} (05-23) (0093-2-3) (O-G12-1-3) (0-008~-1-0} i0-7-12) 
Plaice 6 27 2-1 27 0-018 0-013 GOL? iPS 
Sept. 1967 (1:4-7°8) (0-6-7 °2) (17-48) (0006-00260) (0003-0029) (0410-4) 082) (8-071) 
Cod 5 19 8 1i 0-063 042 0-033 =- PRO 
Sept. 1967 (12-31) (3-5-19) (3-2-20) (0027-010 (0008-090863) {002-0057} (23-444) 
Salmon” 11 31 2-9 34 15 0-30 11-0 
_ Autumn 1968 (20-53) (77-20) (1-1-8-2} (0:26-7:14) (0-095-3-1) (0-014-4)-54} (4-2-20) 
Fish ol 1 16 73 3°5 100 
Oct. 1968 
Seal (grey) liver 1 96 4} 44 og t7 1s 4° 
Seal (common and grey) 2 130 62 30 66 $2 15 52 
_ Sept., Nov. 1968 {110-150} (37-66) (16-43) (68-74) (31-32) {8-4-21) (48-55) 
Eggs from guillemot 9 570 20 250 40 ee 16 7-0 
May 1968 (300-790) (7°5~-38) (140-360) (20-33) CESHE TU-ZE} (38-113 
The Archipelago of Stockholm 
Mussel l 15 3 lo 52 Q-i4 0-02 0-087 pl 
Oct. 1966, Dec. 1967 (1-4-7) {1-1} 8} (3°4-7-0) (-01-0-0861) (O-O1-0-024) (OBE) O44) iO G4--1+3) 
Herring _ 4 TT 39 5- 023 Gil O27 -e 
May 1965 (4-311) (2-0-5-3) (3°3-8-5) (0094-0 30 (0-044-1) 14) £73023 (2-3 y 
Seal (grey) 3 17 a 30 36 42 ii Ari 
May 1968 (97-310) (11-21) (16-56) (35-35) (2:4-6°0) (5-7~t 4) (11-4-837-5) 
White tailed eagle 
March-dune 1965-66 4 25,000 14,000 330 18D 15 
Pectoral muscle (16,000-36,000) rd, (8,400-17,000) (200-400) nen. (1560-240) eh aks mea) 
Brain 3 1,900 910 100 47 Bead 
7 . ; (1,700-2,100) n.d. (490~1,500) (93-110) iil. (29-703 (4 BiG) 
Eggs from white tailed eagle 5 1,000 540 Bef 
May-June 1966 (610-1,600) nih (250-800) ne. tLe, ne, (3-4-2 3h) 
Heron 
April 1967 1 14,000 nil 9,400 TE mii. 4h Sd 
Gulf of Bothnia 
Herring 4 62 3:5 L5 0-26 O14 0-065 44 
; (2-8-1) {2-9-4-8} (0-98-2-05 (15-042) (HOH -E (DQG 00L} (2-1-4) 
Seal (ringed) z _ 120 56 13 63 30 Gs he 
May-Oct. 1968 110-130) (54-57) {9 7-16) (58-68) (28-31) (5-8-5) (52-55) 
Gulf of Finland 
Seal pup (grey) 2 42 23 65 25 is 3-9 gü 
March 1968 {41~43) (22-23) {6-0-7-O) {24-26} (1314) (3-4-4-4) (36-43) 
Seal milk Í 
March 1968 1 36 21 45 11 8:5 1-4 31 


* DDT stands for DDT + DDE + DDD. For salmon and seal, there was respectively 41 per cent DDD in eDD'T, the mean figure being 17 percem. 
n.e., Not estimated. n.d., Not detected. l 
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of Stockholm, stored in a non-heated room for six months, 
had a greater proportion of DDD (up to 40 per cent of 
e DDT), and simultaneously smaller levels of DDT itself, 
than all other seals. This could have been caused by 
post mortem metabolism by microorganisms'*. On the 
other hand, the ringed seal from the Gulf of Bothnia, 
stored in the same way as far as we know, had only about 
5 per cent of DDD, but this low figure may be corrected 
with the uncertainty of DDD estimation at the time when 
the other seals were analysed. This difference between the 
archipelago seals and the other seals, however, could be 
related to the fact that the large amount of pollution and 
the land-water relation in the archipelago of Stockholm 
produce a higher microbiological activity in the water, 
transforming" DDT to DDD and possibly DDE. 

Little is known about the toxicity of PCB in the levels 
found by us. PCB has, however, been proved to cause 
pathological changes in laboratory animals!*, and was 
found to be among the ten most potent chemicals among a 
hundred tested by injection in eggs’. Some teratogenic 
effects have been noted’*, Effects of DDT, DDE and 
PCB on hepatic enzymes which increase the metabolism 
of progesterone, testosterone and oestradiol have also 
been published’. It is worth noting that bald eagles 
(Haliaeetus leucocephalus), fed a diet containing DDT, had 
between 58-86 p.p.m. DDT and DDD in their brains when 
they died®*, Approximately the same values were found 
in robins and house-sparrows*!. Brain tissue in white 
tailed eagles from the Stockholm area contained on average 
100 p.p.m. (fresh tissue) of DDE. DDE, on the other 
hand, is less acutely toxic than DDT itself. The greatest 
value in North American bald eagles collected in the field 
in 1965 was 118 p.p.m. (mainly DDE) in muscle tissues? 
The greatest level for sampled wild white tailed eagles 
from Sweden is 400 p.p.m. (mainly DDE) and the mean 
was 330 p.p.m. in muscle tissue (wet weight), Nothing is 
yet known about the PCB content in bald eagles from 
North America, but in eagles from our archipelago the 
mean value in muscle was 190 p.p.m. (brain 47 p.p.m.) 
and the greatest figure was 240 p.p.m. (brain 70 
p-p.m.). 

Neither the fresh tissue nor the original fat values were 
estimated in the addled eggs from white tailed eagles. 
Sometimes the water content was as low as 8 per cent 
(normally 70-75 per cent in fresh hen eggs). The values 
based on the fat content of these eggs are probably more 
reliable and we only report such figures. The levels, 
although high, were only 1/25 of those of the eagle fat. 
The residues of e DDT and PCB in the guillemot eggs were 
about 50 per cent lower than those in the white tailed 
eagle eggs. The guillemots are vagrant in winter but most 
of the central Baltic population is believed to remain in 
the Baltic area the year round. It is not known whether 
the population is decreasing, but no drastic decline has 
been reported. 

All species mentioned here (except mussel) are more or 
less vagrant, thereby giving a picture of the situation in a 
large water area. A relatively few analyses on a vagrant 
animal may not give a very accurate picture, but when 
different species are shown to contain more residues in 
the Baltic than in the North Sea and the Atlantic, the 
situation is more convincing. 

In the Baltic proper, the Gulf of Bothnia and in the 
archipelago of Stockholm, the levels of chlorinated hydro- 
carbons are approximately ten times greater than the 
reported sparse figures for comparable species in the North 
Sea area and the Atlantic. This may be caused by several 
factors. The Baltic is surrounded by large areas of land 
and the water volume is comparatively small. Further- 
more, the water exchange with the North Sea is very 
limited as a consequence of the thresholds (18 and 8 m 
deep) and the narrowness of the Danish sounds, Residues 
brought into the Baltic from the coasts and from air 
pollution will accumulate here to a great extent. This 
development is no doubt favoured by a generally low 
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microbiological activity because of very low temperatures 
of the intermediate Baltic “winter water” during most of 
the year, and also of the deep water layers in the northern 
areas. As a consequence of the rather cold winter, 
this is also largely true for the upper surface layer. 

The brackish water character of the Baltic also favours 
a concentration of residues in living organisms. The 
substances in question are probably more readily trans- 
ported in a horizontal direction by living matter from fresh 
water to the low salinity surface water ( frequently 5-6 
per mille or less) of the archipelagos and along the Baltic 
coasts. In the North Sea, the discrepancy between the 
salt seawater and fresh water especially when combined 
with the effect of the tidal movements can result in a 
faster decomposition of freshwater organisms and of 
organic matter, including the chlorinated hydrocarbons. 
The increased and more immediate contact here with the 
microbiological activity located in the bottom material 
may be important. Furthermore, there is in the Baltie 


salinity up- 
In the warm season, 


currents, the vertical water exchange and movements 
are more or less blocked. The contact of sinking organic 
matter with the bottom material is thus to a great extent 
delayed. In the discontinuity layers of the Baltic Sea, 
living and dead plankton and other organic matter are 
concentrated, as a consequence of differences in the 
specific gravity of the water. The layers mentioned are 
important feeding areas for plankton and pelagic fish such 
as herring and sprat. In the Sound, in the archipelago of 
Stockholm and m the Tdefjord, local sources of pollution 
can be important as the residue levels indicate. 

We thank Mrs Kerstin Widmark, Mr Bruno Nueci, Mrs 
Elsa Nucci, Miss Gunnel Blomkvist and Miss Margareta 
Östberg at the Institute of Analytical Chemistry, the 
University of Stockholm. We also thank Mr Werner 
Berg and Mr Bengt Wallin at the Museum of Natural 
History, Stockholm, for their help in this work. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Can Solid Hydrogen condense on 
Interstellar Grains? 


Iv has been suggested}? that the temperatures of some 
interstellar grains may be low enough for the condensation 
of solid hydrogen on their surfaces. The questions of 
grain temperature and vapour pressure of solid hydrogen 
are re-examined here, and it seems highly unlikely that a 
significant amount of solid hydrogen can exist in inter- 
stellar space. 

The lowest temperature for various types of grains 
which can reasonably be achieved in the most extreme 
regions of low radiation density is about 4 K (unpublished 
work of J. M. G.). This is for a silicate grain the emissivity 
of which in the microwave region is the largest possible 
consistent with its size to wavelength ratio. All other 
grain models lead to temperatures significantly higher. 
It is conceivable that as a result of anomalously low 
absorptivity in the ultraviolet there may be silicate type 
grains in normal regions of interstellar space the tempera- 
tures of which are still lower. But in no case is it possible 
to decrease the grain temperature below the microwave 
background temperature of 27 K. If the universal 
temperature is below 27 K it may be possible for solid 
hydrogen to condense but only on grains with an exceed- 
ingly low ultraviolet absorption. It is interesting and 
important to note that if these highly special grains are 
embedded in a dense cloud the radiant energy of which 
is shifted towards the infrared, then their temperature 
wil be higher than in normal radiation regions. 

The basic equation for determining grain temperature 
is 


f e(WRO)dA= f e(A)BOA,Te)dd (1) 
0 0 


where ¢(2) is the grain emissivity, f(A) is the distribution 
with wavelength of the ambient radiation field and 
B(i, Tz) is the Planck function for the grain temperature 

g- 

In normal conditions we ean use R(A)= WBO,7') 
with 7= 10,000 K and W=10-'4, and in dense clouds we 
may approximate R(A) by W'B(Q,7"), where 7’ 1,000 K 
and W’ = W(T/T' y =10-" in a cloud the optical extinction 
of which is of the order of Am=50 (unpublished work of 
J. M. G.). 

Equation (1) can be simplified by defining an effective 
emissivity at some temperature T by 


Es 
f aN BO TIO 
senl T) = = (2) 
f BOTAN 
9 


where 


f BOSTA = — T 
Q ran 


+ 


Combining equations (1) and (2) 
senl T) WT = cog( Tg) T's! (3) 
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For spherical grains e() is the absorption efficiency Qaws{A) 
defined as the absorption cross-section divided by ra’, 
where a is the radius. For very small grains (like the 
silicates which match the observed wavelength dependence 
of extinction and polarization, in a paper by J. M. G. at 
IAU symposium 36, 1969) the absorption efficiency is 
given by the Rayleigh approximation 


FEY A 


where m =m —im” is the complex index of refraction and 
x= 2ma/d is the size parameter. 

The condition for minimum grain termperature is met 
by a grain with low absorption efficiency im the visible 
and ultraviolet, and maximum emissivity in the infrared 
and microwave spectral range. For illustration it is 
adequate to let m’=1. Then for m*<<1 equation (4) 


yields 
2 lon a 
3 3 K 
and with equation (2) we then find 
16r of Ae > E 
cenl T) = (Qans> = EJ a 3°82 -—-- m” = å Bam T (5) 
5 Ye 
To maximize the microwave emissivity we write 
m?=e—iy, where e=m"?—m”™? and y= m'm” 
It then follows that 
Q 4x + 3y 
vf abs m TT eonenn 
At y=e+2 this attains a maximum value of 
(Gaps) max = ch ee ey (0) 
Eg a 
For all dielectric materials e> 1 so that 
(Gans) max <= 27 4na/ A {7} 


From a purely mathematical point of view the maximum 
emissivity obtained from equation (6) is 3” rather than 2x. 
This value is reached for m =m” = 1. In the case of metals 
this condition seems to be possible, but in the region of 
interest for our maximizing proceedure (microwaves) the 
values of m am” are much greater than one; therefore 
this case is only of academic interest. 
Now from equations (2) and (7) we find 


tea( 1’) m Qaba? Z < {Q ans) max? = 333a T's 


r 


Combining this with equations (3) and (5), it follows that 
44-3am" WT <33-347,' or MOS pongo 


where Av#1°3 Am and Am is given by Wien’s law. 

In order to reach a grain temperature as low as Ty= 4 RK 
it is therefore required that: (a) in the normal ambient 
radiation field (T= 104 K, W= 108) m” (4.000 ÅS 
10°; (b) in the “dense cloud” radiation field (7 = 10° K, 
W'=100) m”(Axv4u) s10. Even though we have 
assumed the maximum emissivity throughout the whole 
microwave region the upper bounds of the absorption 
part of the index of refraction in the visible (@) and 
infrared (5) are quite low. 

Returning to the question of the condensation of Hy 
molecules, we refer to Table 1, in which we show the vapour 


Table 1. VAPOUR PRESSURE OF SOLID PARARYDROGES 


T(K) P imm Hg) P idynes emo?) PiFemp 
2 3-98 x Jü- 628 « 1a 38x itt 
aad 1:28 x10! 1-64 » 10° 1-2 x 10¢ 
3 483 x 19-8 6-42 x 10-* 47 x 108 
4 2-08 x 10-7 2-76 x 107% D LO 
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pressure of parahydrogen in the range of temperatures of 
interest. The values in column 1 are adapted from 
unpublished work of J. C. Mullins et al.; these compare 
well with values calculated from data given by van de 
Hulst®. Wickramasinghe and Reddish! derived their 
vapour pressure data from an interpolation formula given 
by Barber and Horsford‘ which is valid in the temperature 
range between the triple point (13-8 K) and the boiling 
point (20-3 K) of equilibrium H,. Their values differ 
from ours by a factor of 10° at 3 K. The same holds for 
a subsequent modification by Hoyle, Wickramasinghe 
and Reddish?*. 

The third column shows the vapour pressure relative to 
the pressure of H atoms in the ambient medium using 
n= 10 cem and T=100 K, which give Pamp= 1:38 x 10° 
dynes em~*, Only when this ratio is < (T/T)? ean con- 
densation possibly oecur. Actually this is a favourable 
estimate because it is equivalent to assuming that every 
H atom which hits the grain is converted to an H, mole- 
cule. The pressures which we have obtained in the neigh- 
hbourhood of 2 K may be off by 50 per cent in either direc- 
tion, but this is not critical to our results. 

Even at 2-7 K, which we presume to be the lowest 
possible grain temperature, the condition for hydrogen 
condensation is not met unless the number density of 
hydrogen atoms is greater than about 10° cm~. Such a 
density exists in collapsing clouds and it is only in this 
state of stellar formation that the condition for solid 
hydrogen formation is attainable. Solid H, might con- 
dense during the collapse of a dense cloud into a protostar, 
with a subsequent ejection of grains into interstellar space 
by radiation pressure as the star begins to generate light. 
But when the gas density is as high as 105 cm- the grain 
temperature is raised as a result of atomic collisions to a 
value well over 10 K (unpublished work of J. M. G.), thus 
again negating the possibility of condensation. 

We thank Dr M. Durieux and Dr H. F. P. Knaap for 
providing information on solid hydrogen. We also thank 
Professor van de Hulst for helpful discussions. This work 
was supported in part by the US National Science Founda- 
tion, by NASA and by the Netherlands Organization for 
Pure Scientific Research. 

J. M. GREENBERG* 
T. DE JONG 
Leiden Observatory, 
Netherlands. 


Received August 4; revised August 13, 1969. 
* On leave from Rensselaer Polytechnic Institute. 


* Wickramasinghe, N. C., and Reddish, V. C., Nature, 218, 661 (1968). 

t Hoyle, p Wickramasinghe, N. C., and Reddish, V. C., Nature, 218, 1124 
{1968), 

* Van de Hulst, H. C., Rech. Astr, Obs. d'Utrecht, 11, part 2 (1949). 

* Barber, ©. R., and Horsford, A., Brit. J. Appl. Phys., 14, 920 (1963). 


Synchrotron Model for Pulsars 


THE measurements of the elliptic polarization of pulsar 
CP 0328 by Clark and Smith! at 610 MHz and 240 MHz 
show a clear variation of the elliptic polarization during 
the course of each pulse. The polarization changes from 
right to left handed ellipses through a stage of linear 
polarization near the peak intensity of each pulse. As 
pointed out in ref. 1, these characteristics are typical of 
synchrotron emission from a well-collimated beam of 
electrons if we adopt the rotation model for the pulsar. 
Now suppose that extremely relativistic electrons with 
an energy distribution are in circular orbits gyrating in a 
uniform magnetic field. In a plane perpendicular to the 
circular orbits of electrons with a given energy Æ, the beam 
width A of the emission to the half power points is given 
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showing that the beam width depends on the energy of 
the emitting electrons. On the other hand, the synchro- 
tron emission from an ensemble of electrons with a power 
law energy distribution gives a continuum, and the 
electrons in distant energy ranges contribute to distant 
frequency ranges. The beam width should therefore be 
a function of the observed frequency. 

The effective frequency is given by the energy of 
electrons in circular orbits as 


fmety (2) 


Where fu is the gyrofrequency for the non-relativistic 
electrons. Thus we have from equation (1) 


Ax fifa) (3) 


The approximation is good at least in the case of an energy 
distribution with a power law exponent of —3. 

Accordingly, we may expect that the duration of each 
pulse from a pulsar depends on the frequency if the 
synchrotron and rotation model is correct so that the 
duration is longer at lower frequencies. It would be 
desirable to measure the pulse shape and polarization at 
two distant frequencies in order to test the model proposed 
by Clark and Smitht. This suggestion should be tested on 
pulsars whose elliptic polarization changes remarkably 
during the pulse, because there may be pulsars whose pulse 
is @ superposition of unresolved shorter pulses from 
several sources so that both the change in elliptic polariza- 
tion and the frequency dependence of the duration of the 
pulse may not be clear. 

Incidentally, if the pitch angle ọ of the electrons is well 
defined around 9 = 90° as assumed, we can expect strong 
negative absorption (amplification of waves) due to a 
term d9(é@N(e,¢)/0g) in the absorption coefficient?, even if 
N(e,9) has a negative slope in the extremely relativistic 


According to 
Twiss’, Wild et al.4 neglected this term, concluding 
incorrectly that the amplification of synchrotron radiation 
is not possible. 
Suppose that 
N (e.p) = Ge-vg(¢) (4) 
where the pitch angle distribution g(9) has a maximurn at 


p= 7/2, 1s symmetric about o = 7/2 and has a very narrow 
width x, as given by 


l x 
g= = (1 =>), for Osasu 


Ly w Aal 
(5) 
MN l eS 
Gojoe h for OF aS — ay 
Zo > Ko 
where 
x=9— > and g(p) is zero for |a| 2 æa; J g(gide = | 
et { 


We shall consider the self absorption of the synchrotron 
emission in a direction 0 = 7/2 : 0 is the angle between the 
magnetic field and the ray direction. If «, is smaller than 
A given by equation (1) in the electron energy range under 
consideration, the efficiency of absorption (or emission) 
is nearly Independent of the pitch angle of the electrons. 
In this case, a sufficient condition for the absorption 
coefficient for 6=7/2 to be negative is approximately 
given by (see refs. 3 and 4; in ref. 3 a factor (E-m 64)-! 
is missing in the term 0.N/é¢ in equation (45)). 


x Nlo caso ON (er : n 
Fi c) = f bS: ey nie oror ST > (6) 
G Of € H 
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Substituting equations (4) and (5), we have 


IG le j = A < aN 
F(e)= gyin | J — y l l _ ~ )+ wae -da = 
Xo 0 ' \ Xo/ Xo! 
il+y i 
ost { 1) a A 
2Ge i 9 ty (4) 


Inequality (6) reduces to 
y<l (5) 


Amplification is therefore possible if y <1. This exponent 
disagrees with the exponent of y~3 derived from the 
spectral index of the pulsar without taking into account 
the negative absorption. But if amplification of the 
waves is really taking place at the pulsar, the observed 
spectral index is not necessarily the same as that of 
the emission. 

The term 8¢(dN(e.—)/0p) leads to negative absorption 
as follows. If 6=7/2 as before, the pitch angle 9 of 
electrons approaches 7/2 after the absorption of a quantum 
hf, that is |a| decreases, while |æ] increases when the 
electron emits the quantum towards §=7/2. On the 
other hand, the population of electrons is a maximum at 

=7/2. Stimulated emission therefore dominates over 
absorption, leading to the amplification of waves. 

If 6=7/2+ A0 and | A6| < xo. a factor cos ọ in the in- 
equality (6) has to be changed to (cos 9 —cos 6) ~ —a+ A9, 
leading to the same results as given by equation (7) and 
inequality (8). 

If x, is larger than A given by equation (1) and 6= 7/2, 
the integration range of equation (7) is from 0 to A 
approximately, so that inequality (8) reduces to 


A I7 A. 
(ar f 2——}, &> å (9) 
Xo f N Xo/ 
. 
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The possibility of wave amplification is of great advant- 
age to the synchrotron model to account for the extremely 
high brightness temperature required for the small source 
of the emission. If the negative absorption is strong, 
however, the lifetime of the electrons becomes quite 
short due to the efficient emission. Acceleration of 
electrons could be of the betatron type by which the 
pitch angles of electrons may increase to have a well 
defined distribution around ẹ = 90°. 
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Internal Motions in NGC 5128 


Durinc the past 2 years, NGC 5128 has been observed 
with various techniques at the 154 em reflector in Bosque 
Alegre (Astrophysical Branch of the Observatorio de 
Córdoba). The aim of these observations was to measure 
the radial velocity field for emission and absorption lines 
in this galaxy in order to find whether there is relative 
motion between gas and stars as represented by the emis- 
sion and absorption lines respectively. Previous work 
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Fabry-Pérot interferogram velocities (km s) on NGC 5125. 
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Fig. 2. Velocities of absorption features on a spectrum taken perpen- 
dicularly to the dark lane. ©, G-band,; @, K; x, Hé 


on this subjecti- has given no definite results because of 
the difficulty of getting well exposed spectra simultane- 
ously showing emission and absorption lines with moderate 
dispersion. Here I present some results. 

Carranza and I‘ have discussed the velocity measure- 
ments for 80 points based on three Fabry—Pérot inter- 
ferograms covering the dark lane and the brighter areas 
of the E-component (Fig. 1). The main results of this 
research are: (a) Hz emission has been detected in ob- 
secured as well as brighter areas in the dark lane, and 
also in the southern half of the E-component. To the 
north of the sharp rim of the dark lane the Ha emission 
decreases abruptly. (b) There is a systematic trend in the 
velocities, increasing from 200 km/s in the preceding to 
700 km/s in the following end of the dark lane. The 
maximum general gradient is along the direction of 
position angle 130°. (c) A velocity curve resulting from 
averaging the measured velocities on 50” x 30” rectangles 
along the line of maximum gradient was traced, and 
from it the mean radial velocity defined by the sym- 
metry point of the curve was found to be + 464 + 50 km/s 
(uncorrected for solar motion, as are all velocities in this 
article). (d) There is evidence of turbulence in the central 
bright areas of the dark lane. 

Several spectra of NGC 5128 have been taken since 1964. 
I discuss here those from the nebular spectrograph with 
an attached Carnegie image tube. The combination gives 
a dispersion of 145 A/mm in the first order (red region) 
and 77 A/mm in the second order (blue region). Prelimin- 
ary results from two spectra crossing the dark lane and 
one along it are as follows. (a) The radial velocity of the 
emission lines along the rotation axis is + 462+25 km/s, 
resulting from measurements of the following individual 
lines: [OIT] 243727 (+490 km/s), Ha (+411 km/s), and 
[NIT] 26548 (+484 km/s), in agreement with the inter- 
ferometer results for Ha. There is evidence in the emis- 
sion lines of great turbulence and correlation of high 
velocities with the brighter areas along the spectrum 
taken on the rotation axis. Moreover, Ha is fainter than 
[NIT] 26584 on the dark lane, while the opposite state 
of affairs holds on the bright northern part, suggesting 
different excitation mechanisms. In the spectrum taken 
along the dark lane, the tilt of Ha and [NIT] 16584 is as 
expected from ref. 1. (b) The following absorption lines 
have been measured above, on and below the dark lane 
at a total width of 5’5, in the direction of the rotation axis: 
H9, Hy, Ht, K, the K-H peak, H+He, H6, the g and 
G-bands and 24385 Fel. The lines H8, K and the G-band 
were used to compose the velocity curve shown in Fig. 2. 
These lines are supposed undisturbed by non-stellar 
features, unlike others of the hydrogenic series which are 
probably mixed with the emission lines coming from the 
gas. The two most noticeable features on the velocity 
curve are the discontinuity on the sharp northern rim of 
the dark lane and the smooth curvature of both branches 
toward negative velocities. The discontinuity in radial 
velocity reaches about 800 km/s and is confirmed in the 
other spectrum. 
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These observations suggest that the E-component is. 
surrounded by a rotating gaseous ring as proposed by 
Burbidge and Burbidge’ although without the systematic 
falling inward that these authors found. On the other 
hand, dark matter and stars in the dark lane are moving 
away and to the north of the E-galaxy at a rela- 
tive speed of 1,000 km/s. Tidal effects on the south edge 
of the dark lane and the south half of the elhptical com- 
ponent are apparent in the curvature of the southern. 
branch of the velocity curve in Fig. 2. The northern rim 
of the dark lane is the nearer, approaching side of an 
object which is separating from the E-galaxy. 

If the gaseous envelope rotates around the composite 
object, the total mass of NGC 5128 is of the order of 
5:3 x 10"! solar masses, as deduced from the rotation curve 
in ref. 4. The mass luminosity ratio is W/L=33 solar 
units after using the absolute photographic magnitude 
given in ref. 5, 

This work was supported in part by the Consejo Nacional 
de Investigaciones, Argentina. 
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Comments on the Earth’s Figure 


OsmastTon! has pointed out that core convection might. 
have important consequences with regard to the Earth's 
figure and continental drift, and that it is an extremely 
powerful cause of oblateness. He suggests that observa- 
tions of J, might indicate the amount of change in the 
magnetic field in the core and therefore the amount of 
core convection. He seems to be saying that the angular 
momentum of the Earth can be expressed as 


L=C,0,+ Lat Cyw, (1) 


where C and o are the polar moment of inertia and angular 
velocity and 1, 2, 3 refer to the inner core, outer core and 
mantle respectively. The mantle and the crust are assumed 
to be rotating at the same speed; the transfer of angular 
momentum between solid and fluid parts of the Earth 
of this kind has also been suggested by Munk and 
MacDonald’. 

Osmaston defined the effective moment of inertia Ce of 
the whole Earth about its rotation axis as the quantity 
which satisfies 

L= Cat, (2) 
Consequently 


l 
Ce = 0, = +ly— +, 


Gy tg 


(3) 


This definition of the moment of inertia is fundamentally 
different from the definition in the Oxford English Dic- 
tionary? and from the generally understood concept of 
moment of inertia as used in dynamics. The moment of 
inertia about the z-axis is strictly defined as 


C= fy pl? ty’) V 


Clearly the first two terms of equation (3) do not satisfy 
the definition. There is nothing particularly disturbing 
about this redefinition in itself except that it causes a 
conflict in the argument. 

Later in his paper Osmaston suggests that observations 
of the J, of the Earth and the retardation of the angular 
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velocity of the mantle and the crust could possibly throw 
some light on his hypothesis, where 


and M and a, are the mass and the radius of the Earth. 
Observed changes in C — A, however, would not necessarily 
be directly related to the effective moment of inertia Ce. 
For example, vertical motion in the core will change L, 
and hence Ce, but not necessarily C— A. It is possible to 
imagine changes in A that would mask changes in C, 
but this is not very likely because most ways of redistri- 
buting mass to increase C would decrease A. Osmaston 
has suggested searching for a change of J, of a part in 104 
over a 30 year period by satellite observations. Both 
Kozai‘ and Iè have already tried to investigate the 
stability of J} My investigation covers a 5 year period 
and implies that there is no evidence for changes of this 
magnitude. I found J, to be stable within one part per 
million over the 5 year span. Consequently changes of 
the kind suggested by Osmaston would have been detected. 
STEPHEN J. PaDDACK 
NASA, 
Goddard Space Flight Center, 
Greenbelt, Maryland. 
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Small Earthquakes in Victoria Land, 
Antarctica 


ALTHOUGH no significant earthquake has ever been located 
on the Antarctic continent!, the occurrence there of 
small magnitude events has been recognized for some time. 
Hatherton? reported some hundreds of small earthquakes 
recorded at Scott Base during the International Geo- 
physical Year, and he and Evison? found strong evidence 
that many of these originated from the calving of ice- 
bergs from the Ross Ice Shelf. Similar activity of low 
magnitude has been reported from Wilkes Station‘. 

The installation of a Willmore seismograph at Vanda 
Station early in 1969, at a distance of about 120 km 
WNW from Scott Base, has enabled for the first time some 
minor earthquakes in the Antarctic to be recorded at more 
than one station and located, albeit roughly. From its 
installation on January 12, 1969, until February 17 (the 
date of the last record shipped out before winter), twenty- 
seven local events were recorded at Vanda, for which 
both P and S phases could be identified. During this 
period of late summer, the microseismic noise at Scott 
Base is greatest, but nevertheless, for nine of these events, 
P and S phases giving consistent origin times could also 
be identified at Scott Base. 

These nine located events were all closer to Vanda than 
to Seott Base, and the three component seismographs 
at Scott Base showed that they were to the north rather 
than at the alternative position to the south-west. Table I 
gives the positions found, assuming Jeffreys—Bullen 
velocities, and surface foci. For foci at the base of the 
crust, the corresponding epicentres would be displaced 
about 20 km northwards. The epicentres should not be 
considered accurate to more than about 25 km, but the 
north-south spread as shown by the two groups of epi- 
centres in Fig. 1 is real. No significance should be attached 
to east-west lineations of earthquakes. 


i 


‘| Mt Melbourne 





Fig. 1. Victoria Land coast, with positions of located earthquakes 
shown by stars, 


All magnitudes assigned are in terms of Richter’s local 
magnitude Mz, with those at Vanda being derived from 
an equivalent scale used at Wellington for vertical Will- 
more seismographs, and those at Scott Base being deter- 
mined direetly from the S wave amplitude on the hori- 
zontal components. The S wave magnitudes at Vanda 
are on the average 0-8 unit higher than those at Scott 
Base, because of the unusually prominent S phase re- 
corded at Vanda, discussed below; the Scott Base magni- 
tudes, ranging from 2-4 to 3-1, are probably more relisble. 

Fig. 1 shows the epicentres and the positions of the 
stations, and Fig. 2 a histogram of S~P intervals at Vanda 
for all twenty-seven recorded events. There is a prominent 
grouping of S-P about 29 s, corresponding to shocks 
about 250 km from Vanda. Scott Base readings show that 
these earthquakes are near 75°3° S and between 160° and 
163° E, close to the David Glacier and the Drygalski Ice 
Tongue. The southern group of located events, near 
76-0° S, is not near any extensive ice field. 

Fig. 3 shows Vanda records for three of the larger 
events, and Scott Base records for one of these. For most, 
but not all, events recorded at Vanda the S wave has a 
strong, cyclic form which generally lasts for several cycles 
with a period of about 0-8 s. At Scott Base the S phase is 
more complicated, which is usual for shallow earthquakes. 


EARTHQUAKES LOCATED FROM P AND S PHASES AT SCOTT BASE 
AND VANDA STATION, FOR ASSUMED SURFACH FOOT 


Table 1. 


Grigin Epicentre Magnitude (Mz) 
January 1969 Lat. Long, Vanda | Ronit Base 
Date Time “Ss ° i P Pe 8 
12 12h17m10s 753 1804 3-2 a7 31 
13 15h 52m 50s 75-3 160%} PK 28 
17 04h 22m i128 TRG 1614 as a3 37 
24 3Oh14m 608 76-2 1614 3:8 TR 
27 20h23 m 465 7&1 1612 2-4 Bed 
36 U7 hOB mls 752 181 3-4 2-8 
380 iih30üm 146 75-3 1604 3-2 BS 
31 I4h20m 27s 75: 183 3-7 Hey 
31 20h39m 4238 76-1 150} a8 3-6 3.9 


No. of evenis 


Ro 


15 20 25 30 B35 40 45 
S~P (8) 


Fig. 2. Histogram of S~P intervals for the twenty-seven local events 


recorded at Vanda, 


The prominence of the S phase at Vanda must therefore 
be due to its path rather than its source, and suggests 
some guiding action of a surface layer of unusual uni- 
formity. The path is, in fact, along young mountain ranges, 
unbroken by major geological inhomogeneities or sedi- 
mentary basins, whereas that to Scott Base traverses 
the western Ross Sea and McMurdo Sound, where there 
are likely to be great thicknesses of sediment and moraine 
as well as recent volcanic rock near Seott Base. 

During January and February 1969, there thus appears 
to have been a localized source of seismic energy about 
250 km north of MeMurdo Sound, with lesser activity 
extending southwards about 100 km. These earthquakes 
could have been caused by ice movement, for cracks in 
ice can produce shocks of the observed magnitude’, 

Another explanation is that the earthquakes are a 
swarm, such as occur in areas of recent voleanism in 
New Zealand’. These comprise numerous small earth- 
quakes, with no one shock of significantly greater magni- 
tude, and appear to comprise natural earthquakes in that 
they are unaccompanied by volcanic manifestations, and 
not closely related to present-day volcanic or geothermal 
activity. Young volcanism is present in Victoria Land, 
and geothermal activity has recently been reported from 
Mount Melbourne’, about 120 km from the earthquakes. 
From the observed occurrence of about one shock a day 
of magnitude 2, the usual magnitude—frequency relation- 
ship would lead to the expectation of several magnitude 4 
shocks a year, and one of magnitude 5 every few years. 
Such activity would not go undetected, and its absence 
supports the suggestion that if the earthquakes are not 
due to ice movement they are an earthquake swarm. 

A fault developed in the Vanda seismograph late in 
April 1969, but recording will be restarted there early in 
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Fig. 3. a, Earthquake of 1980, January 31, 14 h, recorded at Vanda. 

S-P 2948, b, Earthquake of 19690, January 31, 20 h, recorded at Vanda. 

S-P 2048. Earthquake of 1969, January 12, 12h, recorded at; e, 

Vanda; d, Scott Base, vertical component; e, Scott Base, n-s com- 
ponent; f, Scott Base, e-w component. 
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the 1969-70 season, when a temporary station will also be 
installed at Hallett, about 600 km to the north of Seott 
Base. This further study should throw more light on the 
nature of these earthquakes, which may be the first 
natural earthquakes to be located on the Antarctic con- 
tinent, as distinct from those accompanying eruptions 
on the Graham Land Peninsula. The existence of such 
small natural earthquakes, however, will not alter the 
fact that Antarctica is substantially less seismic than any 
other continent. 

I thank the seismograph operators at Scott Base and 
Vanda Station, K. G. Mandeno and S. K. Cuttield, and 
also W. L. Johns, who has helped greatly in the running 
of the Vanda seismograph. 

R. D. ADAMS 
Seismological Observatory, Geophysics Division, 
DSIR, 
Wellington, New Zealand. 
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Natural Radiocarbon Activity of the 
Dissolved Organic Carbon in the 
North-east Pacific Ocean 


THE “age” of the dissolved organic matter in the deep sea 
relative to its origin in the euphotic zone has been a 
matter of conjecture for some time! ?. Photosynthetic 
fixation of carbon dioxide into plant carbon by phyto- 
plankton and subsequent biochemical oxidation or solubil- 
ization of organic carbon takes place primarily in the 
upper 0-300 m of the sea. A small, as yet unknown, 
fraction of this organic carbon is transferred into the deep 
water by physical processes such as turbulent mixing 
and sinking of surface water at high latitudes. In addition, 
particulate organic carbon which sinks from the surface 
may be converted into dissolved organic matter at depth. 
In order to determine how “old” this dissolved organic 
carbon 1s, its natural radiocarbon activity has been 
measured for two deep-water samples taken off southern 
California. 

The dissolved organie carbon was converted to carbon 
dioxide (and subsequently to methane for radiocarbon 
counting) by photo-oxidation with high energy ultraviolet 
radiation’ (Fig. 1). Seawater was collected with a 100 1. 
stainless steel sampler and stored in 200 1. pre-leached steel 
drums lined with polythene (no increase in organic carbon 
was detected during the storage period before analysis). 
Pre-filtration to remove particulate organic matter was 
not necessary because its concentration was less than 
5 ug/l. The seawater was acidified to pH 2 with hydro- 
chloric acid, sparged free of inorganic carbon (99-97 per 
cent) with oxygen gas and irradiated in 601. batches for 
20 h. using a 1,200 W mercury-are lamp (Hanovia Engel- 
hardt ‘189 A’). The carbon dioxide so formed was 
sparged from the seawater with oxygen gas and trapped 
in strontium hydroxide as strontium carbonate, Com- 
plete oxidation was ascertained by comparison of the 
carbon dioxide in the irradiated seawater (detected by a 
Beckman model 15 infrared analyser) with the amount of 
carbon dioxide resulting from the wet combustion of the 
organic carbon in the seawater before oxidation®:*. The 
strontium carbonate was collected by filtration, washed 
with water in a nitrogen atmosphere and then dried 
in vacuo. 
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Fig. 1. Reactor for conversion of organic carbon to carbon dioxide. A, 200 L polythene-lined steel drum; BR, centri- 
fugal pump; Chi, 201, glass carboy containing acidified seawater; Ca same as Ca, containing seawater stripped of CO,: 
Ca same as C,, containing product from reactors (E); D,, glass stripping column packed with broken glass to remove 
inorganic CO.; Da, same as D, to remove CO, resulting from oxidation of organie carbon; Æ, 20 L glass reactors fitted 
with mercury-are lamps in quartz tubes: F, ballasts to power lamps: G, absorption traps containing activated charcoal, 
molecular sieve and ascarite: H, liquid and gaseous fowmeters; Z, Sr(QOH), absorption traps. The N, is used to tranater 
the seawater under positive pressure. AH stopcocks and glass joints are lubricated with 8&0 per cent H,PO, The 
acidified seawater flows into the top of column D, at 17 mL/min and O, enters through the bottom frit at 4,000 nil.jmin. 
After irradiation in the reactors Æ, the product CO, is stripped from column D, as in column J,, and absorbed in the 
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SOH) traps. 


The radiocarbon activity was determined by conversion 
of the earbon dioxide, derived from the strontium carbon- 
ate, into methane which was then counted m a 100 ml. 
counter similar to that described earlier’, at pressures 
between 1-0 and 1-4 atmospheres. The background 
counting rate was 0-415 c.p.m. and each of the samples 
was counted twice. The activity of the samples was 
compared with 0-95 times the National Bureau of Stand- 
ards oxalic acid. The results (Table 1) are expressed® as 
AHC where 





AMC fog = 8C. / oo ~ (2BC/ oo + 50) [I + Chee, 
1,000 


and the “age” equals 


l 
8.033 In Ep Anco! 

The 84C value is — 22-5°/9, an average of three earlier 
determinations on the dissolved organic matter in sea- 
water sampled at the same location and depth*. 

The “age” of the inorganic carbon at 2.000 m at 30° 04’ 
N, 118° 02° W was 2,194 + 70 yr in October 1959 (ref. 10) 
and 1,480+80 yr at 31° 53’ N, 119° 47’ W in July 1966 
(unpublished results of P. M. W.). The dissolved organic 
matter is significantly “older” than either of these ages, 
which implies that it does not follow the same path as the 
inorganic carbon from their origin at the ocean surface. 
In effect, the dissolved organic carbon, or some fraction 
of it, is recycled through the system and some “young” 
carbon entering the deep sea is converted directly to CO,, 
rather than to dissolved organic carbon (the average 
age of 3,400 yr will represent a mean value for the total 
dissolved organie carbon where some fractions are “older” 


Table 1, 
Sampling location 


30° 18-0’ N, 119° 49-0" W. Collected June 18, 1968. Bottom depth, 3,300 m 
30° 16-2 N, 110° 49-6’ W. Collected January 10, 1969. Bottom depth, 3,500 m 


and some are ‘‘younger’). The inorganic carbon may be 
“younger”, because solution at depth of biogenic calenium 
carbonate and oxidation of particulate organic carbon 
sinking from the surface effects carbon-14 enrichment 
of the inorganic carbon. Recent results on the carbon- 
13 : cearbon-12 ratios of the organic carbon in the oxygen 
minimum zone (200-1,000 m) in the Atlantic Ocean mdi- 
cate a contribution from biogenic carbon dioxide to the 
total inorganie carbon, which again may lower the “age” 
of the inorganic carbon. 

This apparent “age” of 3,400 yr for the dissolved 
organic carbon is also an indication of the amount of 
photosynthetically fixed carbon which enters the deep 
sea. The average amount of carbon fixed by phyto- 
plankters is of the order of 100 g/m*/yr (ref. 12), which for 
the world oceans (3-6 x 10 m?) becomes 3-6 10 g/yr. 
At 500 ug of carbon/i.. the total reservoir of dissolved 
organic carbon in the deep sea, 300 m to 3,800 m (mean 
depth of the oceans), is 6-3 x 107 g of carbon. Thus 


. . amount in reservoir (g) 
Residence time (yr) =v id 


input (g/yr) 
and 
rs 63x J0 g : eo 
Input = -= E S185 x FOM 
3,400 yr 
This means that 0-51 per cent of the fixed carbon (3-6 x 
108 g/yr) enters the deep sea in dissolved form assuming 
a steady-state situation. 

The fact that the dissolved organic carbon is 3,400 yr 
“old” in the north-east Pacific supports the hypothesis 
that this organic matter, or a large percentage of ib, is 
resistant to biochemical oxidation or bacterial utilization. 


give 


A tO ACTIVITIES AND AGE OF DISSOLVED ORGANIC ACID 


Depth Sample Total organic APC Age. 
collected (m) volume (L} carbon (ug/l) (tjat Eyr BP} 

1,886 420 400 ~ S51 + 27 3,470 + B86 

1,920 440 350 ~ B41 + 25 3.350 -t $00 
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Diagenetic Changes in Interstitial 
Waters of Holocene Lake Constance 
Sediments 


Many workers have investigated the chemical composition 
of interstitial waters in modern oceanic sediments', but, 
to my knowledge, no similar extensive investigations have 
been carried out on fresh water sediments. I have studied 
two sediment cores, 3-70 m and 3-80 m long, from the 
shallow “Untersee” Basin of Bodensee (Lake Constance), 
Central Europe (Fig. 1), representing an age of approxi- 
mately 2,000-4,000 years, if the present rate of sedimenta- 
tion in this area (1- -2 mim/year) is assumed’, 

The sedimentation process in the Untersee is governed 
by the deposition of carbonate rich clayey silt muds 
resulting from suspended load of the Rhine River, by cal- 
cite produced in the littoral zone by blue-green algae and 
aquatic plants®? plus organic material derived from these 
plants and the phytoplankton‘. Diatoms also occur, but 
are not very abundant. In most parts of the Untersee 
the sediment is black to grey due to the formation of 
FeS.nH,O and pyrite. The hydrochemistry of the Unter- 
see lake water changes seasonally’. The variations are 
shown in Fig. 2. 

Immediately after sampling, the interstitial waters 
were squeezed from the muds and subsequently analysed 
by the standard methods of water chemistry or atomic 

absorption spectroscopy. 

The mineralogy of both cores is about the same; the 
main constituent being calcite and munor constituents, 
clay minerals (illite, smectite, chlorite), quartz and feld- 
spars (both K-feldspar and Na-rich plagioclases), and 
dolomite. The total carbonate content, however, of core 
two from the ““Gnadensee” is at any depth higher (61-80 
per cent) than that of the other core one from the “Rhein- 
see’’ (44-64 per cent). This is also true for the content 
of organic material (about 4 per cent organic carbon as 
compared with about 2 per cent in core one). The clay 
fraction {<2 um) in core two is less than in core one. In 
both cores the upper parts have lower clay contents than 
the deeper ones. 

The water content of both sediment cores decreases 
with depth, but, in core one, water contents are always 
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higher at any depth than in core two. The electric con- 
ductivity of the interstitial waters increases with depth, 
at any depth the waters of core two showing higher values. 
Sodium content increases steadily with depth from 5-6 
to 20-5 mg/l. m core one and from 7-4 to 26-1 mg/l. in core 
two; it is thus almost quadruplicated from top to bottom 
in both cores and the increase is much higher with regard 
to the supernating lake water. Potassium content is 
always higher (about 1-5 to 2 times) than in the lake 
water; In core one a tendency seems to exist towards an 
increase with depth. Magnesium content clearly increases 
with depth m core one, less clearly in core two, the increase 
compared with the lake water being more than 50 per cent. 
Calcium content does not reveal systematic changes. In 
core one it is lower than in the lake water, in core two 
slightly higher. Strontium content shows the same 
tendency as the calcium content. In core one, again, 
the concentration 1s lower than in the lake water. N(NH,) 
content in the uppermost sediment layer is already about 
50-100 times higher in core one and about 150-300 times 
higher than in the Jake. A clear tendency exists in both 
cores (especially in core one) towards an increase with 
depth. The SiO content is also much higher in the inter- 
stitial waters (up to ten-fold), and no dependence on depth 
can be observed. In the uppermost parts of both cores the 
P(PO,) content is several times higher. It decreases in 
eore one to values similar to those found in the present 
lake water; in core two an increase with depth can be 
observed after reaching a minimum at a depth of 70 em. 
The chloride content in core one decreases more or less 
steadily with depth, and at the bottom of the core it 
reaches only one-third of the Cl found in the lake water. 
In the uppermost and lowermost parts of core two the Cl 
values are about the same as in the lake water; between 
0-70 and 1-70 m depth they are slightly lower. No SO, 
has been found in the interstitial waters of both cores. 
The HCO, content (not shown in Fig. 2) of core one is 
about twice as high, of core two twice to three times as 
high, as in the lake water and does not show dependence 
on depth. In some layers CO, could also be proved; 
pH values (not shown in Fig. 2) were found to vary between 
7-6 and 8-55, and no systematic change with depth was 
detected. 

The results show that in the fresh water sediments of 
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Fig. 1. Location of sediment cores one and two in the Untersee of Lake 
Constance, 
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Lake Constance the entrapped water is to a very large 
extent changed qualitatively and quantitatively. The 
interstitial waters found in the lowermost parts of two 
cores are in no way similar to the lake water above the 
sediments: the SO, content has been removed com- 
pletely and chlorine is depleted, whereas Na, K, Mg, 
SiO, N(NH,), P(PO,) and HCO, were increased considerably 
in the interstitial waters. In general, the concentrations 
obtained in core two--the sediments being richer in car- 
bonate and organic matter---are higher than in core one. 
The changes observed in the composition of the interstitial 
waters are due to reactions between minerals and the for- 
mer lake water and to the decay of the organic substances 
in the sediment. 

The following explanation for the different behaviour 
of the different ions in solution seems to be reasonable, 
although no definite statement can yet be made. The 
increase of Na and K is due to hydrolysis of feldspars; the 
increase in the Mg content is due te dissolution of dolomite; 
Ca and Sr contents are ruled by dissolution or precipita- 
tion of calcite; the lowering of the Cl content may be 
attributed to an uptake of Cl by hydroxides formed in the 
sediment and/or to an adsorption of the exchange posi- 
tions of clay minerals; the complete disappearance of the 
sulphate ions is caused by sulphate reducing bacteria 
producing H,S which, on the other hand, is connected 
with the oxidation of the organic carbon leading to an 
increase of the HCO, values; N(NH,) and P(PO,) are also 
liberated during deeay of organic matter; the increase 
of the SiO, content is mainly due to the dissolution of 
opaline silica (diatoms) and to some extent to hydrolysis 
of the feldspars. 

Investigations made in the meantime on a sediment 
core of 1:15 m length from Lake Balaton, Hungary, 
confirm in many respects the results of the Lake Constance 
investigations: the Na content of the interstitial waters 
of the Lake Balaton core increases (from top to bottom) 
more or less continuously from 18 mg/l. to about 75 mg/l., 
the Mg content from about 30 to 205 mg/l. 

The investigation of interstitial waters of fresh water 
sediments seems to be of use in the understanding of the 
Because the electrolyte 


with seawater, changes can be traced much better. 
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Interpretation of the Mossbauer 
Spectra of Marine Iron- Manganese 
Nodules 


M6SSBAUER spectrometry hus been apphed to the analysis 
of iron-manganese nodules by several research groups, 
and reports on these studies are beginning to appear in 
the literature!?, The general character of spectra of 
material from these marine concretions now appears to 
have been established. We wish to comment briefly on 
the interpretation of these spectra. Johnson and Glasby* 
have provided strong evidence that Fe** is present in 
fine grained particles of dimensions smaller than a few 
hundred Angstroms ; we reached the same view inde- 
pendently on the basis of our Méssbauer studies. Johnson 
and Glasby?, however, interpret their spectra in further 
detail in terms of the presence of a mixture of a-FeQOQH 
and y-FeQOH. To our knowledge, there is no independent 
evidence for the presence of y-FeOOH in manganese 
nodules. Fe%+ in manganese nodules, however, has been 
reported to be present in a number of mineral phases, 
including ferric manganite, the 6-MnQ, layers, nontronite, 
goethite, and, in particular, colloidal hydrated iron oxide*™. 

We therefore find it preferable to attempt to extend 
the general conelusions as to the occurrence of ferrie iron 
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in fine superparamagnetic particles in terms of a com- 
position based on the presence of these mineral phases. 
Accordingly, we wish to point out the similarity between 
the Mossbauer spectra of manganese nodules and the 
spectra of the iron oxide-hydrate gels reported by Van 
der Giessen®-* and of the hydrated ferric oxide polymers 
discussed by Brady et al’. 
It seems to us at present that consideration of the 
possibility of the presence of similar hydrated ferric oxide 
polymer material is not only more consistent with other 
data on the composition of manganese nodules, but also 
permits a more satisfactory detailed interpretation of their 
Mossbauer spectra. 
C, L. HERZENBERG 
D. L. Riney 

ITT Research Institute, 

Chicago, Illinois 60616. 
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Uses of Electrodes in Drying Fine 
Particle Coal 


Driers of the fluidized bed and centrifuge types have a 
wide appeal in the coal industry. Sueh plant is used m 
conjunction with preparation stages to improve the 
yield of saleable coal in graduated sizes and to separate 
a range of fine coal particles. In application a type of 
drier is used to suit local working conditions. Factors of 
cost, output and discharge wastes are balanced against 
permissible working states. In the case of centrifuge 
type plant with a high output at economical cost, an 
effluent of fine coal particles is discharged which limits 
application to the coal industry. 

Discharge wastes consist largely of fine coal particles 
of the range 50-20 um and less than 20 um suspended im 
water, together with a high level of ash content produced 
by disintegration of rock shale. Preparation working 
conditions favour a higher ash content in the finer coal 
particles. Drying in this case is difficult, for a feed of fine 
partiele sizes is difficult to handle when wet and un- 
economical in drying costs when compared with larger 
particle sizes. Also, existing types of drier display 
noticeable particle size discrimimation against the smaller 
particles, necessitating re-cycling of the material in many 
eases. Uneconomical aspects of finer particle coals in 
drying have resulted in large quantities being discarded 
and left in isolated sites throughout the coalfields. 

Weathering for some years produces an admixture of 
subsoil and coal particles at these sites, yielding an area 
at the site and adjacent to the site unsuitable for support- 
ing plant growth. Readings of pH value at these sites, 
from the surface to 1 m depth, showed an acid value often 
in the region of pH 4 to 5. Surrounding areas of up to 300 
mn from the sites showed largely consistent pH values in the 
region 6-5-6-8, which was attributed to the acid nature 
of rain in industrial areas. 

An area chosen for investigation was the South Wales 
coalfield where both anthracite and bituminous coals 
co-exist in the areas shown. 

From Table 1, values of pH for anthracite coal are 
characteristieally low in comparison to bituminous coal. 
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Table 1. EXAMINATION OF SITES IN SOUTH WALES 


M 7 Age of 
Site Tyre PH deposit Ref. O.S. map 
value (yr) 
Neath Bituminous 4-6 T SS7799 0.535.153 
Maesteg Bituminous 4-5 12 SIRDAL 0.858.153 
Seven Sisters Anthracite 6-3 9 SS8LO8 O.S.153 


The value of 6-3 was only marginally removed from pH 
values of the surrounding area in the region 6-5-6-7. 
All sites examined in the areas of Table 1 are subject to 
ji i h f a a aca RE . wat 3 5 se nae 

an atmosphere of gases such as SO, and H,S from extensive 
steel and oil refining industries situated on a coastal 
location for prevailing winds. Tests on rainwater in 


Colliery spoil of the type encountered at these sites is 
unsuitable for filtration. processes operated under low 
pressure because of the impurities found. Chiefly clay 
particles with aluminium hydroxide and ferric hydroxide 
foul such filters', Tests were made to establish the ash 
content of fine partiele coal. 


Table 2. ASH CONTENT RELATED TO PARTICLE SIZE 


Particle size Ash content Type 
(inches) 
1-$ 10 Bituminous 
§~1/16 27 Bituminous 
1/382~-0 38 Rituminous 


Disadvantages of high ash content, acid nature and 
high relative cost of drying have limited drying for fine 
particle size coal. Introduction of electrode methods has 
overcome most difficulties. Electrode driers favour an 
acid material to enhance conductivity while more dense 
packing due to fine particles has a similar effect. 

Exploratory work on discharge effects from a pointed 
steel electrode to a containing tank proved effective im 
comparison with direct conduction through the wet coal. 
Eleetrodes were connected in rows and immersed into an 
earthed steel tank containing wet coal particles. Potentials 
of up to 450 V a.c. were applied to each row of insulated 
electrodes from a three phase supply. Gaps of one imch 
to 24 inches were tested from the pointed end of electrodes 
to the tank. Using a potential difference of 250 V a.c. and 
a gap set of one inch, a high initial conduction occurred 
for 2 min, followed by a rapid drop in conduction, followed 
by a period of low conduction. Steam and hot water 
vapours produced at the lower levels of the tank passed 
upwards through the superimposed layers to escape at the 
surface. Optimum working conditions occurred when the 
coal surface was at 70° ©. Further moisture loss occurred 
on passing the hot coal through a steel drum 40 feet long 
rotating slowly. 


Table 3. MOISTURE REDUCTION RELATED TO INPUT MOISTURE (ELECTRODE 


DRIER). DAF BASIS 
Moisture Moisture Moisture 
Type input emptying after drum 
(per cent) (per cent) (per cent) 
Anthracite 28 24 18 
Bituminous 27 21 16 
Anthracite 12 12 8 
Bituminous 13 ii 7 


Comparison shows electrode drying to be as effective 
as existing methods in most cases, using plant of one-third 
the capital cost and high output with no discharge 
products. 

Vital factors of economy favour electrode drying 
because the process is portable. Working isolated sites 
involves costs of loadmg and transport which offset 
the economy of existing driers. Electrically operated. 
electrode drying gives figures, in comparison, higher than 
average—in the region 0-4 to 0-6 B.O.T. units per pound of 
water removed (particle size 50-20 um). 

Further advantages were recorded in preservation of 
calorific value by electrode drying. Thermal drying in an 
oxidizing atmosphere lowers calorific values by oxidation 
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Electrode drying im a reducing 
oxidation effects 


surface. 
steam 


of the coal 
atmosphere of 
siderably. 


removes Cor- 


Table 4. CHANGE OF CALORIFIO VALUE ON DRYING 


Calorific Calorifii Change 


Type of value valne (BTUjpound, 
drier (1) (2) DAF basis) 
Fluidized bed 12,700 12,200 500 (loss) 
Electrode 12,700 12,600 100 (loss) 


Economy is affeeted in all processes by loss of calorific 
value on drying. 

Electrode drying is thus effective on fine particle sized 
coals and, on balance of all factors involved in drying. 
is economical in comparison with existing methods with 
wider application. 

D. FARRADAY 
21 Kenway Avenue, 
Cimla, 
Neath, Glamorgan. 
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Photoelectret Mechanism of Long 
Range Transmission of Structural 
Information 


Tue long range effect of solid surfaces in various hetero- 
geneous has detected and studied in 
detail':*. Crystals are deposited in a preferred orientation 
on surfaces of solids covered by a diffractionally amor- 
phous interfacial layer (up to several hundred Angstroms 
thick). This occurs on deposition from solutions*, cath- 
odie sputtering’, thermal condensation® and on selective 
deposition of charged colloidal particles*. Biological 
systems’ and immunobiological reactions? have also shown 


been 


pr ICCSSCS 


long range effects. 

{xperiments performed in this laboratory have indı- 
cated that information is transmitted through amorphous 
interfacial layers by the electret mechanism. The electret 
state will occur only in interfacial layers when sufficiently 
strong electric fields are present, and various investigations 
with electron microscopes have confirmed the presence 
of a variety of charged point defects and their assemblies 
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on the surface of ionic and semiconductor crys 
Ith alkali halide ery stalg?”. The electric field 
these defects may reach hundreds and thousands ! 
kV/em over atomic dimensions, which would be sufficient 
to induce internal polarization in interfacial layers Phe 


polarization structure of interfacial lavers reflects the 


Intensity f 


distribution of potential on the surface ot crystal sub 
For example, the contact side of an 

and then detached 
single sihcon erystal with a surface 
the electrophysical properties of the 
This “electrical memory” of intertacial carbon layers can 
be explained by the induction of electret polarization 
Direct experiments have shown'* 


plastic 


Strates, ntertacial 


carbon layer deposited on, irom, ü 
p-n junction copies 


silicon surfaci 


structures in the layers. 
that “remembering structural 
films may be explained by the thermoelectret mechanism. 


miormation by 


In interfacial films of polyvinyl chloride which exhibit 
thermoelectret properties, the influence of electric fi lds 
due to charged point defects apparently produces a stable 
orientation of the dipole groups of chain molecules. These 


groups “remember and transmit the structural intorma 
tion. 
The present work was designed to test whethe 


trans 
mission of information is due to the photoelectret state 
occurring m some interfacial layers 
were prepared from 
pres iously been shown to exhibit photoelectret properties*” 
Fresh cleavages of synthetic NaCl crystals were used as 
of NaCl crystal surfaces 
through selenium 
studied by 
surface 


Interfacial las ers 


amorphous si ienium. which has 


active substrates, and the ability 
to transmit structural information 
layers, prepared in various conditions, 
crystallizing anthraquinone the selenium 
The same reaction had been used earlier for determining 
the electrical exhibiting 
thermoelectret properties** 
Chemically pure selenium was í 
molybdenum boat in vacuum 5 x 10 
evap ration rate was approximately 150 A/s and the film 


WAS 
O 
structure of interfacial lavers 
Vaporated trom i 


torr at 300° C. The 


thickness was determined by the use of a calibrated quartz 


crystal microbalance. During evaporation, the NaCl 
crystals were maintained at room temperature their 
distance from the evaporation source varied m thi range 
7-10 em. and a cassette, mounted in the vacuum chamber, 
kept the specimens in darkness during evaporation. The 


amorphous state of selenium was controlled by diffraction. 
A portion of selenium layers, some detached from sub- 
strates. were illuminated by an incandescent 170 W lamp, 
30 cm from the object, using a light filter trans 
mitting in the region 400-500 nom which to 
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Fig. 1. 


Fig. 2. 


Fig. 3. On contact side of selenium layer detached from NaCl. 


On NaCl cleavage surface through amorphous selenium layer 200 A thick. 


(in NaCl cleavage surface. O50). 


A rol, 


Deposition of selenium and anthraquinone in darkness, a-f 
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Fig. 4a 
Fig. 4. 
Fig. 5. 


the light sensitivity of selenium. Anthraquinone was then 
sublimated at 130° C, 18 em from the substrate, for 5-8 
min. The selenium layers were stripped from the sub- 
strate by means of a polyvinyl chloride ribbon and the 
contact sides were examined by reflexion in a metallo- 
graphic microscope. 

Crystallization of anthraquinone directly on the NaCl 
surface gives rise to a biaxial texture consisting of regular, 
linear, needle shaped crystals with <110> NaCl < 001 > 
anthraquinone (Fig. 1). The length of the crystals is 8-40 
um and the deposition density ranges from 5x 10° to 
| x 10? /em?. The biaxial texture of anthraquinone 
erystals persists when they are deposited on a layer of 
amorphous selenium approximately 200 A thick (Fig. 2), 
but their size is reduced by a factor of three to five and 
the crystals become somewhat curved. Their density ts 
3x 10°-5 x 10*/em*, and the degree of orientation remains 
fairly high. It should be emphasized that the presence 
of light during sublimation does not effect the orientation 
of anthraquinone crystals deposited on the interfacial 
layers. 

Cry stallization of anthraquinone on the contact side 
of a selenium layer, stripped from the surface of NaCl 
crystals, normally leads to two characteristic types of 
erystallization picture. Firstly, needle shaped crystals 
of anthraquinone are formed, similar to direct deposi- 
tion on NaCl, and secondly, rhomb-shaped crystals arise. 
The conditions under which the selenium layers are pre- 
pared, particularly the influence of illumination, are very 
important. When preparation of the selenium layers and 
sublimation are both carried out in darkness, the anthra- 
quinone crystals are positioned randomly (Fig. 3); also 
crystals shaped as rods and rhormbs oecur. In local regions 
of the surtace, the density of needle-shaped ervstals is 
| x 105-8 x 10°5/em?* and that of rods and rhombs ts 1 x 10°— 
7x 10%/em*?. The lack of orientation that the 
contact side of selenium layers which have been prepared 
without preliminary illumination does not “remember” 
any orientational information about the surface of NaCl. 
This may be explained by the fact that the dark photo- 
conductivity of amorphous selenium is very low'®, and 
without pre-illumination, no persistent photopolarization 
in selenium layers occurs. When the films remain on the 
surface of NaCl crystals, polarization is Induced in them. 
When the layers are stripped from Natl, this unstable 


suggests 


structure depolarizes, causing random erystallization of 


anthraquinone on the contact side of the layers. Prelim- 
inary illumination of non-detached selenium layers by 
scattered light leads to the DCCUrr rence of photoelectrons 
and hence to the formation of the photoelectret state, 
This accounts for the “memory” of structural information 
by the layer. A biaxial texture of needle-shaped anthra- 
quinone crystals is formed on the contact side of pre- 


Fig. 4b 


On contact side of pre-illuminated selenium layer detached from NaCl, a, » 
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250; 


On contact side of selenium layer detached from NaCl and then illuminated. x 250 


illuminated selenium layers (Fig. 4a. 4b). (On some regions 
of the layer, oriented rhomb-shaped crystals also appear.) 
The size of needle-shaped crystals is about 10 microns, and 
their density ranges from 8&8 x 10° to 4x L0%/em*, If the 
stripped layers are exposed to the light of an incandescent 
lamp or to sunlight, depolarization occurs and the “‘mem- 
ory’ disappears, resulting in erystallization of anthra- 
quinone without any preferential orientation (Fig. 5). 

These experiments indicate that the transmission of 
structural information through amorphous photoconduct- 
ng interfacial layers proceeds by the photoelectret mech- 
anism. This suggests that the active centres of crystalline 
substrates and their assemblies, which are responsible 
for oriented crystallization, bear electric charges. Thus 
the active surface of crystals is generally a charged surface, 
and the eritical factor m oriented crystallization is the 
charged defect structure. The fact that amorphous inter- 
facial layers can copy the electrical properties of erystals 
by the photoelectret mechanism enables these layers to 
be used as electrical copies of the surface. From one and 
the same matrix, which can be preserved, one may obtam 
a great number of copies and carry out different hetero- 
geneous reactions with them. 

These resultsmay have a general significance. In biological 
systems, transmission of information cannot be explained 
in terms the detection of the 
electret state in interfacial layers suggests a new approach 
to understanding long range effects and the mechanism 


of Coulomb forces!’ and 


of migration of energy im these systems. 
G. i. 
VV. G 
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Thermal Stability of y-Ferric Oxide 


Ferric oxide may exist in either of two stable crystal 
modifications at room temperature. The «-form, hematite, 
has a rhombohedral lattice with a,=5-4228 A and «= 
55° 17’, whereas the y-form, maghemite, has a structure 
which closely approximates to that of a defective inverse 
spinel’. In terms of the inverse spinel structure, the mag- 
hemite lattice contains 2§ cation vacancies per unit cell 
and the corresponding unit cell content ts Fesi} 
where Q signifies a cation vacancy. 

The distribution of the vacancies over the twenty-four 
available lattice sites has been the subject of several 
publications!-*. From measurements of the saturation 
magnetization, Néel? concluded that the cation vacancies 
are normally distributed only over the 16d sites. Further- 
more, several investigators ®* have attributed the extra 
reflexions found in X-ray powder diffraction patterns to 
the formation of a superstructure caused by some ordering 
of vacancies among these l6d sites. In these circumstances 
the maghemite unit cell is tetragonal. Takei and Chiba’, 
however, have shown that it is possible to grow y-Fe,Q, 
films epitaxially on an MgO substrate in the temperature 
range 650°-700° C, when the final product displayed no 
tendency to vacancy ordering. Such y-Fe,Q, films had a 
maximum thickness of 1 um. In order to explain the 
relatively high saturation magnetization and a lower 
Curie temperature compared with the values for normal 
powdered y-Fe,O,, the latter authors concluded that 
nearly 20 per cent of the total vacancies occupied 8a sites 
in this material. 

It had previously been supposed*** that the irreversible 
transformation of y-Fe,O, to «-Fe,O, became appreciable 
above 300° C. Takei and Chiba rationalized their findings 
in terms of the modification of the relative rates for the 
two competing processes which ordered y-Fe,O; can 
undergo at higher temperatures, namely transformation 
into vacancy disordered y-Fe,O, and transformation to 
a-Fe,0,. They considered that the latter reaction was 
repressed because of the stabilization of the y-phase 
resulting from the epitaxial relationship between this 
lattice and the MgO substrate. The arrangements of 
oxygen ions in the (100) planes of both MgO and y-Fe,0, 
are very similar. 

We here present further evidence for the persistence 
of the y-Fe,O, lattice at temperatures far in excess of the 
reported transformation temperature. Our results form 
part of a study (with P. L. Walker, unpublished) to 
elucidate the mechanism for disproportionation of CO 
over Fe and Si-Fe single crystals. In the latter study 
p-type Fe oxides such as y-Fe,0, were found to be the 
active catalytic species for the disproportionation reaction. 
Electropolished single erystals of Fe and 3-5 per cent 
Si-Fe of known orientation were reacted with both CO 
(Matheson Company, Inc., having as main impurities 
CO,<70 p.p.m., 0,<5 p.p.m., N,<100 p.p.m.) and a 
CO-9-4 per cent H, mixture (Matheson Company, Ince.. 
main impurities being 0-18 per cent O, and 0:14 per cent 
CO,) at various temperatures and gas pressures. The 
reaction system could be evacuated to a pressure of 10-7 
torr (recorded on an ionization gauge), In some experi- 
ments H,O vapour was introduced by passing the gas. 
saturated with H,O at room temperature, through an ice 
trap. This gave a Pm,o/Pco ratio of 6-2 x 10>. In each 
instance the reaction was ended before the deposition of 
either free carbon or a carbide. The resulting oxide films 
were examined by reflexion electron diffraction m a 
Hitachi HU-11 electron microscope with the projector 
lens turned off. The diffraction constant of the microscope 
was established with a Pt standard. 

Fig. la depicts a typical single crystal diffraction pat- 
tern from the thin oxide film on a (211) face of an Fe 
single crystal that had reacted at 550° C in the CO—9%-4 per 
cent H, mixture containing H,O vapour. This pattern 
was found to correspond to the reciprocal lattice plane of 


24 O32, 
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Fig. 1. a, Reflexion electron diffraction pattern from a thin oxide film 
formed on a (211) surface of an Fe single crystal. b, Reciprocal lattice 
plane in y-Fe,O, which corresponds to the diffraction pattern shown in a. 


the y-Fe,O, lattice in Fig. 1b. Because of the similarity 
of the Fe,O, and y-Fe,O, lattices* there might be con- 
fusion over the identification of the outer oxide phase 
(for reflexion electron diffraction the maximum penetra- 
tion of the electrons has been estimated’ at 40 A), but 
this is here eliminated by the presence of reflexions at 
low ð values which are forbidden by the crystal symmetry 
of Fe,O,. From thermodynamic considerations, Fe,O,; 
can form as a product of the oxidation of Fe if the O, 
partial pressure exceeds about 10-'* atmospheres. 


Table 1. SPACINGS RELEVANT TO FIG. 2 


Observed 
d-spacings 


i ii Fe,O, A ST M 
d-spacings 


a-Fe,0, ASTM 
d-spacings 


Fe,0, ASTM 
d-spacings 


(A) (A) (A) (A) 
SRY* 5:37" 

1-63" * 484°" 4-850 
3°21° 3°21 
2-00" 2 -ggiee 

2-¢2"* 2-44 
2-23" 2-23° p- ane 
2.()27 © 2.001.. 2-1" 

L-53 l RII l Rage 

1-70" 1-69% EÍ 
1-59" 1-80 1-81" 
bore 1-48? 1-48” 
1-43" 1-45? 

E 1,5m ji 2At l gam 
ae? 12a" 1-2s8*" 
1-24" 1-237 L-2179 
1-19" 1-19" 

1-16" Lit} 
1-11" 1-10" 1-10" 


A series of experiments in a CO—9-4 per cent H, atmo- 
sphere determined the thermal stability of the y-Fe,O, 
more precisely through successive temperature increments 
of 25° C. Each experiment used a freshly electropolished 
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crystal. Electron diffraction analysis of the resulting 
oxide films indicated that the minimum detectable amount 
of y-Fe,O, was produced at 625° C. The diffraction pattern 
from the oxide film formed at this temperature is given in 
Fig. 2, and the corresponding d-spacings in Table 1. The 
presence of the small fraction of y-Fe,Q, is mdicated by 
the rings of faint but diserete diffraction spots present at 
the low 0 values. Consequently the y-Fe,O, films formed 
in the conditions of this study differ from those grown by 
Takei and Chiba on two counts: the «-phase predominates 
at somewhat lower temperatures, and the y-Fe,O, lattice 
remains at least partially ordered over the complete 
temperature range for which it is stabilized. 





Fig. 2. 
at 625° C. 


Reflexion electron diffraction pattern from oxide film formed 
The arrows demarcate sy aed weak reflexions at 5:35 and 
4°03 A, 


It is noteworthy that when either an Fe or a 3-5 per 
cent Si-Fe crystal was reacted in CO at 550°C, after 
stringent precautions to lower the water vapour content 
of the system, only «-Fe,O, was detected in the outer 
oxide layer. This agrees with reports’! that the topo- 
tactic transformation of Fe,O, to y-Fe,O, during oxidation 
is promoted by the presence of trace quantities of water 
vapour. It is believed that the latter leads to the incorpora- 
tion of protons'* as lattice defects in the growing Fe,O, 
film and that a high defect concentration is responsible 
for the subsequent formation of y as opposed to a-Fe,Q,. 
[t also seems probable. following the arguments of Takei 
and Chiba, that the thin y-Fe,O, films formed in this 
study were stabilized by an underlying Fe,O, subscale. 
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Raman Spectroscopy of Minerals 


L wish to show that the technique of Raman spectr SCOP) 
can be usefully applied to the problem of the identification 
of minerals and can, in certain circumstances, provide 
some structural information. The method ean be used for 
a wide variety of minerals. though here I report results 
only for those containing MO, or MO, functional groups 
(carbonates, silicates, phosphates, arsenates, vanadates, 
sulphates, chromates, molybdates, tungstates). Although 
infrared spectra of minerals have long been studied! there 
have been no systematic Raman studies apart from some 
very early work on silicates and sulphates*; there are some 
elegant studies on single crystals of a few specific minerals 
such as barytes*, gypsum! and quartz®. All the minerals 
studied here have known structures or known lattice 
space groups, and in most cases infrared data are available 
for them; thus there are two checks on the interpretation 
of Raman spectra, It must be emphasized that Raman 
and infrared spectroscopy are complementary techniques 
and should, wherever possible, be used together, though 
valuable information may be derived from the use of one 
method alone. 


Table 1. SELECTION RULES FUR VARIOUS SITE 


Modes: 


SYMMETRIES 


ry Wy Vo, Va 
Site symmetries: 
(i) For (MO,)* groups: 
ah A; (At) E’ 
D; A; lAa) E 
Us A A E 
Oa A’ A - A? 
— — A” 
(ii) For (M0,)®- groups: 
Ty Ay I F, 
r A E F 
Dya A, A, B, 
—- B, E 
S A A B 
=- B p 
Cav A, E Ai 
— — E 
D; i A B, 
jia A A 
=a B, 
Uyy i A, Ay 
= As B, 
mm —— by 
Ce A’ A‘ A’ 
= 4 A’ 
— — A” 


All symmetry species active in both the Raman and infrared unless itali- 
cized (Raman active only) or in parentheses (infrared active only), For C, use 
C., rules with A°=A, A=B. 


For a vibration to be Raman active it must involve a 
polarizability change, while for it to be infrared active 
there must be a change of dipole moment. The activity 
of a given vibrational mode may be deduced by simple 
group theoretical methods’, if the site symmetry of the 
vibrating species is known (see Table 1). In the minerals 
studied here the MO, or MO, functional groups in the 
crystal structure usually give strong Raman 
spectra because the M—O bonds have a substantial degree 
of double-bond character so that their vibrations involve 
a considerable change of polarizability; some vibrations 
also involve dipole moment changes and so the infrared 
spectra are also strong. The weak cation-oxygen bonds, 
however, which bind together the functional groups in 
the lattice are not strongly polarizable and give very weak 
faman bands, although they may also lead to strong 
infrared absorption. Thus the Raman spectra of the type 
of minerals studied here will tend to show only the bands 
due to internal vibrations of the functional groups, while 
the infrared spectra may be more complex; another factor 
which tends to increase the complexity of infrared spectra 
is that overtone and combination bands may be quite 
strong, while they are rarely seen in the Raman. Thus 
one of the main advantages of Raman spectroscopy for 
mineral studies is the simplicity of the spectra, which 
makes spectral assignment and interpretation easier. 


rise to 
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The results given in Tables 2 and 3 show that the fre- 
quencies of the fundamental modes are little affected by 
the site symmetries of the MO, or MO, functional groups 
but depend principally on the nature of the central atom M 
(the number of bands, however. depends on the site sym- 
metry of the groups). It is therefore possible to use Raman 
spectroscopy for detecting such functional groups in 
minerals. as has been done in some cases with infrared 
spectroscopy. Thus carbonates are associated with a set 
of Raman bands in the 700, 1,060 and 1,400 em~? regions: 
phosphates with bands near 450, 600, 920 and 1,100 cm-t 
and arsenates at 360, 450, 800 and 900 em~ and so on. A 
particular advantage of Raman spectra is that the totally 
symmetric stretching (or “breathing’’) vibration normally 
appears as the strongest and sharpest band in the spec- 
trum; it is thus easily identified and its frequency may 
well be a useful guide to the nature of the MO, or MO, 
group (such modes are not split by site symmetry effects). 
For the various groups studied here this vibration is found 
close to the following frequencies (in em‘): 1,060 (CQ,); 
950 (SiO,); 970 (PO,); 840 (AsO,); 820 (VO,); 980 (SO,); 
850 (CrO,); 900 (MoO,); 930 (WO,). It should be men- 
tioned that the v, frequency of the silicate group, 5iO,, 
may change substantially with the nature of the cations 
in the lattice because the (SiO,)*- entity easily dissipates 
some of its negative charge to them; symmetric frequen- 
cies for other groups, however, seem to change little with 
different cations. 

Table 2, RAMAN SPECTRA OF SPECIES CONTAINING (MO I GROUPS 


Modes: P r: vs 4 
Free ions: 

Ta* (POP 9358 420 1,017 567 
LASO” 837 349 878 463 
Vo) 827 341 780 341 
(850 983 450 1,106 gil 
(Cro, RAT 348 S84 368 
(MoQ,}*> 847 338 84] 338 
(wo,)* 931 324 833 324 

Spinels: . 

OF (Fd3n} Na, (MoO ¢ gavs 303m 808s 303m 
Z =: (aynth.} 

Ta* Na,(WO,) 92578 3i4m 812s 314m 
(synth.) 
Zircons : . . fa 

D} (14, amd) Xenotime, O98Vs 330m 1,0558 488s 

fy = YPO, _ 289m 1,020w 5508 
Daat Zircon, 1,01078 3563 9758 439s 
ZrSioO, ~— $92w 975s 460w 
Scheelites: 

Ch, (14,/a) Scheelite, S10vs 333s 839m 398w 
Lad Caw, ee 3338 795m 404w 
S,* Powellite, 882s 3278 850m 395m 

CaMoO, — 3278 796m 405w 
Garnets: 

02° (Tadd) Grossular, SSilvs 3128 830m 345m 
A= & CRAL a vrane 275m O15w 470m 
D,* r sm 450w 

Anhydrite : 

Dl (Bbmm)  Anhydrite, 1,018va 5008 1,122m 629w 
Z=4 CaSO, — 4208 1,160m 676 
Cay ee — lillw 611m 

Gypsum: 

G (C2/e) Gypsum, 1,0306vs 4925 1,140s 622m 

Z=4 CaSO,.2H,0 ame 415m 1,145m 670m 

+ — — 1,115w 618w 
Barytes: . 

Dit (Puma) Barytes, Q8Ovs 4628 1,1428 617m 

=å BaSO, — 451s 1,167m 648m 

C,* Celestite, ma = 1,090w 631w 

SrsQ, 1,000Vvs 4808 1,1588 24m 

— 456s 1,192m 637m 

| —— — 1,096w 640w 

Apatites: 

Ci (P6,/m) Flicroapatite, 966Vs 434m 1,084w 598ni 
Z=? Ca POF S 45lw 1053m 585m 
Ca* meee -— 1,041 609m 

Chloroapatite, OHivs 434m  1,08thw 588m 

Ca PODC] me 449w 1,060m 578m 
— ‘one 1,040w 

Mimetite, — S1fvs 320m S45w 426m 

Pb,( AsO; JCI -== 345m 794 396m 
see — TTIW 476w 

Vanadinite, R208 294m 799m 868m 

Pb,(VO,),C1 — 3268 737 Ww 4206 
e _— 730w 366m 

Olivines: 

Di (Pbnm) Forsterite, 8265 327m R608 546m 
L=4 Mg,(Si0,) — 3801 950m 602m 
Ca" mem mee 465w 


* Site symmetry. 





a 
b 
200 400 600 800 1,000 1,200 
cem? 
Fig. 1. Raman (-—— —-} and infrared (---) spectra for (a) xenotime, 


YPO,; and (5) celeatite, SrsO,. 


Recent studies have demonstrated the use of infrared 
spectra to give structural information on carbonates’ and 
sulphates’. The number of bands associated with MO, 
or MO, funetional groups is dictated by the site symmetry 
of the group, and this site symmetry may be deduced from 
the space group of the lattice together with the number 
(Z) of formula units per unit cell®. From a knowledge of 
the site symmetry and use of simple group theory the 
number of bands expected in the Raman and the infrared 
for the vibrational modes of the MO, and MO, groups may 
be ealeulated*; the results in Tables 1 and 2 show that the 
agreement between predicted and experimental data is 
good. This simple treatment does not allow for vibrational 
coupling effects within the unit cell: such effects are rarely 
observed with minerals of this type unless the spectra 
are measured in special conditions of high resolution and 
sensitivity (fuller treatments allowing for such effects 
have been given'*), The simple theory’ seems to be 
adequate for most purposes, as the data of the tables 
illustrate. 

In Table 1 we show selection rules and, in Table 3, 
vibrational spectra for a number of carbonate munerals. 
For members of the calcite class the D, site symmetry 
of the (CO,) groups in the unit cell gives only four funda- 
mental vibrations (one Raman active only, one infrared 
active, two active both in the Raman and the infrared}. 
For the lower symmetry aragonites (site symmetry Ce) 
there are six bands, all active in the Raman and the 
infrared. For MO, groups a number of site symmetries 
are found in minerals and from four to nine modes associ- 
ated with the MO, group may be observed, depending 
on the site symmetry; some of these are illustrated in 
Table 3 for a number of phosphates of known structures, 
and Fig 1 shows the Raman and infrared spectra of 
xenotime, YPO, in which the PO, group has D,a site 
symmetry. 

The numbering of modes in Tables 1, 2 and 3 follows the 
normal procedure: v, to v, represent the fundamentals 
for MO, (Day symmetry) and MO, (Ta symmetry) groups, 
with v, and v, being stretching and v, and v, deformation 
vibrations. The totally symmetric stretches v, are easily 
recognized in the Raman by their intensities and character- 
istically sharp appearance. The asymmetric stretches 
v, are close to v,, and their assignment is helped by com- 
parison with infrared spectra. We assume that A, or A’ 
components of v, v; and v, will be strong in the Raman 
and correspondingly weaker in the infrared (thus in celes- 
tite, in which the SO, groups have G site symmetry, two 
A’ and one A“ modes are expected in the infrared and the 
Raman; of the three bands observed at 1,158, 1.192 and 
1.096 em~ the first two are stronger than the third in the 
Raman, so we assign these two to the A’ modes, consistent 
with the observation that these cm bands are the weak- 
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Table 3. VIBRATIONAL SPECTRA OF (a) CARBONATE MINERALS AND (b) SYN- 


THETIC PHOSPHATES OF VARIGUS SITE SYMMETRIES 
Modes: Py Fs Ys r, 
(a) Carbonates 


Free (CO, ion (Dgn*) R: 1,063 R79 1,415 680 
Calcites: _ 
Ma (R36) Calcite, R: 1,099783 — 1.444m 724m 
Zw Cad, TR: — RAI VS 1,4328 7128 
D,* Smithsonite, R: 4,098vs — 1,412m 733m 
ZnC0, IR: — S70VE 1,4253 7438 
Dolomite: 
Ch (RY) Dolomite”, R:  1099yv8 = 1444w 724w 
L=2 CaMg(COs). IR: ~ S80vs  1,450s 729s 
C,* 
Aragonites : . l 
Xa (Pemn) Witherite, R: L062vs 852w 1,447w 693m 
Lek Balto, TR: 1,080w B55Vs 1.4458 693s 
Ca” R: e ne 1.424m 716w 
IR: — ~- 1,4308 
Strontianite, R: F.070vs K6 1450m 702m 
SECO, IR: 1,073w RI9vs  1,445s 7068 
R: e — 1,400w 702m 
TR: ~— — 1,4308 6991 
(b) Phosphates 
Free (PO,Y- ion (Ta*) R: 988 420) 1017 = 567 
Silver phosphate, Ag,(PO,) 
Ti (P48n) R: ivs 420m 9658 546m 
ZL IR: mme — 9658 555s 
i i 
Barium phosphate, Ba,(PO,), R: 988vs 32pm 1063s 548m 
Di, (BR3M) IR: 930w 1.063vs 550s 
A=] R: —— <- 1,020m 570w 
Cyy* IR: 1,010s 565s 
Yttrium phosphate, YPO, R:  998vs 330m  1,055s 486s 
{xenotime) TR: a LOSOvs 488m 
THe (14, amd) R: ~ 289m 1,020w 550s 
Dm 4 IR: = 570s 
hat 
Lanthanum phosphate, LaPo, t: O75VS 27m 105388 540m 
(hexagonal form) IR: = {= ~- 1,0608 540 
D: (P822) R: — 328m 1,074m 579m 
A= 3 IR; = m 1,060s 565m 
D,* [ sa 1015w 628w 
IR: os a LO20~ 816m 
Lanthanum phosphate, LaPo, 
(monoclinic form) 
Cin (P2,/e) R: 972vs 270m 14,0478 555m 
TR: 870w ROW 1.0208 540s 
Z= R: — 828m 1,078m 568m 
Ca" IR: — 1,080m 565m 
R: — eme 1047s 624m 
IR: = — 1,6208 615m 


*Sito symmetry; R= Raman: IR =infrared (infrared data from ref, 1). 
sL. Couture, Ann. Phys. (Paris), 2 (12), 5 (1947). 


est in the infrared)*. We assume that the v, deformation 
mode will be lower in frequency than v, as is usually the 
case with MO, groups where M has a mass lower than 
120. Both v, and vy may interact with lattice modes 
[this may explain the lowering in frequency of v, from 
free ion values for phosphates]; also, for heavy central M 
atoms, y; and v, may be very close or may overlap in some 
cases, as m WO,?-. For these reasons the assignments of 
these deformation modes in Tables 2 and 3 are necessarily 
tentative. 

Lattice modes are not likely to be observed in the 
Raman above 250 cm~: most of the minerals studied 
here do show Raman bands of moderate to weak intensity 
in the 80-250 em- region which probably arise from 
lattice modes or from cation-oxygen modes. They 
are not hkely to be useful for mineral identification 
purposes. 

The advent of laser sources has proved to be a great 
stimulus to Raman spectroscopy, and several commercial 
instruments are now available; the cost of the instru- 
ments is likely to decrease considerably as their use 
increases. The two most frequently used laser sources 
are the helium-neon (red line at 6328 A) and the argon-ion 
(green line at 5145 A or blue line at 4880 A); some 
instruments use the conventional Toronto arc (mercury) 
sources at 4358 A (blue line). The instrument used for 
these studies is a Cary 81 spectrophotometer with a 100 
mW helium-neon laser. The minerals were examined as 
finely ground powders of some 5-10 mg in steel cavity 
sample tubes. The power is not destroyed by the method 


showed fluorescence under red line excitation. (The use 
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of blue or green exciting lines, though it would have definite 
advantages from the point of view of sensitivity, is likely 
to give rise to much more fluorescence.) 

As apphed to minerals the main advantage of the 
technique is undoubtedly the simplicity of the Raman 
spectra and the consequent ease of interpretation of 
results. The ease of identification and use of the totally 
symmetrie stretching vibrations have already been men- 
tioned. Most Raman bands of minerals are much sharper 
than those found in the infrared. and it is also possible to 
sean low frequencies in the Raman with greater ease than 
in the infrared. The chief disadvantage of the method 
is that, unlike infrared techniques, the colour of the 
mineral may cause difficulty in obtaining a Raman 
spectrum, because, for the successful recording of the 
latter, the sample should be transparent or almost trans- 
parent to the exciting radiation. Thus for a red exciting 
line at 6328 A as used here, blue, green or very dark 
coloured minerals (deep brown or black) usually give poor 
spectra or no spectra at all, whereas no trouble is normally 
encountered with white, yellow, orange, red or brown 
samples. The use of a blue or green exciting line should 
obviate the difficulties with blue and green minerals 
provided that fluorescence does not oceur. The time 
taken to record a spectrum (from 20 min to 3 h for a 200- 
1,200 em~ sean with the Cary instrument) certainly com- 
pares unfavourably with that needed for infrared spectra, 
though it is likely that improvements in photocell design 
and excitation source power should reduce this factor. 
Because of the small degree of polarizability of (SiO,)'- 
groups. Raman spectra of silicates tend to be weak}. 

Finally, it should be mentioned that, although all these 
studies were made on powders, the examination of Raman 
spectra of single crystals of minerals at different orienta- 
tions may provide far more useful information on struc- 
tures. A number of such studies have already been 
mentioned’, and a recent paper provides an excellent 
introduction to the subject’. 

I thank the Science Research Council for a grant for 
the Cary 81 instrument. and the Department of Minera- 
logy, British Museum (Natural History}, and the Geology 
Department, Imperial College, for mineral samples. 
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Inverse Leidenfrost Phenomenon 


We report here the observation of hot metal particles 
which remain suspended above a cool liquid surface by 
vapour generation: the effect may be referred to as the 
inverse Leidenfrost phenomenon, by analogy with the 
well known effect of the suspension of a liquid drop above 
a heated surface!. The mechanism of suspension in the 
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Fig. 1. Prints from a high-speed einé film | 


permanent gas bubble in water. 


« 8) of the inverse Leidenfrost phenomenon 
Note the particle moving initially from right to left within the bubble 


N 
g) 
~J 





(iii) fiw) 





(vii) (viii) 


particle tOOO CC) in aA 
om the bubble wall 


with a high temperature 
and rebounding Í 


The time scale is 2 ms between prints. 


latter case 1s postulated to be the pressure produced by 
vapour escaping from beneath the drop, the vapour having 
been generated by the action of the hot surface on the 
drop’, 

The observations were made during experiments in 
which a laser was used to heat up pure metal foils under 
water, as part of a programme designed to provide in- 
formation on mechanisms of energy transfer from high 
temperature particulate debris. When metal samples 
were heated and dispersed by the laser, the hot dispersed 
particles (typically within the temperature range 1,500° C 
to 3,000° C) were found to evolve some permanent gases, 
which were retained in the form of a bubble around the 


particle. Particles moving within their bubbles were 
observed to bounce repeatedly from the bubble wall 


and were thus effectively trapped within the bubbles, 
finally ending in a stable position above the base of the 


bubble (Fig. 1). This has been observed for particles 
ranging from 1 mm to 0-1 mm in diameter, the lower 
limit being set by the resolution of the photography. The 


mechanism for this interaction between the particle and 
the liquid is the generation of vapour from the liquid 
at the bubble wall, which exerts a force on the particle: 
the vapour 1s generated by both radiative heat transfer 
from the particle and thermal conduction across the 
layer between the particle and the liquid. The vapour 
generation support for the particles may be expected to 
continue as the particle cools down, until it falls to temper- 
atures comparable with the liquid saturation temperature. 
At this stage the vapour film will become so thin that ıt 
may be expected to break down. 

It has been demonstrated in a separate experiment 
that the mechanisms involved are due to the production 
of vapour beneath the particle by observing the suspension 
of a spherical particle (0-7 mm diameter) at about 1,000° C 
above a water surface. The particle could be seen to roll 
and glide freely in a “frictionless’’ manner, in marked 
contrast to the simple static suspension due solely to 
surface tension. Surface tension does, of course, set a 
limit to the force which can be exerted by the liquid on the 
vapour film, thus giving the upper limit of particle size 
which can be supported in this manner: this is com- 
parable with the maximum observed in our experiments. 

We believe this phenomenon should be taken into 
account in any detailed analysis of situations involving 


high temperature debris interacting thermally with a 
liquid. 
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Anion Shifts in the Hydroxy! Proton 
Resonance of Methanol 


NUCLEAR 
het ween 


magnevic resonance studies ol interactions 


ions and solvent in electrolyte solutions have 


been limited by the need to use an arbitrary standard 
when dividing salt shifts into separate tonic contributions, 
individual ion shifts 
measured!:?, Here we report further evidence supporting 
our suggestion? that the residual shift of the 
hydroxy! proton resonance for solutions of electrolytes 
showing a resolved signal for solvent 


because absolute could not he 


methanol 
molecules directis 


OÍ the 


hydroxyl] 


bonded to cations can be taken as a measure 
shift. A range of salt shifts im thi 
resonance of methanol was measured at — 69° ( 
these the individual ion shifts 
previously measured perchlorate anion shift This pro- 
cedure yielded a value of 13-5 Hz for the molal shift 
of the acetate anion. The shift 
obtained directly by measuring the residual shift of mag- 
acetate-methano! 
separate signal from methanol molecules in the magnesium 
solvation shell was observed. The residual shift 
the correct direction (downfield shifts are regarded as neg 
ative and upfield shifts as positive) and its melal value 
per acetate ion was — 11-5 Hz, in with 
that value. 
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These results suggest that the secondary structural 
effects of the ions, the so-called structure-making or 
structure-breaking effects, are small in methanol. Further 
evidence that this is the case has been obtained by com- 
paring the shifts of the anions I- and Iy”. The latter anion 
shift was obtained by adding equimolar quantities of 
iodine to methanolic solutions of sodium iodide and potas- 
sum iodide. At — 69°C the I- shift was 10 Hz and the 
I,- shift 8-5 Hz, indicating that the effects of both ions 
on the methanol protons are very nearly the same. Hence 
both size and charge density of the anion contribute only 
a minor part of the shift. That the negative charge is 
nevertheless important in producing the anion shift was 
emphasized by the fact that the molal shift of ethyl iodide 
in methanol was between 0-0 and 1-0 Hz at — 69° C. Tf. 
as we have suggested elsewhere’, the anion shifts are 
largely caused by hydrogen bonding between the methanol 
OH proton and the iodine atom, then this similarity 
between I- and I,- is accommodated. 
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Vibrational Relaxation of Nitric Oxide 
at 500—1,900 K 


THE vibrational relaxation rate of nitric oxide seems to 
decrease! with increasing temperature in the range 100- 
433 K. These results, in conjunction with shock-tube data? 
at 1,500 K and above, were taken to imply that there is 
a minimum in the relaxation rate at about 700K. We 
have now studied the vibrational relaxation of pure nitric 
oxide behind incident shock waves in the range 500—1,900 
K. Vibrational relaxation of the shocked gas was moni- 
tored by measurements of the postshock density gradient 
with a laser beam deflexion technique*. Our results suggest 
that a minimum relaxation rate occurs in the approximate 
range 300-500 K. 

C.P. grade NO was purified by degassing and distilla- 
tion from a liquid nitrogen trap. Mass spectrometric 
analysis of the purified gas revealed 0-09 per cent N,O 
and/or CO, and 0-25 per cent N, as the main tmpurities. 
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Fig. 1. Vibrational relaxation times at a pressure of 1 atmosphere for 

pure NO, Results? at temperatures of 1,500 K and above are shown 

for comparison. 
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Infrared analysis revealed no detectable quantity of NO.. 

Values of Pt, the vibrational relaxation time at one 
atmosphere pressure, are shown in Fig. 1 on a Landan- 
Teller plot. These values were computed from the experi- 
mental data by a modified Blackman procedure’, and 
correspond to conditions at postshock vibrational equilib- 
rium. The rate of spin-orbit relaxation apparently exceeds 
that of vibrational relaxation by more than an order of 
magnitude at room temperature, and electronic equilb- 
rium was therefore assumed throughout the period of 
measurement. The solid line through the experimental 
points represents a least-squares fit of a modified Landau- 
Teller function to the data, and is given by the expression 


Pz = 3-48 exp (— 38-677! +4 1,582774) us 
atmosphere (1) 


These data agree with the results of Wray? in the 
region of overlap. The shock-tube data of Robben’ in 
the range 400-1,500 K have been shown® to be in error 
at the high temperature end. 

Fig. 2 shows P,,(T), the thermally averaged probability 
per collision for deactivation of a nitric oxide molecule 
in the first vibrational level, computed from equation (1) 
assuming a harmonic oscillator model®. Other results??.°-!? 
are also included. The combined data clearly imply a 
minimum in PaT) between 300 and 500 K, although the 
minimum value of 10-5 suggested by Billingsley and 
Callear is perhaps too low. 
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Suggested Interpretation of 
Diminished Bohr Effect 
in Haemoglobin Hiroshima 


HarmMoGiosin Hiroshima is an abnormal form in which 
the histidines H21 (143)$ are replaced by aspartates'. 
It has a much dimmished Bohr effect and an increased 
oxygen affinity’, and causes mild erythremia in heterozy- 
gotes. This seemed puzzling at first, because histidine 
H21 is external and apparently inactive, but an explana- 
tion now suggests itself on the basis of the recently 
proposed mechanism of the Bohr effect®. A major part 
of this effect is caused by a conformational change at 
the C-termimus of the % 4-chains which accompanies the 
discharge of oxygen and causes the imidazole groups of 
histidines HC3 (146)8, which are free in oxyhaemoglobin, 
to be bound to the aspartates FG1 (94)$ in deoxyhaemo- 
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Oxyhaemogiobin Hiroshima? In deoxyhaemoglobin Hiroshima the 
histidine could oscillate between the two aspartates., 


globin, thus raising their pKs. Examination of the 
atomic model of haemoglobin shows that replacement 
of histidines H21 (143)8 by aspartates in haemoglobin 
Hiroshima would generate a pair of competing negative 
charges which would bind the imidazoles of histidines 
HC3 (146)8 in both the oxy and the deoxy forms, thus 
keeping their pis permanently high and inhibiting their 
contribution to the Bohr effect. 
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Types of High Molecular Weight 
RNA in Embryos 


In recent discussions of the role of high molecular weight 
RNA (sedimenting above 5-6 S5) im embryonic develop- 
ment and differentiation. it has been conventional to use 
certain abbreviations to refer to the various types which 
can be identified or which are thought to be present. 
For example, Gross! in a valuable review distinguishes the 
following types of high moleeular weight RNA: (a) rRNA. 
ribosomal RNA and its precursors; ($) dRNA, that is 
with a base composition resembling that of bulk nuclear 
DNA, which can be subdivided into (OD mRNA, messenger, 
(b2) »RNA, non-ribosomal nuclear RNA. which may 
may not be mRNA, (63) cRNA, eytoplasmic RNA ide 
sized on eytoplasmic DNA templates. 

I suggest here that thought would be clarified if a new 
a OF ee Ee aod (fast RN A) vane were ee to refer 

f: believ. e this form: is ees ee vole alae ie brid- 
ization has often been used in the attempt to characterize 
an RNA extracted from eggs or embryos. The only high 
molecular weight RNAs which can be unequivocally 
identified by other means are those which can be extre acted 
from isolatable cytoplasmic organelles such as ribosomes. 
Hybridization of identified FRNA with DNA ueni og- 
ally identifies the complementary DNA cistrons**. This 

rDNA has been found to be reiterated many times, so 
that there are, for example, about 2,000 of each of the 
two ribosomal-RNA cistrons in the genome of Aenopus**. 

Walker and MecLaren’s studies? on DNA/DNA hybrid- 
ization were the first to demonstrate that eukaryoti ic 
DNA may be highly heterogeneous in its ability to hybrid- 
ize in the agar technique. Britten’ suggested that this is 
related to the kinetics of the one-to-two strand transition 
by which double helices are formed from single strands, 
and that the existence of fast renaturing or hybridizing 
DNA fractions should be interpreted in terms of Callan’s 
suggestion’ that many eukaryotic cistrons are highly 
reiterated; although if ‘this explanation is to be adequate, 
this must sometimes be to an even greater extent than 
that demonstrated for the ribosomal cistrons. Moreover, 
it seerns that sequences which are not precisely comple- 
mentary can form duplexes, and the kinetics of the process 
will reflect the frequency of certain minimum-length 
shared sequences rather than identical reiteration of 
complete cistrons. It therefore seems appropriate to use 
the contraction fDNA (fast DNA) rather than. say, 
DNA (iterated DNA). 

Turning to the problem of categorizing RNAs by 
hybridization procedures, one first has to remember that 
the rate of one-to-two strand transition is inversely pro- 
portional to the number of different cistronsa present im 
the molecular population. Wetmur and Davidson’ and 
Britten and Kohne’® demonstrated this for DNA/DNA re- 
annealing in prokaryotic systems, and Bishop" provided 
evidence that the same logic applies to DNA/RNA 
hybridization m such systems. Now the cistronic com- 
plexity of eukaryotic DNA is at least two orders of 
magnitude greater than that in the prokaryotic systerns 
studied by these authors. If one simply extrapolated 
Bishop’s data on DNA/RNA hybridization at different 
levels of complexity m prokaryotic systems to estimate the 
extent of hybrid formation between eukaryotic DNA and 
an RNA population which was a complete | transcription 
of it, one would conclude that almost no hybrid molecules 
would be formed in the lifetime of most experiments, 
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The reason why this extrapolation is not validated by 
the facts is simply that eukaryotic DNA contains a 
“fast” fraction and that any RNA transcribed from this 
is also “fast hybridizing’ (there is some evidence that 
some of the fastest fractions of DNA are never transcribed 
into RNA, see Flamm et al.'*). It follows that, as Melli 
and Bishop have shown, the RNA picked up by DNA/ 
RNA hybridization experiments which use bulk cellular 
(or nuclear) RNA in higher organisms is, in the first place, 
FRNA. 

These considerations are of crucial importance for 
understanding epigenctic processes. We do not yet know 
the functions of fast-DNA, except in the special case of 
ribosomal cistrons. Much of the rest of it may be concerned 
with chromosome dynamics, for example coiling, or 
meiotic synaptic pairing? (although recombination can 
certainly take place within structural cistrons); or it 
may be involved in the mechanisms which control gene 
activities (and it is an attractive speculation that the 
high redundaney is used to obtain very specific control in 
interaction with agents with low information content, 
such as histones or other chromosomal proteins“), But 
at present it is perhaps more important to realize what 
its function is not, than to decide what it is. In particular, 
there is little (or no?) evidence that any fDNA codes 
for any proteins important in cellular differentiation, or 
produces anything which can justifiably be ealled an 
mRNA. This makes the task of identifying mRNAs in 
embryos by hybridization techniques much more difficult 
than has often been assumed. For example, in a recent 
review of the role of mRNA in embryonic development's, 
Denis wrote: “Messenger RNA is complementary to a 
considerable length of the genome, so that it easily forms 
hybrid molecules with DNA. ... But the portion of DNA 
on which sRNA and rRNA are copied is small... there- 
fore, mRNA hybridizes much more easily with DNA than 
SRNA”. This overlooks the fact that mRNA contains 
many more different cistrons than rRNA and therefore 
must hybridize more slowly; in fact the ease of hybridiza- 
tion is the reverse of that stated by Denis!®. It must still 
be regarded as doubtful whether a hybrid between an 
mRNA and its corresponding DNA has yet been satis- 
factorily demonstrated in experiments dealing with 
mixed populations of RNA, although Britten!’ has some 
evidence for hybridization of a “slow” DNA fraction 
with RNA. The situation is, of course, much more favour- 
able when mRNAs of a restricted range of species can be 
isolated (for example, from erythropoietic cells or from 
homogeneous classes of polysomes) before the hybridiza- 
tion 1s undertaken. 

Hybridization experiments using the mixed RNA 
populations from embryos must be expected to give in 
the first place hybrids with the fast DNA (fDNA), and 
the RNA reacting in this way should, I suggest, be referred 
to as FRNA. This ts likely to be true also with natural 
RNAs from adult tissues of complex biochemical nature 
(for example, liver, nerve and so on) or with RNAs 
synthesized in vitro on complex DNA templates. In all 
these cases, it remains a matter for further investigation 
to discover whether any, or how much, of the [RNA can 
be considered to be mRNA. Theories of the control 
of differentiation which depend on the assumption that 
RNAs identified by such hybridization techniques are 
actually mRNA need reconsideration. 
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Unusual Physical Properties of 
Mitochondrial DNA in Yeast 


THE presence in mitochondria of a genetic apparatus, 
which is at least partially autonomous, has greatly 
stimulated interest in the characterization of mitochon- 
drial DNA from various organisms. A study of physical 
behaviour, in particular buoyant density and melting 
temperature, can yield useful information on base com- 
position. Related species of mammals, birds, reptiles 
and plants have mitochondrial DNAs of similar densities}. 
This is also true for lewer organisms--for example, fungi? 
—-although not for the two related flagellates Tetrahymena 
and Paramecium!. The density of mitochondrial DNA 
may be higher (birds and plants), similar (mammals and 
reptiles) or lower (most unicellular organisms) than that 
of the corresponding nuclear DNA (ref. 1). 
Determination of the base composition of mitochondrial 
DNA on the basis of melting temperature (Tm) vielded 
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Fig. 1. Miecrodensitometer tracings of DNA from Candida Upolytica 
centrifuged to equilibrium in CsCi gradient. The peak on the left in each 
tracing is the reference DNA (Pseudomonas aeruginosa, density 1-725 
gicm® relative to E. colt B, 1-710 giem’) a, DNA from purified mito- 
chondria contains mitochondrial DNA (density 1-687 giem) com- 
taminated with nuclear DNA (density 1-709 g/cm®). Fractionation by 
preparative CsCl gradient centrifugation gives {b} pure nuclear DNA and 
{c) pure mitochondrial DNA. 
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Table 1. THERMAL DENATURATION TEMPERATURE, Tm {° C) AND BUOYANT 
DENSITY (g/em*) OF MITOCHONDRIAL AND NUCLEAR DNA FROM SIX YEAST 
SPECIES 

Mitochondrial DNA Nuclear DNA 
Per Per Per Per 
cent cent cent cent 
Tm GC? Density GCF Tem GC* Density GC} 
Saccharomyces 
cerevisiae 74:5 12-7 1-684 24:5 854 39-3 1-609 46-0 
Candida 
pelliculosa 765 178 1688 28:6 84:5 370 1-696 36:5 
C, pseudo- 
tropicalis 750 18-3 1684 24:5 86-0 405 1-701 41-5 
C. utilis 770 188 1685 255 88O 455 1704 455 
C. Rpolytiea 780 21-2 1687 27-6 895 495 1:709 49-5 
C. seylanoides 80-3 26-4 1692 327 93-0 57-5 1715 56-06 


* Calculated from Tm (ref. 22). 
+ Calculated from buoyant density (ref. 21). 


results in close agreement with those from density measure- 
ments for all higher organisms*~!* and unicellular organ- 
isms!!-13 studied, but not for Saccharomyces cerevisiae. 
For mitochondrial DNA from this yeast the density 
method consistently gave considerably higher values for 
the GC content than the Tm method", and we have 
noted this discrepancy in base composition for the mito- 
chondrial DNAs from six different yeast species. Evidence 
is now given that this discrepancy is not the result of 
any inapplicability of the methods to the very AT rich 
DNA found in yeast mitochondria, but may point to some 
unknown compositional or conformational properties of 
yeast mitochondrial DNA. 

The source (Table 1) and cultivation of the yeasts 
were as described previously'*. The washed cells, sus- 
pended in phosphate buffer containing 0-25 M sucrose 
and 0-001 M EDTA, were disrupted im a Braun homo- 
genizer. Mitochondria were purified by differential 
centrifugation and centrifugation in sucrose or urografin 
gradients. Mitochondrial DNA was extracted essentially 
by the method of Marmur". Pancreatic and T, ribonu- 
clease were used to digest RNA, and ribonucleotides were 
removed by a single precipitation with ethanol and dialysis 
against 0-15 M NaCl-0-015 M trisodium citrate buffer 
(pH 7). The DNA was further purified by one or two 
isopyenie density gradient centrifugations in CsCl (Fig. 1). 
Extraction of nuclear DNA has been described elsewhere**. 
Buoyant density and T m determinations were by standard 
methods??.22, 
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Fig. 2. Relationships between buoyant density and Tm for: (©) yeast 
mitochondrial DNA (Table 1), and (@) mycoplasma DNA (refs, 23-25. 
and Black, A. L. B. and C. C., to be published). The broken line is the 
relationship between buoyant density and Tm as calculated from the 
linear relationships between these parameters and GC contenti, 
1, Candida zeylanoides; 2, C. pelliculosa, 3, C. lipolytica; 4, C. utilis: 
5, C. pseudotropicalis; 6, Saccharomyces cerevisiae, T, Mycoplasma 
hominis type 2; 8, M.salicarium, 9, seven human T-strain mycoplasmas 
and M. fermentans: 10, M. orale type 1; 11, M. hominis type 1; 12, 
M. orale type 2; 13, M. hyornis. 
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Values for Tm and buoyant density for the mitochon- 
drial and nuclear DNAs from six yeast species are listed 
in Table 1 together with the calculated per cent guanine 
plus cytosine (per cent GC). The base compositions of the 
nuclear DNAs were the same by the two methods and 
were in agreement with values reported previously’, 
Despite the great variation in GC content of nuclear DNA 
and the fact that these yeasts were found to be only 
remotely related according to DNA~RNA hybrid experi- 
ments?’, the narrower range of GC content caleulated from 
either Tm or from buoyant density indicates a greater 
homogeneity for the mitochondrial DNA than for the 
nuclear DNA. It is evident, however, that there is a 
considerable disagreement in the values of GC content 
determined by the two independent methods. Mito- 
chondrial DNA in Saecharomyces cerevisiae has been 
chemically determined to have 21 per cent GC, and to 
contain no methylated bases'*. Most mycoplasmal DNAs 
have buoyant densities comparable with those of the 
Literature data on Tm and 


meters and GC content?! **, 
this theoretical line and the plot of bucyant density and 
Tm values for mycoplasma DNAs indicates that the 
discrepancy for yeast mitochondrial DNA is not caused 
by a failure of the methods to apply to DNAs with ex- 
tremely low GC content. We therefore conclude that the 
results point to some unknown physical or chemical 
properties for the mitochendrial DNA in yeast. 
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Vitamin K-deficient Mutants 
of Bacteria 


AUXOTROPHIC mutants of bacteria with various metabolic 
blocks have proved useful for the elucidation of inter- 
mediary steps in biosynthetic pathways!. Until recently 


this approach has not been applied to the biosynthesis of 


K vitamins (menaquinones}, chiefly because of the lack of 
adequate vitamin K-deficient mutants? which would 
accumulate significant intermediary metabolites. We 
have isolated some menaphthone-requiring, small-colony 
mutants of Staphylococcus aureus by selection with 
neomyem? and found that they grow and respire normally 
on media supplemented with menadione. This could be 
attributed to bridging of the main electron transport chain 
by menadione, which is known to be capable of by-passing 
flavin, vitamin K2 and cytochrome b (ref. 4). If so, the 
mutants stimulated by menadione might equally represent 
flavin-deficient, vitamin K-deficient, or eytoehrome b- 
deficient mutants. Alternatively, if menadione is an 
intermediate in the biosynthesis of K vitamins, these 
mutants may simply be of the vitamin K-deficient type. 
The biosynthesis of menaquinones up to chorismic acid 
follows the common pathway of aromatic amino-acids’, 
sc that some of the vitamin K-deficient mutants stimulated 
by menadione might be stimulated by shikimie acid as 
well, provided that the latter can penetrate the bacterial 
cell, 

Here we present results which seem to confirm the 
second hypothesis concerning the mutants stimulated by 
menadione. A number of these mutants were stimulated 
by shikumie acid, indicating a metabolie block before syn- 
thesis of the latter. Thin- layer chromatography of the 
hpidic extract of one such mutant (SHSL1) grown on 
nutrient agar without shikimic acid lacked menaquinones., 
but when the medium was supplemented with 300 ug/ml. 
shikime acid the mutant was able to synthesize vitamin 
K2. When the same mutant was grown in the presence 
of menadione (1 ug/ml.) the lipidie extract contained 
Sueno K2; we > conclude E that me pene y can 


of Vv TE K2, c or can m aie conv ea intos one. T H 
alternative hypothesis concerning menadione-—involving 
the by-passing of the tep A Ory chains ruled out. 
The synthesis of vitamin K2 was also observed when 
menadione was added to the growth medium of other 
small-colony mutants of S. aureus; shikimic acid was not 
active. Thin-layer chromatography of the lipidie extract 
of such mutants (SHSL2. 3 and 4), grown in the presence 
of menadione, showed the characteristic spot for vitamin 
K2, while the same mutant grown in the absence of 
menadione lacked menaquinones. These results suggest 
that the mutants stimulated by menadione represent true 
vitamin K-deficient mutants which will be of great interest 
in elucidating the unknown steps in the biosynthesis of 
mer naquinones, 
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Evidence for a Near Limiting 
Intracellular Concentration of a 
Regulator Substance 


Ix the course of evolution, if maximum metabolic economy 
is to be ensured, the level of expression of any gene 
becomes adjusted wherever possible so that the con- 
centration of gene product will be sufficient. but not exces- 
sive. In the case of genes, the products of which have a 
regulatory role and are therefore only needed in small 
quantities, it may be difficult to prevent an excess of the 
regulator substance from being produced. Thus in the 
Escherichia coli lac system, although the intracelular 
concentration of repressor is undoubtedly low!, one ¢ gene 
produces sufficient repressor to control several sets of 
structural genes? But I shall present here evidence to 
indicate that the regulator gene for the nitrate assimilation 
system in Aspergillus nidulans i Is produced in near limiting 
quantities such that one regulator gene makes sufficient 
product to control one set of structural genes, but in- 
sufficient to control two. 

In Aspergillus nidulans, the nar gene specifies a regulator 
produet which is essential for the expression of the 
structural genes which direct the synthesis of the enzymes 
nitrate reductase and nitrite reductase?:*, Mutation in the 
nir gene can lead to constitutive syntheses of these 
enzymes or to non-inducibility of these syntheses. In 
diploids between the non-inducible (vir-*) and wild type 
(nir?) strains, these syntheses are inducible.  Dyploids 
between constitutive (rir) and nirt strams have a pheno- 
type intermediate between those of the two components. 
To explain these dominance relationships and in particular 
the semi-dominance of the nir? allele, Paternan and I” 
proposed that the ntr gene product. was not only essential 
for the expression of the structural genes in the presence 
of nitrate, but also repressed their activity in its absence. 
Results I shall present here are inconsistent with this 
explanation. Instead I propose that the ner product 
has only a positive regulatory role, and that the semi- 
dominance of the nir? allele is a consequence of a dosage 
effect. of the ner gene, indicating that the intracellular 
concentration of the nir product must be near limiting. 

To distinguish between these two hypotheses it 18 neces- 
sary to measure the enzyme levels in various diploids. 
According to the original hypothesis the enzyme levels 
in diploids should show the following rankings 





mir? nir? are 
(uninduced) = ~ (uninduced) > =m -(uninduced) 
nir? nir nirt 
and 
nirt nir? N 
— — (induced) = ~ (induced) 
nirt nir” 


On a dosage effect hypothesis, however, these rankings 


would become 


nir? n ire wae 
== (uninduced) > = -(unindueed) = —— (uninduced) 
ner’ mirt nir- 

and 
naire nir? 7 | 
~~ (induced) > -~— (induced) 
nirt REPT 


The difficulties in deciding these rankings arise from the 
variation in enzyme levels obtained when a particular 
strain is grown on various occasions. To overcome this, 


* Pormer notation nttB, 
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Table i. ENZYME LEVELS IN DIPLOID STRAINS 





Partial Nitrate reductase _ Nitrite reductase — 

genotype Urea Urea + NO, Urea Urea + NO, 
mere : m 
—< 22407 67-8461 2020-7 108-94 7-7 
pirt 
nir? 7 a r ` 
e 919486 Leil 8H 27% 12454158 
nire 
nir? ; i 
a 333452 59l + be 1O1+2-4 106-1 + 10-2 
nor 5 i r 
= 19402 41-7425 Irto: S044 54 
nir 
nir? e da 
aa 24-7435 88-7244 120433 567 T7 


The values given are the mean specific activities and their standard 
errors for nitrate and nitrite reductase found in mycelium of various diploid 
strains grown in the presence and absence of nitrate. For the urea treatment 
mycelium was grown in shaken culture for 21 h in minimal medium contain- 
ing 5 mM urea as a nitrogen source, and then collected. The urea + nitrate 
treatment was similar except that sodium nitrate to a concentration of 
10 mM was added 5 h before collection. The general methods for the culture 
of Aspergillus, the preparation of cell free extracts, and the assay procedures 
for nitrate and nitrite reductase have been described before’-*. 


Table 2. UCNINDUCED ACTIVITIES (CREA TREATMENT) 


pir nir? nire 
Genotype EN E ESA, > Laan P ER Be ais 
pir’ ner nirt 


Nitrate reductase 6-0 (n =39)*** 1-2 (n=43)+ 
Nitrite reductase 2-8 (m=41)** 0-8 (n= 43) 


INDUCED ACTIVITIES (UREA + NITRATE TREATMENT) 


. air’ nir* 
Genotype a eee: nes 
par? nirT 


N itrate reductase 4:5 (n=27)*** 
Nitrite reductase 3-1 (n= 26)** 


*** and ** indicate significance at the 0-1 per cent and 1 per cent levels 
respectively, + indicates a lack of significance at the 10 per cent level. The 
7 Values give the number of degrees of freedom for each f test. 


several replicates were executed for each strain and Table 1 
gives the means and their standard errors for the specific 
activities of the two enzymes. The significance of the 
values obtained was estimated by the ¢ test. 

The results (Table 2) are inconsistent with our original 
model, but are entirely consistent with the dosage effect 
model presented here. 

It therefore seems that the nir gene synthesizes only 
about as much regulator product as is required to activate 
one set of structural genes, thereby ensuring maximum 
economy. 
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Control of Malignant Metastases 
by ICRF 159 


THE aim of cancer chemotherapy to destroy the last 
malignant cell may be unnecessarily ambitious 1f inhibition 
of metastases formation by chemotherapy could convert 
a malignant to a quasi-benign tumour. Systematic investi- 
gations into the experimental chemotherapy of spontan- 
eous metastases have, however, been remarkably few!. 
This is perhaps not surprising m view of the technical 
difficulties experienced in the past in obtaining meaningful 
results. We have for some time attempted to study the 
effects of potential anticancer agents on the development 
of metastases by using the Lewis lung (8LL) tumour of 
mice, a tumour which produces metastases regularly, 
spontaneously and consistently to give multiple lung 
metastases*-4, We have attempted to do this not only 
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because the ability to invade adjacent tissues is not 
shared by most normal dividing tissues, but also because 
it seems entirely possible that the basie processes of 
secondary tumour formation-—invasion, dissemination 
and implantation—may have similar biochemical and 
biophysical characteristics in most malignant tumours. 

Handler, Sarris and Willst in an investigation on the 
effects of various chemotherapeutic substances on the 
growth of metastases and the primary 3LL tumour found 
that some agents, although effectively inhibiting the prim- 
ary. had no effect on the metastases. Of the seven sub- 
stances they examined, none gave more than a marginal 
inhibition of metastatic growth. To our knowledge no 
effective inhibition of spontaneous experimental metastases 
formation by chemotherapy has been reported. We 
recently described the antitumour properties of (+ )-1,2- 
bis (3,5-dioxopiperazin-I-y]) propane {ICRF 159) in 
animals* and man’. During preliminary stadies with this 
compound it was discovered that it would almost. totally 
suppress the appearance of secondaries of the 3LL tumour. 
Here we describe these experiments together with others 
on the outcome of primary tumour implantation following 
inoculation with tumour (3LL and sarcoma 180) previously 
treated with ICRF 159. 

To study spontaneous formation of metastases the 3LL 

tumour carried in CS57BI females was used. The tumour 
was 14 days old when transplanted into the experimental 
animals. Inoculations were performed by Bashford needle 
and the tumour was implanted subcutaneously in the fank, 
Aseptic precautions were observed. Compounds for 
injections were made up in carboxymethyleellulose 
(0-5 per cent in isotonic saline) (CMC) and given in a volume 
of 0-2 ml. ICRF 159 was given at 30 mg/kg for 10 days 
during the first 2 weeks in one experiment and for (@) 
the first 7 days, (b) the second 7 days and (e) the third 7 
days during the course of 21 days in another experiment. 
For comparison, mice bearing 3LL tumours were given 
cyclophosphamide (5 mg/kg) daily for 10 days during the 
first 2 weeks following implantation. We had earlier 
found that this dosage of cyclophosphamide would give 
about the same degree of mhibition of the primary 3LL 
tumour as 30 mg/kg of ICRF 159. 

The animals were killed 3 weeks after imoculation 
of the tumour when the primary growths and the lungs 
were dissected out. The lungs were examined for meta- 
stases by filling the alveoli with dilute Indian ink before 
fixation of the whole lung®. This has the effect of showing 
up the metastases as white nodules against the black 
substance of the lung, thus facilitating the counting of 
the nodules. Inhibition of primary tumour growth was 
ealeulated by dividing the mean weight of the treated 
tumours (T) by the mean weight of the control tumours 
(C), that is, T/C. 

Oxytetracycline (0-5 per cent) solution was freely avail- 
able for all groups of mice for the second and third weeks 
of the experiment. 

At the end of 21 days, the lungs of every one of twenty- 
eight control animals showed multiple metastatic nodules, 


ing animals showed no macroscopic metastatic mvolve- 
ment. There was, however, no significant difference 
between the mean weight of the primary tumours of the 
control group (3:65 g) and that of the treated group 
(3-2 g). Unless, therefore, the cells of the secondary 3LL 
tumour in contrast to those of the primary are sensitive 
to ICRF 159, inhibition of metastases formation could 
not have been the result of inhibition of cell division in 
already implanted 3LL metastatic nodules. 

Lungs from animals treated with eyclophosphamuce 
(5 mg/kg) for the same length of time as those treated 
with ICRF 159, for 10 days in the first 2 weeks, had as 
many metastatic nodules as the controls. With much 
higher doses of cyclophosphamide (90 mg/kg), Handler 
et alt obtained slight inhibition of metastases formation 
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ICRF 159 (30 mg/kg) 
SLL tumour implanted in flank 3 weeks previously and treated for 10 davs during the first 14 days following 


(1-4, 7-11, 14). 
and slight inhibition of primary tumour growth. It there- 
fore seems probable that any prophylactic effect by cyclo- 
phosphamide on the appearance of 3LL metastases is 
caused by the inhibition of 3LL cell division. When 
animals were treated with ICRF 159 (30 mg/kg) for 7 days 
in the first. second or third period of 7 days, the numbers 
of metastatic nodules seen at 21 days depended on the 


day that treatment was started (Table 1). 


treatment. 


METASTATIC NODULES 
159 (30 mg/kg) 


Table 1. NUMBERS OF MACROSCOPICALLY VISIBLE 
ON SURFACE OF LUNGS OF ANIMALS TREATED WITH ICRF 
DURING DIFFERENT PERIODS 


Treated over 21 days Mean 

tst—7 days only 
Test 0 0 0 1 S 0. 9 Q $ o | 
Control 9 18 45 11 26 21 20 12 12 19 

-nd—7 days only 
Test 0 1 8 0Ã 20838380G 2 
Control 15 14 22 13 24 16 26 19 

srd—7 days only 
Teat 13 6 108 6 2 2 30 9 N 
Control 21 14 18 20 8 10 10 14 


To see if tumours treated with ICRF 159 differed from 
untreated in their capacity to implant successfully, mice 
were moculated with tumours which were allowed to grow 
for 7 days, treated for 5-6 days and then dissected out, 
weighed, a small piece taken for histology and the rest 
inoculated into fresh groups of mice. 3LL tumours of mice. 
treated for 6 days with 30 mg/kg ICRF 159, implanted 
and grew on transplantation as well as those obtained 
from control mice. There was no observable difference 
at any time. By contrast, sarcoma 180 of mice treated 
with ICRF 159 failed to “take” in a considerable propor- 


tion of animals. Of those tumours which did take”. 
most grew only very slowly and a large proportion, 
particularly in experiment 2 (Table 2), were less than 


6 gat 14 days. Many were considerably less than this. 


A few treated tumours, however, when transplanted, grew 
normally in all the recipients but most tumours grew 


Fable 2. TREATMENT OF ANIMALS BEFORE TRANSPLANTATION OF 


Pre tumour-transplantation 


The size of 
the nodules appeared to be unrelated to the timing of 


S180 


Control 


implantation days 


There was no significant difference in the weights of the primary tumours. 


only vers poorly. Histological examination of treated 
S180 tumours showed that they contained many bizarre 
multinucleate cells but also much viable tumour tissue. 

Many attempts have been made in the past to influence 
the development of “metastases” produced by intravenous 
Injections of tumour cells, but such techniques by-pass 
two important events In metastases formation: invasion 
and exfoliation. Because the malignant cells in such 
experiments are usually derived from ascitic tumours 
or prepared in some way from solid tumours, the injected 
cells may also have different qualities to those of cells from 
tumours which form spontaneously. We, 
like others'*, have therefore preferred to use a tumour, 
the Lewis lung T241 sarcoma, which forms metastases 
spontaneously and predictably in all the inoculated 
animals. Neither the primary nor the secondaries of this 
tumour seem to be influenced by the immunological state 
of the host’. 

When treatment with ICRF 159 (Table 1) was confined 
to the first week following implantation, the virtual 
complete inhibition of metastases formation seen 2 
later could imply that the invasive character of the primary 


metastases 


weeks 


tumour or its exfoliation might have been affected. 
Almost total inhibition of metastases was also obtained 


even when treatment was delayed until the second week 
following implantation. ‘This might that both 
implantation and the development of the implants were 
affected by ICRF 159, but when treatment was delayed 
until the third week, the mean number, though not the 
size, Of metastatic nodules was still very much reduced., 
indicating a failure of implantation as the most likely 
explantation. 

This explantation is also supported by the finding that 
sarcoma 180 treated with ICRF 159, although apparently 
Viable, fails to “take” on transplantation, but it is not 
supported by the failure of ICRF 159 to influence the 
“take” of the 3LL tumour. The difference between these 
two responses may, however, be caused by the characteris- 
ties of the implantation site rather than by a failure to 


indicate 


AND NUMBER OF SUBSEQUENT “NO-TAKES™ AT 7 AND 14 Days 


Tumour Post tumour-transplantation 


Number Mean tumour Mean tumour transplanted Number Number Number 
Experiment Number of "no-takes” wt, (a) wt, (g) into number "no-takes”' "no-takes” wt. <0 g 
animals at 7 days at 7 days at 14 days Of animals at 7 days at 14 days at 14 days 
I. Control 10 0 026 3:54 St 0 0 0 
* Treated 10 1) 1-34 i0 t DA d4 7/1 
IT. Control 10 0 0-48 
tTreated 10 0 1-3 =OS 20 11 23/39 


* 30 mg/kg IORF 159 intraperitoneally on days 7, 8, 9, 10 and 11 
t25 mg/kg ICRF 159 orally on days 7, 8. 9, 10, L1 and 14. 
* Each tumour transplanted to four recipients. 
$ Each tumour transplanted to five recipients, 
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influence the tumour cells. Garattini and his associatesi®™ 1 
recently described interesting new systems for studying 
metastases. They demonstrated that the surfactant 
‘Triton WR 1339’ could inhibit tumour dissemination 
even though it did not affect the growth of the transplanted 
cells or their viability??. They concluded, as we have done 
with ICRF 159, that ‘Triton WH 1339’ inhibited implanta- 
tion of cancer cells. 

The findings reported here have implications for the 
whole field of cancer chemotherapy testing, because it is 
a daunting prospect to contemplate that it may be possible 
to inhibit the formation of metastases by substances which 
themselves may have no influence on the growth of primary 
tumours. This would add a new and serious challenge 
to other considerations in accepting the predictive value 
of tests where inhibition of the primary tumours is the 
sole criterion to select compounds for the control of 
malignant growth. 

We thank G. F. Marrian, until recently director of 
research of the Imperial Cancer Research Fund, whose 
unfailing support for the work of this department has 
been a source of inspiration and enthusiasm. We also 
thank Messrs G. D. and A. Leach for their excellent 
photographic work. 
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immunosuppression by L-Asparaginase 


In 1953 Kidd! discovered that the growth of certain 
murine lymphomas is inhibited by the administration of 
guinea-pig serum. Broome? found the suppressive 
factor to be L-asparaginase, an enzyme widely distributed 
in nature but present in serum only in guinea-pigs and 
in rodents of the superfamily Cavioidea’. Tumours 
affected by L-asparaginase are unable to synthesize 
L-asparagine, an amino-acid considered non-essential for 
normal tissues*-§. The neoplasms, it is thought, are killed 
when their stores of L-asparagine are depleted by the action 
of L-asparaginase. The discovery of L-asparaginase- 
resistant variants of sensitive tumours that have sufficient 
L-asparagine synthetase to free them of dependence on 
exogenous L-asparagine supports this idea’. Because 
normal cells have been considered independent of exogen- 
ous L-asparagine, and thus resistant to the enzyme, a 
tumour-specifie killing effect is possible with L-asparagin- 
ase. Indeed, dramatic results have been observed follow- 
ing treatment with L-asparaginase of mice with established 
leukaemia? and dogs with advanced lymphosarcoma’. 
Clinical trials with the enzyme are now proceeding! ™, 
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Table 1, IMMUNOSUPPRESSION BY L-ASPARAGINASE 


Nucleated cells! 


PEFC Spleen weight spleen (per mm? 

Group Treatment Spleen cells (mg) x 1,000) 

1 Saline 256-3 + 296 99-3 + 31 60-0 + 16-2 

2 25 U/d x8 43-6 + 20-7 Go 244-4 92-5 + 5-5 

3 250 Ujd x š 33-9 + 6-8 66-6461 16343 

4 1,000 U/d x 8 105432 82-8 + 8-0 16-640-8 

5 250 Ujdx4 20-8 + $5 4424 2-8 W38+01 

G 250 Ud x4 63+0-6 61-64 4-4 B31 + 8-3 

7 1,000 U/d x I 37-3447 57-44 6-0 1844 5-0 

8 1,000 U/d x1 39:1 +321 62-2+3-4 4223-6 


Results are expressed as the mean +1 standard error. The dese of t- 
asparaginase is given in international units. Results for all contro! animals 
have been pooled into group 1. 


The work to be described here shows that, in addition to 
its anti-tumour effects, L-asparaginase is Immunosuppres- 
sive in the mouse. 

C57B1/6J mice, aged 2 to 4 months, were divided into 
the groups shown in Table 1. Each experimental group 
was matched by a control group which received intra- 
peritoneal (IP) injections of saline instead of L-asparagin- 


ase. There were twenty-seven control mice and five 
mice in each experimental group. 1-Asparaginase 


extracted from H. colt (Merck, Lot No, C-7882) was 
dissolved in saline so that the required dose was contained 
in 0-25 mi. Aliquots of the dissolved enzyme were stored 
at — 10° C until used. Immune responses were tested by 
enumerating the number of haemolytic plaque forrnmg 
cells (PFC) in the spleen four days after an IP injection 
of 10° sheep red blood cells (SRBC)}'*. Mice of groups 2, 
3 and 4 received L-asparaginase daily beginning 4 days 
before challenge with SRBC, and continuing to the day of 
PFC assay. Mice of group 5 received four daily doses of 
the enzyme beginning on the day of antigenic challenge. 
L-Asparaginase was given to mice of group 6 for 4 days 
preceding SRBC injection. One dose of 1-asparaginase 
was given to mice of groups 7 and 8, either 24 h before 
(group 7) or simultaneously with (group 8) the SRBC, 

Severe depression of the immune response to SRBC was 
found in all mice treated with L-asparaginase (Table 1). 
Treatment either before (group 6) or after (group 5) the 
antigenic challenge was equally effective. Tt may be 
noteworthy that a single, large dose of L-asparagimase 
sharply diminished the number of PFC, 

None of the mice in this study died of toxiaty. The 
control mice gamed, on the average, 0-3 g during the 
experiment. Change in weight in g of the experimental 
mice was as follows: group 2,0-0; group 3, — L2; group 4, 
— 13; group 5, ~0-5; group 6, -—0-9; group 7, ~ 0-3; 
group 8, — 02 g. 

The spleens of all mice given L-asparagimase were smaller 
than those of the control animals. and the cellular content 
of the spleen was reduced in all experimental mice except 
those of groups 2 and 6. The results in groups 2 and 6 are 
of interest because although the number of nucleated cells 
in the spleens of these mice was not decreased, the number 
of PFC was reduced. The spleen of the mouse contains 
both lymphoid and myeloid elements, and it is conceivable 
that the enzyme affects these two lines of cells differently, 
especially when given in relatively low doses. Differential 
effects of L-asparaginase on lymphocytes may account 
for the normal number of nucleated cells per spleen in 
groups 2 and 6, even though the number of PFC was 
reduced. A subsequent report will present detailed 
information on the cytotoxicity of L-asparaginase in normal 
animals. 

It was originally thougbt that L-asparaginase would 
selectively affect certain malignant cells because of their 
dependence for growth on L-asparagine, but the present 
findings indicate that antibody forming cells can be 
affected profoundly by L-asparaginase. Hersh and Ohno™ 
have independently found that L-asparaginase is immuno- 
suppressive. It has also been observed that in vitron 
and in vivo’ treatment with the enzyme prevents blasto- 
genesis in human lymphocytes exposed to phytohaemag- 
glutinin. These results, together with the evidence of 
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L-asparaginase toxicity in manif, show that the effects 
of the enzyme are not confined to neoplastic cells. 

Judging by the data presented here, L-asparagimase 
represents a new class of immunosuppressant. Naturally, 
much more work is needed before its practical advantages 
wil be known. Nevertheless. further work with this 
substance—-or related enzymes--may be encouraging 
because of its lack of myelotoxicity’®. Finally, these 
results demonstrate once again the interesting correlation 
between anti-tumour and anti-ummune effects", 

I thank Mrs Jane Hamill for technical assistance. 
This work was supported by the US Public Health 
Service. 
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Influence of Antilymphocyte Serum on 
DMBA Induction of Oral Carcinomas 


SURVEYING the relationships between immunity and 
malignant disease, Fairley! concluded that “in man, as in 
animals, many tumours contain tumour-specific antigens 
against which the host is capable of reacting’. It is 
evident that an active immune system may be important 
in the elimination of spontaneously arising malignant 
cells?, but when tumour cell foci arise rapidly and in large 
numbers, the immune mechanism may be unable to stem 
the formation of an overt neoplasm. 

There have been several demonstrations of the enhance- 
ment of tumour and non-neoplastic graft acceptance and 
survival as a result of depression of the host’s immune 
system by treatment with antilymphocyte serum (ALS) 
alone®, or coupled with thoracic duct drainage’, with 
thymectomy® or with other immunosuppressive agents®, 
An increased susceptibility to the action of oncogenic 
viruses, following ALS treatment, has also been de- 
scribed?8, This report describes the augmentative effect. 
of ALS treatment on the formation of squamous cell 
carcinomas grown, de novo, as a result of painting the cheek 
pouch mucosa of the golden Syrian hamster (Mesocricetus 
auratus) with the eareinogen 7,12-dimethylbenz(«)anthra- 
cene (DMBA),. 

ALS was prepared by intravenous injections of hamster 
thymocytes into New Zealand white rabbits, injecting 
approximately 2 x 10° cells, followed by similar quantities 
after 2 and 4 weeks. The rabbits were bled 1 week later, 
the pooled sera were filtered, complement removed at 
56° C for 30 min and stored in small aliquots at — 20° C. 
The cytotoxic titre of the pooled sera was > 256, as 
measured by the trypan blue exclusion test. 
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Fig, 1. Incidence of hamster cheek pouches bearing one or more 


tumour nodules; sixteen animals treated with DMBA (---) and six- 
teen animals treated with ALS/DMBA (-——). 


The cheek pouches of thirty-eight hamsters, bred and 
maintained in conventional conditions, were painted 
thrice weekly with 0-5 per cent DMBA in mineral oil 


(Sigma). In addition, at the same intervals, sixteen of 
these animals received 0-25 ml. ALS subcutaneously ; 


the dose was reduced to a maintenance level of 0-1 ml. 
ALS after 7 weeks. The weight range of the hamsters 
at the beginning of the experiment was 76-92 g (average 
84:5 g) and no attempt was made to adjust the ALS 
dose to changes in body weight although the latter 
fluctuated considerably. ALS treatment was commenced 
l-8 days before initiating carcinogen painting. Six 
control hamsters received “normal! rabbit serum (NRS) 
in place of ALS. 

Pouches were examined for tumour growth while the 
animals were anaesthetized by intraperitoneal nembutal. 
Nodules >] mm diarmeter were counted; previous 
experience has shown that such nodules inevitably become 
invasive squamous cell carcinomas’, histologically econ- 
firmed by biopsies during the experiment. 

ALS/DMBA treated hamsters first showed evidence of 
tumour growth during the sixth week (7-8 + 1-5 weeks) as 
opposed to the eighth week (1054+22 weeks) in the 
remaining animals (Fig. 1). This represented a 26 per 
cent reduction of the latent period of carcinogenesis. 
The rate at which the number of tumour bearing pouches 
increased was also significantly higher in the ALS/DMBA 
group, reaching > 80 per cent by eight weeks, not achieved 
in the DMBA group until the fourteenth week. 

These results do not indicate the overall number of 
tumours that appeared during the experiment. Fig. 2 
illustrates the rate of increase of tumour numbers related 
to the total number of pouches examined at any one time. 
The net result showed that ALS treatment not only 
speeded up the initiation of pouch tumours but also 
increased the total number of tumours that developed. 
Animals on the NRS/DMBA regimen were indistinguish- 
able from those on DMBA alone. 

In this experiment the DMBA group survived beyond 
15 weeks when the observations ended, but in the ALS 
group none were well enough to be allowed to survive into 

the thirteenth week. During the later stages of treatment, 

complications arose because of increasing debility of the 
experimental animals, Secondary serum reactions, if 
present, would have been masked by the systemic effects 
of the DMBA, but DMBA treatment alone frequently 
caused a pronounced drop in body weight after about 
3 weeks treatment and again towards the termination of 
the experiment when wasting and infection sometimes 
proved fatal. 
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Fig. 2. Total numbers of tumours obtained by treatment with DMBA 


(--~-) or ALS/DMBA (———~). 


No metastases were found in any of the hamsters. 
Submandibular lymph nodes of hamsters treated with 
DMBA alone exhibited great enlargement which was 
effectively but not entirely subdued by the presence of 
ALS. Blast cell transformation was also suppressed by 
the ALS (to be described elsewhere). No peripheral blood 
counts were made. The results suggest that there is 
increased freedom of tumour development caused by 
impairment of the cell mediated immune system. En- 
hancement of the growth of chemically induced tumours 
emphasizes the possible risk that immunosuppression 
may be detrimental to any existing state of immunity to 
incipient or dormant spontaneous neoplasia. 

I thank F. C. Chesterman, D. F. Tucker, R. H. Raymond 
and Miss S. Northfield for advice and assistance. 

D. A. Woops 
Department of Biological Ultrastructure, 
Imperial Cancer Research Fund, 
Lincoln’s Inn Fields, 
London WC2. 


Received July 18; revised August 19, 1969. 


' Fairley, G. H., Brit. Med. J., 2, 467 (1969). 

* Burnet, F. M., Lancet, i, 1171 (1967). 

* Fisher, E. R., Soliman, O., and Fisher, B., Nalure, 291, 287 (1969). 
t Woodruff, M. F. A., and Anderson, N. F., Nature, 200, 702 (1963). 
* Davis, R. C., and Lewis, J. L., Transplantation, 6, 879 (1968). 


* Starzl, T. E., Marchioro, T. L., Porter, K. A., Iwasaki, Y., and Cerilli, G. J., 
Surg. Gynec. Obstet., 124, 301 (1967). 


7 Hirsch, M. S. and Murphy, F. A.. Laneet, ii, 37 (1968). 


* Chesterman, F. C., Gaugas, J. M., Hirsch, M., S., Rees, R. J. W., Harvey, 
J. J., and Gilchrist, Č., Nature, 221, 1083 (1969). 


* Woods, D. A., and Smith, C. J., J. Invest. Dermatol., 52, 259 (1969). 


Stimulation of Lymphocytes by 
Autologous Leukaemic Cells in 
Acute Leukaemia 


Bots serological and cell-mediated immunological reac- 
tions of the primary host against his cwn tumour cells have 
been demonstrated in an increasing number of experi- 
mental tumours!; promising results have also been 
obtained with human tumour cells as antigens and patient's 
own serum as the source of antibedy*-5, and some ex- 
periments suggest that cell mediated immune reactions 
may also be involved*-*. Stimulation of lymphocytes in 
mixed cultures in vitro is a possible method for the 
detection of antigenic differences between two types 
of cells*. We have observed an increase of thymidine 
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incorporation in vitro into lymphocytes from the remis- 
sion period, when cultivated in the presence of mito- 
mycin C treated autologous leukaemic leucobiasts. The 
cells were from ten patients with acute leukaemia, nine 
acute lymphoblastic leukaemias and one acute myelo- 
blastic leukaemia with hyperleucocytosis {over 50,000 
leucocytes per mm'). | 
The leucoblasts were taken before any transfusion 
or treatment and isolated in sterile conditions from 
defibrinated blood in the presence of fluid gelatine. 
Suspensions containing more than 90 per cent leucoblasts 
and a few erythrocytes were frozen slowly in the presence 
of 10 per cent dimethylsulphoxide in a Linde freezing 
unit BF,-1, and preserved in hquid nitrogen! . 
Lymphocytes were separated by sedimentation in 
fluid gelatine from defibrinated blood from the same 
patients, one to twelve months after the beginning of 
chemotherapy-induced remission, and at least three days 
following the interruption of the treatment. The suspen- 
sions were frozen as described. Freezing destroyed most 
polymorphonuclear cells, and after thawing the suspen- 
sions contained more than 80 per cent viable lympho- 
cytesi?, The cell suspensions were thawed rapidly before 
use, resuspended stepwise in the culture medium and 
washed. The leucoblasts (10 x 10° per ml.) were treated 
with 200 ug/ml. mitomycin C for 2 h, and washed three 
times. Cultures, in 4 ml. of Eagle’s minimum. essential 
medium, contained L-glutamine, antibiotics and 20 per 
cent foetal calf serum. Each tube contained 4 x 10* viable 
lymphocytes. Positive controls contained in addition 
phytohaemagglutinn M (1/40) or 4x 10* allogeneic 
lymphocytes selected according to differences in HL-A 
antigens??. Various quantities of mitomycin-treated 
leucoblasts were added to mixed cultures. Negative 
controls consisted of 8x 10* lymphocytes alone and 
8 x 10° mitomycin treated leucoblasts alone. On the fifth 
day, after 2 h incubation in a medium containing 2 
uCi/ml. of *H-thymidine, cultures were harvested and 
washed three times. 


Eu 


grains was established by counting 1,000 to 2,000 cells. 
Radioactivity was counted in a Packard “Tri-Carb 3310 
spectrophotometer; the cells were washed three times 
with 5 per cent trichloroacetic acid, and treated with 
hyamine; 2,5-diphenyloxazole-2-(4-methy1-5-phenyloxaz- 
olyl)-benzene was used as scintillant. 

The incorporation of *H-thymidine is increased in six 
eases when lymphocytes are mixed with mitomycin- 
treated leucoblasts (Table 1, cases I, IT, TV, VII, VIII 
and IX): the percentage of labelled cells increases from 
1-5 to 4:5 per cent. Thymidine uptake is practically nil in 
cultures of lymphocytes alone or leucoblasts alone; it 
is also nil in lymphocytes cultivated in the presence of 
autologous leucoblasts in cases III and V and slight in 
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Fig. 1. Effect of the number of antologous mitomycin-treated leugo- 


blasts on the incorporation of *H-thymidine in cultures containing 4 x 10° 
lymphocytes from patients with acute leukaemia (case IX, reactive. 
case X, non-reactive). 
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Table 1 
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PERCENTAGE OF CELLS LABELLED WITH TRITIATED THYMIDINE {AUTORADIOGRAPHY } 
Lymphocytes 


Lymphocytes Lymphocytes Positive controls 


Leukaemia Negative controls (4 x 108) 4 {$x 10°) iå x 109 + Lymphocytes Lymphocytes 
(ase type Lymphocytes Leucoblasts leucoblasts lencoblusts lencoblasts + alogenelc + phyto- 
alone alone {4x 10%) (x x 105) (18 x 105) Iv niphocy tes haemagehutinin 
i ALL 0 U2 1-2 15 Pe oS 12 
Lit ALL Q Q (l TO 3 
A i) ü A 03 
IY AML 0 0 2-4 
l 1l 9 3-9 3-6 35 2-0) BT 
y ALL © ü Q 9 LF EAS 
7 i 0-6 () ü 0 
VI ALL 9 i O-8 Q O-5 1-0 14 
~~ | Q ü pl 
VH ALL ü ü 1-4 13-0 
i Q 0 30 39 
VIII ALL 0 0 13 15 
i i 0 04 23 3-0 2] 27 7-4) 
IX ALL 0-2 0 3:0 ol 21l 16 
ALL, acute lymphoblastic leukaemia: AML, acute mveloblastic leukaemia, 
Table 2, INCORPORATION OF TRITIATED THYMIDINE MEASURED BY SCINTIL- fore stimulate allogene) ite: iy mphocytes (unpublished 
LATION COUNTING ne mises Oe anes 
Counts per minute observations of W. H. F. and D. C. Viza}. Spontaneous 
4 + £ 7 3 $ 
| A E E E transfor mati on of lymphocytes on freezing was never 
Case  Lympho- Letico- (4 x 10%) + (4 « 10%) + (4 x 10°) + observed. A modification of the cell membrane antigens 
cytes blasts leuceblasts lenvoblasts leueoblasts ALIS hy a y ro r r 
Ta a peer (Be 10°) ec 105) caused by freezing is very unlikely, for fresh lymphocytes 
ii i i i - are not stimulated by frozen autologous lymphocytes. 
IV 219 É 6201 Because of our lack of know ledge on the mechanism of 
Ae Wao ane a? sa TT in vitro lymphocyte transformation and the multiplicity 
cee e toS AP ae : t = has i w 
VH 904 204 6-631 15-049 of possible trigger factors, it cannot be stated with cer- 
IX Lee ae Zong a ep tainty that the reaction we have described is immuno- 
e g + DS + ` t - z ` . 
X 51 106 123 359 32 logie al in nature. Nevertheless, it is reasonable to think 


case VL  Seimtillation counting confirmed these results 
(Table 2}. No increase in thymidine incorporation is noted 
in eases HH and V, nor in case X which was not studied 
by autoradiography. 

The ratio No. of leucoblasts/No. of lymphocytes affects 
the uptake (Fig. 1): in the positive reactions (case IX), 
it is maximum when the ratio is two; negative reactions 
(ease X) are not, however, affected by the number of 
leucoblasts. 


Thymidine incorporation was measured in mixed 
cultures containing 4x 10° Iymphoeytes and 8 x 10° 


mitomycin Č treated autologous leucoblasts and harvested 
at different times (Fig. 2). Maximum incorporation was 
observed on the fourth or fifth day of culture. 

Tt is clear that tritiated thy midine is incorporated into 
the lymphoeytes, because the mitomyein C (a fully in- 
hibitory dose, eight times that gener ally used for ly mpho- 
cytes’) inhibits uptake into the le ucoblasts either alone 
or in mixed cultures. Negative controls ruled out inter- 
ference from the fluid gelatine., dimethylsulphoxide or 
foetal calf serum. The freezing procedure was also without 
adverse effects: the frozen lymphoeyvtes retain their 
capacity for transformation in the presence of phyto- 
haemagglutinin, tuberculin or allogeneic lymphocytes". 
The frozen leucoblasts retain their ability to mecorporate 
‘H-thymidine, their HL-A membrane antigens, and there- 
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Incorporation of *H-thymidine in mixed cultures harvested on 
different days as a function of the duration of the culture. 


that the stimulation may be the consequence of an anti- 
genic difference between leukaemic and normal cells. 
Indeed, the features of this autologous reaction are similar 
to those observed in in vitro cultures of lymphocytes in the 
presence of antigens or allogeneic cells*®. The autologous 
reaction Co ribed T is comparable with those observed 
in mixed of non-immune lymphocytes from 
aa va with different oo a om aut no differences 


ey tes ae thes same a have ae deser shee pear, 
Another antigenic system would therefore have to be 
invoked for leukaemic cells to explain our results. 

Immune lymphocytes are stimulated m the presence 
of antigen'®, In fact, our observations may be attributed 
to the pre-sensitization of the patient’s lymphocyte against 
an antigen present on the autologous leukaemic cells. 
The evolution of the disease in three patients whose 
ly ay tes did not react was not, however, found to be 

significantly different from that of the seven patients 
w with positive reactions. Circulating antibodies were absent 
in the serum of nine of the ten patients in remission, 
according to the membrane indirect immounofluorescence 
techni que", A weak reaction was found with serum from 
ease JIT which did not cross-react against leukaemic cells 
from ether patients. 

Further investigations will be necessary to relate this 
in vitro reaction between lymphocytes and autologous 
leukaemic cells with possible cell-mediated immunological 
reactions 17) vivo. 
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Unsuitability of Leucine Naphthylamide 
for the Histochemical Demonstration 
of Lysosomal Proteolytic Activity 


CHAYEN and his co-workers! have recently reported that 
a lysosomal enzyme shows decreased latency in synovia 
from rheumatoid joints as compared with normal controls. 
The enzyme in question was demonstrated histochemically 
with leucine 2-naphthylamide (the correct name of this 
compound appears to be leucine naphthylamide or leucine 
2-naphthylamide?, not, for example, leucyl-$-naphthyl- 
amide; leucine naphthylamidase would be the correct 
trivial name for a hydrolase acting on this substrate, 
according to Enzyme Commission rules?) as substrate at 
pH 6-5 (ref. 4). The statement was made, however, that 
this staining reaction demonstrates lysosomal proteolytic 
activity, which is not consistent with results obtained 
recently in this laboratory. The point is of particular 





Fig. 1. 
naphthylamidase activity as described in the text (x 1,320). 
the presence of 1 mM puromycin ( x 1,140). 
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importance, because a lysosomal proteinase may partici- 
pate in the degradation of articular cartilage matrix in 
arthritis®*. Sylvén” has suggested that leucine naphthyl- 
amidase activity, demonstrated histochemically, may 
correspond to cathepsin B at pH 5-5, but not at the higher 
pH preferred by Chayen et al. 

We know of two lysosomal enzymes that show true 
proteolytic (that is, endopeptidase) activity: cathepsin B 
and cathepsin D (ref. 8). The experiments described here 
were designed to establish whether either of these enzymes 
could be responsible for the leucine naphthylamidase 
activity of human synovium. 

Cathepsin D was isolated from samples of human liver 
obtained from cadavers. ‘T'wo-thousand-fold purification 
of the enzyme resulted in a preparation that was homo- 
geneous by several criteria including isoelectric focusing 
and immunoelectrophoresis*®. Samples of human rheuma- 
toid synovium and human liver were each dispersed in 
0-2 per cent “Triton X-100 (by use of an ‘Ultra Turrax’ 
high speed homogenizer) and centrifuged (600g for 15 
min). Leucine naphthylamidase activity in the pure 
enzyme preparation and in the tissue extracts was meas- 
ured by the method of Goldbarg and Rutenberg’? modified 
in that the incubation mixture was buffered at pH 6-5 to 
conform with the conditions used in the histochemical 
work, one unit of activity being that quantity causing 
the release of 1 ug of 2-naphthylamine during 30 min 
at 37°C. Cathepsin D activity was determined essentially 
as described previously™, and the results are calculated 
on the basis of identical cathepsin D levels (4 U/ml.) in 
the three samples. The equivalent levels of leucine naph- 
thylamidase activity were: <1 U/ml. (pure cathepsin D), 
450 u/ml. (synovial extract) and 120 v (liver extract). 
This indicates that cathepsin D cannot account for any 
significant part of the leucine naphthylamidase activity 
of the tissues. 

In a second experiment, rheumatoid synovium was 
homogenized with phosphate buffer (4 volumes, 0-05 M, 
pH 6-5) containing ‘Triton X-100’ (0-2 per cent). The 
homogenate was centrifuged as before and the supernatant 
extract assayed for leucine naphthylamidase, cathepsin B 


-y ® 


a, Frozen section (6 microns thick) of human rheumatoid synovium stained (15 min, 37° ©) for leucine 


b, Section as a, from the same series, stained in 
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(by the method of Greenbaum and Fruton® except that 
the ninhydrin method!® was used to determine ammonia 
after micro-diffusion) and cathepsin D. The three enzyme 
activities were determined in the presence or absence of 
1 mM ‘Hyamine 1622’ (benzyldimethyl{2-[2-(p-1,3,3-tetra- 
methyl butylphenoxy jethoxy]Jethyl ammonium} chloride, 
also known as benzethonium chloride) or 1 mM puromycin, 
both of which have recently been found to be powerful 
inhibitors of several amino-acid naphthylamidases'*~!*, 
While leucine naphthylamidase activity was inhibited 
by 99 per cent with ‘Hyamine’ or 89 per cent with puro- 
mycin, the activities of cathepsins B and D were not 
significantly affected. From this it was concluded that 
cathepsins B and D cannot be responsible for the leucine 
naphthylamidase activity of human synovium. 

In further experiments at the histochemical level, frozen 
sections of human synovia were stained for leucine naph- 
thylamidase activity by the method of Nachlas et al."’, also 
used by Chayen and co-workers’. Strong particulate cellu- 
lar cytoplasmic staining was observed (Fig. la), much as 
described for other tissues! :!*, together with some diffuse 
cytoplasmic staining. When sections were incubated 
in the presence of 1 mM ‘Hyamine’ or puromycin, with or 
without preincubation at 4° C with inhibitor but no 
exogenous substrate, staining was almost completely 
abolished (Fig. 16), puromycin inhibiting slightly more 
efficiently than ‘Hyamine’. In parallel control experiments, 
lysosomal acid phosphatase activity was demonstrated 
essentially by the method of Bitensky'*®. Good particulate 
staining was obtained both in the presence of, or after 
preincubation with, the leucine naphthylamidase inhibi- 
tors, showing that their effect was specific and not due to 
any effect on lysosomal integrity. These histochemical 
results thus confirm the biochemical findings. 

Our conclusions are in agreement with other work. 
Cathepsin B has recently been purified in two distinct 
forms from bovine spleen®*, both of which have been shown 
to have negligible activity against leucine 2-naphthylamide 
(K. Otto, personal communication), and it therefore seems 
probable that the hydrolysis of this substrate detected 
by Sylvén’, using only a partially purified preparation of 
cathepsin B, was the result of contamination by another 
enzyme. Cathepsin D has never been shown to act on a 
substrate of such low molecular weight as leucine naph- 
thylamide*, but is capable of degrading the protein poly- 
saccharide complex of cartilage matrix? +71. 

Our results show that leucine naphthylamidase activity 
is not caused by a known lysosomal endopeptidase. On 
the contrary, the powerful inhibition by Hyamine and 
puromycin shows that the activity demonstrated histo- 
chemically by Chayen et al. and others is caused by one 
or more of the amino-acid naphthylamidases that are 
already well characterized biochemically'*-1*?*-*4, We 
therefore suggest that the enzymatic activity detected by 
this histochemical method is best known simply as 
“leucine naphthylamidase”’. 

We thank the orthopaedic surgeons of Addenbrooke's 
Hospital, Cambridge, for providing human rheumatoid 
synovia. 
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Gallstones induced by Normal 
Foodstuffs in Dogs 


EXPERIMENTAL models of gallstone formation have been 
described in many species!:*, but the lithogenic methods 
used were unphysiological or unnatural. In dogs, spon- 
taneous gallstones are rare’, and human cholesterol 
gallstones placed in the dog gallbladder will dissolve’. 
Canine gallstones cceur in biliary fistulas’, but the only 
report of gallbladder stones followed combmed cholesterol- 
feeding and occlusion of the eystic duct®. To induce stones 
physiologically in this resistant species, we designed a 
diet in 1965 which hypothetically would alter bile salt- 
phospholipid~cholesterol-pigment relationships in bile 
and cause bile stasis as follows: low amounts of protein, 
high content of sugar and no added bile salts to reduce 
total bile salt and volume-flow of bile®?; low content of 
total and unsaturated fat to reduce and alter phospho- 
lipids and bile salts in bile and to decrease gallbladder 
contractions®-"; and added cholesterol to overcome the 
cholesterol-holding capacity of dog bile. Cornstarch 
and multiple small feedings were added further to simulate 
diets of certain human populations with a high incidence 
of cholelithiasis, for example, the Pima Indians'’, or pro- 
duce biliary stasis'®. The diet was compounded of puri- 
fied casein 10 per cent, sucrose 50 per cent, cornstarch 
26 per cent, animal lard 5 per cent, cholesterol USP 
l per cent, salt mixture USP XIV 5 per cent, ‘Vitamin 
Diet Fortification Mixture’ 2 per cent and cellulose as 
filler 1 per cent (Nutritional Biochemicals Corporation, 
Cleveland, Ohio}. 

Fifty-seven mongrel dogs were studied. Of group I, 
twelve dogs, three males and three females ate the litho- 
genic diet while three male and three female control 
animals ingested Purina dog chow in amounts sufficient 
to maintain body weight and provide minimal nutritional 
requirements. Methionine and total protein were border- 


line (mean values: 26-5 g diet/kg/day, 107 eal/kg/day, 2-7 g 


protein/kg/day, 1-4 g fat/kg/day, 20 g carbohydrate/ 
kg/day, and 60 mg methionine/kg/day). Before the 
experiment and after 5 and 12 months, the animals were 
fasted 24 h, gallbladders were examined and bile was 
removed by needle puncture during surgical exploration. 
Animals were killed after a year. Of group I], twenty-four 
bitches, twelve received the diet and twelve served as 
controls. They were killed three at a time at 1, 3, 6 and 
12 weeks to assess the rate of stone formation. Of group 
Ill. twenty-one bitches, eighteen, in subgroups of three 
each, ate the diet modified by one constituent per sub- 
group, while three received the unmodified diet. They 
were examined at intervals by gallbladder puncture. 


NATURE VOL. 224 OCTOBER 18 1969 








i > "eis DE 


F 





Fig. 1. Diet-induced gallstones. A-E, Micreseopic structures in bile 
suggesting patterns of formation and aggregation (A, B, xc, 235; 
C-E. xe. 95) (see text). F, Gross appearance of concretion (x 0-9). 


Gallstones appeared in all twenty-one animals ingesting 
the unmodified diet (Fig. 1 /) and in twelve of eighteen eating 
modified diets. but did not occur in any control animal. 
The first stones were visible to the naked eye within a 
week. The modifications in group III indicated that low 
total fat and low unsaturated fat content were unneces- 
sary, cornstarch was unnecessary if replaced by sucrose. 
substitution of glucose for sucrose slowed stone formation, 
and either increasing protein or eliminating the added 
cholesterol delayed the appearance of stones, sometimes 
completely over a 10 month trial. 

Coneretions ranged from dark specks to irregular, brown 
or black structures. The largest was 10 x 10 mm (Fig. Lf). 
Consistency varied from gelatinous through rubbery to 
firm. They did not adhere to the gallbladder mucosa, 
which appeared grossly normal. Microscopically, test 
bile contained microspheroliths (top left of Fig. 14); 
structures resembling tubular biliary casts and con- 
taining miecrospherolith-like bodies (Fig. 1B); and yellow 
or brown amorphous masses (bottom of Fig. 14), some 
of which contained foci of entrapped pigment (Fig. 1C), 
appeared to “grow” by conglomeration (Fig. 14, B. C, D 
and F), or demonstrated peripheral crystallization in a 
radial pattern (Fig. 1Æ) similar to the eut-surface of human 
cholesterol—bilirubin stones. Small “fingers” of material. 
which looked gelatinoid. occurred on the surface of some 
structures (Fig. 1D). 

Coneretions in group I were pooled, washed, powdered 
and analysed by the microchemical method of Holt and 
Tarnoky"™ and by lipid chromatography after Nakayama 
et al.4, This showed protein, cholesterol and bilirubin 
in stones from all dogs, carbonate in three of six, fat in 
two of six, calcium in one of six, phosphorus in one of six. 
lecithin in three of four, free cholic acid and/or chenode- 
oxycholic acid in two of four, taurocholic acid in one of 
four, and taurochenodeoxycholic acid in two of four, 
findings which are qualitatively similar to those on human 
vallstones by Rains et al. and by Nakayama and Miyake". 

Simply through manipulation of normal foodstuffs in 
the diet, this experimental model uniformly produced 
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gallstones, thereby establishing that at least one type of 
gallstone can be caused, not by disease, but by diet alone. 
The model should be useful for investigation of the mechan- 
ism of stone initiation and could lead to methods of non- 
surgical gallstone treatment**. 

This work was supported by grants from the US 
National Institutes of Health. One of us (C. G. H. 
was a trainee in gastroenterology during this investigation. 
We thank Paul N. Sine for technical assistance. 


E. ENGLERT, JUN. 
C. G. HARMAN 
E. E. WALES, 


University of Utah College of Medicine, 
Department of Internal Medicine, 
Section of Gastroenterology, 

and 

Veterans Administration Hospital. 

Salt Lake City, Utah 84113. 


revised August 15, 1969. 


JUN. 


Received July 7; 


1 Rains, A. J. H., Gallstones, Causes and Treatment (Charles C. Thomas, 
Springfield, Illinois, 1964). 

? Freston, J. W., and Bouchier, I. A. D., Gut, 9, 2 (1968). 

* Harley, V., and Barratt, W., J. Physiol., 29, 341 (1908). 

i Rous, P., McMaster, P. D., and Drury, D. R., J. Exp. Med.. 39, 77 (1924) 

* Biancalana, L., Masera, N., and Vecchione, F., Epatologia, 7, 435 (1061), 

‘Smith. H. P., Groth, A. H., and Whipple, G. H., J. Biol. Chem., 80, 859. 
671, 685 (1928). 

* Wheeler, H. O., and Ramos, O. L., J. Clin. Invest., 39, 161 (1060). 

* Boyden, E. A., Anat. Rec., 40, 147 (1928). 

* Watanabe, N., Gimbel, N. S., and Johnston, ©. G.. 
(1962). 

i Dam. H., Kruse, I., Jensen, M. Krogh, and Kallenhauge, H. r 
Clin. Lab. Invest.. 19, 367 (1967). 

1! Small, D. M., New Engl. J. Med., 279, 585 (1968). 

1: Comess, L. J., Bennett, P. H., and Burch, T., A., New Engl. J. Med., 277, 
894 (1967). 

u Holt, P. F., and Tarnoky, A. L., J. Clin. Path., 6, 114 (1953). 

it Nakayama, F., Oishl, M., Sakaguchi, N., and Miyake, H., Clin. Chim, 
Acta, 10, 544 (1964). 

1 Nakayama, F., and Miyake, H., J. Lab. Clin. Med.. 67, 78 (1966). 

1 Englert, jun., E., in Proc. Tenth Panamerican Cong. Gastroenterology, Lima, 
Peru, 1067 (in the press). 


Arch, Surg., 85, 152 


Scand, J 


Metal-dependent Aggregation of Biogenic 
Amines: A Hypothesis for their 
Storage and Release 


5-HyDROXYTRYPTAMINE and adenosine triphosphate (ATP) 
form aggregates of high apparent molecular weight in the 
storage organelles (“dense bodies”) of blood platelets of 
rabbits as well as in artificial mixtures of the two con- 
stituents':?. We now present evidence that aggregation 
may be a general principle for the storage of biogenic 
amines and that alkaline-earth metals are able to enhance 
or reduce aggregation. 

17 per cent w/w aqueous solutions of biogenic amines 
and ATP in a molar ratio of about 3: 1 were chosen as a 
model. Similar? and higher' ratios have been determined 
in vivo. Hydrochlorides of mono and bivalent cations in 
various concentrations were added to the aqueous solu- 
tions, which had a pH of about 6:5. Apparent average 
molecular weights were determined by analytical ultra- 
centrifugation as previously deseribed'?, Only the con- 
centration of biogenic amines plus ATP was used in the 
calculations. Concentrations of CaCl, higher than about 
40 mole per cent of amine (100 mole per cent is equimolar 
with amine) could not be realized due to precipitation. 

Fig. 1 shows that norepinephrine, dopamine and to a 
lesser extent epinephrine aggregate with ATP, apparent 
molecular weights increasing with diminishing tempera- 
ture. Histamine and p-tyramine do not display marked 
aggregation with ATP. Aggregation is apparently a 
common feature of those amines (catecholamines and 
5-hydroxytryptamine’*) which in vivo accumulate to- 
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gether with ATP in the storage organelles of, for example, 
the adrenal medulla, sympathetic nerves and blood 
platelets®®. 

The results presented in Fig. 2 show that low concentra- 
tions of bivalent metals cause a substantial increase of 
apparent molecular weights which is reversed by higher 
concentrations of the same cations. No increase of the 
apparent molecular weight is obtained on addition of 
monovalent metal ions. Furthermore, the disaggregating 
effect of high concentrations of monovalent metal ions 
added to mixtures containing norepinephrine, ATP and 
emall amounts of Ca or Mg is much smaller than that of 
high amounts of alkaline- earth ions. For instance, 
100 mole per cent Na or K have only one-tenth the effect 
of equimolar amounts of Mg. Mixtures containing dopa- 
mine or epinephrine instead of norepinephrine behave 
similurly, whereas the aggregation between histam ine 
and ATP is not markedly influenced by alkaline-earth 
ions. 

The enhanced aggregation at low temperatures in the 
presence of alkaline-earth ions (Fig. 3) may explain the 
low exchangeability of endogenous eatecholamines im 
adrenal medullary storage organelles at temperatures 
close to OP CHF. 

The crucial action of bivalent cations can also be demon- 
atrated by the following experiment. From a homo- 
geneous 17 per cent w/w solution of norepinephrine and 
ATP with a molar ratio of 3: 1 containing 5 to 6 mole per 
cent CaCl, a bottom phase separated on cooling to 5° C. 
This amount of Ca corresponds to that found in organelles 
of the adrenal medulla’. Analytical ult racentrifugation 
indicated that the separation of the second phase was 
caused by the formation of aggregates o f indefinite size. 
The bottom phase appeared highly viscous. transparent 
and of pink colour, and contained norepinephrine and 
ATP in a concentration of about 90 per cent w/v. On 
further increase of the bivalent metal concentration. for 
example by adding 200 mole per cent MgCl, the second 
phase disappeared 1580 thermally and the solution Agam 
became homogeneous. It thus seems possible to change 
the distribution of norepinephrine between two aqueous 
phases by proper adjustment of the concentration of 
alkaline-carth ions. Similar effects might be expected to 
occur in vive in connexion with the d istribution of nor- 
epinephrine between the storage o rganelles and the eyto- 
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Fig. 1. Temperature dependence of apparent molecular weight of 

mixtures of ATP and biogenic amines, molar ratio 1: 3, total concentra- 

tion 17 per cent wiw. Biogenic amine: 1. dopamine: 2, norepinephrine ; 
3, epinephrine: 4, p-tyramine, 5, histamine. 
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Fig. 2. Effect of different electrolytes on apparent molec ular weight of 

mixtures of ATP and norepinephrine, molar ratio 1.38, total con- 

centration 17 per cent wiw (20°C). 1, CaCh: 2, Meth; 3, € KEL 
p Nach. 
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Fig. 3. Effect of electrolytes on apparent molecular weight at 50O 
af mixtures of ATP and norepinephrine, molar ratio 1:3, total con- 
centration 17 percent wiw. 1, MgCl; 2, NaCl. 


plasma, for example in the adrenal medulla and the 
sympathetic nerve te ‘mums. 
Mg and Ca are known to enhance the uptake of cate- 
cholamines by isolated storage organelles such as those of 
the adrenal medulla or the hypothalamus*?, and Ca is also 
involved in the release of catec holamuines from, for example, 
granules oO € adrenal medulla and sympathetic nerve 
endings®. Our results suggest that this double effeet of 
bivalent cations may be connected with their action on the 
size and possibly the structure of aggregates in whieh 
the biogenic amines are contained. 
K. H. Berneis 
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Metabolism in the Rat of the 


Photo-isomerization Product of 
Dieldrin 


THe photo-isomerization of 1,2,3,4.1 0.10-hexachloro-6,7- 
epoxy-1,4,4a,5,6,7.8.8a-octahydro-ex9-1,4-endo-5,8-dimeth- 
anonaphthalene (HEOD) has been reported by several 
authors!-?, The structural formula of the product is 
known (Fig. 1) and we now report the results of a prelimin- 
ary study of its metabolism. 

Carworth Farm rats (type E) were fed diets containing 
10 or 30 p.p.m. of the photo-isomer for 13 weeks, then 
killed; and the brain, liver, adipose tissue and blood 
were removed for analysis by gas-liquid chromatography 
(Fig. 2). Two peaks were evident from extracts of all 
the tissues: one corresponds to the unchanged photo- 
isomer; the other component. in view of its absence in 
extracts from tissues of control rats. is considered to be a 
metabolite of the photo-isomer. The retention times of 
this metabolite have been determined on three stationary 
phases (Table 1). Thin layer Rr values have also been 
obtained in three systems (Table 2). Corresponding values 
for the keto-metabolite of HEOD, found im the urine of 
rats dosed with HEOD*- (Tables 1 and 2), suggested a 
close similarity between the two compounds. 

To confirm this tentative identification of the meta- 
bolite of the photo-isomer, a small quantity was isolated 
as follows. Adipose tissue (20 g) and liver (40 g) were 
extracted with a mixture of acetone (1 volume) and petrol- 
eum ether (2 volumes). After the acetone had been 
evaporated, the extracts in petroleum ether were parti- 
tioned with dimethyl formamide!!. The combined purified 
extract in petroleum ether was then chromatographed on 
a l em (internal diameter) silica gel column (10 g Whatman 
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Fig. 1. Photo-isomer of HEOD. 10-exa-3,6-e20-4,5,13,13-hexachloro- 


hexacyclo-(6,3.1,1°4,1°) 08 '0*??) tridecane. 
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Fig. 2. Gas-liquid chromatogram of extract of liver of female rat 
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SG 31) using 10 per cent acetone in redistilled petroleum 
ether (b.p. range 60°-70°) as the eluting solvent. Frac- 
tions (5 ml.) of the eluate were analysed by gas chromato- 
graphy and the metabolite was detected between 50 amd 
80 ml. These fractions were bulked and the acetone was 
evaporated, The residue was re-dissolved in hexane and 
re-chromatographed using the same conditions. Gas 
chromatographic analysis showed that the photo-isomer 
had been resolved almost completely from its metabolite. 

The fractions containing the metabolite were evaporated 
to give a small residue which was examined by infrared 
spectroscopy ina KBr disk, using a Perkin-Elmer model 
257 grating spectrophotometer. Fig. 3 compares this 
spectrum with that of the urinary metabolite of H BOD. 
The spectrum of the photo-isomer metabolite has absorp- 


tion bands at 11-8 um (epoxy) and 55 um (carbonyl). 


Table 1, RELATIVE RETENTION TIMES OF THE METABOLITE OF THE PHOTO} 


ISOMER AND THE RAT URINE METABOLITE OF HEOD 


Relative retention volumes 
(HEOD = 1) 


NE 360 


Material 
Stationary phase 
HEOD 
Photo-isomer metabolite 
HEOD rat urine metabolite 


GF ‘Apiezon i 
2-00 
34 
3-43 


10 
1-35 


1-35 


UES 
134 


temperature 190°C; . PR int 
The SE 30 column had 3-8 per cent SE 30 on 80-100 mesh ‘Diatoport S; 


Table 2, THIN LAYER RP VALUES FOR THE METABOLITE OF THE PHOTO-TSOMER 
AND THE RAT URINE METABOLITE OF HEOD 


Re values 


System Photo-isomer HEOD rat urine 
No. metabolite metabolite 
ji 575 BBS 
2 {PATO 570 
3 0-752 O-747 


Each system used Merck type E alumina. System 1 had 20 per cent 
acetone in 60°-70" petroleum ether: 2 had 1:1 dichloromethane/60°~7O" 
petroleum ether; 3 had benzene : ethyl acetate (3:1), All plates were used 
non-activated. A 1Qem elution was used. The spots were vieualaed with 
ae cent silver nitrate in acetone followed by irradiation with ultraviolet 
ight. 
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Fig. 3. Infrared spectra of metabolite from the urine of HEOD fed 
rats (top) and metabolite from tissues of photo-isomer fed rats (bottom). 
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Fig. 4. HEOD rat urine metabolite. 1,9,10,10,1 1-ero-pentachloro-4,5- 
epoxy-pentacyclo-(7,3,0,07*0*-*,07") dodecan-12-one. 


No band at 6-25 um (chlorinated alkene) is present, and 
it is clear that the infrared spectra of the two compounds 
are similar. 

The compound was extracted from the KBr disk with 
diethyl ether, and its mass spectrum was obtained with 
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an A.E.I. MS 9 instrument, using a direct insertion 
probe injection system. The pattern of peaks associated 
with the parent ion on the mass spectrum indicated that 
it contained five chlorine atoms, and the mass of the ion 
with the lowest molecular weight (corresponding to the 
parent containing five **Cl atoms) was 358. The metabolite 
of HEOD present in the urine of rats has the molecular 
formula C,,H,O,Cl,; the parent ion from this molecule 
has a mass of 358 (based on *®Cl), 

It is concluded that the metabolite of the photo-isomer 
of HEOD, isolated from the tissue of rats, is identical 
with the metabolite of HEOD found in rat urine*~"’. 
The structure which best fits the experimental data is 
that shown in Fig. 4. 

The urine of rats fed the photo-isomer has a component 
with the same gas chromatographic characteristic as the 
metabolite found in the tissues, and it has recently been 
reported that the photo-isomer of HEOD is converted to 
this keto-metabolite in insects'*. 
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Linkages between Genes for Coat 
Colour and Resistance to Warfarin 
in Rattus norvegicus 


RESISTANCE to warfarin in rats from Wales is inherited 
as a single autosomal gene with dominant effect". We 
now report evidence that the gene belongs to linkage 
group I (ref. 3). Backeross offspring of rats heterozygous 
for resistance and two or three coat colour genes are 
classified in Table 1. The resistance gene is denoted Rw? 
and its allele for susceptibility Rw’. Symbols for coat 
colour genes are those used by Robinson’. The 
screening test! was lethal to only 0-934 of susceptible 
animals and this was allowed for before analysing the 
data. Clear evidence of linkage between the c, p and Rw 
loci is shown (Table 2). The relevant recombination values 
are: c-Rw 02155+ S.E. 0-0225; p-Rw 0-2667 +S.E. 
0:0361; and p-e 0-1667+8S.E. 0-0304. The linear order is 


Table 1. RESULTS OF BACKCROSSES BETWEEN RESISTANT-COLOURED AND SUSOCEPTIBLE-ALBINO RATS 
Offspring (fed ad libitum on 0-005 per cent warfarin for 6 days) 


Survived Died 
Parents ~ - > ——_——_ r a i Aa 
Albino Black Ginger Wild-type Slate Albino Black Ginger Wild-ty Slate 
(a-ce p-) laa Ce Pp) (Aa Ce pp) (Aa Ce Pp) (aa Ce pp) (a-ce p-) (aa Ce Pp) (AaCe pp) (AaCe Pp) iaa Ce pp) 
Wild-type (Aa Ce Pp Rw' Rw*) 35 51 10 52 7 99 9 Q 13 6 
x albino (aa ce pp Rw' Re) 2 
Ginger (2a Ce pp Rw'Rw*) 7 — 12 — 8 Is — 4 =- 9 
x albino (aa cc pp Rw’ Rw") 
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Table 2. CHI SQUARE ASSESSMENT FOR LINKAGE 


Loci A P Re 

: ee x? P y? P z? P 
C 0-5682 03-05 666667 <0001 948987 <0-001 
A = — 0-2400 0-5-27 01782 ©5007 
P — _ sai Sa 32-6667 <0-001 


Because of the nature of the data an orthogonal analysis was not possible 
and only the y° for linkage between C and Rw is independent of any small 
bias due to deviation from 1:1 by single factors. Pooled values are given 
where data from two kinds of family were used; in no case was there 
significant heterogeneity. 


evidently p-c-Rw, for recombination was more frequent 
between p and Rw than between the other pairs of loci. 
Observed double-crossover types numbered 8-6 as against 
5-4 expected; the difference is insignificant. The wild- 
type xalbino cross provided a three-point linkage test 
and gave the map distance between p and Rw as 38-13 + 
S.E. 3-97 units as compared with 38:22+3-78 units 
derived by adding the recombination values given here 
for the component segments. Our finding of linkages 
between resistance and coat colour characters is contrary 
to that of other investigators’. 

Resistant rats have an abnormally high 
requirement’ for vitamin K, a vitamin 
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Abnormal Electroretinogram from a 
Drosophila Mutant 


THE use of behavioural mutants of Drosophila to elucidate 
functions of the nervous system has produced several 
nonphototactic mutants showing abnormality in the 
recorded waveform of the electroretinogram (ERG)}?. 
We are working with a mutant strain of D. melanogaster 
which, though behaving phototactically positive m 4 
T-maze under low ambient light, is visually impaired and 
behaves as though blind in a simple optomotor apparatus 
where normal, wild-type flies will orientate to visual 
cues?#, The mutant appeared in a highly inbred line and 
is indistinguishable from the wild-type in external 
appearance. Detailed mapping is in progress but, at 
this stage, we know that the single Mendelian factor 
responsible is fully recessive and located on the third 
chromosome. The mutant eye has functional abnormality 
at the retinal level——yet, as in the nonphototactic mutants. 
histological sections of retinal structure of the mutant 
eye are indistinguishable from sections of wild-type eye 
under the light microscope. 


essential for synthesizing certain blood elot- oe 

ting factors, and which is antagonistic to J | 

warfarin in its action. It has been suggested! _,,, “ | | P AEE TA uy 

that a protein involved in clotting factor wV=wu F N wie N T S 

synthesis. which interacts with beth war- | a a on 

farin and vitamin K. is altered in resistant _ oe B re 

rats so that its affinity for both compounds _ Ja IE 

is decreased, the affinity for warfarin being | H : k | : nay 

decreased more than that for vitamin K. _ d aO i 

Rats heterozygous for resistance. having _ bs , eo Be s Fi f ~N Nee 
Atk TR POESPAS PH; Í 


T 


some of the altered protein. could thus | 
synthesize clotting factors in the presence of = _ 
relatively high levels of warfarin, which 
would account for resistance appearing as a 
dominant character. If, however, in the _ 
absence of warfarin, available vitamin K 
were sufficient to permit synthesis of clotting 
factors only in the presence of the normal 
protein, then rats homozygous for resistance, 
having only the altered protein, would be 
unable to synthesize clotting factors and this 
disability would be manifested as a recessive 
haemorrhagic trait. Monogenic recessive in- 
heritance of a haemorrhagie trait in rats is 
already on record’. The gene involved is 
linked with the p locus (recombination value? 
0-29 + S.E. 0-06) and might well be identical 
or allelic with Rw*. It is. however, of interest 
that a single biochemical mechanism has been proposed 
that connects the apparent dominance of Rw? in respect 
of resistance to warfarin with a recessive effect in respect 
of vitamin K requirement, because it would be expected 
on evolutionary grounds that a gene as rare as Rw? 
would normally be recessive and deleterious in its 
expression. 
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Fig, 1. Tracings from negatives grouped to show the development of the ERG waveform 
with different exposure times (indicated on each curve}: A, wild-type: #, mutant. a, and 
b-c, are components of the light response (on-transient and sustained negative wave). ‘he 
arrows indicate adapting light off. Note the larger positive phase of the on-transient, the 
absence of the e subcomponent and the reduced dark responses to longer exposures in the 
mutant waveforms: (D indicates the amplitude of the positive phase for the three upper 
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Typical ERG responses, relating to adapting light 
duration, from both wild-type and mutant eyes are shown 
(Fig. 1, A and B). The electroretinograms were recorded 
using 3 M KCI-filled micropipettes, inserted 40 um radially 
through the cornea; the reference electrode was a fine 
silver wire inserted into the thorax. The three components. 
described! for ERG responses to exposure of 1 s or less are: 
seen in both cases, that is the on-transient (a, Fig. 1) 
sustained negative wave {b and c, Fig. 1) and off-transient. 
The positive on-transient previously described’? is 
recorded here, with the probe electrode in the receptor 
region, as part of a di-phasic transient—-the second, 
larger phase of which is negative going (a, Fig. 1} Unlike 
the mutants e and tan investigated by Hotta and Benzer, 
the positive phase of the on-transient is generally larger in 
the mutant eye response than the wild-type response. 
The amplitude of the positive phase is affected by 
intensity: wild-type responses to low intensity contain 
a relatively larger positive phase, as do responses tc 
wavelengths longer than 600 nm, to which the Drosophila 
eve is least sensitive. 

ERG responses to longer exposures differ strikingly. 
The negative wave of the wild-type eve has a seconc 
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turn-over of the photopigment; but at present it is 
difficult to link this with the c subcomponent, the 
mechanism of which remains obscure, which appears 
to maintain the depolarization of the normal receptor. 

We thank Dr Alan Robertson for genetical advice 
and for the original inbred line, and Miss M. ©. Hill for 
technical assistance. A. W. G. M. received financial 
support from the Science Research Council. 
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Parasitism and Lysis by Soil Fungi 
of Sclerotinia sclerotiorum (Lib.) 
de Bary, a Phytopathogenic Fungus 


CONCERN about the widespread use of chemicals to control 
plant pathogens has made it desirable that alternative 
methods, including biological controk, should be examined. 
This study of natural fungal parasites of a plant patho- 
genic fungus indicates the potential of such organisms in 
controlling plant diseases. 

Sclerotinia sclerotiorum (Lib.) de Bary occurs widely in 
temperate and subtropical areas of the world, where it 
attacks a wide range of fleshy plants including nearly all 


vegetablest*. Among the crops worst affected are 
potatoes, peas, celery and stored carrots. The fungus 
forms rounded resting structures. termed “‘sclerotia’’. 


These consist of a compact mass 
of intertwined hyaline hyphae (pseudoparenchymatous 
tissue) enveloped by a layer of black pigmented cells. 
Sclerotia are produced in the host tissue and he dormant 
in the soil. In the late spring or autumn, in suitable 
conditions, they germinate to form long-stalked apothecia. 
These release ascospores, which are the main source of 
inoculum for plants. 

Pure cultures of the organism are obtained by in- 
cubating the cut surfaces of halved, surface-sterilized 
(0-1 per cent mercuric chloride) sclerotia on malt 
extract agar plates. During such a procedure with 
sclerotia collected from infected potato stems in the 
north-east of Scotland it was found that fungal species 
other than the pathogen were quite frequently obtained. 
Two of these fungi, Coniothyrium minitans Campbell 
and Trichoderma viride Pers. ex Fr.. proved to be parasitic 
when added as spore suspensions to selerotia incubated 
on moist sterile sand or to pure cultures consisting of 
sclerotia and mycelial mat cultured in a liquid medium’. 
The contents of these sclerotia soon became soft in con- 
sistency through extensive lysis which also rendered the 
contents inviable. It is of significance that of the four 
separate single-spore isolates of 7’. viride only one brought 
about decay of practically all the sclerotia incubated on 
moist sand or buried in soil in glass vials within 6 days of 
inoculation, whereas the other three brought about decay 
of few sclerotia on sand and none in the soil. (A recent 
taxonomic revision of the genus Trichoderma has been 
carried out by Rifai’.) All four isolates, however. parasit- 
ized hyphae and sclerotia to an extensive degree in the 
liquid medium. One explanation is that because some 
sclerotia remain unpigmented on the surface which is 
immersed in the liquid medium. penetration of the selerotia 


up to 2 em in diameter. 
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Fig. 1. Phase contrast micrographs of hyphae of S, sclerotiorum before (a) 
and after lysis (b). CW, Remnants of cell walls ; p, protoplasm. Seale 
represents 20 pm. 


occurs in this region by the three “weak” parasitic 
isolates of Trichoderma, for it is known that pigmented 
cell walls are resistant to lysis*. The mechanism whereby 
C. minitans and the other strains of T. viride penetrate 
the pigmented rind is still unknown. Three other fungi, 
Acremoniella atra (Corda) Sace.. Melanospora ornata 
Zukal and Penicillium sp., isolated from sclerotia collected 
from the field. and other species of Coniothyrium not 
isolated from sclerotia completely failed to parasitize 
the sclerotia incubated on sand. 

Although this is the first report of T. viride isolated from 
S. sclerotiorum it has been recorded as parasitizing 5. 
trifoliorum on agar plates in Britain? and in Finland’. 
Previous attempts by other workers®'" to demonstrate 
parasitism of sclerotia of S. sclerotiorum, on soil or on 
sand. by application of a spore suspension of T. viride 
have. however. not been successful. This may be due to 
differences in physiological properties of the various 
isolates. C. minitans has been previously recorded in 
sclerotia of S. sclerotiorum in the United States only", 
but has been isolated from selerotia of S. trifeliorum im 
England’? and Poland*’. 

The physiological and biochemical aspects of the para- 
sitism and lysis of sclerotia have hitherto not been studied, 
but we present here some preliminary results of work at 
the Macaulay Institute. The parasitic fungi grew rapidly 
on autoclaved crushed sclerotia of S. sclerotiorum in a 
mineral salts solution and culture filtrates. particularly 
those of C. minitans, actively lysed isolated hyphal and 
pseudoparenchymatous walls of S. sclerotiorum. Further, 
dialysed freeze-dried culture filtrates. referred to later as 
crude enzyme preparations, lysed the living hyphal and 
pseudoparenchymatous tissue. The walls of these tissues 
were rapidly lysed. leaving remnants of the protoplasm, 
and tests have shown the latter to be completely inviable 
when incubated on malt agar plates. A typical incubation 
mixture was: 5 mg of crude enzyme preparation dissolved 
in O-l ml. sterile distilled water, which represented 
approximately a three-hundred-fold concentration of the 
original culture medium, and either hyphal material 
harvested from growth on the liquid media or pseudo- 
parenchymatous tissue scraped from selerotia with a 
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scalpel. This mixture was incubated aseptically at 22° C 
on a microscope slide and sealed under a cover slip with 
silicone grease. Phase contrast microscopy showed that 
within 0:5 h the phase bright pseudoparenchymatous tissue 
had become phase dark due to lysis of the wall; a certam 
amount of the wall material persisted after 24 h together 
with remnants of the protoplasm “coagulated” into 
almost spherical masses joined in bead-like fashion. The 
hyphae became lysed in a similar manner except that very 
little wall material remained (Fig. la and b). Chemical 
and infrared analysis of the unpigmented walls of S. 
sclerotiorum showed that 8-glucans and chitin are principal 
components, and enzyme assays! have shown B-glucanase 
and some chitinase activity in the crude enzyme prepara- 
tions. Attempts are now being made to separate and 
purify the enzymes responsible for bringing about destruc- 
tion of the sclerotia and hyphae of S. sclerotiorum. Many 
bacteria and actinomycetes have been shown to produce 
enzymes lytic towards isolated fungal cell walls and whole 
cells* but there is still very little information on the lytic 
enzymes of fungi. 

We thank the director and staff of the Commonwealth 
Mycological Institute, Kew, for examining and identifying 
the fungal isolates from S. sclerotiorum. We also thank 
Dr D. M. Webley and Dr Elizabeth G. Gray for discussion, 
and Mr A. Gordon and Miss J. Warsop for technical assist- 
ance. 
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Nutritive Value of Barley Varieties 
assessed with the Confused Flour Beetle 


PuantT breeders have no objective means of determining 
feeding quality of new cereal lines early in a breeding 
programme. A laboratory test that is simple, inexpensive, 
and requires only a few grams of sample is therefore 
highly desirable. Insects have been used to assay both 
food and fodder?-5, and so it seemed that the confused 
flour beetle, Tribolium confusum, which normally lives 
in dry ground cereal, might be a suitable organism for 
assessing feeding value of cereals. Rate of larval develop- 
ment was the major criterion. 

Four varieties of barley grown in the same location 
were used, Larval development was determined on each 
variety after both coarse (Wiley mill) and fine (ball mull) 
grinding. (Chromic oxide was added to permit digestibility 
atudies®.} Newly hatched larvae, isolated in 3 dram vials, 
were provided with about 1 g of medium and held at 
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30° C and 70 per eent relative humidity. The intervals 
to pupation and to adult emergence were determined by 
examining the contents of each vial daily, beginning 17 
days after the test was begun. At least 90 per cent of the 
larvae pupated. The variety on which the insects fed 
had no effect on either larval or pupal period when the 
barleys were ground in a Wiley mill (Table 1). There was 
a varietal effect, however, when the grain was ball milled 
(P<0-01). Larvae developed most rapidly on ‘Herta’ 
and least rapidly on ‘Montealm’. Pupal periods also 
varied with variety, but the order was the reverse of that 
for larval periods. 


Table 1, RFFECP OF BARLEY VARISTY AND MILLING ON DEVELOPMENT OF 


Tribolium confusum 


Development period (days}” 


Variety Larval Pupal 
e Wiley mill 
‘Betzes’ 19-5: rie 
‘Keystone’ 19-7} var 
‘Montcalm’ 19-8 | TB i 
‘Herta’ 20-0 | 7-2) 

. Ball mill 
‘Herta’ 8 Gat | Ta | 
‘Betzer 231 Toj 
‘Keystone’ 245 GR 
‘Montcalm’ 27-3 ET. 


_* Values connected by solid lines do not differ (P > 005) according to 
Dunean's multiple range test. 


Digestibility of a foodstuff can also be used as a supple- 
mentary measure of quality. Apparent digestibility was 
therefore determined with adult beetles for the four barley 
varieties. The percentage digestibility values obtained 
with the Cr,O, technique! on ball-milled samples were: 
‘Herta’, 79 per cent; “Betzes’, 78 per cent; ‘Keystone’, 
76 per cent; and ‘Montcalm’, 72 per cent. Although the 
varieties are ranked in the same order by both duration 
of larval period and apparent digestibility, of the four 
digestibility values only that for ‘Montcalm’ is statistically 
different from the others. 

If the insect is to serve as an effective assay organism. 
the ground cereal it consumes must truly represent the 
whole kernel. Hence the cereal must be ground finely 
enough that the beetles cannot discriminate between 
particles and the proportions of hull, germ and endosperm 
ingested are the same as those in the whole kernel. The 
present study shows that in these conditions larvae of 
T. confusum can detect differences among barley varieties. 
Subsequent studies with several varieties of wheat and 
oats have demonstrated that the beetle can detect dif- 
ferences among these also. 

As yet the factors responsible for the differential rates 
of beetle development on the different varieties are un- 
known. Neither is it known whether farm livestock 
respond differentially to different varieties. Studies are 
currently under way to determine whether chicks respond 
differentially to cereal varieties and whether the results 
agree with those from the “beetle assay’. If there is 
agreement, then this assay will be useful to cereal breeders 
for screening early generation hybrid lines for feeding 
value. 

S. R. LoscHravo 
A. J. MCGINNIS 
D. R. METCALFE 


Canada Agriculture Research Station, 
Winnipeg 19, 
Manitoba. 
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Book Reviews 


UNIVERSITY AFFAIRS 


British Universities 

Purpose and Prospects. By Sir Sydney Caine. Pp. 272. 
(Bodley Head: London, Sydney and Toronto, June 1969.) 
42s. 


SIR SYDNEY Carne graduated at the London School of 
Economics, served in the Colonial Service and eventually 
became Financial Secretary to the Government of Hong 
Kong. He was for a brief time Vice-Chancellor of the 
University of Singapore and finally was for ten years the 
Director of the London School of Economics. It was 
his retirement which led to the appointment of Dr Walter 
Adams, and thus in some sense precipitated the worst 
outbursts at the London School of Economics. 

Sir Sydney’s career has thus not been devoted to scholar- 
ship; he has been an administrator and this has enabled 
him to look with a somewhat detached eye at scholars. 
It is bold of him to take up the pen. His opening chapter 
indeed prepares one for the worst; he manages, in the 
first two pages, to produce a number of statistics on 
students which are open to misinterpretation. He then 
goes on to a series of assertions about the past which 
are certainly challengeable. For example, “it is hard to 
recall”, he says, before 1914, “any active participation by 
dons in public affairs, either as government servants, or as 
advisers, or members of committees of enquiry”. It may 
have escaped Sir Sydney’s notice that Mr Gladstone was 
Member of Parliament for Oxford University, and that 
the Duke of Wellington died with the Report of a Royal 
Commission on university affairs by his bed, but he ought 
to know that some of Alfred Marshall’s best work was done 
for committees; Keynes on India comes to mind; not to 
speak of ecclesiastics. He goes on to say that “it is hard to 
think of any novel or play written before 1920 (or even 
later) which centres on a university community”. Surely 
even Sir Sydney has heard of Charley’s Aunt, not to speak 
of E. M. Foster and William Wordsworth. both of whom 
preceded Lord Snow. (The ambiguity, of course, lies in 
the ugly verb “eentre”.) | 

Sir Sydney reviews the nature and objects of the 
universities. He believes that over-specialization is evil: 
that there is no elear line between the university and non- 
university institutions; he feels that there may well be 
strong arguments for part-time education; and there is a 
strong case for people who wish to study without taking a 
degree. He argues that the universities are centres of 
research, though they have not always been so, and that 
the growth of research has often threatened the importance 
of teaching, and that there is no strong evidence that the 
research effort brushes off in some sense into the teaching. 

In discussing student malaise, Sir Sydney’s views are, 
of course, bound to be interesting. He deals fairly abruptly 
(and probably justly so) with many of the reasons that have 
been given for the student revolts. He points out that the 
physical conditions in British universities have improved 
in the past few years, that the pupil-teacher ratio has not 
deteriorated, that probably more people than before are 
interested in the students, and that many of the arguments 
produced by the student radicals are rationalizations for a 
deeper discontent, that there is ne common cause of the 
widespread student unrest, but rather a spirit of imitative- 
ness which has spread throughout universities. He sees 
the student malaise as part of a wider erosion of values. 
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The values which are implicit in Sir Sydney's arguments 
are traditional values, though it seems to me that 
Suir Sydney, by identifying modern art with corruption, 
and corruption with the disruption of the orderly running 
of the London School of Economies, makes too easy e 
transition from non-representational art to Robin Black- 
burn. If it were all as simple as this, Stalin. as a strong 
supporter of representational art, would have beer 
proved right long smee. 

In two important chapters, Sir Sydney deals with the 
government of the universities and the relationship of the 
universities to the government. He argues for a new 
system of finance, in which the universities are lese 
dependent on the government, by finding new ways of 
financing themselves—partly by student loans, partiy by 
private finance--and suggests that this would enable therm 
to professionalize their administration. This, in turn, 
would enable the teachers to concentrate on teaching 
and the universities to be run far more efficiently anc 
effectively. | 

This then is a wide-ranging book, written by a man of 
a decade and a half’s experience in university life, with con- 
siderable intelligence. But it is in another way an awe- 
inspiring book, because it is written with a bluff self- 
confidence by one who was for ten years head of the 
institution which is widely regarded as urgently in need of 
reform. He shows no symptoms at all of self-criticism. 
It is this self-assurance which ultimately, and perhaps 
unfairly, gives the book a tone which is unattractive. 

JoHn VAIZEY 


COMPUTER MINDS 


Machine Intelligence 4 

Edited by Bernard Meltzer and Donald Michie. Pp. 
vil + 508. (Edinburgh University Press: Edinburgh. 
March 1969.) 100s. 


Tae publisher’s blurb inside the dust cover claims that 


Prai 


advances. Most notable perhaps is the long-predicted 
arrival of mathematical logic and its mechanization at the 
centre of the machine intelligence arena’. Ignoring the 
invited comparison with Mohammed and the mountain, 
this is no idle boast. This volume does indeed show that 
some very significant developments are beginning te 
take place, and will reward study by anybody who is con- 
cerned to know what the future will hold for mathematics 
and for computers. The day when the mathermatician’s 
ivory tower will be superseded by modern workshops. 
powered by hardware from the electronics engineer anc 
software from the logician, seems much nearer now than 
it did a couple of years ago. 

Rapid improvements are being made in existing types 
of mechanizable proof procedures, illustrated here 
especially by contributions from Prawitz and from 
Loveland, but the most significant work in this section is 
undoubtedly that of J. A. Robinson, who has for severa! 
years set the pace in this field. Robinson here deseribes « 
whole new system of logic, formulated with the use of 
computers in mind. More than that, he shows how the 
system could be used in a computer in a conversationa’ 
mode, to harness the analytical power of the machine 
closely to the intuition of a man. Based largely on the 
lambda-ealeulus, Robinson's formulation has some im- 
teresting features. Functions of more than one variable 
are dispensed with, so that f(xy) is represented by a 
function g(x) the value of which is a function k such thas 
Aty)=f(v,y). More significantly, both universal anc 
existential quantifiers are absent as elementary concepts: 
instead they are constructed using a particular type of 
elementary “choice” function. Using this syste, 
Robinson’s proposed proof procedure is based on a Way oF 
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partitioning a set of expressions, called a “semantic” 
partition. 

Foster and Eleock have already experimented with a 
conversational computer program called Absys, presented 
in another contribution, which gives logical assistance to 
the user. 

Rather surprisingly, the converse study, namely the 
application of rigorous logical analysis to computer 
programs, is still lagging in spite of the urgent need for 
stricter methods to cope with the burgeoning complexity of 
some computer applications. Nevertheless, the paper by 
Cooper represents a step forward although it 1s largely 
a restatement of earlier work. Burstall and Landin 
describe what they call “a preliminary skirmish” in 
applying algebraic concepts to programming, and show 
how they can be used to verify a simple compiler. 

The book contains altogether twenty-six papers. 
Not all represent fundamental advances; some are 
concerned with special problems of little obvious relevance 
to the field as a whole. These have been the bread-and- 
butter of many conferences, yet here they seem little 
more than competent pot-boilers. Automata theory, 
which has been well worked over in the past deeade, ts 
represented by one paper by Varshavsky, most of which 
is devoted to one intriguing but specific problem. The 
various attempts to construct mechanizable models of 
some limited aspects of human behaviour, represented here 
by a paper by Kiss on word associations, also seem to 
have led nowhere as yet. 

There are, however, some specialist papers of more than 
passing interest. Two excellent papers on quite different 
practical problems of pattern recognition, by Coombs and 
by Hilditch, illustrate the solid progress that is being made 
in this area. The Coombs paper is one of the first to 
emerge from the GPO optical character recognition project 
at Dollis Hill. But undoubtedly the most outstanding 
practical application of recently developed techniques for 
mechanical problem-solving is that described by 
Buchanan, Sutherland and Feigenbaum, in which a 
computer hypothesizes the structure of a chemical 
compound from its empirical formula and its mass 
spectrum. 

A paper which might point the way to a fertile ground 
for the future is one by Vigor, Urquhart and Wilkinson 
describing a computer program that learns to parse 
English sentences through a series of exchanges with a 
human instructor, during which the machine tries its 
hand at constructing grammatical sentences of its own. 
More tantalizing is a paper by Willshaw and Longuet- 
Higgins on the “holophone”’, a device that would appear 
to be a solution in search of a problem, except that it has 
not yet been effectively constructed. 

The book ends with a panoramic paper by McCarthy, 
the doyen of the artificial intelligence world, and Hayes. 
These authors plunge deeply into uncharted territory, 
touching upon assemblies of automata and upon the way 
in which everyday thoughts and actions might be for- 
malized to enable automata to handle them. They list 
some of the philosophical questions that are raised in the 
course of this work. 

In a preface, Professor Michael Swann stresses the 
unification that is taking place between the threads that 
are being woven into the new subject of machine intelli- 
gence. To be fair, it cannot be said that this unification 
is greatly in evidence yet. A sharing of techniques, 
yes, and certainly much mutual stimulation, but real 
integration is absent from the present volume except 
perhaps in one area which is worthy of note. This 
is illustrated in papers by Darlington and by Green, 
who describe the combination of logical inference by 
computer with the retrieval of facts from a file, a combina- 
tion which is surely pregnant with practical possibilities 
in a hundred situations. 

The book is a more than fitting successor to the first 
three of the series. The Edinburgh Workshops, supported 
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by the Science Research Council, have established them- 
selves as a regular event in the international calendar. 
That so many British papers can pass muster in this 
company is comforting for those in the United Kingdom, 
but is not an unusual phenomenon at the embryonic 
stage of a great new technology. Without further support, 
however, this effort is unlikely to continue. S. GILL 


DIGITAL ADVICE 


Digital Electronics for Scientists 
By H. V. Malmstadt and C. G. Enke. Pp. xvin+ 545. 
(W. A. Benjamin: New York and Amsterdam, 1969.) n.p. 


THERE is no doubt about it, digitalization (!) is with us to 
stay. There is something fundamental about it. The cost 
of digital circuitry is sliding downwards because of 
integrated circuit techniques. A roomful of equipment 
which a decade ago would have taken a year to make is 
now the size of a match head and can be made at the rate 
of one a minute. The penalty is that it must be digital. 
It is only with the on-off rehability of digital elements 
that one can tolerate the inherent discrepancies of these 
microscopic manufacturing techniques. Thus the up to 
date experimentalist just has to find out about digital 
electronics. f 

In this sense, Malmstadt and Enke’s book is as timely 
as it possibly could be. It is pedagogical in nature, even 
to the extent of hsting 108 well-documented student 
experiments in the last chapter. It is bound to be of 
interest to teachers in universities and technical colleges. 
It will also find its way to the bookshelf of the more 
traditional electronic experimentalist who is beginning to 
feel a digital tug at his sleeve. f 

The first chapter explains very clearly the applications 
of the binary digital counter to the measurement of 
frequency, voltage and time. This contains a simple 
listing of the factors which affect the accuracy of a digital 
instrument such as the timing of gates and the mherent 
noise of transducers. The second and third chapters are 
concerned with the physical operation of various switching 
devices. Chapters four, five and six form the yolk of the 
book. Starting with an explanation of logic gates, the 
authors progress logically to the construction of gate 
assemblies for counting and timing purposes. 

Chapter seven deals confidently with that crucial stage 
of all digital systems: analog-to-digital and digital-to- 
This is an important chapter because 


that cannot be redeemed by the sophistication of the 
digital electronics. 

Finally, there is an excellent glossary of about 150 terms 
at the end of the book. These are most useful in decipher- 
ing advice from digital men such as: 

“T suggest that you use IGFET JK-flip-flop registers 
with built-in parity check on a single chip.” 

IGOR ALEKSANDER 


QUANTUM MECHANICS 


Elementary Quantum Mecnanics 
By Morten Scharff. Pp. viii+ 213. (Interscience (Wiley): 
London and New York, 1969.) 42s. 


Basic Quantum Mechanics 

By Klaus Ziock. Pp. xiii+271. (Wiley: New York and 
London, 1969.) 88s. 

Bora these books on quantum mechanics are directed 
at students coming to the subject for the first time, 
but they differ considerably in their approach. The 
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book by Scharff is based on the notes of his lecture course 
at the Niels Bohr Institute at Copenhagen. (Scharff died 
in 1961 at the age of 34. The present book is an English 
translation, with additions, of a text published in 1963.) 
The book is fairly straightforward and aims to give an 
understanding of the physical, rather than the formal, 
aspects of the theory. The motion of wave packets 1s 
treated in some detail in order to bring out the relation 
between quantum and classical mechanics. The basic 
principles are developed via the Schrédinger equation 
and applied to stationary states and time-dependent 
phenomena. There is a thorough treatment of a particle 
in a central field, and a final chapter on systems of 
several particles. | 

Although the book is quite a shim volume, it covers 
a surprising amount of ground. This is achieved by an 
absence of padding and a concentration on essentials. I 
do not regard it as superior to some of the established 
texts, such as that by Dicke and Wittke or the slightly 
more advanced one by Mandl, but can recommend it as a 
useful and workmanlike book. 

The book by Ziock 1s also based on a lecture course— 
one given to undergraduates in physics and graduates 
in electrical engmeering and astronomy at the University 
of Virgmia. It is a rather personal presentation of the 
subject. Although most of the basic ideas are covered, 
some important topics are omitted. For example, the 
author has a chapter on stationary perturbation theory 
and another on scattering, but the Born approximation is 
not mentioned. Again, there is a chapter on time-depen- 
dent perturbation theory which stops short of deriving, 
or even mentioning, Fermi’s golden rule for transition 
rates. 

Ziock has a breezy style which extends to numerous 
asides in the form of footnotes. Some of these seem 
rather pointless. For example, “Of course, the hermitian 
conjugate of a non-hermitian matrix is also a non- 
hermitian matrix. The ‘non-hermitian hermitian conju- 
gate’ is only a linguistic curiosity, not a mathematical 
one.” 

In spite of some attractive features-—there are many 
instructive problems—and the detailed treatment of 
certain topics such as the hyperfine structure of hydrogen, 
I cannot recommend Ziock’s book very highly. I think its 
somewhat arbitrary choice of topies limits its usefulness 
for the average student—also. its price seems rather steep 
for a book of 270 pages. G. L. Squires 


FIELD THEORY 


Introduction to Quantum Field Theory 
By Paul Roman. Pp. xvin +634. (Wiley: New York 
and London, July 1969.) 158s. 


Tars book falls quite naturally into two almost equal 
parts, one dealing with Lagrangian field theory and the 
other with more axiomatic approaches, S-matrix theory 
and other modern trends. While this gives one a good 
overall view of the field, the penalty is the omission of 
such branches as standard quantum electrodynamics. 
The author has designed the book primarily as a text for 
advanced research students in theoretical physics, stressing 
mainly the basic ideas of the theory and the general 
methods used for computation. More practical readers 
may be worried about the deliberate lack of worked 
examples, especially those calculated to the bitter end, 
but “since our basic concern is the structure of field theory, 
we do not go into these details” (of calculating a cross- 
section from the S-matrix). 

The more unusual features of the first part include 
the use of Schwinger’s action principle to derive the rules 
for canonical field quantization, and also the great em- 
phasis placed on Schwinger’s functional equations for 
propagators and vertex functions. The Bethe-Salpeter 
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equation for the four-point function is derived rather more 
intuitively. 

The second part opens with a critique of Lagrangian 
field theory, before launching into the axiomatic formula- 
tions of Lehmann, Symanzik and Zimmerman and of 
Wightman. Most of the theorems associated with the 
latter approach, including Haag’s theorem, are successfully 
described and illustrated without giving the lengthy 
mathematical proofs. A study is then made of the 
general properties of scattermg amplitudes, such as 
erossing, unitarity and analyticity, but much more space 
is devoted to the two- and three-point functions than to 
the four-point. The chapter on form factors ends with 
discussions of the conserved vector current and partially 
conserved axial current hypotheses and the Goldberger- 
Treiman relation. Another outstanding result of modern 
theory, namely, the Adler-Weisberger relation, is con- 
sidered in a short chapter on current algebras. In contrast 
to a monograph, the treatment of these new approaches 
is of necessity brief, but the work can still provide an intro- 
duction to the uninitiated or serve to show the relation. 
ship to more established branches of the subject. 

COLIN WILKIN 


PLASTIC STRUCTURES 


Plastic Design of Frames 

By Sir John Baker and Jacques Heyman. Vol. i: 
mentals. Pp. vii -+ 228. 
London, July 1969.) 55s. 


A NUMBER of texts have been written which deseribe the 
results of the relatively recent researches which have 
led to the formulation of the plastic theory of structural 
analysis. In my opinion, however, nobody has previously 
set down the fundamentals in so clear and concise a form. 
or in such a readable manner as the authors of this text« 
book. 

The authors have chosen, in this first volume, to deal 
with the fundamental basis of simple plastic analysis; 
reserving for a later volume topics which are either of a 
more advanced nature or are not of prime importance. 

Consideration is first given to the bending moment. 
which a member constructed of a ductile material can 
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equal to the fully plastic moment of the member. Subse- 
quently, the effects of shear and axial force on the capacity 
of the member to withstand bending are discussed. Later, 
the theory is extended by discussion of the virtual work 
equation, the derivation of upper and lower bounds on the 
plastic collapse load of a structure and consideration of 
the various theorems which are fundamental to the con- 
cept of plastic analysis. 

Having developed the theory, its application is well 
illustrated by reference to a wide range of structural 
forms which include beams, rectangular and pitehed roof 
portal frames, beam grillages, arches and simple space 
frames. The method of combination of mechanisms, im 
which the various independent plastic collapse mechanisms: 
of a structure may be combined to determine the true 
collapse mode for a particular structure and loading 
system, is fully described and illustrated by reference to 
multi-storey, multi-bay frames and pitched roof frames. 

The value of the book is enhanced by the inclusion of 
140 well chosen examples for which the answers are 
provided. These examples, in common with the rest of 
the book, use the SI (metric) system of units. 

This book is well suited to the needs of undergraduate 
students studying plastic analysis as part of a general 
structural engineering course. It can also be recommended 
to the structural designer who wishes to employ plastic 
methods of design. Of particular appeal to the designer 
are those sections of the book which draw attention to the 
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direct design of structures by plastic design methods in a 
sense that is not feasible with the older elastic methods. 
Much of the final chapter which deals with the assumptions 
and aims of plastic design is of considerable interest to the 
practical designer. M. HOLMES 


OCEANIC CRUSTS 


An Introduction to Marine Geology 
By M. J. Keen. (The Commonwealth and International 
Library of Science, Technology, Engineering and Liberal 


Studies: Geophysics Division.) Pp.ix+218. (Pergamon 
Press: Oxford, London and New York, 1968.) 428 


boards; 30s flexi-cover. 


INTEREST in marine geology has increased enormously 
in the past ten years. Literature on this subject is not 
very extensive and this book is very timely. The book 
has been written primarily for those people who are not 
specialists in the subject so as to give them an insight into 
what geologists and geophysicists get up to at sea and what 
they have found out so far. I think, however, that even 
the experts will find this a useful summary of our know- 
ledge of marine geology and geophysies apart from the 
very recent developments in this rapidly expanding 
subject. 

For those people who are not geologists, the author 
begins with an account of the main rock types found on 
the Earth and then goes on to describe briefly the tech- 
niques used by geophysicists to explore the ocean floor. 
The following chapters deal with the subject in the order 
in which our knowledge of the oceans has grown. The 
author starts with topography which ts, of course, the 
easiest type of information to collect but which has, 
nevertheless, given many clues to the structure beneath. 
He then continues with the sedimentary layers im the 
ocean and includes in this section a description of the 
technique for determining the absolute age of rocks by 
measuring the decay of radioactive elements m them. 

The last four chapters deal with that part of the subject 
which has been most recently investigated, and where our 
knowledge of the subject is increasing most rapidly. 
namely, recent ideas on the nature and relationship of 
oceanic and continental erust. Finally, there is an excel- 
lent list of references which should prove useful to those 
who want to investigate the subject further. F. GRAY 


RUSSIAN SOIL SCIENCE 


Theory of Soil Moisture 

Vol. 1: Moisture Properties of Soils and Movement of 
Soil Moisture. By A. A. Rode. Translated from the 
Russian. Pp. x+560. (Israel Program for Scientific 
Translations: Jerusalem May 1969. Distributed in the 
UK by H. A. Humphrey: London,) 166s. 


Hirnerto, most English-reading workers have had to 
depend on inadequate abstracts to get any idea of what 
is going on in Russian soil science. Now, in what seems 
to be an excellent translation, we have from the doyen 
of the world’s soil physicists a very long account of 
Russian achievement in the study of soil water, with a 
second volume to follow, more explicitly concerned with 
field problems. In the collected references there are 
twenty-two pages from Russian sources and fourteen 
from outside, giving two causes for satisfaction. First, the 
scale of Russian activity is revealed, and Dr Rode, 
choosing largely Russian examples to illustrate his 
arguments, gives many new facts in useful tables and 
diagrams for an extremely wide range of soil types. 
Second, it is clear that there is no lack of awareness of 
outside ideas, and where there is a difference in philos- 
ophy it is a deliberate choice, not caused by ignorance of a 
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possible alternative. That there is a difference has long 
been known, and the book emphasizes it. One of Rode’s 
own major papers is on “Different Types of Water Regimes 
in Soils”, and in his list of soil moisture ‘constants’ he 
has eleven entries. This kind of approach to soil water was 
common 30 or 40 years ago, but most of the rest of the 
world has since preferred to restrict the number of con- 
stants to two or three, and to treat the physical properties 
of water in soil as continuously variable from saturation 
to dryness. Perhaps in this simplification we have missed 
something: the second volume may show us. 

Much of the book is about unsaturated soil. More than 
once Rode refers to a “‘practically water saturated atmo- 
sphere” at 94 per cent relative humidity, which is a fair 
statement for an experiment range that starts near zero, 
but not for plant growth, where the important range is 
from 98 to 100 per cent. To get to know the raw material 
properly, of course, the whole range must be covered: 
this, the primary task of research, is well done by Rode. 
As examples, there are good extended surveys of adsorp- 
tion isotherms, and of hydraulic conductivity, with 
facts and theories from both Russian and foreign sources. 

The theoretical treatment is generally good—teachers 
will find much in it that is helpful---though in places. 
simple ideas are worked out at too great a length, and in 
others an important result is quoted without explanation. 
There are occasional protests against the use of “ideal” 
soils and of simple models by foreign physicists and mathe- 
maticians. but, fortunately, Rode has no hesitation in 
ignoring his own protests and simplifying to the linut in 
order to get a physical idea established. His use of 
“Theory” in the title presumably absolves him from any 
responsibility for discussing measurements in terms of 
either technique or accuracy, but there are discussions 
where the critical reader might be rather more concerned 
with the accuracy of the measurements than with the 
plausibility of the hypothesis set up to explain them. 

There is no index, either to subjects or authors, and 
the 50 or 60 entries in the table of contents are quite 
inadequate for a book of this length. 

In his conelusion, Rode himself draws attention to the 
difference in outlook between the Russian school and 
other workers, “mainly abroad’. By coincidence, onc 
of the other workers has just published a book on the 
same subject (An Introduction to the Physical Basis of 
Soil-Water Phenomena, reviewed in Nature, 223, 1080; 
1969), and anybody interested in either the physies or the 
philosophy must make sure they have easy access to both 
books. H. L. PENMAN 


VERTEBRATE ANATOMY 


Morphologie Évolutive des Chordés 


By Paul Pirlot. Pp. xxxii+1068. (Les Presses de 
Université de Montréal: Montréal, 1969.) n.p. 


PırLoT is a professor in the University of Montreal. His 
book is primarily designed to provide a text in French 
for use in the universities of the French-speaking regions 
of Canada, which at present use American textbooks. 
Beeause he feels that these books have developed the best 
technique for introducing vertebrate comparative ana- 
tomy to students, Professor Pirlot has adopted a similar 
plan for his book. It is then, by intention, extremely 
similar to such textbooks as Romers Vertebrate Boddy. 
This is so familiar to most English-speaking workers that 
it seems both fair and convenient to use it as a yardstick 
for comparison. 

Pirlot’s book is slightly wider in its scope, including the 
hemichordates, urochordates and cephalochordates as 
well as the vertebrates. On the other hand, unlike Romer, 
he does not deal with basie aspects of biochemistry and 
cellular morphology, and his section on the classification 
of the vertebrates is very much briefer than Romer’s. 
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inevitably, the treatment of the factual sections differs 
little from that in Romer’s book. The chapter on the 
muscular system is less easy to follow in Pirlot’s book; 
this would have been improved by the addition of a table 
of homologies and by the use of more diagrammatic figures 
instead of drawings taken from dissections. The detailed 
descriptions of the circulatory systems of the dogfish, 
frog and eat would have seemed more appropriate in a 
dissection guide; this chapter does, however, contain 
a useful section on the adaptation of muscle systems to 
particular requirements. Here, and at several other points, 
Pirlot gives a brief but useful discussion of a related topic 
of general interest—others include the relationship 
between lateral-line canals and dermal bones, the homology 
and development of the swim-bladcer and the origin of 
paired fins, Pirlot also includes two useful general chapters. 
One deals with the contribution of comparative osteology 
to evolutionary theory; it considers several aspects of 
growth, ontogeny vs. phylogeny, orthogenesis, parallelism 
and convergence, extinction, the rate of evolutionary 
change, and the hke. The other general chapter considers 
the relationships between comparative morphology and 
neighbouring disciplines, such as physiology, ecology and 
genetics, 

Many of the illustrations are novel or re-drawn and 
provide a welcome new selection; those by Mile Janet 
Peace are especially good. Two practices. however, make 
them unnecessarily difficult to follow. It is unfortunate 
that the information about each is provided only in the 
legend beneath—which, as a result, is often too long. It 
would have been far more convenient if the name of its 
owner had appeared immediately below, for example, 
each of the eight pelvic girdles shown on one illustration, 
instead of in the legend. Similarly, it would often have 
been possible to show the name of a structure beside the 
identification arrow or, at least, a well chosen abbrevia- 
tion which might have reminded the reader of its name. 
Instead, these are indicated by numbers, and the reader 
must again search through the legend to identify the 
structures. In general, Pirlot’s book is less profusely 
illustrated than Romer’s, and many of his illustrations 
are less clear. 

The type used in Pirlot’s book is somewhat larger than 
that in Romer’s, which gives the pages a more attractive, 
“open” appearance. Together with the slightly thicker 
paper, however, this has resulted in a book which is over 
one and a half times as long and nearly twice as thick, so 
that it is physically far more unwieldy. 

None of the criticisms mentioned above are of funda- 
mental importance, and Pirlot’s text is clear. compre- 
hensive and up to date. It should certainly be weleomed 
by French-speaking students on both sides of the 
Atlantic, though it seems likely that the Anglo-Saxons 
will, as usual, stick together—and to Romer. 

Barry Cox 


PROTOZOA FOR THE LAYMAN 


The Marvellous Animals 


An Introduction to the Protozoa. By Helena Curtis. 


Drawings by Shirley Baty. Pp. xvi+ 189. (Heinemann 
(Educational): London, September 1969.) 35s. 


EVER since Antony van Leeuwenhoek first saw Protozoa 
with his elementary microscope nearly three centuries 
ago, microscopists have been fascinated by these ‘“‘marvel- 
dous animals’. Many have spoken of their enchantment 
—even busy scientists of the present generation may 
easily be bewitched into spending hours just watching 
them. Clearly the author of this book has fallen under 
this spell. 

There has been an enormous growth in our knowledge 
of the structure and physiology of Protozoa in the past 
decade or two. We must not expect then that a book 
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of this size, written for the layman, should be a complete 
guide to modern protozoology. Rather, it is a series of 
glimpses of interesting features of the structure and life 
of some of the best studied members of the group. The 
examples include observations from many sources, ranging 
from some made by Leeuwenhoek himself to recent studies 
with the electron microscope: they are well chosen and 
generally give a good picture of the sorts of organisms 
that protozoologists study. On the whole the accounts 
are accurate and clear, but there are some Curious errors, 
such as allowing Peranema only one long flagellum and 
providing Leishmania with two; an omission in the 
gregarine life cycle described on page 150 may cause some 
confusion, and the author falls into the familar trap of 
suggesting that the mating types of Paramecium should 
in some way be equated with sexes, when, of course, cach 
Paramecium is hermaphrodite. The book is illustrated 
with photographs and with a number of admirably simple 
drawings, most of which convey clearly the pomt intended. 
Most of the micrographs and electron micrographs also 
make their point adequately, especially where accom- 
panied by interpretive drawings. The publishers are to 
be congratulated on a well produced book, but itis regretted 
that generic names are not given in italics, although 
specific names are. 

There is no intention that this should be a textbook 
there are no complete descriptions of any organism or 
any group—but the reader is referred in a short biblio- 
graphy to most of the best modern books on Protozoa. 
Although in some places the explanations may be more 
colourfully worded, and the answers more clear-cut, than 
many scientific protozoologists would approve, the book 
is written in a very easy flowing style, and it is certainly 
worthy of a place on the bookshelves of the naturalist. 
microscopist or school biology library. ML A. SLEIGH 


LEARNING BY LOOKING 
Hamlyn All-Colour Paperbacks 


(Hamlyn: London; Sunbooks: Melbourne, August 1969.) 
Gs each. 

Bird Behaviour. By John Sparks. Pp. 159. Fishes of 
the World. By Allan Cooper. Pp. 160. Life in the Sea. 
By John Croft. Pp. 159. Natural History Collecting. 
By Reg Harris. Pp. 159. Prehistoric Animals. By Barry 


Cox. Pp. 160. Fossil Man. By Michael H. Day. Pp. 
159. Snakes of the World. By John Studworthy. Pp. 


159. A Guide to the Seashore. By Ray Ingle. Pp. 159, 
Pets for Children. By Stephanie Denham and Ken Den- 
ham. Pp. 159. Garden Shrubs. By Peter Hunt. Pp. 
159. Trains. By John R. Day. Pp. 159. Sadling Ships 
and Sailing Craft. By George Goldsmith-Carter. Pp. 159. 
Atomic Energy. By Matthew J. Gaines. Pp. 159, Mathe- 
matics. By Charles Solomon. Pp. 159. 


THE Financial Times has reported that the Paul Hamlyn 
Publishing Group has so far invested three years’ work and 
over £1 million in its all-colour paperback series which 
will eventually comprise 140 titles. Moreover, deals with 
overseas publishers are said to be worth over $1 milion 
in advance royalties and a specially recruited sales force 
backed by £50,000 worth of advertising is assaulting the 
home market. With such promotion, which is customarily 
associated with new models from Detroit or Dagenham. 
the series seems bound to be a cormmercial success. After 
reading a sample of the first twenty-four books I think on 
the whole that the series will deserve its success. 

The publishers of course make much of the fact that 
their six shillmg books are the only paperbacks to be 
printed in colour, That means that there are coloured 
drawings, graphs and even mathematical equations on 
two out of three pages. No doubt the need to cut costs 
dictated the use of drawings rather than photographs 


throughout and in many cases this is an advantage. 
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The colour reproduction of drawings of fish in Fishes of 
the World, for example, is at least as good as that in a 
recently published book on fishes costing 170 shillings. 
And the drawings and colour in Garden Shrubs was good 
enough for me to identify with certainty a small shrub that 
appeared from nowhere in my garden three springs ago as 
Daphne mezereum var. rosea. Indeed, in all the biological 
books and in Trains and Sailing Ships and Sailing Craft 
the colour is usually both decorative and informative. 
Apart from the occasional lurid diagram of the guts of 
this or that animal, the drawings in Bird Behaviour, 
Life in the Sea, A Guide to the Seashore and the rest are a 
great asset. 

But not all the subjects lend themselves to this techni- 
colour approach to publishing. Mathematics is least well 
served by its illustrator. Examples of compound interest 
are not made more enticing for being printed on a multi- 
coloured background although I suppose hilarious hack 
drawings of a puzzled ancient Greek holding an abacus, 
or a modern corporation man clutching his computer 
tapes and heavy rimmed spectacles add unintended 
humour, And what is the purpose of endless artist's 
impressions of the outsides of power stations or the lines 
of atomie powered ships which litter the pages of Atomic 
Energy ? 

No doubt the publishers hope that the coloured illustra- 
tions will be the chief selling point of the series, but what 
of the texts ? The batch I have read fall into two categories 
—the handbooks and the introductory texts. None of 
the handbooks is either outstandingly good or bad and, 
incidentally, none of them is bound sufficiently stoutly 
to withstand anything approaching continuous use. I 
found A Guide to the Seashore, for example, useful on a 
recent holiday; it was less useful than the Collins Guide 
to the Sea Shore maybe, but it does cost less than a 
quarter of the price of that book. 

The introductory texts are more variable. Michael Day’s 
Fossil Man is well worth reading; it provides a very 
welcome concise account of a particularly contentious 
subject, although, strangely, there is no mention of the 
fossils found in the Omo Valley, Ethiopia. Likewise, 
Barry Cox’s Prehistoric Animals manages to convey a 
great deal of comparative vertebrate palaeontology as 
well as the romance of prehistoric animals. But the title 
of this book is misleading—it is only concerned with 
prehistoric vertebrates and ignores the invertebrates. L 
suspect that the publishers decided that the audience for 
the book would be discouraged by the word vertebrate in 
the title. That raises the question who will want to read 
and buy the books. Obviously parents and intelligent 
school children will find books like Pets for Children and 
Life in the Sea good value for money. In general, the 
market seems to be those children and adults who prefer 
learning by seeing to learning by reading. For six shillings, 
the customer certainly gets his money's worth of pictures. 

J, Tooze 


PEST CONTROL 


Chemicals for Pest Control 

By G. S. Hartley and T. F. West. (The Commonwealth 
and International Library of Science, Technology, 
Engineering and Liberal Studies: Chemical Industry.) 
Pp. xv +316. (Pergamon: Oxford, London and New York, 
July 1969.) Boards 45s ($7); Paper 35s ($5.50). 

THis book is the latest addition to the general series, 
“Chemical Industry, with Special Reference to the UK”, 
and the authors have each had a wealth of experience 
in the particular area of the chemical control of pests. 
The volume covers a very wide range and includes 
accounts of the treatment of vertebrates, insects and weeds 
in a relatively short space. Fortunately, the authors 
have produced an interesting and readable text which 
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covers economic and social aspects of the subject as well 
as chemical, and which does not contain a mass of detail 
of all the numerous chemicals which have been investi- 
gated for pest control. In fact, it is explicitly stated 
that these texts are designed for senior students of the 
chemical industry and in this respect the authors have 
been eminently successful The main problem confron- 
ting the production of such a text is just how much 
chemistry to inelade. Most of the chemistry in this 
volume is covered by the formulae of the mam cornpounds 
under discussion and outlines of the methods of prep- 
aration are given only for key compounds. ‘The formulae 
are mostly clear but a few, especially the alicyclic com- 
pounds (for example, pages 54-55) are confusing and 
should be improved in a later edition. Also the descrip- 
tions of general chemical reactions are frequently made 
so concise as to be almost meaningless. (for example, 
the Diels-Alder reaction, page 54). 

On the whole, the authors have successfully achieved 
what they set out to do and have produced an interesting 
and informative text of general chemical interest. The 
material presented is topical and up to date, and a 
number of review references are included at the end of 
each chapter to aid further reading. The book can be 
recommended, A. W. JOHNSON 


Professor D. V. Davies 


Davin VAUGHAN Davies, who died on July 16 aged 57, 
had been professor of anatomy at St Thomas’s Hospital 
Medical School for twenty-one years. 

Davies was born in Montgomeryshire and educated at 
Towyn County School. At University College London he 
won the gold medal in physiology and passed the primary 
FRCS in 1932. He later held the Ferriere Scholarship at 
University College Hospital Medical School before graduat- 
ing MB, BS in 1935. During these student days he came 
into contact with many distinguished teachers. Three who 
clearly influenced his later work were Sir Grafton Ellhott 
Smith, professor of anatomy at University College, H. A. 
Harris, professor of clinical anatomy, and the great 
surgeon Wilfrid Trotter. From such teachers as these 
Davies gained an interest in primatology and the clmical 
applications of pure anatomical research. After a period 
as temporary medical officer in the Royal Air Force, in 
1936 he joined H. A. Harris (by then professor of anatomy 
in the University of Cambridge) as a departmental 
demonstrator. He was destined to work in the anatomy 
school in Cambridge for the next twelve years, being 
elected university demonstrator im 1937, university 
lecturer in 1939, and fellow of St John’s College m 1944. 
During these early years Davies began publishing work on 
embryology and teratology, primate anatomy and 
arthrology. A few years later he collaborated with 
Thaddeus Mann on a series of papers on the repreductive 
organs. 

His chief interest throughout his research career was the 
anatomy and physiology of synovial joints and it was here 
that he made his major contributions. As early as 1945 
he was elected Arris and Gale Leeturer of the Royal 
College of Surgeons to give an address on this subject. 
The many meticulous and painstaking studies he carried 
out were based on careful observations of the structure of 
the tissues involved. His work on the vital functions of 
nutrition, respiration, growth and decay of joints, and of 
the part they play in the body as organs of posture and 
movement forms a notable contribution to the subject. 
These studies were continued during 1948-1969 when 
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Davies was professor of anatomy at St Thomas’s Hospital 
Medical School, and received further impetus when he 
became director of the electron microscopy unit of the 
Arthritis and Rheumatism Council. Much of the valuable 
information he gathered is summarized in a book on 
Synovial Joints (1961, with two co-authors) and in various 
review articles, such as the chapter on the anatomy and 
physiology of joints in the Text-Book of Rheumatic Diseases 
(1968, edited by W. 5. C. Copeman). 

Davies was a fine teacher and exponent of anatomy as a 
subject in its own right. His leetures to undergraduates 
of both Cambridge and London will be well remembered 
by past students in all parts of the world. His carefully 
considered views on the role of anatomy in medical tram- 
ing, and his forthright mode of expression, were very 
influential in recent years. He undertook a generous 
burden of administrative responsibilities, bemg at some 
time editor of the Journal of Anatomy (1960-1964), 
president of the Anatomical Society of Great Britain and 
Ireland (1965-1967), chairman or member of many 
committees of the universities and medical schools that he 
served, examiner in anatomy at many universities, and 
co-editor or editor of three editions of Gray's Anatomy. In 
spite of all the calls on his time, he took a great interest in 
student welfare and. among other duties, was president 
of the rugby club and sub-dean of St Thomas’s Hospital 
Medical School (1958-1966), 

Many honours were paid to Professor Davies. He was. 
among other distinctions, a fellow of University College 
London (1956), High Sheriff of Montgomeryshire (1961- 
1962), president of the Montgomeryshire Society (1962- 
1963), fellow of the Royal College of Surgeons (1963), and 
visiting professor at Auckland University (1966). But. in 
spite of all his high offices, many will remember “D.V.” 
best for some generous act of help or advice. His views 
on life in general, marked by outstanding honesty and 
integrity combined with kindness and human sympathy, 
made him much sought after as counsellor and adviser. 
Intolerant of all sham and make-believe. he contributed 
greatly to the community around him. 


Correspondence 


immunity against Cancer 


Sre,-—The controversy on this important subject presented 
in your issue of September 20 (Nature, 223, 1190 and 1294; 
1969) warrants the following further comments on the 
article of Watkins and Chen (Nature, 223, 1018; 1969). 


1. Attenuated tumour cells, with unrelated new surface 
antigens added to the existing tumour antigens, have 
been used before in the immunization against cancer’. 
Attenuation had then been achieved not by hybridiza- 
tion, but by stable chemical conjugation with foreign 
proteins by means of bis-diazotized benzidine, the 
well-tried procedure used by Landsteiner in the pre- 
paration of his so important artificial ‘antigens?. 
Clearly the aim and result of the two methods are 
identical for purposes of immunization. 


Although Watkins maintains’ that immunization with 
hybridized tumour cells is superior to immunization 
with X-irradiated cells, he has no experimental evidence 
for this. 


3. Furthermore, immunotherapy against cancer in man 
poses problems over and above the type of immuniza- 
tion performed by Watkms and Chen in mice. Watkins? 
in his answer to criticisms by Scott‘ is therefore not 
justified in quoting unsuccessful immunotherapy in 
man by means of X-irraciated cells against the success 
of his hybridized cells in mice. The latter is merely 
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comparable with the often equally successful tumour 
immunizations by means of irradiated cells in animals. 
4. Extensive strictly comparable Ae A at Laver- 
pool University (Augustm, R., and West, C. R., un- 
published work) using X- irradiated as w oll as various 
chemically and enzymatically attenuated tumour cells 
strongly suggest that is it not the introduction of new 
antigenic determinants which is of primary importance. 
Protective immunity was found to increase with any 
incidentally produced concomitant reductions im the 
growth potential of these cells: in support of this, the 
hybrids of Watkins and Chen are also shown to have a 
very much reduced growth potential and to be no longer 
able to form tumours. The suggested immunological 
basis for this reduced capacity to multiply is but a 
hypothesis; other interpretations are possible and we 
found that chemically attenuated tumour cells can be 
obtained which retain fully the capacity to multiply; 
such cells do form tumours and fail to protect. More- 
over, in our hands, immunization with unattenuated 
X-irradiated cells proved superior to immunizations 
with all manner of attenuated cells. The results could 
be explamed in a logical manner on theoretical grounds. 


5. The hybridization procedure presented by Watkins and 
Chen involves the use of virus twice over, and includes 
moreover polyoma virus which is now generally used 
in laboratory conversions of normal to cancer cells; 
the proposed application of this method for immuno- 
therapeutic purposes against cancer in man would 
therefore seem to be a somewhat hazardous under- 
taking, even if such therapy were possible. Any need 
for immunologically attenuated cancer cells would seem 
to be met more safely by using the more versatile and 
easier method of chemical conjugation. 


May I further add that I can see no objection to the 
shortening of the original long title of the paper by Watkins 
and Chen to “Immunization against Cancer” on the front 
cover of your issue of Septermber 6. After all, this is what 
the paper was about; apart from the proposed use in 
the immunization against cancer, the intriguing elegant 
method of cell hybridization by virus has already been 
described variously in detail elsewhere®. 


Yours faithfully, 


R. AUGUSTIN 
Immunology Cancer Research Unit, 
Liverpool Uni ined 


* Czajkowski, N. P., Rosenblatt, M., Wor, 


ii, 905 (1967). 
* Landsteiner, K. The Specificity of Serological Reactions, 2nd ed, (Harvard 
University Press, Cambridge, Mass., 1945). 
> Watkins, J. F., Nature, 228, 1294 (1960), 
* Scott, O., Nature, 223, 1294 (1969), 
> Harris, H., Nucleus and Cytoplasm (Clarendon Press, Oxford, 


-La and Vasquez, J., Lancet, 


1268), 


Announcements 


Entries are invited for the 1970 Maccabean Prize for an 
essay of 5,000 to 7,000 words on some aspect of the history 
of medicine or pharmacy. Candidates must be under 
thirty years of age on March 15, 1970. Further details may 
be obtained from the Honorary Secretary of the Faculty 
of the History of Medicine, Dr F. N. L. Poynter, The Well- 

come Institute of the History of Medicine, 183 Euston 
Road, London NW 1. 

In view of the growing importance of steroids in medicine, 

the French pharmaceutical company Roussel-Uclaf has 
decided to create an international prize intended to 
stimulate further new research in this area. The prize will 
be given every two years, and the first prize will be awarded 
in June 1970 for work published between January 1, 1968, 

and December 31, 1969. Further details may be obtained 
from J. Mathieu, Conseiller Scientifique, Roussel-Uclaf, 
102 et 111 route de Noisy, Romainville (Seine), France. 
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British Diary 


Monday, October 20 


A History of the Abundance Determination in the Universe with special 
reference to the Sun (5.30 p.m.) Prof S. R. Pottasch, at University 
College London, Gower Street, London WOL 


An Interpretation of Tobias Mayer’s Scientific Achievements (5.30 p.m.) 
Dr E. G. Forbes, British society for the History of Science, at the 
Science Museum, London SW7. 


Modern Methods Used in the Production of Rubber and Plastic Footwear 
(6.45 p.m.) Mr I. H. Bullock, Institution of the Rubber Industry, at 
the Waldorf Hotel, Cooper Street, Manchester 2. 


Problems of Identifying Small Residues of Pesticides (5 p.m.) Prof G. 
Widmark, Society of Chemical Industry, at 14 Belgrave Square, 
London SWi. 


Submerged Repeater Systems—Past, Present and Future (5.30 p.m.) 
Mr F, Scowen, Institution of Electrical Engineers, at Savoy Place, 
London WC2. 

The Industrial Monuments Survey (5.50 p.m.) Mr Rex Walles, Royal 
Institution, Library Circle, at 21 Albemarle Street, London W1, 


Tuesday, October 2! 


Determination of the Solar Abundance (Photosphere, Chromosphere 
and Corona) (5.30 p.m.) Prof S. R. Pottasch, at University College 
London, Gower Street, London WCH. 

Milk Replacers for Young Farm Animals (10.30 a.m.) Society of Chemical 
Industry, at 14 Belgrave Square, London SW1. 


Minerals and Man (3.30 p.m.) Prof K. Dunham, Roval Institution, at 21 Albe- 
marle Street, London W1. {Lecture for Sixth Form Pupils from 
Schools in London and the Home Counties. To be repeated on 
October 22, 28 and 29.) 

Multilayer Printed Circuits and their Allied Active Processes (5.30 p.m., 
discussion meeting} Institute of Electrical Engineers, at Savoy Place, 
London WC2. 

Solvent-~-based Processing of Textiles {three-day meeting} Shirley Institute, 
at Manchester. 

Some Achievements in the Prevention of Disease (5.30 p.m.) Sir John) 
Boyd, OBE, FRS, Research Defence Society, at the Zoological Society 
of London, Regents Park, London NW1 (38th Stephen Paget Memorial 
Lecture}. 

The Effect of Bile on the Solubilization and Absorption of Fat (5.30 p.m. 
Prof G. A. D. Haslewood, University of London, at the Institute of 
Child Health, 30 Guilford Street, London WCL. 


Wednesday, October 22 


Annual General Meeting {6 p.m.) Institution of Electronic and Radio 
Engineers, at the London School of Hygiene and Tropical Medicine, 
Keppel Street, London WCH. 


From Bacon to Ziman: Changing Views of Science as Communication 
(1 pan.) Mr Frank Greenaway, Royal Institution, History of Science 
Discussion Group, at 21 Albemarle Street, London W1, 


Glass Ceramics (5.30 p.m.) Dr P. W. McMillan, at the Institution of Electrical 
Engineers, Savoy Place, London WCz, 


URU aNOR of Abnormalities of Androgen Metabolism (2 p.m.) Prof 
C. Prunty, University of London, at the Royal Postgraduate 
Medical School, Du Cane Road, London WIZ, 


Off the Beaten Track (2.15 p.m.) Mr Robin Knox-fohnston, Institute of 
Navigation, at the Royal Geographical Society, 1 Kensington Gore, 
London SW7. 


Process Development (10 a.m. symposium) Institution of Chemical Engineers, 
at the University of Aston, Birmingham. 


Recent Developments in the Theory and Practice of the Mixing of 
Granular Materials (5.30 p.m.) Dr F. H. H., Valentine, University 
of London, at King’s College, London WC2. 

Thursday, October 23 


Chemistry and the Sand and Gravel Industry (6 p.m.) Mr J. P. R. Jordan, 
Society of Chemical ludustry, at 14 Belgrave Square, London SWL 


Detection and Estimation of Antiviral Substances (5 pm.) Society for 
Analytical Chemistry, at the Pharmaceutical Society, 17 Bloomsbury 
Square, London WC1. 


HOW TO BUY NATURE 


Volumes start in January, April, July and October, but subscriptions 
may begin with any issue. 
The direct postal price per subscription for one copy of NATURE 
each week is: 

"12 MONTHS (52 issues and 4 indexes) 


Great Britain and Eire... .. 2... cee eee neces ones £14.0.0 each 
United States of America...... (by air freight).......... $48 each 
Canada. e aarian sabes cas seen’ {by air freight).......... $52 each 
Elsewhere overseas by surface mail................5. £14.0.0 each 


(Charge for delivery by air mail on application) 
*Shorter periods pro rata. (Minimum three months.) 
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Fat Metabolism and Diabetes (5.30 p.m.) Prof P., J. Randle, University of 
ee at the Institute of Child Health, 30 Guilford Street, London 


Indus Waters (1.20 p.m. film) in the Botany Theatre, 
London, Gower Street, London WC1. 


Industrial Applications of Radioisotopes (10.15 a.m. symposium) Society 
of Chemical Industry; and the Medway and Maidstone College af 
Technology, at the College, Horsted Maidstone Road, Chatham, Kent, 


insulation of High-Voltage a.c, Railway Electrification in Great Britain 
(9.30 p.m.) Mr A. G. Goldring, Mr P. R. Hartshorn and Mr G. Ricketts, 
Institution of Electrical Engineers, at Savoy Place, London WC2, 


Interferon and Its Antiviral Properties (5 p.m.) Dr R. D. Andrews, Society 
for Analytical Chemistry, Biological Methods Grdup, er the Pharma- 
ceutical Society, 17 Bloomsbury Square, London WCR. 


Some Aspects of the Protection of Exterior Joinery (6.30 p.m.) Mr R. 
Dooper, Oil ang Colour Chemists’ Association, at Univ ersity College 
London, Gower Street, London WCL. 


The Production s Ammonium Nitrate including Handling and Safety 
(2,30 p.m.) Mr R W. R. Carter and Mr A. G. Roberts, Fertiliser 
Society, at the Geological Society, Burlington House, Piccadilly, 
London WEL 


Tyres and the Technologist (6.30 p.m. student lecture} Institution of the 
Rubber Industry, at the National College, Holloway Road, London NT 


Friday, October 24 


The Order Explosion (7.45 p.m.) Mr Victor Serebriakoff, H. G, Wells Society, 
at Imperial Colege, Electrical Engineering Department, Exhibition 
Road, London SW7. 

We and Them-——The People versus the Machines (# p.m.) The Rt Hon. 
Anthony Wedgwood Benn, MP, Royal Tnstitution, at 21 Albemarle 
Street, London WH 


Monday, October 27 


A Basis for a Mathematical Theory of Direction-Defining Radio Beacons 
(5.30 p.m} Mr C. W. Earp, Institution of Electrical Engineers, at 
Savoy Place, London WC2. 

Scientific Aspects of Margarine (10 a.m.) Society of Chemical Industry; 
Royal Society of Health; and LP.S.T., at the Zoological Society, 
Regent’s Park, London NWL. 

Some Thoughts on the Processing of Vinyl and Synthetic Rubber 
Sheetings (7.30 p.m.) Plastics Institute, at NE Technical College, 
Liverpool. 

Student Participation in the University (5.50 p.m.) Mr T. Fisk, University 
of London, at the Institute of Education, Malet Street, London WC1. 


University College 


Reports and Publications 


{not included in the monthly Books Supplement) 
Great Britain and ireland 


The Soil Survey of England and Wales—Annual Report 1968. Pp. 30. 
(Harpenden: Soil Survey of England and Wales, Rothamsted Experimental 
Station, 1969.) [59 

Countryside Commission. Coastal Preservation and Development Special 
Study Report, Vol. 1; Coastal Recreation and Holidays. Pp. vi+ 100+ 20 
piates, (London: HM Stationery Office, 1969.) 2is. net. [59 

The Royal Society and Nuffield Foundation Commonwealth Bursaries 
Scheme. Fifteenth Annual Report. Pp. 11. (London: Royal Society and 
Nuffield Foundation Commonwealth Bursaries Committee, 1969.) [59 


Other Countries 


New Zealand—National Roads Board. Road Research Unit Bulletin 
No. 6: Driver Behaviour at Uncontrolled Intersections—a Computerized 
Evaluation of the New Zealand Right-Hand Rule. By H. J. Kitto and 
A. Williman. Pp. 23, tWellington: National Roads Board, 1969.) {39 

Institut pour l' Encouragement de la Recherche Scientifique dans 1 Indus- 
trie et PAgriculture, Bruxelles. Comptes Rendus de Recherches, No. 36, 
Juin 1969: Travaux da Centre Technique et Scientifique de l’' Industrie 
Belge du Verre, Volume IT. Pp. 129. (Bruxelles: Institut pour F Encourage- 
ment de la Recherche Seientdaue dans Pindustrie et Agriculture, 1969.) 
350 francs, 89 

New Zealand. Report of the Department of Scientific and Industrial 
Research for the year ended 31 March 1969. (H. 34.) Pp. 76. (Wellington: 
Government Printer, 1969.) $0.50. [89 
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ORGANON LABORATORIES LIMITED NATURAL ENVIRONMENT 
NEWHOUSE - LANARKSHIRE | RESEARCH COUNCIL. 


ANSTITUTE OF COASTAL 
OCEANOGRAPHY AND TIDES 


i = 4 ASSISTANT EXPERIM ENTAL : 
Quality Control Chemist | kick exrermenran 


OFFICER : SCIENTIFIC 


Organon 











ASSISTANT 
The Company, a member of an International Group prominent in Applications are invited for two vacan- 
the oharmaceutical field, and havi i ar à tari cies which exist in a field party being 
ep | cal field, and having important chemical, veterinary, e aa er te ee 
and cosmetic interests, supported by a dynamic research and research projects. 
development function, invite applications for the above new appoint- POST |. Assistant Experimental Officer / 
ment. Experimental Officer. 
A : : POST 2. Scientific Assistant. 
The vacancy to be filled would admirably suit a Chemist or Pharma- DUTIES: 
cist with some years’ experience in the analytical field. The suc- | Wark ilk inie: the: deployment of 
cessful candidate will be directly responsible to the Manager of the instruments on the coast, at sea and occa- 
uality Cont ; ; : ; aiia sionally underground, which are designed 
Quality Control Department for a broad range of responsibilities o record ndal and “aasociated phenomend: 
embracing pharmaceutical and cosmetic product quality control and It will also involve checking the perform- 
development. ance and maintenance of the national net- 
work of Ude gauges. Considerable travel 
A knowledge of steroid chemistry, and a Higher Degree, would be is envisaged with consequent absence from 


home base, Candidate should be of a 
practical turn of mind and possess 4a 
current driving licence. 
QUALIFICATIONS; 
POST i. Assistant Experimental Officer/ 


an advantage. 


The salary and conditions of employment offered will be fully 
commensurate with the importance and responsibility of the post. 


Applications will be treated in strict confidence and should be Experimental Officer, 
tes nee eer ee tg oat Pee General Certificate of Education in five 
addressed for the attention of the Personnel and Training Manager. biote io Ot which Should ‘be mae 
wanie a aimilla , ; apies ens i 5 : matical/scientifie subjects at “A” level, 
Applicants to a similar recent advertisement are still under con At ase 22 candidaes should have a. pass 
sideration, degree, H.N.C. or equivalent in physics, 
(1298) mathematics, clectronics or an associate 
subject. Some instrumental experience 





would be an advantage. Candidates for 
this posi should have some surveying 
knowledge with experience in triangulation, 
levelling and the establishment of azimuths. 


POST 2, Scientific Assistant. 


A minimum of four subjects in General 
Certificate of Education at “O” level, in- 
cluding a mathematical/scientific subject 
and English language. 


SALARY SCALES 


POST |. Assistant Experimental Officer 
(I8 and under 28 years on Decem- 
ber 31, 19693, £683 to £1,454, 
Experimental Officer (at least 26 
and under 31 years on December 
31, 1969), £1,590 to £2,006. 

POST 2. Scientific Assistant (under 29 
years at December 31, 146%), £42: 
fage 16) to £924 (age 25 or over 
on appointment) to £1,155. 




































BOROUGH POLYTECHNIC 


Borough Road, London, S.E.1 


(A constituent college of the proposed 
POLYTECHNIC OF THE SOUTH BANK, LONDON) 


Applications are invited for the following posts: 


SENIOR LECTURER and LECTURER (grade Ii) in FLUID 
MECHANICS (Ref. M.22 and M.23). 


LECTURER (GRADE Il) in ILLUMINATING ENGINEERING 
(Ref. £.29) 


LECTURER (Grade If) in POLYMER SCIENCE AND 
TECHNOLOGY (Ref. C.33) 


LECTURER (Grade Il) in METAL FINISHING and/or 
CORROSION (Ref. A.4) 


RESEARCH ASSISTANTS in APPLIED MECHANICS, 
THERMODYNAMICS, FLUID MECHANICS, and 
PRODUCTION ENGINEERING (Ref. M.24) 


Senior Lecturers are expected to hold an honours degree and, where 
appropriate, a professional qualification. They should have had relevant 
industrial or research experience and preferably teaching experience 
also. They are expected to assist the Head of Department (and Principal 
Lecturers where appropriate) in the development of courses in their 
speciality and to engage in and to supervise research work. 


Applicants for Lectureships are normally expected to be graduates 
of a British University or of the C.N.A.A. and/or be corporate members 
of the. appropriate professional institution. Suitable industrial or 
research experience will be expected. 


SALARY SCALES (subject to approval) : 
Senior Lecturer: £2,417-£2,752 (plus London allowance £85) 
Lecturer (Grade Hl): £1,827-£2,417 (plus London allowance £85) 
Research Assistants: £870 by two annual increments of £30-£930. 


Application forms and further particulars of the above posts may be 
obtained from the Clerk to the Governing Body, to whom completed 
applications should be returned within one week of receipt. 


Initial appointment will be non-pension- 
able but there are prospects of a perman- 
ent and pensionable post. 


Application forms obtainable from the 
Institute of Coastal Oceanography and 
Tides, Bidston Observatory, Birkenhead, 
Cheshire L43 TRA, stating clearly the post 
for which you are applying. 


Closing date for the receipt of com- 
pleted application forms November 14, 
1969, (1293) 






















UNIVERSITY OF DURHAM 
TWO RESEARCH ASSISTANTS 


Two Research Assistants are required for 
work being carried cut in the Engineering 
Geology Laboratories (Department of Geo- 
logy). The projects which are sponsored 
by the Science Research Counci and the 
National Coal Board respectively, are suh- 
able for recent honours graduates in geo- 
logy, engineering, physics or interdisciplin- 
ary science. 

Salary in the range £9450 by £30 to 
£1,200 by £83 ta £1,455 per annum plus 
F.S.S.U,, with placement not necessarily at 
the base. 

Applications (three copies), with curricu- 
lum vitae and the names and addresses of 
three referees, should be sent by October 
24, 1969, to the Registrar and Secretary, 
Old Shire Hall, Derham, from whom 
further particulars may be obtained. 


(1292) 


(1300) 
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Liverpool 
Education 


LIVERPOOL REGIONAL COLLEGE 
. OF TECHNOLOGY 


Byrom Street, Liverpool L3 3AF 


RESEARCH 
ASSISTANT 


(£885—£1,095 P.A.) 


This post is in the Department of 
Chemistry and Biology and is for research 
in fungal genetics. Applicants should 
possess a good honours degree in a branch 
of Biology and should be interested in 
genetics, 


The successful candidate will work for the 
,. Ph.D. degree of the Council for National 
“i Academic Awards, General Locai 

Government conditions apply. 

Application forms, returnable to the 

Principal by October 27, 1969, obtainable 

fram the Director of Education. 14 Sir 

Thomas Street, Liverpool Lf SBL 

STANLEY HOLMES 
Town Clerk 


(1277) 





BEECHAM RESEARCH 
LABORATORIES 


Surrey 
have the following vacancies for 
TECHNICIANS 
at the Vitamins Research Station 
THE DEPARTMENT OF PARASITOLOGY 
requires a Technician for work in the Organic 
Chemical Field, with particular reference to the 
isolation, study and synthesis of natural prodects. 
Applicants shouid have at least O.N.C., or the 
equivalent, with additional laboratory experience, 
but HLN.C. (Chemistry) or cquivalent qualifica- 
a wowd be particularly desirable. (Ref: 
J 


THE DEPARTMENT OF BASIC RESEARCH 
(NUTRITION) is seeking a Technician for work 
involving micro-analysis, ultra-viclet and inira- 
red spectroscopy and gas chromatography. Ap- 
plicants should be of O.N.C. or VA" fevel 
standard. A knowledge of instruments, analysis 
ar spectroscopy could be an advantage, Excel. 
lent facilities for further study by day or biock 
release schemes will be given. (Ref.: DBR.) 
at Brockham Park 


THE BACTERIOLOGY UNIT wishes to re- 
cruit a young woman aged 16 to 22 with * oO” 
or A Y level qualifications in science subjects, or 
holding an Ordinary National Certificate. Would 
you Hike to join a team of young scientists mainly 
involved in work of a biological nature evaluat» 
ing the antibacterial activity of new antibiotics ? 
Previous experience though desirable is certainly 

“mot essential as full training will be given with 
opportunities for further study. (Ref.: BUD 

Conditions of Employment for these positions 
include attractive starting salaries with annual re- 
view, generous sick pay and holiday entitlements, 
and profit-sharing and non-contributory persion 
schemes. Please apply quoting the relevant 
reference, and stating age, experience and quailifi- 


cations to: The Personnel Officer, Brockharn 
Park, Betchworth, Surrey. or ring BETCH- 
WORTH 3202. {1291} 


UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF ORGANIC CHEMISTRY 

TECHNICIAN required to assist a group in- 
vestigating fungal biosynthesis, Candidates 
should hold an Ordinary degree, H.N.C. or 
equivalent jn Chemistry or Biology. Initial 
salary up to £1,127 per annum according to age, 
qualifications and experience. 

Application forms may be obtained from the 
Registrar, the University, P.O. Box 147, Liver- 
poo] L69 3BX. Quote Ref. RV /2899/N. 

i {1201} 





Wellcome 





Opportunity as 
Analyst/Programmer 
for Science Graduate 


We seek a graduate with a first or second in Maths or a Science subject. 

He will liaise with our research scientists and design computer programmes 
which will solve their numerical analysis and mathematical problems. — 
Third generation ICL 1902A and 1904 computers are used for both scientific 
and commercial problems with on-line programming links to the Group's 


units in the U.K. 


The Wellcome Group specialises in human and veterinary medicine and 
allocates substantial resources to research and development work. Our 
fast-growth rate has been achieved by giving early responsibility to our 


high-calibre staff. 


Applicants aged 22-28 years should have experience in programming l 
scientific problems in FORTRAN or alternatively have the basic ability and 


interest to warrant training in this field. 


Please write, quoting ref. U. 69, to the Personnel Officer, 
The Wellcome Foundation Limited, 


183 Euston Road, London N.W.1. 


CAMBRIDGE 
UNIVERSITY PRESS 


SCIENTIFIC BOOK PROMOTION 


Cambridge University Press requires a young 


man or woman to assist the Publication Manager 
for Science books. The job involves planning 
publicity for scientific books, writing copy for 
mailing pieces and advertisernents and general 
promotion of scientific books, 

This involves Haison both with the author and 
the editorial offices. 

Age 21 to 30. Education: a science degree 
(preferably in Physical Sciences) and the ability 
to write good, clear English. Previous experience 
in publishing would be an asset but is not essen- 
tial, Starting salary £1,385 per annum. Three 
weeks’ holiday rising to four weeks over five 
years. 

Write for application form to The Office 
Manager, Cambridge University Press, P.O. Box 
$2, London, N.W.1. (1316) 


UNIVERSITY OF HONG KONG 
LECTURESHIP/ASSISTANT LECTURESHIP 
IN ANATOMY 


Applications are invited for a Lectureship/ 
Assistant Lectureship in Anatomy. Annual 
Salaries (superannuable) (approximate sterling 
equivalents at current rate of exchange In paren- 
theses) are: Lecturer, $HK32.730 by SHK1.530 
to 06 SH K 52.620 2,249 to £3,616) man 
SHK28.320 by SHKI.860 to SHK32,040 to 
SHK33,900 to S$HK35,430 by SHK2,100 to 
SHK48.030 by SHK1,530 to SHKS52,620 (£1,946 
ro 06—«« £3,616) = twoman). Assistant Lecturer, 
$HK22.440 by S$HK 1,560 to $HK27,120 (£1,542 
to £1,863 (man): SHEKI7.100 by SHKI.620 to 
$HK21,960 (£1,175 to £1,509) (woman). 

Further particulars and application forms may 
be obtained from the Secretary-General, Associa- 
tion af Commonwealth Universities (Appts.}, 36 
Gordon Sauare, London, W.C.1, er the Regis- 
trar, University of Hone Kong. Closing date for 
applications November 8, 1969. (1288) 


(13885 


UNIVERSITY OF BRISTOL 


CHAIR IN THE DEPARTMENT 
OF PHYSIOLOGY 


The University invites application: for 
appointment to a CHAIR IN THE DE- 
PARTMENT OF PHYSIOLOGY. The 
Chair is additional to that occupied by 
Professor A. J. Buller who is the Head of 
the Department. The Professor will be re- 
quired to take up his appointment ag soon 
as possible. A medical qualification mo mot 
regarded ag essential. 


Suitably qualified candidates are inwited 
to submit applications, including the names 
of three referees, quoting reference THS, 
not later than November 14, 1969, to the - 
undersigned from whom further particulars 
of the appointment may be obtained. 


H. €C. BUTTERFIELD, 
Registrar and Secrmary, 


(1278) | 






FRESHWATER BIOLOGICAL 
ASSOCIATION 


Vacancy Windermere Laboratory Agril, 
1970, for algologist. Grade edudvaleit 
Scientific Officer or Senior Sclentific Offlcer 
in Scientific Civil Service or salaries £1,072 o 
to £1,827 or £2,021 to £2,491 respectively : 
starting point according to age and experi. 
ence. F.S.5.U. First or second class 
honours degree required. l 

Application forms from Director, The 


Ferry House, Far Sawrey, Ambleside, 
Westmorland, for return by March hL, 
1970, {1269} 
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RESEARCH SCIENTISTS IN 
PASTURE PLANT PHYSIOLOGY / 


AUSTRALIA 


PLANT NUTRITION 


DIVISION OF TROPICAL PASTURES 


GENERAL : Applications are invited for appoinunent as Research 
Scientist with the Division of Tropical Pastures of the Commonwealth 
Scientific and Industrial Research Organization. located at the Cunning- 
ham Laboratory, Brisbane. Queensiand. The € unningham Laboratory 
haa a team of sixty graduates working on plant, soil and animal 
studies, and is the headquarters of the Division of Tropical Pastures, 
which is conducting a comprehensive pasture research programme in 
summer rainfall environments in eastern Australia. 


PLANT NUTRITION 


(Ref. No. 880/333 


DUTIES: The appointee will join a research group working on the 
guirion of tropical legumes and grasses. This group fas been core 
cemmed with the nutrient status of solis from a wide range of enviran- 
menis, and with the requirements and responses of Pasture species. 
including the establishment of critical levels for nutrients, and the 
diagnosis of deficiencies and excesses of particular elements. The 
appointee will be responsible for investigations on mineral balance 
(with emphasis on tropical grasses) which will include : 

1, Assessmenis of relative 

potassium and sulphar. 


requirements for nitrogen, phosphorus. 
. Studies of the effect of the forms in which elements are present 
on their value for plani nutrition. 


3. Measurements of the effect of the relative levels of elements on 
thelr uptake, translocation. and use in plant metabolism, 


PASTURE PLANT PHYSIOLOGY 


(Ref, No, 850/327) 


DUTIES: The appoiniee will join a research group working on the 
ecology and feld physiology of tropical pasture plants. This group 
has been particularly concerned with Measuring the effects of defolia- 


1. Field growth 
niques. 


measurements by classical growth analysis iech- 


Bo 


The measurement of various 


communities under a 


PROLOSVALINNEC rattés of 
range of conditions. 


PRLR 


3. Integration of species 
ing the response 


growth data to construct models predic: 
ef nasiures to variation of the inpor factors. 


QUALIFICATIONS : Applicants should have a Ph.D. degree in an 
appropriate field or postgraduate research experience of an equivalen: 
standard and duration, sumporied by satisfactory evidence of research 
ability, Applications from candidates completing a Phn will be 
welcome. For the position in Pasture Plant Physiology, experience in 
plant growth measurement techniaues would be an advantage. 


SALARY: Depending epon qualifications and experience, the appoint. 
ments wil be made within the salary range of Research Scientist, 
$AS.321 to $AG,693 per annum; or Senior Research Scientist, 3A6.963 
to SAR OAS per annum. Salary rates for women ate SAJIN per annum 
leas than the corresponding rates for men, Promotion within 
CS.UR.O, to a higher classification is determined by meri. 


CONDITIONS : The appointments, which carry with them Common- 
wealth Superannuation Fund or Provident Accoun, privileges, will be 
conditional upon passing a medical examination. An intial proba- 
tionary period of up tc two years may be specified. Fares paid for 
the appointee and his dependant family. Further details supplied on 
aplication, 


Applications, quoting the appropriate reference number. and stating 
Tull name, place, date ard year of birth, nationality, marital status, 
present employment, details of qualifications and experience, together 
with the names of not more than four persons acquainted with the 
applicant's academic and professional standing, should reach: 


Mr. R. F. Turnbull, Chief Scientific Liaison Officer, 
Australian Scientific Lisison Office, 64 Kingsway, LONDON, W.C.2, 
hy November 14, 1969. 


tien on legume- g., 


DAastBres . 


AUSTRALIAN NATIONAL 
UNIVERSITY 
LECTURER IN PHYSICS 


Applications are invited for appointment as 
Lecturer in the Department of Physics in the 
Faculty of Science, The appointee will be re- 
gulred to take up duty as early as possible in 
1970. At the present time research Interests in 
the Department are in the fields of solid state 
physics, laser physics, and high-temperature gas 
dynamics. It is now proposed to establish a new 
group to do research in nuckar structure and 
fhe appointce should have an interest fn this 
area. More specifically, some experience in low 
energy nuclear physics would be particularly 
relevant. Salary on apnmoiniment will be in ge- 
cordance with qualifications and experience with- 
in the range SASA by $A270 (6) by SA280 (4) 
to $A7.300 per annum. The University provides 
reasonable travel and removal expenses and 
assistance with housing. Superannuation is on 
the F.S.S.U. pattern with supplementary benefits 


and financial assistance towards study leave is 
also avaiable, 

Further information and the forms which 
should accompany an application may be ob- 
tained from the Secretary-General, Association 
of Commonwealth Universities (Appts), 36 
Gordon Square, London, W.C.1. Applications 
close on November 24, 1969. (1289) 


regrowth and nodulation as a means of eluci- 
dating the complex effects of grazing on the legume component of 
The appointee will be responsible for work on the physio- 
logy of legumes and grasses in pastures which will inc tude : 


Attaché, Australian 


UNIVERSITY OF MANCHESTER 
LECTURERS OR ASSISTANT 
LECTURERS IN PHYSICS 


Applications are invited for these posts from 
candidates with research experience in jow- 
energy Nuclear Physics. The department has a 
heavy ion linear aceclerator and a Van de Graaff 
accelerator, with first class support facilities. 
Salary range per annum: Lecturer, £1,585 to 
£2,850: Assistant Lecturer, £1,240 to £1,476. 
ESSU. 

Further particulars and application forms ire- 
turnable by October 31) from the Registrar, Urni- 
versity of Manchester, Manchester M13 PL. 
Quote ref, 207769; Na. ae 


ROYAL HOSPITAL FOR SICK 


CHILDREN, EDINBURGH 
CELL BIOLOGIST 


There is a vacancy for a suitably qualtied 
graduate. with tissue culture and/or cytogenetic 
inferests, to pursue investigations on diseases in 
infants and children based om cell culture tech- 
niques. Possibility for working for a higher 
degree, if desired. 

Applications to 
Rillbank Terrace, 


Acting Group Secretary, 1 
Edinburgh, EHO ILN. 
(1315) 


Applications in U S.A. 


and Canada should be sent to The Scientific 
Errrhassy, 
WASHINGTON, DC 203$, 


Avenue NW, 
i34 


1601 Massachusetts 


PAISLEY COLLEGE OF 
TECHNOLOGY 
DEPARTMENT OF BIOLOGY 
LECTURER IN BIOLOGY 


Applications are inviied for the post of Lec- 
turer (Grade TIA} in Biology. Applicants should 
have a good honours degree in an appropriate 
branch of the subject Biology courses at present 
under development are broadly based and, whit 
the emphasis for the present post is on animal 
biology, experience of both plant and animal bio- 
logy is desirable. The suecessful candidate will 
be expected to take part in the teaching of in- 
vertebrate biclogy and general biology. Prefer- 
ence may be given to an applicant with specialise 
interests in animal behaviour, Research experi. 
ence woukl be an advantage. 

Courses are given to full-time students study- 
ing for the ordinary deeree of B.Sc. in Pure 
Science, and to part-time students studying for 
M.LBiol. and H.NLC. in Blology. Members of 
staff are encouraged to undertake research. 

Salary scales at present are in the range £1,325 
to £2410. Application forms and farther par- 
ticulars may be obtained from the Secretary, 
Paisley CoHege of Technology, High Street, 
Paisley, Renfrewshire, to whom applications 
shoukd be submitted before October Fi, 1969, 

(1296) 
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automatically, get optimum concentration every 
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wavelength 190-850 nm with grating 
monochromator ; fixed wavelength ; 5 scan speeds ; 
and 7 recording speeds. The accessories are good 
to look at too — the new AR25 recorder is 
automatically synchronised with the wavelength of 
the SP1800 spectrophotometer. 

You need look no further for an ultraviolet 
spectrophotometer. Write or telephone Pye Unicam 
Ltd now for a complete technical brochure. 
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Fifth Supplement to 
DICTIONARY OF ORGANIC COMPOUNDS 


Fourth Edition 
Edited by Roger Stevens 


The fifth annual supplement to the Dictionary of Organic Compounds is a cumulative one. Not 
only does it cover the literature published during 1968 but all the entries in the previous four annual 


supplements have been consolidated and incorporated in it. The annual supplements and the 
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NATURE 
Running with the Tide 


A CLEAR policy is better than no policy at all. That is 
the first thing to be said about the annual report of 
the Science Research Council for 1968-69, published last 
week (see Nature, 224, 211; 1969). Plainly the council 
has no doubt of the sense in which it wishes to use its 
endowment, not merely for the support of long-term 
research but also to influence the direction of university 
development. It is also clear that the council's influ- 
ence is powerful. The £42 million which the council 
spent la st year on A ey ak as ies term sia 





bea amounts to some en enty per pie of the otal 
‘ineome of British universities. When it is reckoned 
that the council’s money is marginal money, even 
the £13-8 million spent last year on grants for university 
research and the financial support of research students 
must have been every bit as influential as the council 
supposes. In the circumstances, however, it is only 
right that the council’s policy should be assessed not 
merely for the consistency with which it disposes of 
its funds but also for the influence which its decisions 
will have on the development of British universities. 


The foundations for the council’s new policy are 
clearly spelt out in the report. To begin with, the 


council says that it will intensify “the policy of priority 
to particular fields of study and to schemes which seem 
likely to yield scientific advance or economic or social 
benefit”. What this means, for example, is that the 
council has set its face against the spreading of research 
in, say, radioastronomy through several British 
universities, and that it has encouraged research in 
fields such as “enzyme chemistry and technology” 
because of its “great scientific interest and industrial 
potential”. Given the councils promise that this 
doctrine of “selectivity and concentration” will not 
prevent it from considering worthwhile proposals in 
fieids other than those which it has thought of for 
itself, there is much to be said for following such a 
course. There is already too much unhappy experience 
of how valuable developments in British universities 
have been frustrated by the diffusion of effort through 
too many institutions. Although individual universi- 
ties or academies may regard the negative aspects of 
the policy of concentration as an interference with 
what is called academic freedom, foundations and even 
university treasurers can always help to redress 
obvious injustice. 

The more serious danger is that the Science Research 
Council will be led by shallow appraisals of the oppor- 
tunities in particular fields to spend money on univer- 
sity research in circumstances in which universities 
have very little to contribute. The manifesto on 
polymer research published in February this year 
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is hardly a good precedent. With a good deal of arm- 
waving, the committee responsible for the document 
advocated an extra £250,000 a vear for university 
research on polymers “because it is an exciting and 
fast-moving field of research, because such research 
would have almost immediate industrial applications 
and potential and also because of the vital need to 


train greater numbers of polymer scientists’. The 
trouble here, of course, is that nobody can know 


whether doubling the scale of support for university 
research in polymers will be possible, iet alone useful. 
The policy of the Science Research Council on post- 


graduate courses and on manpower at large goes 
deeper towards the roots of university policy. Thus 


the council has decided that it will fix the award of 
postgraduate studentships—one of the chief sources 
of financial support for postgraduate students at 
British universities—at sixteen per cent of the numbers 
graduating in science and engineering. At the same 
time, the council says it will do what it can to ensure 

“that academic and research staff as a whole increase 
only proportionately to the university science popula-_ 
tion”, chiefly so as “to free scarce manpower for indus~_ 
try and schoolteaching”’. The council has also divided 
the old Board for University Science and Technology 
into two, responsible for science and for engineering 
respectively. The justification for this step given in the 
council’s report is that the criteria for selecting “areas 
for special encouragement’ will be different in pure 
science and in technology or engineering, and that 
separate boards will be better placed to develop 
suitable criteria and to encourage cooperation between 
universities and industry. In practice, however, the 
division of the Science and Technology Board will 
almost certainly mean that a greater proportion of the 
councils money will find its wav into engineering 
KAERT at Peal baka seal is Ragen: 


is eee an nee of the cone 8 eae y "of 
selectivity and concentration, it remains an important 
question to know in what circumstances the Science 
Research Council by itself should be free to make such 
far-reaching decisions about the pattern of university 
research. Where do the University Grants Committee, 
the Committee of Vice-Chancellors and the universities 
themselves fit in ? 

The first thing to be said is that the policy on post. 
graduate students is unconvincing and may easily be 
mistaken. The Science Research Council has evide nithy 
been deeply impressed by the concatenation of the 
Jones and Swann reports, which last year drew atten- 
tion to the tendencies of people qualifying in Britam 
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either to emigrate or to stay in academic life. With 
the best intentions in the world, the council has set 
out to remedy this state of affairs by seeking to en- 
courage postgraduate courses which “will provide a 
career in science-based industry in production, design, 
sales or management”. Although there is nothing 
in the report to explain why the council has also 
decided to fix the total intake into the postgraduate 
population at a constant proportion of those graduating 
with first degrees in science and engineering, the 
suspicion remains that it has taken up the view that 
traditional PhD courses are simply a way of seducing 
bright young people from the straight and narrow 
path of economic productivity. The truth may be 
quite different. For one thing, emigration from Britain 
has probably been provoked, at least in part, by the 
Jack of opportunities in industry and other sectors 
of the economy—even higher education. To hope to 
stop the brain drain by restricting facilities for higher 
education beyond the first degree is a little like trying 
to cure measles by the surgical excision of the spots. 
In short, there is no connexion between the emigration 
of skilled people and the pattern of British postgraduate 
education. That should be plainly appreciated at the 
Science Research Council. 

The council should also think again about the 
change which it wishes to encourage in the character 
of postgraduate teaching. One obvious improve- 
ment would be to graft on to the traditional British 
PhD course some degree of course work of the 
kind which is prominent in American graduate 
schools. The council’s own hope to encourage more 
practically oriented courses is entirely commendable. 
But is there any reason to believe that one-year courses 
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of the kind which have sprung up in British universi- 
ties in the past few years are likely to provide British 
industry with the kinds of skills that it will need in the 
1970s ? Experience so far has been far from reassuring. 

There remains the problem of the amount of post- 
graduate teaching which ought to be provided. In 
particular, is it right that the council should use its 
influence to keep constant the proportion of people 


who stay on after their first degree? In the 
United States, for example, while the number of 


recruits to universities multiplied by two between 
1958 and 1968, the production of PhD graduates 
multiplied by three. In Britain during the same period, 
the numbers of PhD graduates increased a little more 
quickly than the output of first degrees, but it is clear 
that much more could have been accomplished. 
In simple qualitative terms, a first degree is no longer 
sufficient to turn ordinary people into professional 
and creative scientists and engineers. On the job 
training, to be sure, can make up for all kinds of defici- 
encies at the universities, but this is at once cumber- 
some and expensive. In other words, the decision to 
keep constant the proportion of people staying on for 
postgraduate courses may be a short-sighted measure. 

Much the same suspicion attends the decision to 
divide the responsibilities of the Science and Tech- 
nology Board. The immediate result should be that 
departments of engineering at the universities will 
now be better provided with research grants, and not 
before time. But there is also a danger that splitting 
of the board’s responsibilities will create opposing 
vested interests out of science and technology, in the 
process perpetuating the foolish polarization which has 
grown up in the past few years. 


The Cyclamate Bandwagon 


EUROPEAN health authorities seem to have been thrown 
variously into uncertainty or hysteria by a ban on 
cyclamates, the artificial sweeteners, announced late 
last week by Robert H. Finch, the United States 
Secretary for Health, Education and Welfare. Acting 
on the advice of the Food and Drug Administration 
(FDA), Mr Finch gave manufacturers until the end of 
the year to rid their products of cyclamates. 

The FDA has apparently based its advice on new 
results, unpublished or at least uncited, which have 
been obtained by an independent research organization 
that has so far not been named. The hazards of 
interpreting toxicological work are well known; in 
the case of cyclamates, for example, it has been shown 
that subcutaneous injections of its eyclohexylamine 
derivative raise carcinomas in rats—but so, for that 
matter, do injections of salt. Then there are the reports 
that cyclamate induces breakages in the chromosomes 
of white blood cells: an ominous finding, to be sure, 
but meaningless, because no one yet knows what harm, 
if any, damaged leucocyte chromosomes do. 

Despite the obvious reasons for caution, health 





authorities in Sweden and Finland were clamouring for 
a ban on cyclamates within 72 hours of Mr Finch’s 
announcement. Professor Frederik Oberland of the 
Swedish Health Institute and Mr Lars Ekman of the 
Food Advisory Organization announced that Sweden 
would withdraw cyclamate in stages, and -a day later 
the Finnish Food Federation decided to ask the food 
industry to stop using the sweetener. Unless these 
organizations were better informed than their counter- 
parts in Britain, they possessed no further evidence 
against cyclamate than what had already been pub- 
lished in the literature. 

In neglecting to forewarn other government authori- 
ties of the new results available to it, the FDA seems 
to have acted with a surprising lack of courtesy as well 
as a disregard for the niceties of weighing scientific 
evidence scientifically. The new evidence may indeed 
show that cyclamates at the presently permitted levels 
create an unacceptable risk to health, but the way in 
which the evidence has been handled has transformed 
the question from a largely scientific issue into a 
political bandwagon. The chief harm in this is that it 
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gives the impression that cyclamates had been regarded 
as entirely safe until now. Furthermore, it reduces the 
chances that future cases of this nature will be ration- 

ally decided. The task of balancing the commercial 
or industrial benefits of a campod. whether a food 
additive or pesticide, against its possible hazards to 
health, which are often imprecisely known, is a delicate 
operation which can be properly performed only by 
the slow, grinding machinery of committees. Pressure 
groups, to be sure, have a valuable part to play in 
setting the machinery in motion, but if the machinery 
is to be by-passed or forced to work too fast, it will 
simply break down. The Swedish and Finnish authori- 
ties have niftily jumped on the bandwagon which the 
public campaigns against all sorts of pollution have set 
rolling. There seems a danger that authorities in other 
European countries are girding their loins to make an 
equally undignified spectacle of themselves. 


MAHOOD l 





cyclamate 
they'll want to ban mono- 
sodium glutamate—soon there 
witi be no taste feft in food.” 


“t suppose after 


Reprinted from the Evening Standard. 


In Britain the use of cyclamates, first allowed in 
1964, has been kept under constant review by the 
Food Additives and Contaminants Committee of the 
Sy ce Agri eee In its second report on cyclam- 

107 (Food Additives and Con- 
ee Conme cone Report on Cyclamates, 
HMSO, 10d), the committee designed a programme 
for further research on specific aspects of cyclamate 
pharmacology and endorsed the conclusion of its 


previous report that 50 mg of cyclamates per kg of 


body weight was an acceptable daily intake. Despite 
this conclusion, two large food companies represented 
on the committee, Marks and Spencer and J. Sains- 
bury, do not use cyelamates in their own products. 
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Dr N. Goldenberg of Marks and Spencer, who is 
a member of the committee, said this week: “We have 
never used cyclamates because we considered that 
not enough was known for them to be regarded as 
safe” 

In present commercial practice, cyclamates are used 
to replace saccharin rather than sugar. But on October 
21, three days after the cyclamate ban, Dr Herbert 
Ley, Commissioner of the FDA, announced a govern- 
ment inquiry into saccharin. “We ought to look into 
saccharin very thoroughly to make sure the public is 
protected”, an FDA spokesman was quoted as saying. 
Because saccharin, like cyclamate, has been in use for at 
least 15 vears, the context of the new inquiry bears 
all the marks of an impending witch-hunt, to be 
conducted with LD; and chromosome breakage 
rates instead of bell, book and candle. Tf the inquiry 
into saccharin is necessary, why was it not begun 
before? The manner in which the use of these two 
compounds is being handled by the FDA is likely to 
prevent the cases being decided on their merits. If 
saccharin as well as cyclamate is to be banned, the 
upshot may well be that people will eat more sugar, 
an outcome which there is reason to believe could be 


considerably more pernicious to health than any 
amount of artificial sweeteners in the diet. Like 


pesticides and drugs, food additives are bound to make 
their exits and their entrances as unexpected side- 
effects appear. It would be all too easy for public 
apprehension to be raised to the pitch where a fever 
of vegetarian faddism drives everything but mother’s 
milk from the market. Is this the absurdity that 
the FDA and its precipitate followers are hoping to 
bring about ? 


PUBLIC ADMINISTRATION 


All Set at Mintech 


Mr A. WepGwoop Benn, Minister of Technology and 
Minister of Power, seems undaunted by the prospect 
of running a government department which, directly 
or indirectly, appears to be responsible for something 
like 80 per cent of the British gross national product. 
On Tuesday this week, before asking the House of 
Yommons for authorit y to enlarge his empire, Mr 
Benn explained how he and his six subordinate minis- 
ters will coordinate their work. The enlarged ministry 
will be responsible for some of the functions previously 
carried out by the Board of Trade and the Department 
of Economic Affairs, and it is also blessed with most 
of the functions of the old Ministry of Power. 

Mr Benn says that if it had not been for the danger 
of confusion with Mrs Barbara Castle's Department. of 
Employment and Productivity, he would have liked 
his ministry to be called the ‘Ministry of Industry. 
In the new arrangement, the work of the ministry 
will be organized into five divisions, There will be an 
economie group responsible for the planning functions 
of the old DEA, some of the work of the Board of 
Trade and the Ministry of Technology itself. There 
is an industrial group with responsibility for national- 
ized industries, including steel, as well as for the 
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ministry's old function as sponsor of a variety of 
industries from electronic computers to shipbuilding. 
The Aviation Group in the new ministry will be respon- 
sible for Concorde-—part albatross and part eagle 
as well as for the ministry’s task as supply agent for 
the Ministry of Defence. Mr Benn said this week that 
the creation of what is called a regional group within 
the ministry must be taken as a sign that there will be 
close collaboration with the new complex of ministries 
under Mr Anthony Crosland which is responsible, 
among other things, for regional planning and trans- 
port. The research group which has been created 
under the new arrangement is intended to be respon- 
sible for the ministry’s experimental establishments 
and for its general support of industrial research. 
Within the ministry, the junior minister responsible 
for the research group will be Dr Ernest Davies, an 
able Member of Parliament who won a reputation for 
himself as an effective member of the House of Com- 
mons Select Committee on Science and Technology. 

Mr Benn’s deputy in the new department will be 
Mr Harold Lever, until now the chief assistant to the 
Chancellor of the Exchequer. Mr Lever, like Mr Benn, 
wil] remain a member of the Cabinet. Aviation will 
be dealt with by Lord Delacourt-Smith—a trade 
unionist who will also be responsible for putting some 
flesh on the bones of Mr Benn’s hope that the new 
arrangement will allow trade unions to be involved 
in the making of industrial policy—and Mr Neil 
Carmichael. Mr Benn was at pains on Tuesday to 
explain how the new arrangement would make possible 
the abandonment of a good deal of the interdepart- 
mental committee work which at present occupies 
the time of ministers and their helpers, but he was 
probably neither surprised nor offended that his 
proposals for the new ministry were greeted im the 
House of Commons by the complaint, from Sir Keith 
Joseph, that it would turn out to be too meddlesome. 
Time will no doubt tell, 





WILD LIFE 


Birds’ Death Unexplained 


Nogpopy has yet explained why large numbers of dead 
seabirds are being washed ashore along the west coast 
of Britain. Speculation has abounded—a sudden food 
shortage, a virus epidemic, chemical pollution—but 
even the emaciated condition of many of the birds, 
which at first sight suggests starvation, gives no 
indication of whether they were first immobilized by 
a cause other than a lack of food. 

Pathologists from the Ministry of Agriculture’s 
Veterinary Laboratory at Lasswade, near Edinburgh, 


at Mill Hill, in London, to test a theory that a virus 
of the influenza type may be responsible. One objection 
to the theory that disease is responsible is that infec- 
tions are usually limited to one species: the casualties 
so far include cormorants, gannets, guillemots, puffins, 
razorbills and shags. 

Suggestions that there may have been a disruption of 
the food chain from algae to fish to birds are supported 
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by reports that there were changes in the growth of 
plankton in the Irish Sea during the summer. A 
corollary is that there should be a scarcity of fish, the 
birds’ main diet. Apparently the landings of sprats 
at Wexford have indeed been poor this year, but there 
is no other evidence of shortage. Much of the informa- 
tion about dead birds, especially in Cornwall, has come 
from fishermen, who have not remarked on any diffi- 
culties in their own job. The fact that dead seals have 
been found on Cornish beaches also suggests that 
shortages of food may not be an explanation; seals 
can often survive in conditions which starve other 
animals. 

The notion that pollution of the sea may be respon- 
sible has been considered at the Monks Wood Experi- 
mental Station of the Nature Conservancy. One dead 
guillemot has revealed abnormally large but sublethal 
quantities of a breakdown product of DDT and also of 
polychlorinated biphenyls which are formed as waste 
in the manufacture of plastics. There is, however, no 
sign of the shoals of dead fish expected after large-scale 
contamination. Guesses about leakage from wartime 
dumps of poison gas seem also to be unfounded. 

Proposals that a freak coincidence of unfavourable 
conditions can explain the situation tend to look like 
the sort of all-embracing statement that can account 
for absolutely anything, yet it does seem that no simple 
theory is adequate. Dr N. W. Moore of Monks Wood 
noted that at this time of year some of the species are 
moulting and would be unable to fly out of a region 
with, for example, a poor food supply. These inelude 
guillemots and razorbills, which are among the worst 
affected. Further, in this state they could have been 
stranded by the unusually strong gales at the end of 
September, when the first deaths were noted. But 
these remain untested ideas, and Dr Moore emphasized. 
that “were all still groping in the dark”. The only 
certainty is that, although the peak death rate is past, 
enough birds have died to endanger several of the 
species, which have not recovered from the effects of 
oil in the past two years. 


TELECOMMUNICATIONS 


Below Three Millimetres 


Now that the Science Research Council has embraced 
the policy of increased emphasis on the practical 
applications of science, pensioners of the council have 
had to re-examine their priorities. At the Radio and 
Space Research Station which the council maintains 
near Slough, Bucks., and which held its open days this 
week, the change in emphasis has been achieved with- 
out fuss. On the pure science side, the station is 
continuing to be active in space research using rocket 
and satellite experiments and by helping research 
groups in the universities. But the station is stressing 
work going on which is aimed at extending the usable 
radio bands to higher frequencies, and thus relieving 
the pressure on the already overcrowded communica- 
tion channels. And the interest which the station has 
always had in the physics of the ionosphere is now 
being presented from the point of view of its relevance 
to long distance communications. 

At the high frequencies which may soon have to be 
pressed into use, corresponding to wavelengths of a 
few millimetres or less, the meteorological condition 
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of the atmosphere becomes important. Radio links 
operating at slightly less than one centimetre wave- 
length are already coming into use in Britain, and the 
Radio and Space Research Station is intending to 
keep one jump ahead by investigating the effect of 
rain on transmissions at 3 millimetres and less. At 3 
millimetres, for example, each millimetre of rain per 
hour attenuates the signal by between 0-5 and 1 dB 
per kilometre, but the station says that useful reliabili- 
ties can still be achieved over path lengths of a few 


oO 





The Radio and Space Research Station operates a 25 m dish aerial 

at Chilbolton, Hampshire, which is used to investigate tropo- 

spheric and ionospheric effects on the transmission of radio 
waves. The aerial can be used down to 3 cm. 


kilometres. But it looks as if radio links at millimetre 
wavelengths are going to be limited to short paths or 
dry climates. The Radio and Space Research Station 
is also looking at the applications of short wavelengths 
to satellite communications by observing how centi- 
metre waves from the Sun are affected by the atmo- 
sphere. Conversely, the station has been trying to 
interest the Meteorological Office in the use of short 
radio waves as an aid to meteorology, and there is a 
programme of laser sounding of the atmosphere. 


NUCLEAR REACTORS 


Higher Temperatures Pay 


THE partiality of Sir Stanley Brown, chairman of the 
Central Electricity Generating Board, for high tem- 
perature gas cooled reactors has been a source of some 
controversy over the past year or so, both at the 
CEGB itself and among various factions of the nuclear 
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Partly loaded core of the Dragon reactor. 


power industry. It was therefore no surprise that in a 
speech at the recent UNIPEDE conference in Zurich 
he had seized the opportunity of drawing attention 
to the advantages there would be if the Central 
Electricity Generating Board were to build high tem- 
perature reactors in the next few years. 

Sir Stanley also had some kind words for the AEA’s 
steam generating heavy water reactor, It is an attrac- 
tive system, he said, with particular advantages in the 
lower megawatt ranges. The detailed engineering of 
the SGHWR is also better defined than that of the 
HTR. Nevertheless, for the CEGB, Sir Stanley said, 
high temperature reactors are likely to be economically 
superior, especially in large sizes. There was also the 
prospect of further saving from the use of still higher 
temperatures and even from the introduction of direct 
cycle gas turbines. 

The widespread interest in the development of high 
temperature reactors in Europe seems to have created 
something of a bottleneck for testing facilities on the 
Dragon reactor. A meeting in London last week to 
plan the technical aspects of the future programme for 
the Dragon project was apparently overloaded with 
requests for irradiation space in the reactor for the 
testing of fuels up to full burn-up. The Dragon HTR 
reactor, with prismatic cores rather than sphere (or 
pebble) beds, is the only facility available for these 
tests. The 15 MW reactor built by Brown Boveri at 
Julich in Germany is currently operational, but it is 
impossible to put test facilities into the pebble bed. 


BIOENGINEERING 


Silicone Rubber for Membrane Lung 


THE development of safer and more compact heart- 
lung machines is in sight as a result of the first pro- 
duction on a large seale of silicone rubber membranes. 
These “Silastofilm” membranes, said to be thinner and 
stronger than other types, were developed by Professor 
Denis Melrose and Dr Nora Burns at the Royal Post- 
graduate Medical School at Hammersmith with the 
help of a grant from the National Research and Devel- 
opment Corporation. 

Membranes offer the ideal solution to the problem 
of oxvgenating blood in heart-lung machines without 
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contamination or damage. Existing membranes are 
too weak and too small to use but ‘Silastofilm’ is said 
to be strong enough to be used at thicknesses down to 
3 um. Combined with its high permeability to gases 
and vapours, this means that compact oxygenators 
can be designed needing priming volumes of less than 
half a litre. Selective permeability to carbon dioxide 
in solution, twelve times greater than for oxygen, is 


especially suitable for oxygenators where the rate of 
exchange of gases is limited by the partial pressure of 


carbon dioxide in the blood. All silicone rubbers are 
relatively inert in the body and can be sterilized. 





This guinea-pig was able to breathe quite normally in an 
underwater cage made of metal mesh covered with silicone 
rubber film. 


‘Silastofilm’ is now being produced continuously at 
Hammersmith by the process developed by Dr Burns. 
So that it can be made sufficiently cheap to be dis- 
posable, production on a much larger scale is being 
undertaken by Midland Silicone Ltd. The main 
demand may be from the petrochemical industry, where 
selective permeability makes the membrane particu- 
larly attractive for recovering useful products from 
waste gases. 

Other potential applications include underwater 
breathing apparatus and water desalination apparatus. 
Here the membranes allow the passage of oxygen 
from the water and the return of carbon dioxide 
to the water, or the diffusion of fresh water vapour. 
Possible scientific applications are breeding germ- 
free cultures for biological research, and detecting and 
analysing trace quantities of a gas in a gas or liquid 
mixture. 


COMPUTER BOARD 


To Pay or Not to Pay 


AN appeal for a clearer realization by university 
research workers of the costs of their computing 
facilities was made by Professor Sir Brian Flowers, 
chairman of the Computer Board, at the opening of 
the new computer centre at King’s College, London, 
last week. He said that the controversial question of 
whether or not to introduce a system of charging for 
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university computing was now being urgently consid- 
ered by the Computer Board: though it seems clear 
that there will be a toughening of the board's attitude. 
there is no sign of what it will be. 

The path towards the creation of the three regional 
computing centres envisaged in the Flowers report 
seems also to be strewn with administrative stumbling 
blocks. London and Manchester were chosen as major 
regional centres and Edinburgh as a special centre 
based on a multi-access system, but for various reasons 
the scheme has not materialized. Professor Flowers 
said that the Computer Board was having to recon- 
sider some of the basic points in the regional centre 
idea. One snag, he said. was that the machines 
available at present could not offer the surplus of 
power over and above the needs of the host university, 
as assumed in the report. Moreover, the increase in 
demand foreseen for the coming years is likely to 
overshadow progress in developing extremely powerful 
computers. 

In this context, Professor Flowers admitted that the 
board may have to adopt a more flexible attitude on 
regional centres. “It is one thing to say that a uni- 
versity equipped with a large machine should, as 
far as possible, provide facilities for other universities,” 
he said, “but it is another thing to see how this obli- 
gation can be formalized to give satisfactory definition 
of a regional centre.” He thought that the new centre 
at King’s College, in which there is a small CDC 1700 
computer and a link to the huge CDC 6600 computer, 
has particular significance, both as a prototype of 
what may become the general pattern of computing 
facilities and as Britain’s guide to how the compromise 
plans for the University of London itself are working 
out. The CDC 1700 was installed for the joint use of 
King’s College and the London School of Economies. 


GLASS TECHNOLOGY 


Making and Breaking 


THe way in which glassware can be damaged in a 
domestic dish-washing machine is one of the investiga- 
tions at the British Glass Industry Research Associa- 
tion described in its latest annual report, now published. 
A review of the year’s activities by the director of 
research, Dr R. G. Newton, points out that in spite of 
manufacturers’ claims that the washing machines will 
not cause trouble if there is no gritty material trapped 
between articles being washed, abrasions still occur, 
and this implies that glasses rotate against each other 
in jets of detergent. 

Other topics include a study of heat transfer in the 
formation of glassware which reveals how temperatures 
vary within a newly moulded article and how the 
cooling process is related to the production of deformed 
glass. Nothing conclusive can be reported about new 
ways of saving money, but when a better understand- 
ing emerges of the manner in which deformities arise, 
it will clearly be seized on to improve the efficiency of 
an industry with a high wastage rate. 

The association has had a successful year in other 
respects. The membership has risen to ninety-eight 
companies, including for the first time four from 
overseas, sO that the association’s influence is becoming 
international. The income of £195,000 included a 
capital grant of £25,000 from the Ministry of Tech- 
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nology towards a new wing for the laboratories, which 
is now under construction and will eventually provide 
a 50 per cent increase in floor space. A new system for 
supervising the research programme itself is intended 
to link activities more closely to the needs of the 
industry through four Industry Committees which are 
responsible to a Research Policy Committee. It is too 
soon to see how far this reorganization is achieving its 
aims, but one agreement that has been arranged 
involves the National Research Development Corpora- 
tion, which is helping to finance an industrial-scale 
trial of new ways for using refractory materials in 
furnaces. 


INTENSIVE FARMING 


Looking After Animals 


Four codes of practice on the welfare of animals were 
last week accepted by both Houses of Parliament, but 
the debates often reached a highly emotional level, 
perhaps reflecting the depth of feeling which usually 
surrounds the topic of intensive farming. Both Lord 
Beswick, who moved acceptance of the codes in the 
House of Lords, and Mr N. Ross, Secretary of State 
for Scotland, who moved this in the Commons, likened 
the codes to the Highway Code: they are apparently 
intended as a guideline but, if they are broken, legal 
proceedings can be instituted. 


The codes have sprung largely from the report of 


the committee under Professor F. W. Rogers Brambell 
which investigated practices in intensive farming, but 
the main criticisms of the codes have been that they 
do not go as far as the recommendations suggested by 
the Brambell Report. They relate respectively to pigs, 
cattle, turkeys and domestic fowls, and the debates 
last week were chiefl y concerned with the recommenda- 
tions about the physical space which should be allocated 
to poultry and calves. The Earl of Selkirk and Mr W. 
Burden both moved amendments regretting that the 
codes do not adequately reflect the recommendations 
of the Brambell Committee; and, in the event, both 
amendments were withdrawn. 

The Earl of Selkirk was concerned that nothing 
positive would be achieved, because they merely stated 
principles which were already being practised by any 


good husbandman. He thought that a better course of 


action would be to introduce amended codes in the 
next session of Parliament—‘‘a code of which we can 
be proud and which stands clearly for certain prin- 
ciples”. Mr Burden echoed this line of argument in the 
Commons, but both agreed that intensive farming is 
unavoidable and, if correctly carried out, would not 
result in the ill-treatment of animals. 

Debates on these amendments centred largely 
around the argument that the codes are a step in the 
right. direction, and that to throw them out at this 
stage would leave nothing. Members of both Houses 
accepted that economic pressures bearing on the farm- 
ing community could only increase the scale of intensive 
farming, and these codes, if widely followed, would 
ensure that such a development would not be detri- 
mental to animal welfare. Mr Cledwyn Hughes, 
Minister of Agriculture, Fisheries and Food, undertook 
to instruct the state veterinary service to provide a 
full report during the next session on how the codes 
work out in the field. 
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Parliament in Britain 


Nuclear Power 

Mr Antuony Wepawoop Benn, Minister of Tech- 
nology and Minister of Power, said that oxidation of 
minor steel components in six Magnox reactors had 
reduced output from these stations by about 400 MW, 
and they are now being operated at reduced tempera- 
tures. The stations are still exceeding their design 
load factors, however, and there is no threat to supplies 
this winter. Mr Benn was also satisfied that the nuclear 
consortia and the Central Electricity Generating Board 
are investigating the full consequences of the problem 
of oxidation, and that the advanced gas cooled stations 
will not be affected. Mr Frank Judd had asked for a 
statement on the technical difficulties which had led 
to a reduction in output at nuclear power stations in 
Britain. (Written answer, October 13.) 


Multi-role Combat Aircraft 

Mr Denis HEALEY, Secretary of State for Defence, 
announced that the Rolls-Royce RB 199 engine pro- 
posals have been accepted by all the countries con- 
cerned in the Multi-role Combat Aircraft (MRCA) 
project. The engine will be developed and produced 
by a joint company consisting of Rolls-Royce, Motoren 
und Turbinen of Germany and Fiat, and an initial 
contract had already been placed with this new com- 
pany. Mr Healey said that he was not able to give 
the costs of the project. (Oral answers, October 15.) 


Virology 

Stk WALTER BROMLEY-DAVENPORT asked the Minister 
of Agriculture, Fisheries and Food whether there were 
any proposals to carry out experiments with Blue 
Tongue, an African cattle virus, at the Animal Virus 
Research Institute at Pirbright. Mr Cledwyn Hughes 
replied that the consent of both himself and the 
Secretary of State for Scotland is needed before the 
institute can start fresh work on viruses capable of 
setting up infectious diseases in animals, and that they 
had both informed the Agricultural Research Council 
and the institute that they were not prepared to take 
the risk of introducing the virus into the country, even 
for research, (Written answer, October 15.) 


Royal Society 

Mr Gerry FowLerR, Minister of State for Education 
and Science, replying to Mr Arthur Dodds-Parker, who 
inquired about the financial support being given to the 
Royal Society's plans to further contacts with Western 
and Eastern European countries, said that the way in 
which the society spends its own grant-in-aid is largely 
its own affair. However, £110,000 of the current grant 
of £871,000 is being g used to fund fellow ships to western 
European countries, and a substantial proportion of a 
further £96,000 grant, for travelling e ‘xpenses and to 
send delegates to overseas conferences, is being devoted 
to Europe. (Written answer, October 16.) 


Select Committees 

Mr Frep Peart, Lord President of the Couneil, 
introduced proposals to reform the select committee 
system, including a transformation of the Estimates 
Committee into a select committee for expenditure. 
The Government intends to publish a White Paper on 
public expenditure each autumn which will be debated 
in the House of Commons for two days. 
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French Science at the Crossroads 


from our Paris Correspondent 


Paris, October 

CONSTERNATION has reigned in most laboratories in 
France for the past two months. Even before the 
announcement of restrictive measures which will affect 
all the nation’s budgets for 1970 (with the exception of 
the Ministry of Education), the counter blow of the 
French crisis had already, in fact, hit research activities 
very hard. A high proportion (at least 75 per cent) of 
grants allocated for 1969 and not yet spent have 
suddenly been blocked with effect from July 1 this 
year, condemning certain research teams to a life of 
semi-hibernation until the end of the year. 

These emergency measures, however, were only the 
first shock wave in the French financial crisis. The 
Prime Minister, Mr Chaban-Delmas, had told Parlia- 
ment a few weeks ago that they could expect to see, 
over and above these immediate restrictions, a 
“research pause” during the next budget. But these 
new directions in French policy have been shrouded in 
secrecy until the past few days. So feeling ran high 
among research workers, who organized a “national day 
of action” on October 10 with work stoppages, street 
marches and protest meetings supported unanimously 
by nineteen unions. 

Were the fears expressed by the research workers 
wholly justified ? Mr Ortoli, the Minister for Industrial 
and Scientific Development, shed some light on the 
matter during a recent press conference. As expected, 
administrative grants will rise very gently in 1970, 
which means effectively that, bearing in mind the 
general rise in prices and salaries over the past year, 
they will stagnate. For example, the National Centre 
for Scientific Research (CNRS) asked for 550 research 


previous ten years or so. 

Mr Ortoli replied in fairly vague terms to questions 
which were raised on certain particularly spectacular 
cases, Like all research organizations, the National 
Centre for Space Research suffered from the partial 
freeze on its resources for 1969 and in 1970 will only 
receive some 475 million franes instead of the 532 
million francs of the previous year. What will be the 
effect of this cut ? The resignation of a certain number 
of key people in the French space programme confirms 
the most pessimistic opinions. The second scientific 
satellite D, seems likely to be abandoned. The Guiana 
Space Centre, into which a considerable amount of 
money has been poured and which France is trying, 
apparently unsuccessfully, to hire out to the United 
States, will have to curb its activities. The contribu- 
tion to ELDO (that is, the building of the Europa 
rocket) and to the Franco-German com munication 
satellite Symphony will continue but no doubt less 


actively than was planned. Participation in the 
future activities of ESRO, while not officially under 
discussion at the moment, is debatable. 

In the field of nuclear energy, Mr Ortoli has also been 
very discreet. However we do know already that the 
abandonment of the French nuclear process of graphite- 
plus-gas which has been certain for a year now (Nature, 
220, 645: 1968) will soon become official. The Atomic 
Energy Commission (CEA) and Electricité de France 
(EDF), which produces the country’s electricity, have 
been waging war for a long time over this issue. Since 
last April, they have agreed on the necessity of adopting 
an American enriched uranium process. An attempt to 
divert this had heen made by supporters of the natural 
uranium process. Supported by M. Robert Calley, the 
former government’s Research Minister, they recom- 
mended the adoption of the Canadian heavy water 
process. Although not altogether abandoned, this 
latter project will probably only play a secondary part 
in the French programme. The CEA says it favours a 
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pressurized water reactor. The EDF is torn between 
the advantages of pressurized water and those of 
boiling water. Wil] there be room for several industrial 
groups or for only one in the new French nuclear 
policy ? Framatom champions the cause of pressurized 
water reactors (PWR) while the G3A group favours 
boiling water reactors (BWR). But would G3A refuse to 
change sides if circumstances required ? The outcome 
of the battle is not yet certain, but the chances of the 
American firm Westinghouse signing big contracts in 
the near future seem to be pretty strong. For the 
present, at any rate, the CEA is seeing its budget 
severely cut (to 1,825 million francs mstead of the 1,945 
millions in 1969), and the minister seems to envisage it 
being partially re-converted along the same lines as 
Harwell. 

France is not only more receptive towards American 
overtures (witness the welcome given to Dr DuBridge in 
September) and to the Russians (the Franco-Soviet 
“Grand Commission” has just met in Moscow) but is 
also showing unprecedented enthusiasm for scientific 
and technological collaboration with her Common Mar- 
ket partners. Nature (221, 898; 1969) pointed out the 
encouraging atmosphere in which work was being 
carried out by the PREST group which-—under the 
direction of a Frenchman, Professor Aigrain—had been 
commissioned to make conerete proposals to the EEC 
for a cooperation programme. The PREST group's 
deliberations are just coming to an end in Brussels and 
the experts’ conclusions will be the subject of a pre- 
liminary exchange of views between the members of the 
council of Ministers for Science of the Six on October 28. 
The ministers will be meeting first on October 27 to 
discuss Euratom. On this issue the French position 
has not changed and it is therefore probable that agree- 
ment will once more only be reached on a “mini- 
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programme” and on the need for redeploying the Ispra 
Research Centre more and more for non-nuclear work. 
Yet, Euratom apart, great progress has been made to 
the extent that the idea of combined scientific policies 
among the Six, inconceivable a few months ago, seems 
to be gaining ground. This ambitious objective will 
not be reached immediately. For the moment, 
Professor Aigrain and his colleagues have at least 
managed the difficult job of classifying in order of 
priority a list of some 47 projects. This initial list had 
been drawn up at the beginning of 1969 as a result of 
reports received from seven specialist subgroups. 
These subgroups, whose members and methods were 
the subject of a good deal of discussion (especially by 
the Belgians who would have preferred the study to be 
global rather than sector by sector), are probably going 
to be dissolved. The only one to remain will be the 
group specializing in the problems of data processing, 
which is generally recognized to have done excellent 
work, Its favourite project, the plan for a large 
European computer, is moreover going well. Since the 
beginning of the year, secret discussions had been held 
between emissaries from Brussels and ICL, which had 
already built into its programme the construction of a 
machine of comparable size, the 1908A. The Six’s 
experts considered it vital to cooperate with the British 
firm, whose superiority over its continental rivals is 
unquestionable, if the European computer project 
was indeed to come to fruition. And again the size of 
the market made it absurd to make two attempts to 
meet the American challenge at the same time. The 
announcement by ICL a few weeks ago that the 1908A 
should be abandoned really only represents another 
stage in a long series of diplomatic manoeuvres. It 
was certainly not by chance that EEC representatives 
had been in London for two days when ICL’s statement 
was issued. At all events, one thing is certain: in 
Brussels it is believed that the chances of a large 
machine being developed collectively by the Six and 
Britain have increased during the last few weeks. 

ICL, moreover, announced in a second statement 
that the 1908A had not, strictly speaking, been 
abandoned but replaced by the enigmatic Project 52. 
According to information received by the EEC this is, 
in fact, a counter-project to the proposals of the Aigrain 
group which has in effect been known about in Brussels 
for some time. There is no feeling of suspense among 
the initiated. Yet it should be made clear that the 
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decision to be taken by the Six will only concern, for 
the time being, the official appraisal of the project (its 
technical feasibility, the extent and nature of the 
market and so on). Building the machine properly 1s 
quite another matter. . .. 

The European ventures are not, a priori, destined 
inevitably to succeed. But the will to give them a 
serious try is nonetheless a fairly new sign of realism 
in Paris. It is worthy of note that while France 
envisages cooperation with present—or future—mem- 
bers of the EEC, it is having to restrict the national 
effort in the field of computers. The Plan Calcul, the 
anti-IBM war machine of former ministers, had 
ambitions too lofty for its restricted means to be very 
convincing. Now the capital given over to the plan 
is also decreasing, from 174 to 168 million franes, On 
the other hand, so far as software is concerned, the 
government, which was firmly opposed to American. 
participation (by Leasco) in the leading French com- 
pany SEMA, does not seem to disapprove of the 
discussions currently being held between it and 
Philips. 

The intensified European “overture”, the touch on 
the brake for programmes which are at the heart of 
orthodox Gaullism such as the Plan Calcul, the 
eraphite-plus-gas process, space exploration—all this 
is not simply the result of a period of economic diffi- 
culty. More importantly, the aims of a scientific policy 
which has been operating for 10 years are being called 
into question. This shows itself in the change of title of 
the Minister for Science (now Minister for Industrial 
Development and Scientific Research, and conferred 
on a former Finance Minister), and in the formation of 
an Institute for Industrial Development (IDI) which 
will be run like a private firm and which will have a 
function similar to that of the IRC in Britain. 

The grand ideas behind this new strategy aimed at 
profitability or, more generally, efficiency are not new. 
They have been tried elsewhere and even aired in 
France many a time. Will they be applied with 
energy and foresight by the government in Paris? Will 
the sacrifices that this policy inevitably implies, par- 
ticularly for fundamental research, pay off? On the 
protest day on October 10, the director of one labora- 
tory said: ‘With this policy, there is a danger of 
throwing the baby away with the bath water”, His 
assistant corrected him: “The real danger is of 
throwing the baby away without the bath water”. 


Recipe for Change at Universities 


Swerprne changes in the British system of higher 
education have been proposed by the House of Com- 
mons Select Committee on Education and Science in 
its report on student relations which was published 
last week (HMSO, 17s 6d). Its main proposals are 
for the setting up of a Higher Education Commission 
to be responsible for all institutions of higher education, 
the abolition of the distinction between universities 
and other institutions and the representation of 
students on the governing bodies of universities and 


colleges. The report has for the most part been 
warmly received, although there has been some sur- 
prise that its recommendations go much further than 
its title suggests. 

The committee, which consisted of thirteen back- 
bench Labour and Conservative Members of Parlia- 
ment, began collecting evidence last December. It 
visited sixteen universities (including four in Scotland), 
five colleges of art, three colleges of education and four 
other colleges. Among those who gave evidence to 
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the committee were Mr Edward Short, Secretary of 
State for Education and Science, Sir William Alexander, 
secretary of the Association of Education Committees, 
and representatives of the National Union of Students, 
the Committee of Vice-Chancellors, the Association 
of University Teachers and the Association of Teachers 
in Technical Institutions. The committee says that 
it has found a variety of reasons for dissatisfaction 
among students, but that it “cannot claim that we 
can confidently diagnose the causes of student unrest, 
but at least we have been able to expose a few miscon- 
ceptions’. The report also emphasizes that “it would 
be a mistake not to consider criticism seriously, 
and facile to assume that student unrest is merely 
temporary”. 

The report says that there is “little evidence to 
suggest that unrest in British universities and colleges 
owes much to international inspiration”, but that 
“student unrest reflects not only the problems of 
students in higher education but also those facing all 
young people in modern society”. The committee 
says that the rapid expansion of ‘higher education has 
caused a deterioration in communications between staff 
and students, that there is dissatisfaction with the ob- 
vious inequalities between universities and other institu- 
tions of higher education and that students are unable 
to influence decisions. On the last point the report 
comes down firmly in favour of student participation, 
especially on the council and senate in universities and 
on the governing body and academic board in the local 
authority colleges. Moreover, full student participa- 
tion in the management of welfare services “is not only 
desirable but necessary’. The committee says, how- 
ever, that the student members of committees should 
be representatives and not mandated delegates. 

The National Union of Students claims that it has 
been advocating many of the recommendations for a 
long time. The establishment of a higher education 
commission was indeed suggested by the NUS in its 
evidence to the Robbins Committee. The commission 
is evidently regarded by the select committee as the 
central body through which most of its other proposals 
would be implemented. Its powers would extend to 

all institutions of higher education, including universi- 
ties, colleges of education and polytechnics, and its 
main purpose would be to collect and disseminate 
information and to guide and coordinate the activities 
of the higher education institutions. Thus the com- 
mittee suggests that the commission should collect 
information on student involvement in making aca- 
demic decisions; approve the constitutions of student 
unions; approve disciplinary procedures at individual 
institutions and collect information and advise on dis- 
ciphnary matters: promote research on teaching 
methods and examinations; and “provide a national 
forum for discussion on matters of common interest 
to institutions of higher education”. 

The report criticizes the U niversity Grants Commit- 
tee for taking a restricted view of its functions and 
suggests that many of the functions proposed for the 
Higher Education Commission should have been car- 
ried out by the UGC. “The UGC has, for example, 
given little attention to the social effect of various 
forms of expansion. It seems to have been little 
concerned with haphazard proliferation of courses. 
It has not investigated the significance of staff/student. 
ratios. And, although it has recently done construe- 
tive and effective work on student progress, it has 
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shown. little positive interest in student relations.” 

The report constantly criticizes the separation of 
higher education into university and non-university 
sectors and says that “in the context of student rela- 
tions, the binary system is unfortunate” because it 

“produces a fee ling of first ard second class citize nship 
in higher educat on". For this reason. the committee 
urges that the government should consider how a 
institutions of hi; gher education can be financed i 
the same way, but it is not especially helpful about 
the placing of financial re sponsibility. Instead, the 
committee says that “the commission could assume 
all the functions of the University Grants Committee 
and provision could be made within its structure for a 
committee constituted in the same way as the Univer- 
sity Grants Committee and continuing its present 
functions, until uniform provision is made for the 
financing of all the institutions of higher education”. 

The report also calls for a more realistic appraisal 
and review of courses, w elcoming “` the very real and 
serious interest of students in what they are being 
taught”, and urging that more attention should be 
paid to the introduction of students to basic questions 
and common problems. “Students of science and 
technology should have greater opportunity to take 
courses designed to help them to appreciate the impact 
of science on society”, for example. On accommoda- 
tion, the committee recommends an extension of the 
system of privately financed loans for building residen- 
tial accommodation and a national review of residential 
accommodation so that guidance can be given for the 
planning of polytechnics. 

This report has been widely praised, but some of 
the most fundamental criticisms have ironically come 
from a member of the committee, Mr Ronald Bell, 
Conservative MP for South Buckinghamshire, who 
said last week that the Higher Education Commission 
“could not fail to become a controlling body” and that 
it would also “become an instrument for the campaigns 
of militant student bodies”. Mr Bell is also concerned 
that student representation on governing bodies “will 
merely give status to militant elements, for it will 
often be the wrong sort of students who find their w ay 
on to the representative bodies”. Mr Bell seems to 
have found that his views were not often shared by 
other members of the committee. Sir Derman Christo- 
pherson, chairman of the Committee of Vice-Chancel- 
lors, has also expressed reservations about the report, 
saying that a commission might be led to impose too 
much uniformity on higher education. However, 
he said that he would “not disagree with” a pr oposal 
for the UGC type of machinery for the public 
sector. 

The NUS has welcomed the report “as a constructive 
contribution to the problem of student relations” 
and claims that it endorses its own view of the “‘admini- 
strative chaos of higher education and the inequalities 
produced by the binary system”. The NUS is not, 
however, so happy that the commission should approve 
the constitution of students’ unions, and it is 
also alarmed that the proposed commission should 
regulate disciplinary matters in case this should tempt 
it to keep a kind of black list, 

The select committee became defunct when it made 
its report, and its final recommendation was that a new 
select committee should be set up as soon as possible, 
so that the inquiry which it has already started into 
the provision of teacher training can be completed. 
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NEWS AND VIEWS 


Traces of Messenger DNA 


Tux central dogma that genetic information flows from 
its repository, the chromosomal DNA, to RNA until 
it is finally expressed as protein, together with the 
experimental evidence showing the precise details 
of these reactions, stems from experiments with 
bacteria and their viruses. By and large, experiments 
with nucleated (or eucarvotic) cells, modelled on the 
pioneer experiments with bacteria, have confirmed that 
the pathways of gene expression in eucaryotes are 
basically similar to those in bacteria. It would, of 
course, be surprising if they had done otherwise. 
But although the grand strategy of gene expression 
is the same in all organisms, there may be considerable 
differences in the tactical details of gene expression 
in organisms as different from each other as bacteria 
and a differentiated cell of a higher animal or plant. 
It has yet to be proved, for example, that the mechan- 
ism of initiation of protein synthesis is the same in 
bacteria and eucaryotes or that messenger RNA in 
eucaryotes is made in the cell nucleus and migrates 
to the cytoplasm. Indeed, the fraction of RNA in 
the nucleus of animal cells that behaves as if it is a 
precursor of the messenger RNA, which undoubtedly 
occurs in the cytoplasm of such cells, is disturbingly 
small. The handful of iconoclasts who have always 
doubted that messenger RNA is made in the nucleus 
of nucleated cells should be greatly encouraged by the 
report published on page 326 of this issue. 

Dr Eugene Bell has discovered a new class of DNA 
molecules, which he calls informational DNA or J-DNA 
in a new class of particles, called by this ungainly 
name of J-somes, in the cytoplasm of embryonic muscle 
cells. Dr Bell believes that the 7-DNA is a collection 
of copies of a small fraction of the total genome and 
that J-DNA molecules act as the template for messen- 
ger RNA synthesis in the cell’s cytoplasm. Clearly if 
these experiments can be confirmed and extended to 
other sorts of eucaryvotic cells, they will force a radical 
alteration in notions of how genetic information is 
transferred from the nucleus to the cytoplasm. The 
present model, which supposes that a messenger RNA 
molecule is copied off the chromosomal DNA in the 
nucleus before migrating to the cytoplasm, will have 
to be discarded. In its place Bell suggests that J-DNA, 
not messenger RNA, acts as the intermediary carrying 
the genetic information to the cytoplasm where it is 
first transcribed into RNA and then translated into 
protein. If this is the case, the key events in cell 
differentiation may well be the regulation of DNA 
replication and recombination rather than the regula- 
tion of messenger RNA synthesis. 
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The experiments which have led to these unorthodox 
suggestions are simple enough. Dr Bell finds that a 
two-hour pulse of radioactive thymidine fed to em- 
bryonic musele cells labels a DNA fraction which 
sediments at 7S and the kinetics of this labelling 
clearly distinguish the 7S DNA from the chromosomal! 
DNA. Furthermore, 75 7-DNA occurs chiefly in the 
cytoplasm where it is associated with protein to form 
I-some particles which sediment at 168. Mixing 
experiments indicate that J-somes are definitely not 
nuclear structures, but 5S Z-DNA can be isolated 
from the nucleus, where it must be synthesized, in 
yet another class of DNA-protein particles called 
N-somes. 

The labelling experiments, however, show that the 
N -somes are not precursors of the cytoplasmic /-somes, 
so that any 7-DNA that enters V-somes must be re- 
leased from these particles before it migrates to the 
eytoplasm and associates with another set of proteins 
to form the Z-somes. Two pieces of circumstantial 
evidence support Bell’s speculation that J-DNA, 
multiple copies of selected bits of the genome, acts 
as template for the cytoplasmic synthesis of messenger 
RNA. First, the Z-somes contain RNA which also 
sediments at 7S and this RNA is never found in the 
nucleus. Second, Z-DNA. is sometimes associated with 
polyribosomes, and in bacteria, where the transcrip- 
tion of DNA into RNA and the translation of RNA 
into protein can occur in a closely coupled set of reac- 
tions, similar ternary associations of DNA, RNA and 
polyribosomes have been observed. 

Work on Z-DNA is, of course, still in its infancy, 
and two crucial objections have still to be eliminated. 
First—although unlikely because Z-DNA is linear, not 
eircular—the -somes might conceivably be nothing 
more than contaminating viruses. Second, Bell has 
yet to prove rigorously that Z-DNA is really used to 
specify cell proteins. And even when these objections 
have been overcome, the outstanding question will 
remain whether f-somes and Z-DNA are peculiar to 
cells which manufacture many copies of a restricted 
range of proteins, or whether they are common to 
all eucaryotic cells. Embrvonic muscle cells need to 
synthesize large amounts of just a few species of 
proteins, the muscle proteins, and their 7-DNA may 
simply be a cellular adaptation to this demand. In 
other words, Z-DNA may be a mechanism for amplifying 
the number of gene copies in special situations where 2 
cell synthesizes a great excess of a few species of protein. 
There is, of course, a precedent for a very similar sort 
of gene amplification. In amphibian oocytes numerous 
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copies of genes associated with the nucleolus and 
specifving ribosomal components are made at a time 
when the oocyte is laying down stocks of ribosomes for 
the egg cell. 

P T sa hives Hee ison of why 
Par t of ‘he answer seems ‘to be that experi- 
menters have never seriously looked for them because 
they have no place in current dogma. As Bell points 
out, there have been several reports of cytoplasmic 
particles which contain messenger RNA and protein; 
the blinkers of theory seem to have inhibited analysis 
for DNA. Last August, however, Bond et al. (Science, 
165, 705: 1969) reported the discovery of a unique 
class of DNA in microsome fractions from rat liver. 
It is tempting to speculate that this DNA, which is 
not apparently a contamination of either nuclear or 
mitochondrial DNA, I-DNA associated with liver 
ribosomes, being the counterpart in rat liver cells of 


i ong. 











the Z-DNA in embryonic muscle cells. If this proves 
to be the case Z-DNA may well be more than a particu- 





lar example of gene amplification. 


HEAT FLOW 


New Terrestrial Analysis 


from our pee uaa eee 


w di ow was aes in “1965, the ct T or n a 
tions has almost trebled—-from 1,162 to 2,934. A new 
analysis was thus clearly called for, if only to check the 
conclusions reached in 1965. Horai and Simmons 
(Earth Planet. Sci. Lett., 6, 386; 1969) have recently 
analysed the 2,822 most reliable measurements. The 
distribution of observations is still far fr om perfect, 

however, for only about a quarter of the 5° latitude by 
5° longitude grid areas contain any measurements at all. 
Africa, South America and Antarctica are particularly 


Science Research Council Grants (£ Thousands) 1966-69 
1968-69 


1966-- 1967— (pro- 
67 GR visional) 

Acronautical and Civil Engineering 427 420 37} 
Astronomy 378 S16 497 
Biological sciences Lai 1,090 L128 
Chemical engineermg 386 539 48] 
Chemistry 1,429 1518 1,290 
Computing science 529 G1S 366 
Electrical and systems engineering 426 477 S77 
Enzyme chemistry eo - 333 
Mathematics 90 G4 174 
Mechanical engineering 738 D238 903 
Metalurgy and materials SÖS S76 öl 
Nuclear physics 1,154 LOFI 605 
Organometalhe chemistey 22 m = 427 
Other physics 1.057 S47 957 
Polvier science on - a7 
Radio 19 26 57 
Space 977 129 780 
Total 9. 5S 9, 419 10.964 
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badly represented although the available data cover 
enough major geological features to give a good idea of 
the variation of heat flow with physiography. 

The picture derived from the last analysis remains 
qualitatively unchanged. The average values for 
continents (1-65 + 0:89 x 10-6 calori es/em® s; 474 obser- 
vations) and oceans (1-64 + 1-11 x 10-8 ¢ alories siem? s; 
2,348 observations) are almost identical (all errors are 
standard deviations). The average of fifty-eight obser- 
vations in the Canadian, Baltic, U 'krainian. Peninsula 
(Indian), Australian and South African shields (1-04 
+042 x 10- calories/em? s) is significantly lower than 
the world mean of 1:65 + 1-08 10 calori es/om s, 
The mean of sixty-one values from the continental low- 
lands of North America, Pouesls India, South Africa 
and Australa, 1-60+40-54* 10° calories'cm? s, js 
slightly lower Kian the world average. 

On the other hand, the average value for the island 
ares and marginal seas of the circum- P acific belt (2-01 + 
1-94 x 108 calories/em? s s), based on 375 observations in 

the Bering Sea, the Sea of Okhotsk, the Japan Sea, the 
Japanese Islands, the East China Sea, the Celebes Sea, 
the Coral Sea, the Fiji Basin, the Tasman Sea, the 
Timor Sea and the Flores Sea is appreciably higher 
than ie bcs average. An e high average of 





aln over the East Pacific Rise, de Mid. A 
tie Ridge, the Gulf of Aden, the Red Sea, the Indian 
Ocean Ridge and Iceland. This is ample evidence that 
surface heat flow depends critically on broad scale 
geological features. 

The resemblance between the heat flow distribution 
and the shape of the Earth’s gravitational field can no 
longer be upheld. This supposed resemblance was 
hased on heat flow data and gravitational analyses 
available in 1964, and implied a causal relationship 
between temperature and excess mass in the Earth. 
There is almost no correlation between heat flow and 
recent gravitational analyses, which suggests that 
thermal and gravitational effects are of basically 
different origin. The analysis by Horai and Simmons, 
the first to be carried up to seventh order coefficients, 
shows why this is so. In the heat flow field the higher 
harmonics are dominant, suggesting that regional heat 
flow variations are shallow (that is, crustal and perhaps 
partly upper mantle) effects. T he sources of eravita- 
tional anomalies, on the other hand, are thought to lie 
chiefly in the mantle. It thus seems that surface heat 
flow gives a poor picture of the thermal state of the 
mantle. 


PULSARS 


Gravitational Brakes 


from our Astronomy Correspondent 

Tue first of a series of four papers on what makes a 
pulsar tick has been published in the Astrophysical 
Journal by J. P. Ostriker and J. E. Gunn of Princeton 
(157, 1395; 1969). The chief value of the pr is that 
it considers the archetypal pulsar NP 0532 im the 
context of the Crab Nebula supernova remnant in 
which it is immersed. The authors also make some 
bold numerical predictions of the rate of rundown of 
pulsars in general and the Crab pulsar in particuler. 
The ticklish question of precisely how such highly 
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polarized, directional and complex pulses are generated 
is reserved for a later instalment. 

Like everyone else these days, the authors start 
with the assumption that pulsars are spinning neutron 
stars with a magnetic axis which is not the same as the 
rotation axis. Such a star loses energy by magnetic 
dipole radiation so that the spin, and thus the rate 
of pulsation, slows down. On this basis the age of 
N P 0532 comes out as 25 per cent greater than the age 
of the Crab Nebula itself, and Ostriker and Gunn 
attribute the discrepancy to gravitational quadrupole 
radiation. Indeed, they say, gravitational radiation 
must have been the dominant form of energy loss for 
the first eighty years after the birth of the Crab Nebula 
in AD 1054. 

Something like 10°! ergs of magnetic dipole radiation 
are lost during the lifetime of a pulsar such as N P 0532. 
What happens to this energy, which is in the form of 
intense electromagnetic radiation with a frequency 
matching the rotation rate of the pulsar, 30 Hz for 
NP 0532 ? Ostriker and Gunn claim that the radiation 
is an efficient accelerator of particles to relativistic 
velocities. Naturally enough, these particles are 
suggested as the enigmatic energy source which keeps 
the Crab Nebula glowing, and Ostriker and Gunn also 
count themselves among those who consider that 
pulsars make a significant contribution to the flux of 
high energy cosmic rays. 

The paper ends with a prediction of the second 
derivative of the period of VP 0532: d?P/d?= — 0-016 
ns day! yr-! if gravitational radiation is not at present 
important, and —0-021 ns day yr“ if it is. These 
figures must be compared with an article in the letters 
section of the same issue of the Astrophysical Journal 
by P. E. Boynton et al., also of Princeton, who report 
six weeks of precise observations of NP 0532 using a 
36-inch optical telescope at Princeton (157, L197; 
1969). Their value for d?P/dé is — 0-0404 + 0-0095 ns 
day yr. The result seems to be more consistent with 
loss of energy by gravitational radiation than by 
magnetie dipole radiation alone. 


CATASTROPHES 


Hawaii Hit Hard 


from”our Geomagnetism Correspondent 


In 1960 an eighteen-foot tidal wave originating in Chile 
struck Hilo, the principal city of the island of Hawaii, 
killing sixty-one people, injuring 282, destroying 537 
buildings and causing damage estimated at $23 million. 
Its force was sufficient to carry a twenty-two ton 
boulder 546 feet from the sea wall. Today, affluence in 
Hilo is measured in feet above sea level—from expen- 
sive villas high on the hill overlooking the bay to shabby 
homes and shops which still cluster around the sea front 
in the downtown area. Only vacant lots mark the 
scene of past tragedies. 

The Hawaiian Islands are prone to tsunamis, with 
Hilo receiving the greatest impact because of the con- 
figuration of its harbour. According to a new history of 
seismic sea waves in Hawaii (A Catalog of Tsunamis in 
the Hawauan Islands, by George Pararas-Carayannis, 
US Environmental Science Services Administration), the 
Hawaiian Islands have been struck by eighty-five 
tsunamis since 1813, causing at least 385 deaths, the 
destruction of more than 1,500 homes and total 
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damage estimated at at least $57 million. The most 
destructive tsunami, in 1946, killed 173 people in Hilo 
and destroyed 488 homes in a $26 million holocaust. 

The earliest recorded tsunami occurred in 1819 when a 
three-foot wave originating in Chile hit the west coast 
of Hawaii, though the first destructive wave was that of 
1837 which killed sixty-two and destroyed 310 homes on 
Maui and Hawaii. Presumably tsunamis reached the 
islands before 1813, but the ancient Hawaiians kept no 
records. 

More than half of the recorded tsunamis originated in 
the North and North-west, Pacific among the Aleutian 
Islands and the Kamchatka Peninsula of Siberia. 
About a quarter began along the South American. coast. 
Waves generated in the “Philippine, Sulu, Celebes, 
Molucca, Java and South China Seas, though destruc- 
tive in the immediate area of origin, generally have 
most of their energy tapped by the many islands on the 
way to Hawaii. Only four of the tsunamis recorded dur- 
ing the past century were of local origin, although that 
of 1868 was one of the four most destructive, killing 
between 81 and 148 (the number is in dispute) and 
destroying 108 homes. At that time the South Puna 
coast (Hawaii) subsided three feet under the highest 
wave ever recorded in the islands. 

In spite of the high frequency of tsunamis (about 
one every two years with a loss of life at least 
every twenty-six years on average), people still con- 
tinue to live in the areas of greatest danger, although it 
is now somewhat mitigated by the international 
tsunami warning system in the Pacific operated by the 
US Environmental Science Services Administration. 
Presumably they are willing to take the risk for the 
same reason—whatever it is—that millions of Cali- 
fornians are happy to sit on the San Andreas Fault. 


PRODUCTION CONTROL 


Computers on the March 


THE conference on production control by computer, 
held at the Queen Elizabeth Hall, London, on October 
16, turned out to be lively and generally informative. 
Most speakers managed to convey their own e Sani 
with computerized production control to the 1,100 
delegates without too much jargon. In particular, Mr 
H. S. Woodgate of ICL, who discussed the philosophy 
behind the introduction of computers into production 
control, gave a forceful insight into how production 
and sales departments can become disjointed and 
incoherent as the size of a company increases from the 

“ideal” situation, with one general manager and a 
staff of about twenty. 

The impetus for the conference came from the 
development by ICL of three types of software package 
systems for use in production control. The basie type, 
known as PROMPT, links together the functions of 
requirement planning, stock control, purchase control, 
plant loading, works documentation and progress 
control, and, as Mr Woodgate pointed out, is designed 
to fit the requirements of an “average” company. A 
spirited account of the application of the PROMPT 
system came from a French contributor, Mr J. Hincelin 
of GIE-Interfirm, who described how two smallish 
companies, Gambin and Carpano, with turnovers of 
£4 million and £8 million respectively, had joined 
forces to form what is known as a GIE (Groupements 
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d'Intérets Economiques) to share the cost of a com- 
puterized control system. This has meant that Gambin, 
for example, now pays only £700 a month for its share 
in the PROMPT package—well below the cost of the 
cheapest computer system. Mr Hincelin pointed out 
that recent legislation in France has exempted from 
profits tax all data processing GIEs which operate on 
a contract basis with the parent companies. 

Another example of the use of PROMPT was taken 
from ICL’s own production department at Letchworth. 
Mr W. W. Hedley of ICL’s Management Services said 
that a major benefit from the system had been the 
increase in enthusiasm of the management arising from 
the rapid production of important information. Two 
of the chief practical gains were rapid response to 
changes in the production plan and an improvement 
in the control of stock. 

The two other package systems, PLUTO and 
NIMMS, were also discussed, although in less depth. 
Mr E. Odmansson of Telefonakticbolaget in Stockholm 
described the value of the PLUTO system for handling 
the complicated file structures needed in the produc- 
tion of telephone exchanges. The central master file 
stores the basic information—such as price or storage 
location—for the numerous components that make up 
a telephone exchange, and this file is linked to several 
other programs for manipulating the data. At 
present the several parts of the system are in the 
process of being integrated into a single production 
control system. 

The anatomy of a switchover from human to com- 
puterized production control was outlined by Mr P. 
Jefferson of Hawker Siddeley Aviation, which operates 
eleven factories employing 32,000 people. First, he 
said, the personnel are introduced to the idea of soft- 
ware package systems. Then several computer routines 
are made operational, for work scheduling and stock 
analysis, for example, and finally most routine produc- 
tion contro] is handed over to the computer. Hawker 
Siddeley should have completed the last stage of this 
process, Jefferson said, by the end of 1971. 


STRATIGRAPHY 


Further Recommendations 


Tue Geological Society of London has not been daunted 
by the very restricted circulation of its recommen- 
dations on stratigraphical usage, prepared for the 
International Geological Congress in Prague in August 
1968, which was caught up in the events of the Russian 
invasion. The Stratigraphy Committee of the society, 
which drew up the recommendations as a contribution 
to the International Geological Correlation Programme, 
has renewed its efforts, and the latest issue of the 
Proceedings of the Geological Society (No. 1656, 139; 
1969) contains an updated version of the recommen- 
dations. 

In this form it is hoped that the recommendations 
will reach a much wider audience than the original 
publication from the Royal Society, International 
Geological Correlation Programme: United Kingdom 
Contribution. International discussions are already in 
progress on the subject of stratigraphical usage, and 
both the TUGS and UNESCO are working on the IGCP. 
A publication on the topie is due from them soon, and 
the Geological Society is obviously eager that its 
suggestions should be incorporated. 
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A measure of present confusion in stratigraphy is 
provided by the recommendation (number 3.8 in the 
revised version) that. it is desirable to reduce the number 
of geological time scales to a minimum of two; a geo- 
chronological time scale and a standard stratigraphical 
scale. The committee has not been able to decide on the 
best standard for the geochronological time scale; 
the ephemeris second, used by astronomers, and the 
slightly different second defined by the International 
Conference of Weights and Measures both have much 
to recommend them. Larger divisions of the seale, 
the committee says, should be simple numerical in- 
tervals in years, with the ST system adopted to give 
ky, My and Gy. As an alternative, the second may 
prove a more convenient unit, so that a million vears 
would be equivalent to 31-557 teraseconds (Ts). 

The committee has much to say about the standard- 
ization of the divisions of the stratigraphical scale, 
but has been unable to decide on a term for the name- 
less period corresponding to the Holocene and Pleisto- 
cene epochs: there are objections to Quaternary, 
Anthropogene and Pleistogene, the suggestions so far. 
There is clearly a great deal of scope for clarification 
among a large accumulation of terminology. and the 
Geological Society will no doubt watch anxiously the 
fate of its recommendations. 


CHOLESTEROL 


Genetic Correlation 


from our Medical Biochemistry Correspondent 


Ir now seems possible that some people have a genetic 
predisposition to cardiovascular disease. Recent work 
has revealed correlations between certain blood groups 
and concentrations of cholesterol—a factor associated 
with cardiovascular disease-—in the serum. Two inde- 
pendent teams have found higher concentrations of 
serum cholesterol in subjects of blood group A than in 
those of the other ABO groups. Oliver et al. (Lancet, ii, 
605; 1969) examined 6,000 healthy male blood donors 
and found mean serum cholesterol concentrations 
that were significantly higher when the blood group 
was A than when it was O or B (AB was like A, but 
there were very few AB donors). 

A survey carried out in South Wales also showed that 
men with group A blood bad a higher mean serum chol- 
esterol concentration (Langman et al., Lancet, ii, 607; 
1969). Another survey by the same team, which also 
took into account the Lewis (Le) blood groups, revealed 
that in 344 women the concentration of cholesterol in 
the serum was consistently higher in Le +t) individuals 
than in those with Le@~) blood. Le@-) women with 


much cholesterol in their serum were more likely to 


k 


between serum cholesterol concentrations and the ABO 
blood group in Lee +) women. 

Le®~-?) individuals are almost all “‘secretors’” and 
sometimes have imtestinal alkaline phosphatase in 
their serum, which is particularly evident after a fatty 
meal. And so it seems that there is an inverse correla- 
tion between the concentration of cholesterol in the 
serum—which implies a connexion with cardiovascular 
disease—and genetice factors associated with the 
appearance of intestinal alkaline phosphatase in the 
serum. 

The connexion between intestinal function and serum 
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cholesterol in human beings is interesting in the light 
of the knowledge that cholic aeid and cholesterol in 
the diet can influence the synthesis of liver cholesterol 
in animals. Lynen’s group has now shown that bile 
acids are very effective inhibitors of cholesterol bio- 
synthesis (Arch. Biochem. Biophys., 138. 11; 1969). 
Rats fed a semisynthetie diet produced much less 
liver cholesterol than rats fed a normal laboratory 
diet. But incorporation of labelled acetate into sterols 
in liver slices was much increased when the animals 
received with semisynthetic diet a resin which pre- 
vented the reabsorption of bile acids. When the rats 
were fed cholic acid, cholesterol synthesis was more 
effectively inhibited than when they were fed chole- 
sterol. 

This work revealed a diurnal rhythm in cholesterol 
synthesis depending on the synthesis of new enzymes. 
At all times, however, cholesterol synthesis could be 
reduced by feeding 1 per cent cholic acid to the rats. 
There was no inverse correlation between concentra- 
tions of cholic acid and the diurnal variation in chole- 
sterol synthesis. The concentration of bile acids 
therefore is not responsible for the diurnal variation, 
but it can act as a powerful inhibitor of cholesterol 
synthesis. A comparison of the absorption of cholic 
acid and cholesterol in human beings might therefore 
be very instructive. 


VISION 


Periodic Psychophysics 


from a Correspondent 


A xew idea in the application of Fourier theory to 
physiological optics has established the existence of 
channels in the brain that are selectively tuned to the 
size of stimulus elements. This effect was discussed 
briefly as a property of neurones in neurophysiological 
work about ten years ago, but further work has 
required the application of a technique which allows 
the same type of measurements to be made in human 
observers as are made on single nerve cells in animals. 

F. W. Campbell and his colleagues in the physio- 
logical laboratory at Cambridge University have 
applied Fourier methods to the visual svstems of cats, 
monkeys and men. ‘Their method depends on the 
theorem, familiar in acoustics and electronics, that a 
signal which is expressed as a function of time can be 
described by the sum of its frequency components. 
Similarly a black and white pattern can be described 
either as a function of space, or of spatial frequency. 
A thin, bright, straight lme can be considered to be 
made up of all spatial frequencies of sinusoidal varia- 
tion of brightness extending sideways from the straight 
line. Only the single line is seen because, except in 
that region, the sinusoids all cancel. The description 
of a visual pattern in terms of its spatial frequency 
content is no less real than any other: it merely 
happens to be convenient for some types of mathe- 
matical manipulation. Just as it may be convenient 
to discuss an electronic circuit in terms of the fre- 
quencies it will transmit, so, too, it is often convenient 
to discuss an optical system in terms of its spatial 
frequency response. 

Campbell and his colleagues have applied this kind 
of thinking to the visual system. In outline, their 
method has been to produce gratings in which bright- 
ness varies sinusoidally in one direction. A spatial 


pattern varying sinusoidally in the horizontal direction, 
for example, has the appearance ol equally spaced 
vertical stripes with soft blurred edges. When. described 
in the spatial frequency domain this 1s a very simple 
stimulus. The visual system confronted by such a 
pattern responds better to some spatial frequencies 
than others and a frequency response curve, known as 
the contrast sensitivity function, can be plotted. | 
Experimentally this transmission characteristic of 
the system is determined by finding the depth ot 
sinusoidal modulation of some average level of bright- 
ness that an observer can just distinguish from a 
homogeneous field. Treated in this way the system 
behaves like a band-pass filter. Maximum visibility 
is in the region of four cycles per degree subtended at 
the eye. Both lower and higher frequencies are pro- 
gressively attenuated. | l oe ee 
Several of the papers in which this approach has 
been expounded, including the most recent (Campbell, 
Carpenter and Levinson, J. Physiol., 204. 283; 1969), 
present evidence that the visual system Is sufficiently 
linear to be treated in this way. Thresholds for 
visibility of non-periodic patterns were predicted 
by computing their contrast sensitivities, assuming 
linearity. Experimental determination of contrast 
sensitivity functions gave excellent agreement with 
linear theory particularly for frequencies greater than 
ten cycles per degree. While not implying that the 
brain does a Fourier analysis of visual patterns, these 
results indicate that at near threshold levels, spatial 
information is transmitted without distortion and that 
Fourier methods provide an appropriate mathematical 
representation of the visual system. PON 
This technique certainly seems to be as powerful as 
any more conventional method applied in vision. 
Campbell and his colleagues have, for example, con- 
firmed the well known findings of Hubel and Wiese! 
that neurones in the visual cortex respond best to 
stimuli oriented in their own preferred direction, More 
important than mere confirmation, however, 18 that 
they have been able to plot orientational selectivity 
curves using the same spatial frequency response tec h- 
nique for both the rate of firing of single neurones in a 
cat, and for psychophysical determinations by human 
observers. It seems likely that the role of su ch neurones 
in perception will only be understood when physio- 
logical and psychological] approaches are integrated in 
some such way as Campbell's. 7 g 
As well as showing how orientation sensitive un its 
might be involved in human vision, this group has 
also investigated what seem to be channels selecting 
particular spatial frequencies (Campbell and Robson, 
J. Physiol., 197, 551; 1968: Blakemore and Campbell, 
J. Physiol., 208, 237; 1969). When an observer, 
without fixating any particular spot, inspects a high 
contrast grating for about one minute, his threshold for 
seeing a test grating of the same and neighbouring 
frequencies is substantially raised. The explanation, 
again backed up by electrophysiological evidence 
(Campbell, Cooper and Enroth-Cugell, J. Physiol., 203, 
223: 1969), seems to be that neurones tuned for stimuli 
of a particular size or width become adapted to the 
high-contrast grating. This property of width selec- 
tivity may well be as important in perception as 
orientational selectivity. Understanding the role oi 
either type of tuning in pattern recognition, however, 
may have to await psychophysical experiments more 
cunning even than these. 
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PROTEIN CONFORMATION 


Return of the Native 


from our Molecular Biology Correspondent 


THE pathways by which unfolded protein chains regain 
their native, folded state have many traps, which can 
retard or even prevent completion of the process. 
These traps, or subsidiary minima of conformational 
energy, may involve, for example, incorrect disulphide 
pairings, or aggregated forms. It might then be sup- 
posed that any agencies that bring about a stabiliza- 
tion of the native conformation would favour the 
return to that state, just as they would militate against 
any sede from it, 

Thus the native protein is envisaged as in a state of 
dynamic equilibrium with other, less organized, 
conformational variants, the equilibrium concentration 
of which is well below the threshold of detection. Never- 
theless, such processes as exchange of the less accessible 
hydrogens must be presumed to proce ed through such 
an equilibrium, and likewise the digestion of native 
proteins by proteolytic enzymes. In the presence of 
a substrate or inhibitor, which binds only to the native 
state, and therefore stahil2aS it with respect to the 
denatured state, the inhibition of hydrogen exchange 
ang proteolysis is to be anticipated. A good example 

can be found in the work of Anfinsen and his colleagues 
on staphylococcal nuclease. In a recent study, for 
example (Taniuchi ef al., J. Biol. Chem., 244, 4600; 
1969), they have shown to what a remarkable extent 
the enzyme is stabilized by a specific inhibitor, deoxy- 
thymidine diphosphate, together with calcium ions, 
towards hydrolysis by three different proteases. After 
an incubation leading to almost complete loss of 
activity of the uncomplexed enzyme, there is essenti- 
ally no damage when the nucleotide and calcium are 
present. 

The effect of an appropriate ligand on the renatura- 
tion of an unfolded chain has not hitherto been so 
clearly demonstrated. A striking case has recently 
been described by Andersson, however (Arch. Biochem., 
133, 277; 1969). Whereas the native state of many 
proteins that contain disulphide bonds has been 
recovered from the fully reduced unfolded form, no 
success seems ever to have been recorded with proteins, 
such as the albumins, which have many such bonds-—— 
seventeen in the case of bovine serum albumin. It 
has even been suggested that the information content 
in such a case may be insufficient to direct the return 
of the chain to a unique native state. With bovine 
serum albumin, Andersson has found, as have others, 
that reoxidation yields a product which contains 
polymers, and which has none of the physical proper- 
ties of the native protein. It is well known, however, 
that the protein has an unusual affinity for various 
ligands, most notably the long-chain fatty acids, which 
bind very strongly to the native molecule. In the 
presence of caprylate or palmitate, atmospheric oxida- 
tion vields a product with less polymeric material, and 
a monomer fraction identical in terms of a series of 
physical characteristics with the pristme protein. 
These include the pH-solubility profiles, optical rota- 
tion, tryptophan fluorescence spectrum, which is a 
sensitive index of the environment of this residue, and 
some ligand binding isotherms. 

Because the protein has no measurable biological 
activity, identity with the native state cannot in the 
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last resort be proved. Moreover, as work from Foster's 
laboratory has shown, the native conformation seems 
to make possible certain variations in disulphide 
pairings, so that again it is less ee defined than 
that of the familiar small enzymes. Nevertheless, 
the results of refolding of albumin in the absence of 
ligands clearly give a quite different and disordered 
product, and Andersson’s results seem to show the 
first recognizable renaturation achieved with a protein 
of such complexity. 


GEOTROPISM 


New Light on Statoliths 


from our Plant Physiology Correspondent 

A MUTANT strain of corn with much smaller starch 
grains than normal has been used to test a seventy 
year old explanation of the way plants detect the 
direction of gravity and grow ReneS it; P 
the Ttr star hy e unda in many yr plane tissues 

which respond to gravity, initiate the response. These 
plastids, or starch “statoliths, usually rest on the mem- 
brane lining the lowest w allofthe cell. Ifthe orientation 
of the cell is disturbed, the statoliths sediment through 
the cytoplasm until they come to rest on the membrane 
lining the new lowest wall. This contact between 
wall and starch grain is believed to constitute the 
ane ene ovaries and to trig goer oe growth 


acting on one or more oe its pene eee PANIE, “ae 
statolith hypothesis has seemed quite reasonable, and 
no feasible alternative has yet been suggested. There 
are obstacles to the complete acceptance of the idea, 
however. Pickard and Thimann objected that some 
plants have starch statoliths, but do not respond to 
gravity. They tested the significance of their objection 
by removing the starch grains from wheat coleoptiles 
(the sheaths around the primary leaves). They did this 
by incubating the tissues at 30° C in a mixture of 
kinetin and gib berellic acid. After this the coleoptiles 
understandably grew more slowly than if incubated 
in sucrose alone, but they still responded to gravity. 
This geotropie sensitivity in coleoptiles devoid of stato- 
lith starch seemed to be good evidence against the 
statohth hypothesis. 

But results which go some way towards tipping the 
balance in favour of statoliths have been provided 
recently by Hertel. de la Fuente and Leopold (Planta, 
88, 204: 1969), using the new mutant corn. They have 
compared the movement of statolith starch grains in 
normal corn and in the mutant with its particularly 
small starch grains. They found that in the mutant, 
starch grains moved much more slowly through the 
cell than they did in normal corn, and that if the 
coleoptiles were turned from a vertical to a horizontal 
position, a smaller percentage of starch grains moved 
downwards into the lower half of the cell in the mutant. 
Similarly the speed and extent of geotropic growth 
curvature were proportionally smaller in the mutant 
corn. 

Apart from this laggardly geotropic curvature, the 
growth of the mutant corn seemed normal, and in 
particular the transport of the growth regulator 
indolyl-3-acetic acid (I AA) from the tip of the coleop- 


NATURE VOL. 224 OCTOBER 25 1969 


tile towards the base was not significantly different 
from normal. This made possible a test of the statolith 
hypothesis. The longitudinal movement of [AA from 
the tip of the coleoptile downwards controls the exten- 
sion growth of the coleoptile, but it is the lateral 
movement of growth regulator-—the deflexion of [AA 
towards the lower side of a horizontal coleoptile— 
that is the essential link between the perception of the 
magnitude and direction of the initial stimulus and 
the eventual growth curvature. Hertel ef al. used 
radioactive IAA to compare lateral transport of [AA 
in the mutant and normal corn, and have found that 
there is much less lateral movement of the growth 
regulator in the mutant strain than in normal corn. 
The implication is that the lateral transport of TAA, 
and therefore the extent of the geotropic growth re- 
sponse, is directly linked to the rate and extent of 
statolith sedimentation, and therefore that the stato- 
liths have a primary function in the perception of 
gravity. 

On balance, the statolith hypothesis must be clear 
favourite for the role of gravity sensor in plants, but 
answers must be found to the awkward questions 
posed by Pickard and Thimann. 


MYCOLOGY 


Fungi in the Swamps 


from our Botany Correspondent 

It is surprising to find that J. Kohlmeyer’s compre- 
hensive account of the fungi of mangroves (Trans. Brit. 
Mycol. Soc., 58, 237; 1969) i is the first of its kind. The 
associations of plants growing in muddy swamps 
washed daily by the tide, which we know as mangroves, 
cover considerable stretches of shore in the tropics. 
They play an important part in the building and stabil- 
izing of land and the factors leading to their biodeterior- 
ation are obviously interesting to know about. But 
since the first description of a marine fungus in the 
nineteenth century none was described from warm 
waters until 1955, when the first fungus was collected 
on mangrove roots. Kohlmever`’s survey has surpassed 
all previous mangrove mycology in attempting to 
clarify ecological relations between the trees and their 
fungi. 

He counted thirty-one species of Ascomycetes, 
Basidiomycetes and Deuteromycetes that have been 
described from the submerged parts of stems, branches 
and roots—the proproots and pneumatophores of trees 
such as Rhizophora and Avicennia. Six of the fungal 
species seem to be restricted to a particular species or 
genus of Avicennia or Rhizophora. Most common 
marine fungi in mangrove swamps are apparently 
species of Lulworthia, “Metasphacria australiensis and 
species of Phoma. Of course, mangrove trees are also 
subject to attack by terrestrial fungi. Most of the 
forty-four terrestrial species have been found parasitic 
on living leaves, although a few inhabit the wood. 

The submerged parts of the trees clearly form an 
excellent substrate for marine biodeterioration. Their 
high content of tannin does not protect them from 
attack by higher marine fungi or wood boring animals. 
even though mangrove extracts have been patented 
for antifouling compounds. Fungal hyphae that pene- 
trate mangrove wood leave the series of holes charac- 
teristic of “soft rot”. The bark eseapes more lightly 
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than the wood, perhaps, Kohlmeyer suggests, because 
fungi growing here have to be able to decompose the 
fatty suberin. 

A clear vertical zonation of fungi and ue organ- 
isms can be seen along the roots, stems or branches of 
mangrove trees. Submerged parts are inhabited by 
marine fungi, algae, balanids i, shipworms and gr ibbles. 
No distinct pattern in distribution is discernible, 
however, within the eae of submerged fungi, But a 
horizontal distribution has been described in a Hawaiian 
mangrove swamp, where salinity increases with distance 
from the sea. There are no marine fungi in the fresh- 
water part, and so the host specific Agezsslerielia 
hlepharospora grows only on Rhizophora in salt water. 
On the whole, "Kohlmeyer concludes, the host specific 
fungi have a limited distribution, while the omnivorous 


species are found throughout the tropics and sub- 
tropics. Most mangrove fungi, it seems, are warm 


water species, 


PROTEINS 


Yet More Sequences 


THE pace of protem sequencing is fast and furious. 
The 1969 edition of the Atlas of Protein Sequence and 
Structure (edited by Margaret O. Dayhof and pub- 
lished by the National Biomedical Research Founda- 
tion) contains about twice as much information as 
last vear’s edition. As usual, more than half of the 
atlas is packed with data about sequences and struc- 
tures, but this year there are more of the preliminary, 

discursive chapters. The globins and the immuno- 
globulins now have chapters to themselves, and another 
is dev oted to Wes one of SpA ies and proteins. 


that erate are a means by which > full i 
genetic story, the evolution of all living things, will be 
unravelled, 

Some proteins are apparently more suitable for the 
construction of phylogenetic trees than others. Ob- 
viously those that have changed very little, such as 
the histones, which have accumulated ‘only two muta- 
tions since the divergence of the lines leading to peas 
and cattle, are of little ae € ve Ome Cs wW oe 
diverse species such as fungi and A E p 
globin, which mutates more rapidly—at least thirty 
more abnormal human haemoglobins are listed this 
vear—seems to be suitable for making finer distinc- 
tions. The table, taken from the atlas, shows how rates 
of mutation can vary from protein to protein. 


RATES OF MUTATION OF SELECTED PROTEINS 


Accepted point 
mutations per 
100 milion years 


Proteins 


Fibrinopeptides 
Growth hormones 
hnmunogiobulins 

Kappa © region 

Kappa V region 

Heavy C region 
Ribonucleases 
Haemoglobins 

Beta 

Alpha 
Myoglobins 
(rastrins 
Adenohypophyseal hormones 
Encephalitogenic proteins 
insulins 
Uvtochromes ¢ 
Ciyceraldehyde 3-phosphate dehydrogenases 
Histones 
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HiGgH pressure werk on rocks and minerals, although 
only twenty years old as a form of geophysical research. 
has become one of the most important sources of informa- 
tion about the Earth. High pressures and temperatures 
which simulate those prevailing at depths as great as 
500 km can now be created and maintained in the labora- 
tory. These depths of the Earth may never be observed 
chreetly, but they hold fundamental information about 
the history of the solar system. It is up to the experi- 
mental petrologist to correlate the produets of his work on 
plausible deep-Earth materials with evidence from other 
lines of geophysical inquiry, especially seismology and 
the observation of surface heat flow, in order to deduce 
the most probable constitution deep in the Earth. Recent 
discoveries about the seismic fine-structure of the crust 
and upper mantle correlate well enough with experi- 
mentally produced mineralogical phase changes to indicate 
that the multi-disciplinary approach can vield important 
information about the Earth's interior. 

The most fundamental questions concerning the inner 
structure of the Earth can be posed simply. What is the 
origin of the crust, or surficial layer of rocks, on average 
30 kin thick in continental areas and 8 km thick in oceanic 
areas, which is bounded below by an area where there is a 
pronounced merease in sound velocity ? Was it built up 
during geological time by flow upon flow of lava ? Fror 
what depth does lava emanate, and what materials may 
be partially melted to yield lavas of the observed com- 
positions (not completely melted materials—seismic evid- 
ence rules out melting to the extent of more than a few 
per cent of suberustai rocks)? From what part of the 
suberust, or mantle, has the lava come, and is the zone of 
partial melting sweeping upwards or downwards (is the 
Earth heating or cooling in the interior)? What sorts of 
pressure-induced erystallographie changes in chemically 
homogencous mantle material could account for the large 
increases in sound velocity which occur at depths of 400 
to 1.000 km? Or does this “transition zone” represent a 
change of chemical composition to a material about 
which we know nothing ? Furthermore, in this material. 
whatever 1b is, no major inerease in seismic 
velocity within the enormous cornpression interval from 
1,000 to 3,000 km deep, where the mantle terminates. 
There, beyond the mantle, under a pressure of 1-5 million 
atmospheres and at a temperature somewhere in the 
range 3.000°~5,000° C, the core of liquid iron or iron alloy 
(according to most geophysicists) is encountered. 


there ts 


Experimental Petrology 

Laboratory apparatus which can generate extreme 
pressures and temperatures equivalent to those a few 
hundred kilometres within the Earth has become avail- 
able in the past ten years. Results obtaimed have en- 
couraged geophysicists to believe that eventually many 
of their queries may be answered by experimental petro- 
logy, Apparatus for generating pressure greater than 30 
thousand bars, which corresponds roughly to 80 km 
depth, is of the ‘solid pressure’ variety: pressure is 
cormmunicated to the sample through a relatively refrac- 
tory and relatively plastic solid. such as tale or boron 


and minerals is beginning to explain some fundamental geophysical 
observations, and to provide solutions to important problems of 
the Earth's interior. 


nitride. The sample and its quasi-hydrostatic envelope 
are compressed in a very well supported high pressure 
vessel. Pressure is applied with ultra-strong carbide 
pistons driven by hydrauhe or air-pumps. An electric 
filament immersed in the solid pressure medium is used 
to generate high temperatures, which are measured by 
a thermocouple the leads of which emerge from the high 
pressure cavity through highly viscous gaskets. Departure 
from hydrostatic conditions and reduced aceuracy of 
pressure calibration are necessary sacrifices for the safety. 
convenience and very high pressure Jimits of the solid 
pressure devices. In general, the higher the pressure 
attainable. the more uncertain the distribution of pressure 
in the sample. The highest pressures obtamed in static 
mineralogical work have been produced between stoutly 
bossed flat carbide anvils'. The powdered sample itself 
can act as a pressure medium, and a thin wafer of graphite 
or metal between the flat anvil surfaces can be used to 
heat the sample by electrical resistance. 

Nature provides a compellmg clue as to the kind of 
material best suited for whole-rock experimental studies 
of the upper mantle. Small nodules of garnet peridotite 
have been found occasionally in some oceanic volcanic 
rocks? and in the “blue ground” of diamond-bearing pipes, 
as in South Africa”. Peridotite is a dense dark ferro- 
magnesian silicate rock containing olivine and pyroxene 
in addition to garnet or spinel. Comparison of garnet 
peridotite with more common peridotites of nearly 
identical chemistry but less dense mineralogy indicates 
that the oe pone ouNe nods ne at high P 
surest. ‘The presence of the dense magnesian phase g 
as opposed to ie eens ine bees feldspars present 
In certain other peridotites, is the most obvious minera- 
logical evidence. Diamond also seems to require a high 
pressure environment for crystallization im preference to 
its less dense polymorph graphite. Fig. | shows experi- 
mentally determined pressure-temperature limiting curves 
for the stability of pyrope (magnesian garnet), albite and 
anorthite feldspars (the components of plagioclase solid 
solutions) and diamond. The experimental work supports 
the conjecture that garnet peridotite and diamond formed 
at high pressures deep in the Earth. Just how these 
materials occasionally manage to penetrate to the surface 
of the Earth is stili subject to considerable debate. Garnet 
peridotite nodules in lavas must have been washed swiftly 
upward so that the high pressure mineralogy was metast- 
ably preserved, and the diarnond-bearing mantle material 
may have been wafted towards the surface by catastrophic 
blow-offs of carbon dioxide and water’. At any rate, 


garnet peridotite has become widely regarded as the 
most probable source of voleanmte Hquid by partial 
fusion. 


A few experimental Investigations of the partial fusion 
of garnet peridotite at high temperatures and pressures 
up to 40 kilobars*-? have verified that the most widely 
distributed type of lava, basalt, can be generated by a 
small percentage of partial melting under a wide range 
of pressures. Basalt is often used as a very general term, 
signifying a composition of about 50 weight per cent 
SiO,, 15 per cent AlO, and smaller amounts of MgO, 
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CaO, iron oxides and alkalis. The principal minerals 
present are plagioclase and pyroxene, often with olivine. 
In reality, small variations of chemistry within the basalt 
range give rise to considerable variation in mineral 
products, and the distribution of different types of basalts 
remains an important problem which detailed experi- 
ments on rock melting at high pressures are beginning to 
clarify. For example, basalts with a high content of 
AlO, and low contents of alkali seem to be characteristic 
of the geothermal oceanic ridges which many believe to 
be so fundamentally connected with the formation and 
growth of ocean basins*. Other basalts have rather high 
SiO, contents and still others are enriched with alkalis. 
These types are distributed in systematic ways in ocean 
basins and continents’. The ways in which these different 
liquids are generated by variation in parent material, 
by physical conditions of partial fusion and by modifica- 
tion of composition during ascent are problems which 
are likely to yield to the methods of experimental petro- 
logy?*. Early returns are encouraging. 

The nature of the lower boundary of the Earth's crust 
is one of the most debated aspects of Earth science. As 
early as 1914 it was suspected that the very dense rock 
eclogite, consisting mostly of garnet and soda-rich 
pyroxene, was a high pressure equivalent of basa‘t'. 
The high density of eclogite (3-5 g/cm?) suggests that it 
has a deep seated origin, and it was suggested that the 
crustal boundary, or Mohorovičić discontinuity, might 
represent the downward inversion of basalt to eclogite’*?*. 
The most probable alternative is that a periodite layer 
begins at the Moho”. 

One attractive feature of the “phase-change hypothesis” 
is that it could provide a solution to the long standing 
puzzle of mountain building. The pressure, and thus the 
depth, of the transition from basalt to eclogite should be 
somewhat dependent on temperature. If temperatures 
were locally higher under certain regions, because of the 
augmented radioactivity of the crustal section, or, per- 
haps, localized subterranean voleanic activity, the phase- 
change surface or zone should be depressed to greater 
depths under these regions. The principle of isostasy, or 
buoyancy. implies that such areas should stand higher 
topographically, in order to compensate for the locally 
greater thickness of less dense basalt. Seismic evidence 


has supported this picture by revealing the “roots” of 
mountain and plateau areas, where the Mohorovičić dis- 
continuity is depressed to greater depths, although recent 
detailed seismology has shown that the sound velocity 
profile under geologically active regions may be more 
complicated than the model of a simple univariant phase- 
change surface suggests. If the deep continental crustal 
section departs significantly from basaltic chemistry, as 
is probable, judging from the fact that near-surface sec- 
tions have on average a considerably greater content ot 
SiO, than basalt, then some departure from the idealized 
type of phase-change might be expected. 

Workers at the Carnegie Institution of Washington 
Geophysical Laboratory were the first to show that basalt 
would indeed invert to eclogite at high pressures'’)’. 
They investigated the melting relations of both basalt 
and eclogite, but were unable experimentally to define the 
subsolidus pressure-temperature dependence of the basalt 
to eclogite transition because of the notoriously slow 
reaction rates among silicate minerals m dry systems. 
Subsequent investigators!®’? have refined the melting 
relations but experienced the same difficulty in investigat- 
ing the “phase-change”. They have succeeded in showing 
that the basalt to eclogite transition is not likely to be a 
mere line in the pressure-temperature plane, nor a sim ple 
surface if it exists in the Earth over large regions. Rather, 
it probably occurs over a pressure spread, depending on 
composition, of 3 to 8 kilobars, corresponding to a depth 
interval of about 9 to 24 km. To some geophysicists this 


others have attacked the idea on the grounds that it is 
not compatible with surface heat-flow data in some 
regions'® and that a single transition cannot explain the 
“Moho” under both ocean basins, where it is shallow, and 
under continents, where it is much deeper”. 


Phase-change and the “Moho” 

A recent comprehensive study of relations between 
depth and density of the upper mantle, based on seismic 
data. has renewed interest in the phase-change hypo- 
thesis of the Mohoroviéié discontinuity. It seems that 
large portions of the uppermost mantle must have a 
somewhat greater density than many authorities have 
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considered probable, and that eclogite may be more 
plausible than peridotite on the basis of this evidence. 
The peridotite which must serve as a source of basaltic 
or eclogitic liquid may begin deeper than some have 
thought. Recently, workers at the University of Cah- 
fornia, Los Angeles, have measured the bulk density of 
quenched charges of basalt composition which were 
equilibrated at high temperatures and pressures that cross 
the phase-change interval (unpublished work of K. Ito 
and G. C. Kennedy). They found good evidence of two 
discrete fairly sharp density jumps within the rather 
broad transition interval, the first jump corresponding to 
the appearance of abundant garnet at about 12 kilobars, 
and the second jump corresponding to a sudden final 
disappearance of plagioclase above 20 kilobars. The first 
density increase, from 3-0 to 3-25 g/em*, could correspond 
to the ordinary observed Moho underneath some con- 
tinental regions, and the pair of transitions might explain 
several apparent double seismic anomalies reported 
recently under some geologically active regions*®?:**, 

If it is true that a layer of igneous rock resulting from 
partial melting of the mantle extends well below the 
boundary between crust and mantle, the total amount of 
partial melting during geological time has been much 
greater than estimates based on the thickness of the 
crust. Thus the thickness of the mantle which has 
undergone partial fusion may extend into or below the 
transition zone where seismic velocity increases, which 
begins 400 km down. The character of partial melting 
and subsequent differentiation at pressures corresponding 
to these depths can be elucidated in a future age of 
experimental petrology, when apparatus for investigating 
materials at these extreme conditions becomes available. 


Mountain Building 

In order to decide between the various hypotheses of 
mountam building. such as that which relies on the 
depression of an inversion from basalt to eclogite at 
depth due to local heating, it is necessary to deduce as 
closely as possible the sequence of temperature and pres- 
sure conditions which could have produced the recon- 
stituted or metamorphic rocks of ancient eroded mountain 
roots. In some conditions in the mountain-building cycle, 
original deeply buried sedimentary rocks seem to have 
melted partially, giving rise to the great granitic batho- 
liths, like that of the Sierra Nevada of California. The 
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onset of melting is ealled by some “‘ultrametamorphism’”**. 

Experimental studies of rock melting**:** have shown 
that the presence of water at high pressures is essential 
to account for the generation of granitic liquids at tem- 
peratures which could be widely encountered in the erust. 
Dry granite contaming 75 per cent S10, would be solid 
at temperatures only a few hundred degrees below the 
freezing point of basalt. Water in a metamorphic situation 
could be the trapped water of marine sediments. Many 
investigations have shown that melting is feasible m 
common siliceous rocks at temperatures as low as 650° C, 
if water pressures are 5 or 6 kbars. This would correspond 
to a 20 km depth in the crust, provided that water pressure 
is maintained at the regional rock pressure. Granite 
liquids originating at shallower levels would require 
higher temperatures. 

Independent evidence that temperatures and pressures 
approaching those necessary for the formation of granitic 
liquids are reached in some mountain-building episcdes 
is provided by studies of rock metamorphism in the solid 
state. Fig. 2 shows the minimum temperature curve for 
the existence of a synthetic water-rich granitic liquid’? 
and a recent experimental stability diagram for the 
system AI,SiO, (ref. 28). Temperatures of 600°—-700° C, 
and pressures a little above 5 kbars, are suggested by the 
position of the kyanite—sillimanite polymorphic stability 
boundary. The inversion of kyanite to sillimanite is a 
metamorphic event common in rocks which have ap- 
proached the granite-forming grade of metamorphism. 

The temperatures of deep mountain-root metamorphism 
seem to be somewhat hotter than the normal geothermal 
gradient (page 534 of ref. 29), as Fig. 2 shows. The 
problem of the origin of locally elevated temperatures 
is central to the mountain-building controversy. Sugges- 
tions as to the potent source of heat supplied to orogenic 
regions include the relatively high radioactivity of sedi- 
ments (page 272, ref. 30), emanation of hot solutions 
from beneath the crust*!, penetration by basaltic liquid’? 
or diapirism of hot mantle material (page 198, ref. 33). 
There is, however, still no satisfactory explanation of 
mountain building. Experimental petrology has served 
more to provide pressure and temperature boundary 
conditions for the petrological events connected with 
mountain building than to furnish comprehensive theories. 

Seismology, in conjunction with other lines of geo- 
physical evidence, has revealed a zone of large density 
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increase starting about 400 km deep in the Earth and 
continuing to 1,000 km, which cannot be explained by the 
compression of homogeneous material over this inter- 
val336, Tt is necessary to invoke either a change of 
chemical composition or a series of pressure-induced 
phase changes in the mantle to account for this “transition 
zone’. Recent seismological work**:3* has shown that the 
transition zone is not a smooth increase in sound velocity 
between 400 and 1,000 km depth but, rather, an abrupt 
merease at about 400 km followed by one or more addi- 
tional mereases below 600 km. Experimental petrology 
at very high pressure has produced evidence which gives 
considerable insight into the transition zone. Experi- 
mental work, carried out largely at the Australian National 
University in Canberra and at Tokyo University, has 
suggested that a series of pressure-induced mineral recon- 
stitutions in ultrabasic {peridotitic) rocks could account 
for the zone of density increase?*. A single major event in 
the Earth may be the transition from an olivine structure 
in (Mg, Fe),Si0, to a spinel structure which is about 10 
per cent denser. An inversion of olivine to spinel at high 
pressure had been postulated on the basis of crystal~chemi- 
cal analogy with Mg,GeQO,, which has a spinel structure*®, 

Ringwood"! first showed experimentally that the iron 
end-member olivine fayalite inverts to a spinel structure 
at pressures of about 50 kbars and temperatures of about 
1,000° C. Solid solution of Mg,SiO, in olivine raises the 
pressure for inversion greatly. 
experimental data for the iron-rich end of the olivine 
system at about 800° C yields pressures of about 130 kbars. 
corresponding to depths of about 400 km, for the spinel 
inversion of pure Mg. SiO, (ref. 42). A further complication 
has recently come to light in that pure Mg,SiO, does not 
transform to a true spinel structure but to a dense spinel- 
like “B-phase”. Crystallographers at the University of 

Chicago have shown that all the silicon atoms in the new 
dene Mg,.SiO, are surrounded by four nearest-neighbour 
oxygens (“tetrahedral coordination”)? Low pressure 
silicate structures have silicon in four-fold or tetrahedral 
coordination with oxygen, as would an Mg,SiQ, spinel 
structure. The B-phase results from the inversion of 
olivine of composition 70 per cent Mg,SiO, and greater". 
It is not clear yet whether this could be a naturally 
occurring phase in the mantle. 

The Canberra group demonstrated another pressure- 
induced reaction in mantle material—greatly expanded 
stability of the garnet structure at pressures near 200 
kbars. They found evidence that the familiar pyroxenes 
MgSiO, and CaMgSi,O, may invert to garnet structures 
at these pressures*®. Small amounts of Al,O, will reduce 
the pressure requirements. In this transformation a 
quarter of the silicon atoms adopt six-fold coordination, 
and the density merease is again about 10 per cent. 
Thus garnet, which is an important peridotite phase in 
the upper mantle, mav become even more important in 
the transition zone. 

Pressure-induced phase changes in which the rest of 
the silicon goes into six-fold coordination are probable in 
the deeper mantle if it is composed of ferromagnesian- 
silicates. This would be accomplished for compounds 
like MgSiO, by inversion to ilmenite (FeTiO,) or perovskite 
(CaTiO,) structures. At deeper levels, garnets would tend 
to be replaced by these dense structures, for the ratio of 
cation to oxygen in garnet is also 2:3. Such phase 
transitions might account for the large, relatively sharp 
seismic velocity increases below 600 km. Transition from 
a pyroxene to an ilmenite structure has been observed at 


An extrapolation of 
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The implication 


very high pressures in MgGeQ, (ref. 46). 
ferromagnesian 


that these transitions are feasible in 
silicates at deep mantle pressures is strong. 

Research at high temperatures and pressures above 
150 kbars has been limited to synthesis of high pressure 
phases with temperature measurement subject to con- 
siderable uncertainty and sample volumes very small. 
The next major advances in experimental petrology await 
development of more sophisticated ultra-high pressure 
cicadas in bid measurements ae eau a = ae 


tions Ae ex Wane pressure aad. our “Bias h an 


apparatus may resemble the segmented chamber device 
being developed at Osaka University*?, said to be capable 
of generating more than 200 kbars in fairly large volumes. 
In any case, it is clear that an exciting period of joint 
geophysical discovery is beginning for the eee 
petrologist in collaboration with his colleagues in seis- 
mology, geochemistry and planetary physics. 
aes $ Ee Tat 
The preparation of this article was aided by a US 
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Information, Communication, Knowledge 


by At the British Association meeting in Exeter last month, Professor 


J. M. ZIMAN 


Department of Physics, 
University of Bristol 


Or all the trendy, cliché words, “communicate” is about 
the squarest. When E. M. Forster invented the phrase 
“only connect” as the dedicating “quotation” for one of 
his novels, he was talking of the human heart, not about 
the spewed-forth products of the head-office duplicator, 
nor the glossy gaudiness of the Sunday supplement. The 
virtues of the hermit, the delights of silence, are not to 
be despised. 

But, for scientific research, communication is essential. 
I will not spell out here my contention that science is to 
be characterized as “public knowledge”; in other words, 
that the aim of the scientist is to create, criticize, or con- 
tribute to a rational consensus of ideas and information’. 
If you accept this as a general notion, you will agree that 
the results of research only become completely scientific 
when they are published. All practising scientists know 
this, though they are often more careless with their 
grammar than they would dream of being with their 
galvanometers. 

It keeps being said, generation after generation, that 
the then current system of scientific communication is in 
a dreadful mess, and that something ought to be done 
about it. Century after century, nothing much does get 
done about it, except that it swells to ever greater bulk. 
Our present diseontents were originally voiced by 
Bernal, 30 years ago?, and although many other pundits 
have expressed support for his diagnosis of our ills, and 
for his proposed remedies, nothing much has been done 
about these either. 

There are two simple interpretations of this state of 
affairs. Those of us who are radicals at heart will blame 
the innate conservatism of humanity, and say that we 
continue to put up with a grossly inefficient and cumber- 
some system because we are too lazy to make a change, or 
too unimaginative to appreciate the tremendous advan- 
tages that a new system would offer. The natural 
conservatives, on the other hand, will deny that the 
system is as bad as all that, and point to the good sense of 
the scientific community in not having been stampeded 
into some extravagant and newfangled scheme whose 
untried benefits exist only on paper. 

It may be, however, that the situation is a little more 
complicated; the symptoms of disease may have been 
correctly noted by the radicals, but they may be advocat- 
ing quite the wrong cure! 

As a contribution to this debate, I shall attempt first to 
justify the present system—that is, to set out explheitly 
its unconscious rationale. A social institution that has 
existed for several centuries must have an intelligible 
function: when we understand that properly, we can ask 
how the present practice ought to be modified to continue 
to achieve the desired goals. Whether these modifications 


Ziman addressed the section devoted to general topics on the 
question of how scientific information becomes public knowledge. 
The system of communication, he implied, is not as rotten as some 
like to think. 


are judged as evolutionary or reactionary must depend 
on your own state of mind on the subject. 

Our present system of scientific communication depends 
almost entirely on the “primary” literature. This has 
three basic characteristics: it is fragmentary, derivative, 
and edited. These characteristics are. however, quite 
essential. 

The invention of a mechanism for the systematic 
publication of fragments of scientific work may well have 
been the key event in the history of modern science. A 
regular journal, such as the Philosophical Transactions of 
the Royal Society, carries from one research worker to 
another the various discoveries, deductions, speculations 
and observations whieh are of common interest. It is no 
longer necessary to amass a vast quantity of material, or 
to conceive a complete new “world system”, fully armed 
at all points, before going into print with a great thick 
book. Although the best and most famous scientific 
discoveries seem to open whole new windows of the mind, 
a typical scientific paper has never pretended to be more 
than another little piece in a larger jigsaw-—not significant 
in itself but as an element in a grander scheme. This 
technique, of soliciting many modest contributions to 
the vast store of human knowledge, has been the secret 
of Western science since the seventeenth century, for it 
achieves a corporate, collective power that is far greater 
than any one individual can exert. Primary scientific 
papers are not meant to be final statements of indisputable 
truths; each is merely a tiny tentative step forward, 
through the jungles cf ignorance. 


Citations 

Scientific papers are derivative, and very largely 
unoriginal, because they lean heavily on previous research. 
The evidence for this is plain to see, in the long list of 
citations that must always be published with every new 
contribution, These citations not only vouch for the 
authority and relevance of the statements that they are 
called upon to support; they embed the whole work in a 
context of previous achievements and current aspirations. 
It is very rare to find a reputable paper that contains no 
references to other research. Indeed, one relies on the 
citations to show its place in the whole scientific structure, 
just as one relies on a man’s kinship affiliations to show his 
place in his tribe. All this becomes perfectly natural, and 
proper, once one has accepted that normal science is a 
highly cooperative activity, the corporate product of a 
vast social institution, rather than a series of individual 
forays into the unknown. 

The editing—in faet, the censorship—of the scientific 
literature is a more delicate matter. It occurs in two 
stages. In the first place, the author presents an entirely 
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false picture of his actual procedure of discovery. All the 
false starts, the mistakes, the unnecessary complications, 
the difficulties and hesitations, are hidden; and a yarn, of 
preternatural prescience, precision and profit, is spun. 
By the vision of hindsight, all is made easy, simple-——and 
apparently inevitable. A scientific paper is not a candid 
autobiography, but a cunningly contrived piece of 
rhetoric. It has only one purpose; it must persuade the 
reader of the veracity of the observer, his disinterestedness, 
his logical infallibility, and the complete necessity of his 
conclusions. 

Critics with literary sensibilities comment wittily on 
the outrageous style of so much scientific writing. But 
this is not a particularly important issue in the attack on 
our system of communications. Scientists use jargon 
because they are obsessed with the desire to show that their 
work really does belong within a reputable context; they 
feel that it must conform to the conventions of the particu- 
lar audience to which it is directed, and that they must 
use the appropriate technical language of the subject, 
however clumsy and contrived this may seem to the out- 
sider. They favour the passive voice, the impersonal 
gender, and the latinized circumlocution, because these 
would seem to permit, in the circumstances, a climate of 
opinion within which, as it were, one can express relatively 
positive assertions in a tentative tone to which one would 
not be utterly committed if it should happen that complete 
coincidence had not been achieved with objective reality. 
This sort of shyness is not just a trick for escaping when 
one turns out to be wrong; it is a device of “inverted 
rhetoric” by which an apparently modest and disinterested 
tone enhances the acceptability of one’s utterances. 


Referees Essential 

External censorship of scientific papers is, of course, 
the function of the anonymous referees. Every pro- 
fessional scientist soon becomes aware of these mysterious 
deities, who must be appeased with all manner of absurd 
reformulations and sacrifices of beloved passages of text. 
In due course, he will be invited to take on this mask 
himself, and will roar like any ass in a lion’s skin to 
frighten his juntor colleagues. As you will learn at any 
laboratory coffee club, the editing and refereeing of 
journals is a fertile source of folk lore, anecdotes, grumbling 
and bad feeling. 

I would argue, nevertheless, that this also is an essential 
element of our system of scientific publication. We must 
be able to rely on the basic accuracy and honesty of what 
we read in other people’s papers, for we are always using 
their results in the construction of our own researches, and 
simply cannot find the time to repeat all their experi- 
ments, measurements, calculations or arguments for 
ourselves. Scientific authors are often wrong, but their 
errors are usually made in good faith. I cannot see how 
this imnocence could be preserved, against careerist 
pressures to publish, if there were no serutiny by expert 
referees. The communication problem would be ten 
times worse if we had to wade through tomes of irrespons- 
ible nonsense in a search for a few reputable papers. 
Even the most commercial of daily newspapers dis- 
tinguishes in its layout between genuine news and mere 
advertising. It is true that an experienced scientist 
“internalizes”’ the critical standards of the referees, and 
can be relied on to be honest, aceurate, and reasonably 
plausible, in all his writings; but that does not justify 
the abolition of the referees—any more than the habitual 
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honesty of middle-aged bank clerks would justify the 
abolition of the fraud squad. 

These are the characteristics of the primary system of 
scientific communication; it is not, perhaps, very elegant 
as literature, even when bound in red leather volumes 
with gold lettering, but it has a purpose which it serves 
well enough. What are the defects ? 

To some extent, they are contradictory. One demand 
is for greater speed of publication. It is argued that the 
strategy of the individual research worker is so strongly 
influenced by the information that he receives from his 
contemporaries and rivals, that a good deal of scientifie 
effort is wasted by multiple discovery or by one scientist 
being unaware of relevant results that have already been 
obtained elsewhere because of the delays of publication. 

Now, in the first place, [ think that the supposed 
wastage from this cause is somewhat exaggerated. A 
simultaneous discovery by independent researchers is 
not necessarily such a bad thing; it is disappointing for 
those concerned, but it is an admirable form of econ- 
firmation of the supposed result. It is seldom that there 
is just a particular discovery to be made—like finding the 
very sixpence that one has just dropped——but rather a 
complex of ideas and phenomena which may be Ulummated 
in different ways by different investigators. Nobody, 
surely, regrets that Heisenberg and Schrédinger should 
have simultaneously “discovered” what turned out to be 
the same quantum mechanics; they arrived by somewhat 
different routes, and alighted at different stations on the 
way, so they have somewhat different stories to tell us 
about their journey. Scientific experiments and ceal- 
culations are often repeated, as serious “‘origmal” 
investigations, to demonstrate a new technique, or to 
improve the accuracy of the results. It is tiresome to be 
forestalled; but obsession with sheer immediacy and speed 
is a neurotic symptom, mainly to be observed in certam 


few ideas. If this is how you feel, then [advise you to look 
for a more profitable field of study where your innate 
originality may be more fruitful! 

immediate application. The situation is rather different 
in applied research and development, where the best 
available solution to some particular problem is bemg 
sought, and where the rewards of successor the cost of 
failure—may be measured in millions of pounds. The 
hindrances to the immediate spread of new knowledge are 
not then so much in the machinery of publication. but 
rather the barriers of secrecy deliberately raised around 
industrial and military research. The communication 
system of technology is quite different from that of pure 
science, having different ends, different norms, and 
altogether different standards of morality. Applied 
scientists and technologists do, indeed, seek a great deal 
of information from the literature of basie science. but 
my impression is that they are seldom sufficiently in- 
structed to be able to benefit from the very latest, as vet 
unpublished, research findings. 


Speed of Communication 

What are the natural time constants of research ? 
These have not been studied in great depth, and probably 
vary greatly from one discipline to another, and from one 
epoch to another. At the peak of a revolution, for 
example, as depicted by Watson’ in The Double Helix, a 
few days or weeks may see the breaking of the wave; 
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on the other hand, in the formulation of the question to be 
answered, a decade may not be too long for successful 
rumination and significant progress. In general, I would 
confirm the observations of Garvey’, who found that the 
various stages of hypothesis, design of apparatus, experi- 
ment, testing, confirmation, critical analysis, informal 
discussion, writing up, and so on, take months or years to 
complete, so that the interval of about 4 months between 
the receipt of a typescript and its publication in a reputable 
journal is not a significant proportion of the time required 
to “make a discovery”. 

The conventional system does not lack the means of 
quick publication when this is called for. For nearly a 
century, Nature has published “‘letters’? reporting im- 
portant new discoveries within a few weeks of notification 
—for example, the first observation of a pulsar was 
announced on February 24, 1968, in a letter dated 
February 9. Given that word of the discovery had 
already been spread by telephone, teleprinter, daily 
newspaper, jet plane, and first class railway carriage, to 
everyone who had a professional interest in the subject, 
this seems quite fast enough for a definitive formal 
announcement. Let us also recall, more modestly, that 
only about one paper in ten thousand is so startling as to 
set the scientific world a-jangling, so that a very small 
number of quick-publication journals would be quite 
enough—provided that all the little shepherd boys can be 
taught not to ery “Wolf!” too often. 

We find, nevertheless, that these neurotic, over- 
competitive tendencies are being pandered to by the 
publishers and the scientific literature. It is now eon- 


sidered necessary to have a “letters” journal in every 
field—-not only Physics Letters, but soon, perhaps, titles as 


absurdly specialized as, say, J11~V Semiconductor Letters 
or Gravitational Wave Letters. These are legitimate 
media for the publication of very small items of knowledge 
of the sort that often arise in the course of research or 
teaching-—a better measurement of a standard parameter, 
a shorter proof of a well-known theorem, a correction to a 
conventional misunderstanding-—but their claims to 
immediacy and importance are almost entirely misplaced. 

Another development, which has been accorded almost 
official approval (see debate between M. Moravesik and 
S. Pasternack’), is the systematic exchange of “preprints” 
of papers that are being submitted for publication. ‘This 
procedure has two roots; it stems from the ancient 
courtesy of writing private letters to distant colleagues in 
advance of the official journals, and from the custom, 
developed during the Second World War, of circulating 
reports (often secret) of the results of researches to all 
interested parties, quite independently of the usual 
channels of publication. 

In itself, there is no great harın in this custom, which 
can often serve a useful purpose. In the davs of the 
unevenly cut stencil, smudged through on to a sort of 
feeble blotting paper, such preprints were, of course, 
impossible to read anyway; elegant electric typing, 
XNeroxed to look like the original, wrapped up in beautiful 
arty covers, does not nowadays make the contents any 
more plausible. Goodness knows how much money is 
spent on this form of self-advertisement—the airmail 
postage alone, on the material I receive, would pay my 
journal subscriptions. 

What was wrong was the proposal to develop “‘pre- 
print exchanges” that would attempt to make this 
haphazard custom truly efficient. Each author was to 
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send his typescript to a central office where it would be 
duplicated and sent out to everybody else in the group. 
Membership of the group would be controlled by some 
procedure of authentication and introduction; no doubt 
after the sponsoring body had grown tired of subsidizing 
the duplicating and office costs, subscriptions would have 
been solicited from the various contributors. It is clear 
that a marvellous discovery had been made by the 
proponents of this scheme: they had invented, not the 
wheel, but the scientific journal of a learned society. 
Given another decade or so, they might even have 
rediscovered the referee! 


Informal Exchange 

To my mind, it is tragic that so many excellent and 
experienced scientists should have fallen into this trap, 
and encouraged vast expenditure on preprints and such 
like, instead of putting all their weight into the reform of 
the existing learned societies and the improvement of 
their journals. As I have said, the necessary delays 
occasioned by refereeing and decent printing are not really 
gross; a journal that gets a year behind in publication 
just needs a thorough kicking by its subscribers and 
contributors: to supersede it by yet another machine 
liable to just the same faults is sheer folly. 

At the heart of the matter is the fallacy of giving too 
much significance to the role of “informal”? communica- 
tion. Of course this is very important indeed—-all those 
private letters, conversations over drinks, chatty seminars, 
conferences, meetings, lecture tours, and such like. It has 
always been understood that much scientific knowledge 
actually travels in this way -—especially those key attitudes, 
techniques and insights that can only be transferred 
by prolonged contagion. The conventional footnote: 
“Mephistopheles (private communication)’, indicating 
the importance of a whisper in the ear at a crucial moment, 
is often more honorific than the citation of a printed 
paper, and is a courtesy that should always be accorded. 

But the informal cannot, by definition, be made specific 
and rigid. One of the major purposes of the whole 
scientific enterprise is to draw from the confused, vague, 
inchoate “stuff of experience’? a few precise, clearly 
defined, “objective” (that is, if I may use the term, 
“consensible’) concepts, principles, or observations. It 
is essential that scientific work should be “written up™ in 
full, with all the details of technique, interpretation and 
logical limitation necessary to persuade the reader of 
the truth of the conclusions ~-or at least sufficient for him 
to repeat the experiment or calculation for himself. The 
primary s@entific literature is sometimes referred to, 
slightly deprecatingly, as “archival”, as if it were a sort 
of antiquarian record of deeds done and now finished. 
That is very far from the case. There is a long period 
during which they are active documents, cited by other 
workers and relied on im detail for later developments. A 
paper is useless unless it has these qualities of precision, 
for it cannot otherwise be accorded the critical judgment 
of the scholarly community, and thus be accepted or re- 
jected as part of the whole body of scientific knowledge. 
I am not denying the value of hints, intuitions, specula- 
tions and other means of spreading new ideas; but it 
must always be clear, in the mind of the listener or 
reader, whether or not, so to speak, the witness is on 
oath. Any reputable scientist who allows his research 
work to be widely published in permanent form must 
take the consequences for any errors that it contains; he 
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cannot repudiate the responsibility for misleading his 
colleagues by saying that of course it was only an 
“informal” communication, and hence to be understood 
only in a Pickwickian sense. 


Information in Print 

The other great objection to present procedures of 
scientific publication is the vast bulk of material that is 
printed and has to be stored on the library shelves. 
More serious than the cost of infinite numbers of new 
bookcases is the difficulty of finding out what each of these 
papers has to say, and deciding whether we ought to study 
it more closely. This is called the information explosion, 
and the problem is said to be that of information retrieval. 

The conventional system is not without its resources 
against this suffocating foe. The standard weapon is the 
abstract journal, where short summaries of all the papers 
in the current primary journals are printed in classified 
order, so that they can be noticed when they first appear, 
or rediscovered through the index if they happen to be 
forgotten. The first charge on the foundation of a new 
scientific laboratory should be a subscription to the 
appropriate abstract periodical, which will need to be 
consulted daily by the scientific staff. This sort of 
publication is indispensable to the scholarly world, for it 
is the only overall index to the archives of a discipline. 

A lot of mud gets slung at abstract journals, mainly by 
those who do not think at all about the difficulties of 
editing and publishing them. Consider, for example, the 
practical problems of getting an up to date, reliable, 
accurately printed summary in English of, say, the 
articles (in Mongolian) in the Proceedings of the National 
Academy of Sciences of Outer Mongolia, issued thrice 
yearly and sent by a slow boat from China. Or decide 
for yourself how you ought to classify a contribution 
entitled “Localization of electrons in ordered and dis- 
ordered systems: I, Percolation of classical particles”: 
does it belong under eleetron theory, or classical mechanics, 
or percolation theory. or ordered systems, or disordered 
systems—or actually under metals, liquid, or even 
semiconductors, amorphous ? The tasks of abstracting, 
translating, classifying, and editing such publications 
demand a high degree of skill and scientific knowledge. 
The cost of such organizational skill is not negligible; 
there has been a tendency to take for granted that it can 
be done on a shoestring, in spite of the tremendous 
Increase in the bulk and complexity of the material to be 
dealt with. Most scientific papers now carry abstracts 
prepared by their authors, very often with translations 
into the major scientific languages, so that some of the 
burdens have been eased, but it is still a big job that has 
to be done to the utmost of perfection. 

It is not surprising that such systems have attracted 
the attention of the technicians of data stcrage—the 
computer engineers. “Why”, they ask, ‘should one bother 
to have all this stuff printed in great fat books, when it 
could be stored so economically on magnetie tapes, and 
called up for instant perusal by pressing the appropriate 
buttons ? Here is an activity ripe for electronic mechaniza- 
tion.” This is a laudable aim; but the idealized system 
that thev describe is still a long way from realization. It 
is instructive to look at the difficulties to be overcome. 

The first obstacle is that the amount of “information” 
to be stored is very large and miscellaneous. What the 
searcher wants, eventually, is a chance to glance at the 
text of every scientific article relevant to his particular 


problem. Nobody is going to go to the tremendous 
expense of putting on to magnetic tape the full text, or 
even the abstracts, of all the scientific journals that have 
ever been printed. The labour of setting them into type 
in the first place was expensive enough; who is going to 
press all the teletype keys those billions of times so that 
the words may eventually be reproduced once more, 
rather less elegantly, as computer print-out.? The fact is 
that in a good scientific library, with the journals well 
bound, and properly classified, it is remarkably easy to 
collect together the actual vohimes one needs, and lay 
them open on the table for this sort of perusal. The 
mechanical storage of documents by microfilming, 
videotape, or other means cannot yet compete with the 
shelf of books for occasional access-—if you know what 
you are looking for! 


Mechanized Indexing 

The emphasis then shifts to the indexing and classifying 
phases of the operation. Can a machine system be devised 
that will turn up the addresses of all scientific articles 
that are relevant to the problem in hand? This is an 
extremely interesting question, of which considerable 
study has been made (for example, ref. 6). It turns out to 
be only part of the general problem of the classification 
of information. A computer can certainly be used to 
search for complex combinations of topics described by a 
collection of key words—for example, electron, localized, 
disordered system—which could not easily be located with 
precision in an ordinary classified index. There are tricks 
that can be played, like going through a list of approximate 
synonyms of the topic names presented by the enquirer. 
It is even possible (though expensive and laborious) to 
have the computer scan through the texta of all the 
abstracts in its store, so as to throw up, say, all the articles 
that contain the word “‘percolation’’. 

But all such procedures are subject to the fundamental 
law of information retrieval-—as the recall ratio increases, 
the precision ratio decreases. In other words, if you try 
to get hold of nearly every paper that there is on your 
chosen subject, you will be faced with a collestion in 
which a high proportion of the material is obviously 
irrelevant; in your atternpt to find out all about the 
percolation of electrons in semiconductors, you will be 
inundated with papers about the percolation of water 
problem of machine translation, the difficulties arise from 
the imprecision and metaphorical flexibility of language. 
The limitations of a particular system of automated 
retrieval will really depend on the nature of the scientific 
information. being sought, and (as with the most element- 
ary indexing operation) the fundamental skills of those 
who put the data on the tapes in the first place. 

Tt is thus by no means certain that automatic information 
retrieval systems should immediately replace the con- 
ventional abstract journals with their comprehensive 
classified indexes. Computerized typesetting is playing an 
important part in the simultaneous compilation of primary 
journals, indexes, abstract journals, “title” journals, and 
their various author and subject indexes, but this is only 
a technical refinement of the conventional system. There 
are also very interesting possibilities for the retrieval of 
precise data in those branches of science where exact 
description and classification are rigorously prescribed, 
such as biological taxonomy and structural chemistry. 
The question of the identity of a particular chemical 
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compound, as defined by one of those pretty pictures of 
interconnected hexagons that decorate the pages of the 
biochemical literature, is capable of strict formal analysis, 
so that a pharmaceutical company could make doubly 
sure that their new pet product had never previously been 
described or synthesized before they launched it on 
suffering humanity. 

Another use to which computers have been put is in the 
preparation of citation indexes. This is a new device? 
where references are given for all papers that have cited a 
particular paper published previously. By revealing the 
iterconnexions of the scientific literature so clearly, 
this sort of index is of great interest to those who study 
the scholarly community at work, and it can also be 
used to search for possible relevant material, as a supple- 
ment to the ordinary abstracts. Unfortunately, it is a 
very expensive publication, which is not yet worth its 
marginal utility except to the very largest institutions. 


Inefficient Computers 

The real reason why computer storage is not very 
efficient in these circumstances is that verbal information 
is a rather passive material, which can only be processed 
effectively by the human mind. There is so very little 
that one can really do to a classified index of abstracts on 
tape, except to run through it now and then looking for 
particular items. One cannot add together, or subtract, 
or logically collate, or Fourier transform, or determine 
the convexity of, or what you may call it, such a 
miscellaneous set. The specific technical advantages 
of a computer—the power to perform vast numbers of 
such operations at enormous speed-—-are seldom exploited. 
We can ask it to produce six different kinds of index-—by 
name of author, by subject, by institution, by date, by 
journal, by country—-and then what? Some of the 
writing on automatic information retrieval is really an 
attempt to invent more uses for it to justify the enormous 
initial cost. 

Much effort, for example, has been expended on the 
idea that what everybody really has been waiting for is a 
daily alerting service that will tell each one of us about 
the latest papers in the topics which interest us. Thus, 
I shall have given instructions, on a punch card, to be 
kept up to date on “the theory of liquids”, on “electron 
theory of metals”, on the “structure of alloys” and on 
“lattice conduction in solids’; hey presto, the latest 
abstracts or papers on just these topics will be waiting on 
my desk each morning by courtesy of Electronic Alerting 
Services for Yokels (EASY). But I don’t really care that 
much about what everybody is doing in all these subjects; 
and anyway I have not the time to read through all this 
stuff carefully; and also I’ve got interested in spin waves 
again recently and have forgotten to inform EASY about 
this; and what I suddenly discovered last week was a 
paper published ten years ago which gave the solution to 
my problem in another form; and anyway I’m damned 
if I’m going to become the slave to this sort of guff, which 
is worse than the leaflets hopefully distributed by pub- 
lishers; and I don’t see why I should pay £100 a year for 
it out of my own pocket, when that would improve the 
lighting in the library, buy us decent blackboards, provide 
free tea for the whole research group, and could generally 
be spent more profitably. You see what I mean. 

The cost of a powerful and efficient system of informa- 
tion retrieval is not negligible—and I believe that it can 
soon become uneconomic in basic research. But as I 
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have already pointed out, when legal, military and 
financial forces are in the field, as in many branches of 
technology, the failure to be aware of some small piece of 
published (or unpublished) knowledge may be very costly 
indeed. An industrial corporation, a government public 
health authority, a defence ministry, must invest heavily 
in this type of machinery—-and must also try to buy the 
best men to run it. Within the realms of basic academic 
science the consequences of reduplication of published 
The 
conventional abstract journals provide more than enough 
material for effective searching. Indeed, one of the sad- 
dening impressions I brought back from a recent visit to 
physics laboratories in India and Pakistan was the 
inadequate use that was being made of the ordinary 
library facilities that. were available. People were studying 
problems that had been posed in papers twenty years 
ago, and seemed not to have even looked at the more 
recent literature. We have many decades of progress to 
suffer before the conventional system of publication 
becomes obsolete in these surroundings. 


Specialized Journals 


The conventional system has another weapon up its 
sleeve: specialization. The bulk of science grows by a 
complex process in which old journals expand, and then 
subdivide, and new ones also arise in the interdisciplinary 
regions. It may even be claimed that the modern scientist 
need not read any more journals than his predecessors-— 
he simply narrows his vision until he takes in about as 
much material as before, over a more limited and special- 
ized range. This process seems to evolve with such 
statistical regularity that the dispersion of articles 
among the various journals can be described by an 
empirical mathematical law®. Goffman and Warren 
showed, for example, that about half the 10,000 articles 
in a bibliography on the disease schistosomiasis were 
to be found in less than fifty journals, even though there 
were nearly 1,000 other journals containing one article 
apiece on this particular topic. I suspect that the con- 
centration of the really significant literature in this field is 
even more marked—that a dozen leading journals, with 
nearly a quarter of all the published papers, would 
contain most of the best work. In other words, a scientist 
active in this field would keep abreast of major current 
developments if he skimmed through the table of contents 
of these journals as they appeared, trusting to abstracts 
and review articles for news of contributions in other 
media. 

For it must be emphasized that the Matthew effect’ is 
strongly at work here, as in all fields of social cornpetition: 
“to him who hath, shall be given”, A journal that begins 
to specialize in a particular topic attracts many papers 
on that topic, and is soon able to set a high standard that 
reinforces its prestige. One of the advantages of being 
an established expert in some branch of science is that one 
knows which are the most prestigious journals, and one 
has a ready entry, for oneself and one’s pupils, to the 
most widely read publications with an international 
circulation. 

Indeed, this can have most serious effects on the 
development of good scientific standards in many 
countries. The local journal of the national academy 
has too small a circulation, and is too diffuse in subject 
matter, to be an attractive vehicle of publication for the 
scientists of that country. They in their turn, by insisting 
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on publishing their work in foreign or vaguely inter- 
national journals, rob the local journal of its best material, 
thus depressing the apparent standard of research in 
that country. 

Or is it now too late to save the general journals of the 
national academies and learned societies ? Is it not more 
realistic to recognize that specialization of the organs of 
primary scientific publication serves a real purpose and 
should be encouraged rather than resisted? There are, 
for example, plans afoot to rationalize the spheres of 
intellectual interest of the various journals published by 
the various national physical societies of Europe, and 
thus give official recognition to the accomplished fact 
that the Italian journal specializes in elementary particle 
theory, that the Dutch journal is the leading international 
publication in statistical mechanics, and so on. Here is a 
way in which the conventional system of scientific 
publication can adapt and reform itself under pressure. 

Of course, our friends the root and branch boys have 
not failed to put forward a “rationalized” scheme as the 
logical conclusion of this line of development. They would 
have us create a single centralized bureau of scientific 
publication, to which would be despatched typescripts 
(or would it be transcripts of telephone messages ?) to be 
edited, refereed, classified, printed, and sent out in exactly 
pre-selected categories to licensed subscribers. I do not 
think I need to set out the objections to this modest 
proposal; it would be monopolistic, bureaucratic, funda- 
mentally inefficient, blinkering and inflexible; scientific 
knowledge is not like bread, that can be manufactured 
by machines and distributed on a very large seale, pro- 
vided that no one minds if it is as tasteless and formless 
as cotton wool; food for the mind requires to be prepared 
with a human touch. Indeed, the degree to which the 
publishing of primary papers in physies and chemistry in 
the United States is already centralized and mechanized 
deserves some critical thought. 


Published Proceedings 


Returning to the problem of finding one’s way through 
the vast jungles of the literature, a continuing puzzle and 
offence to sensible scholars is the vogue for the publication 
of the papers presented at scientific conferences. One can 
understand the vanity of the organizers and participants, 
who love to see themselves in print, and the cost-benefit 
accountancy of administrators who feel they must have 
some tangible return for the expenses that have been 
incurred in getting everybody together for a few days— 
but why should anyone be willing to buy an expensive 
volume of short communications, inferior versions of 
proper papers, published several years after they were 
written and delivered? The answer is simple: a well 
planned conference, being a meeting of most of the 
“invisible college” of experts in a particular topic, is an 
oceasion for general stocktaking, and the proceedings can 
be expected to give a fairly complete coverage of results 
achieved and work in progress at that epoch. In other 
words, a conference report, although inferior to conven- 
tional publications in speed, quality, and accessibility, 
can be used very effectively as a starting point for further 
search or research. Conceived apparently as a medium 
for quick, informal communication, it becomes a means of 
attack on the bulkiness of the literature. 

But surely this need is much better met by review 
articles deliberately commissioned for this purpose. The 
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feature of the conventional system of scientific communica- 
tion in the past half century—a part of the machinery 
that is often ignored by the technocrats, but which really 
needs to be greatly strengthened. 

In its narrow sense, a review article is little more than a 
classified bibliography —a catalogue raisonné of the primary 
literature, putting the results into order and commenting 
impartially on any obvious contradictions or controversies. 
The author is thought to have achieved his object if he 
has turned over every stone, and solemnly deseribed 
every strange creature that he may have found thereunder. 
There are charming conventions of understatement that 
preserve the timid and pedantic writer from seeming to 
have offered any criticism of the nonsense he finds petrified 
in the sacred tablets of the primary journals. Fortunately, 
mild words like “diserepaney”, “approximation” and dis- 
agreement” are readily translated into “hopelessly 
inconsistent”, “sadly erroneous” and “totally at logger- 
heads” by the experienced reader ! 

But a good review article, besides performing this 
archival function, should go much further. As I have 
emphasized, the primary literature is fragmentary, and 
only intelligible within the context of active research. It is 
a ridiculous, but commonly held, belief that the publication 
of the results of particular investigations is sufficient to 
create a body of knowledge. On the contrary; the 
information to be gleaned from a primary scientific paper 
is often about as meaningful as an entry in a telephone 
directory, or map reference in a military despatch; it 
only acquires significance by use, or by its place in a larger 
pattern, which must at some stage be made explicit. 
The job of the review writer is to sift and sort the primary 
observations and to delineate this larger pattern. He is 
neglecting his scientific duty if he does not offer criticism 
where it is justified, or if he fails to present a rational 
assessment of controversial matters within his province. 
It is only by such public re-appraisals that those who are 
not already expert in the subject can have any idea of the 
credibility of the innumerable results “reported in the. 
literature”. i 





Knowledge not Information 


I cannot emphasize too strongly the importance of this 
activity of intellectual synthesis—a process of purification 
by recrystallization that must go through many stages. 
spread over many years, from the lecture by the chairman 
of a topical conference to the review article, monograph, 
textbook, encyclopaedia, and the haute vulgarisation of 
scientific journalism. Any notion that we may have about 
the nature of science includes the belief that something 
like an overall pattern is to be discovered and described. 
What we need is scientific knowledge—not more and 
more miscellaneous and unrelated information. The 
starting point for a search should not have to be an abstract 
journal or a computerized retrieval systemn—it should be 
an encyclopaedic treatise or textbook where the information 
has been transformed into an intelligible pattern of thought 
—if you like, a well-founded theory—-from which can be 
deduced the characteristics of the particular datum, 
specimen or phenomenon that we are studying. 

Why is it so difficult to get this essential work done’ ? 
Why are most scientists so reluctant to spend time on the 
writing of reviews and monographs—to the extent that 
the American Physical Society, publishing tens of 
thousands of pages of primary science each year, has to 
fill many of the issues of Reviews of Modern Physics 
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with conference reports, or with speculative articles 
masquerading as reviews ? The collection and compilation 
of data are neglected. I am told that the prime task of 
biological taxonomy—-the preparation of monographs 
summarizing the characteristics of, and reclassifying, large 
groups of related species—-is now seriously undermanned. 
The treatises that do get written are often collective works, 
where each of a dozen experts spends a few months on a 
review of what he considers his particular aspect of the 
subject, while the atternpts of the editor to piece the material 
into a coherent whole are frustrated by the knowledge that 
the shghtest criticism or attempted amendment of any 
one contribution will cost him endless controversy —-and 
another year’s delay before final publication. 

It can be argued that the financial returns for such work 
are meagre, and indeed that scientific books will soon price 
themselves out of the market!!. This is nonsense. 
Scientific books are as necessary to research as scientific 
instruments. What is the sum required to equip and 
maintain a laboratory; is it $10,000 per PhD per year ? 
Five per cent of this would buy him most of the books 
that are published within his field, and would be regarded 
as lavish provision for a library. We must simply learn 
to spend this money, just as we have learned to buy 
cathode ray oscilloscopes, microscopes, cyclotrons, ultra- 
centrifuges and secretarial assistance. Stinting on library 
costs is Just silly! Anyway, according to the take-over 
panel, technical publishers are not doing so bad] y, thank 
you very much. 

Nor do the royalties paid to authors have mueh 
significance. The amounts are not large, but nor are they 
trivial when considered as a supplement to a regular salary. 
The present situation is that a reasonably good monograph 
in a conventional scientific field sells 2,000 or more copies 
at about £5 each. At a rate of 10 per cent the author 
should get at least £1,000, on which he will, of course, 
have to pay tax. <A very successful textbook writer 
could do much better than this, and make a good living 
from this profession alone. But this is not the point; for 
a university teacher, the writing of books is part of his 
legitimate duties, so that he may regard a royalty as a 
windfall, for which he has not had to slave additionally. 
I do not believe that reviews and treatises can really be 
bought for hard cash from those who should be writing 
them anyway, and I should be reluctant to make the 
financial returns so high as to prostitute what must be, 


in the end, a labour of love. 


No Glory for Reviewers 


Our present system of rewards and incentives in science 
does not encourage individuals to devote themselves for 
years on end to these eritical synthesizing activities. 
“Recognition”, by way of professional advancement and 
prestige, is given solely for primary research; has any 
citation for a scientific Nobel prize, or for election to a 
national academy, ever mentioned that the hero was the 
author of a valuable treatise or of the authoritative 
review that has since determined the course of research in 
his field? In a cold calculation of interest, the returns 
for bookwriting could never match the extra income to be 
won by getting promotion for suecessful research work. 
Who is prepared to spend four or five years learning the 
hterature of a subject and trying to expound it intelligibly 
in 500 pages for the sake of only one more entry in his list 
of publications, of no greater apparent weight than a page 
and a half in Physical Review Letters ? 
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But I am not going to propound some gimmicky 
scheme for prestigious prizes, review professorships, 
monographic fellowships of academies, and such like, to 
raise the status of the writing of treatises. The fact is 
that most professional scientists are willing enough to 
expound their ideas to suitably captive and ignorant 
audiences. Academics work hard at their lecture notes, 
and can be persuaded to expand these into university 
textbooks, The invitation to prepare a course for young 
research workers at a summer school is usually very 
acceptable; and although the notes, when eventually 
published, may lack polish and precision, they make up 
for this by freshness of style and lack of pedantry. I do 
not observe that Scientific American has any difficulty in 
coaxing material from active research workers of high 
standing, even though it must later be transformed by 
their editorial staff into the bland, uniform, strawberry- 
ice prose of a popular article. 

Yet there is a coy reluctance to address oneself openly 
to other research workers in one’s own, or neighbouring, 
fields, for they are supposed to know it all already. I 
appreciate that such writing is often ephemeral, and may 
quickly be overtaken by new discoveries-—but that 
apphes to all original research. There is a strange avoid- 
ance of explicit statement of basic principles. It is 
somehow deemed improper to set out the evidence, 
boldly, for and against some speculative theory. We are 
supposed, each one of us, to be carrying on our own 
internal debates on all such matters—and it is assumed 
that we shall all, by some magical dispensation of provi- 
dence, thereby arrive at the same goals of comprehension. 
There is no appreciation of the great range of expertise 
and learning even among fully fledged professionals, so 
that a whole system of fundamental principles may be held 
as self-evident by one group, and yet be quite unfamiliar 
to others. We greatly underestimate the degree to which 
a set of new ideas may develop, in the minds of other 
people, with the possibility of revolutionizing our own 
point of view, At the research frontier, we are daunted by 
the very confusion and uncertainty of the knowledge we 
are to expound, instead of being challenged to make it 
clearer and more precise. Not only must we popularize 
our science to the layman; it is only by attempting to 
explain it to each other that we find out what we really 
know. 

The trouble is, quite simply, a matter of philosophy. 
We are so obsessed with the notions of discovery and 
individual originality that we fail to realize that scientific 
research is essentially a corporate activity, in which the 
community achieves far more than the sum of the efforts 
of its members. It is not enough to observe, experiment, 
theorize, calculate and communicate: we must 
argue, criticize, debate, expound, summarize, and other- 
wise transform the information that we have obtained 
individually into rehable. well established, public know- 


ledge. 
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Kinship of Smenkhkare and Tutankhamen affirmed 


by Serological Micromethod 


A new serological micromethod has been used to show that the 
XVillth dynasty pharaohs Smenkhkare and Tutankhamen both 
belong to the same blood groups Az and MN. 


Microdetermination of Blood Group 
Substances in Ancient 
Human Tissue 


THE extra-vascular occurrence of the ABH blood group 
substances and their resistance to degradation over 
very long periods of time has allowed us to determine 
the ABO blood groups of Egyptian and South American 
mummified remains. The inhibition of agglutination 
technique? normally used for palaeoserological studies 
requires relatively large amounts of tissue debris, usually 
of the order of 1 g?. but studies in this department of 
the Tutankhamen remains, of which only very small 
amounts of tissue-dust were available, made necessary 


the development of a micromethod for detection of 


specifie blood group substances. 

About 10 mg tissue dust was pulverized in a ground- 
glass mill and shaken gently in 2 ml. Alsever’s solution? 
for 24 h at 19° C, then centrifuged. To the supernatant 
fluid was added 0-1 ml. of a 0-1 per cent packed sus- 
pension of fresh human group O erythrocytes in Alsever’s 
solution, the erythrocytes having been carefully washed 
four times in 10 ml. volumes of this solution. Before 
addition of the erythrocyte suspension, it was found 
advisable to test a sample of supernatant with a small 
volume of erythrocytes for any change in the osmotic 
pressure exerted due to elution of salts and other sub- 
stances from the tissue and if necessary to adjust to 
physiological conditions with distilled water. The final 
=uepeneion of et aad eens was ine oat at 37° C with 
centrifuged ay and the E ‘again w saed u 
times in 10 mi. volumes of Alsever's solution. and then 
re-suspended in 1 ml. of normal saline. This suspension 
was AB grouped in the usual manner using the tube 
technique with standard anti-A and anti-B sera and 
examined for agglutination microscopically. 

Any ABH substances present in the tissue extract, being 
polysaccharides, are directly absorbed on to the red cell 
surface and can be readily detected by microscopic 
examination for agglutination after treatment with the 
appropriate antisera. The A gr Oups, B and AB can be 
detected in this way, but, as with the inhibition technique, 
abse ‘nee of PON A and B Peann ces cannot be assumed 
eee 


this ode: i it Phas hee ete succe LA aot to an 
detection of MN antigens. Attempts to detect Rh antigens 
in both fresh and ancient material with this technique 
have repeatedly produced only non-specific agglutination, 
unrelated to the Rh group in the case of the fresh tissue. 


Detailed findings on the blood groups of the ancient 
material under examination are published below. 

R. C, CONNOLLY 
Department of Anatomy, 
University of Liverpool. 
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Kinship of Smenkhkare and Tutankhamen 
demonstrated Serologically 


Recent researches! have demonstrated that the human 
remains in the Museum of Antiquities in Cairo, formerly 
thought to belong to Akhenaten (Amenophis IV), are 
more likely to be identified with Smenkhkare, co-regent 
and suecessor of Akhenaten as pharaoh of Egypt in the 
XNVIlIth dynasty. 

Because of the suggestions that Smenkhkare anc 
Tutankhamen were brothers’, and because the remains of 
Smenkhkare show several interesting anthropological 
features, it Was important to re-appraise the anatomy of 
Tutankhamen, and this was done in December 1068. 
Detailed findings will be published elsewhere and it is 
sufficient here to note that there are very many points of 
similarity. Indeed, certain anthropometric Measure- 
ments are identical. In order to investigate further the 
degree of kinship between these two pharaohs, it was 
clearly essential to estimate their blood groups. 

It is well known that the ABH blood group substances 
occur not only on the red blood corpuscles but are also 
widely distributed throughout the tissues of the hwing 
body. T he Ee hrcaanid rae of these substances 


dradilion and they can be read il y Venera acd in 
even very ancient human remains. It appears that the 
same can be said for the distribution and persistence 
of the MN substances but probably not for the antigens 
of the Rhesus system. 

The sensitive technique developed in this department 
and deseribed above has revealed blood group substances 
of the ABH and MN systems in tissue from Tutankhamen, 
Smenkhkare and other mummified remains. At present. 
it has not been possible to demonstrate with certainty 
any Rhesus antigens from mummified material. 

The results of these investigations suggest that both 
Tutankhamen and Smenkhkare are blood eee Ay 
and that they are both MN. It is considered that these 
results are specific to the blood groups of the individuals 
concerned and not to microbial contamination for m- 
stance. 
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Interpretation of these findings is difficult in three 
respects. First, the A, group could have been A,B and 
the B substance has degenerated, but this is not very 
likely. The genotype could have been A,O or A,A, or 
AA, This is unlikely because, as with A,B, there is no 
reason to suppose that the A, substance is more persistent 
than A, or B; with this material, however, it is not pos- 
sible to distinguish between A,O and A,A, genotypes. 
The final difficulty relates to the incidence of these blood 
groups in Egypt more than 3,000 years ago. Although 
blood group distributions remain remarkably constant 
for long periods of time, the present day distributions 
in Egypt cannot be taken as representative of the dynastic 
situation. In other words, although both sets of material 
suggest the same blood groups, these may have been the 
only blood groups in Egypt at the time. Other workers 
have, however, examined material of a similar origin and 
have demonstrated other ABH blood groups, which adds 
significance to the present results. 

These palaeogenetic findings alone do not in themselves 
prove any relationship between Tutankhamen and Smen- 
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khkare but do increase the probabilities. Further 
studies with this and ether similar material are in progress 
which it is hoped may throw more light on this interesting 
problem. 

We thank the Department of Antiquities, Cairo, and in 
particular Dr Gamal Moktar, Dr Gamal Mehrz, Dr Z. 
Iskander and Dr Henry Riad for their help with this 
investigation. We also thank the Liverpool Regional 
Blood Transfusion Service for facilities. l 
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I-DNA: Its Packaging into I-somes and its Relation to 
Protein Synthesis during Differentiation 


by Eukaryotic cells contain a special class of cytoplasmic particles, 


EUGENE BELL 


Department of Biology, 
Massachusetts Institute of Technology, 
Cambridge, Massachusetts 02139 


SINCE messenger RNA (mRNA) was first postulated 
there has been no convincing evidence for its nuclear 
origin in eukaryotic cells, and the fraction of nuclear 
RNA that can be assigned as a precursor of cytoplasmic 
messenger RNA is vanishingly small'. Here I report 
experiments which demonstrate that eukaryotic cells 
contain a special class of cytoplasmic DNA molecules, 
called informational DNA, or 1-DNA, which is associated 
with RNA and which may act as a special intermediate 
carrying information from the nucleus to the cyto- 
plasm. 

I-DNA, found in the cytoplasm of a variety of em- 
bryonic cells, is packaged into particles, J-somes. Not 
only are these particles associated with rapidly labelled 
RNA, but J-DNA also can be recovered from large 
structures which contain ribosomal subunits and poly- 
ribosomes. I-DNA labels with kinetics which are 
initially logarithmic as compared with nuclear DNA 
(N-DNA) which incorporates at a linear rate. It has the 
same melting characteristics and buoyant density as 
N-DNA (my unpublished article with J. K. Tomkins, 
C. Alvino, ©. F. Merrill and M. A. Wyatt). 

In 13 day embryonic musele tissue, labelled for 2 h 
with 75 uCi/ml. *H-thymidine, J-DNA appears as a 
7S DNA component (Fig. 14). The S value designations 
of DNA, RNA or particles containing either nuclear acid, 


in eytoplasmie or nuclear extracts, are referenced to 
72S ribosomes. ribosomal subunits or 28S and I8S 


ribosomal RNA. In the same cells, J-somes, in the modal 
size of about 16S, are seen distinctly after a 4 h pulse with 
75 pCi/ml. “H-thymidine followed by a 2 h chase with 
185 ug/ml. cold thymidine (Fig. 1B). The J-DNA 
obtained from the 16S -somes when proteim is removed 
with 0-5 per cent sodium dodeeyl sulphate (SDS) is 75 
(ref. 2) (Big. 4). 

Reconstruction experiments show that I-somes are of 
eytoplasmic origin and are not nuclear contaminants. 


l-somes, which contain DNA. This informational DNA may act 
as an intermediary carrying genetic information from the nucleus 
to the cytoplasm where it is transcribed and translated. The key 
events in differentiation may not be regulation of mRNA transcrip- 
tion but regulation of the production of |-DNA and [-somes. 


Clean nuclei? were isolated from muscle cells pulsed with 
75 wCi/ml. *H-thymuidine for 4 h and chased for 2 h with 
185 pg/ml. cold thymidine. As expected, the cytoplasmic 
extracts of these cells contained abundant labelled 
16S J-somes (Fig. 2). When the labelled nuclei were 
added to unlabelled muscle and homogenized, no labelled 
fi-somes were detected. 168 J-somes are therefore not 
present in isolated nuclei. Fig. 2 shows, however, that 
labelled nuclei do contain, m addition to very large DNA, 
a special class of particles called N-somes, which sediment 
at 355 and which yield 7S DNA when protein is removed 
(my unpublished results). These N-somes may not be pre- 
cursors of the J-somes because they are labelled more 
slowly than the cytoplasmic particles. After a 2 h pulse 
with *H-thymidine, no N-sormes are yet detectable in 
nuclei from the same cells that yield [-somes. 


Association of RNA with I-DNA 

When embryonic muscle cells are labelled with 5-3H- 
uridine between 3 and 30 min, sedimentation analysis 
shows a profile of radioactivity simular to that obtained 
after 2 to 4 h incubation with *H-thymidine. Although 
the label follows the J-somes, it is in RNA because it is 
DNase resistant and can be hydrolysed by alkali. 

Fig. 3 shows the results obtained from extracts of 
nuclei and cytoplasm (with 1 per cent DOC) of embryonic 
muscle labelled with 100 uCi/ml. The 78 RNA peak is 
found only in the cytoplasm and accounts for about half 
the total radioactivity. The nuelei contain a hetero- 
genous population of peaks; the gradient reveals only 
10 per cent of the radioactivity, the remainder sedimenting 
into the pellet. 

The buoyant density of the RNA from the cytoplasmic 
fraction has been measured after deproteinization by 
equilibrium sedimentation in CsCl (my unpublished 
results). Whether taken from the 7S peak or from the 
polyribosomal region, about 20 per cent of this RNA was 
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Fig. 1. Embryonic muscle tissue 13 days of age was crudely minced and labelled with 75 Ciim. *H-thymidine for 2h, 
or for 4 h, followed by a chase with 185 xe/ml. cold thymidine for 2 h. Tissue was homogenized in nuclei buffer (0-0015 
MgCl, 0-003 M CaCl, 0-01 M tris, 0-25 M sucrose, 0-01 M NaCl; pH 8-0) using a Dounce homogenizer. Nuclei were 
segregated by a spin at 2,500 r.p.m. for 25 min in a PR-2 International centrifuge at 5° C. The 0-5 ml, supernatants were 
layered onto 15-30 per cent sucrose gradients and spun for 4 h at 5° C at 40,000 r.p.m. in a ‘Spinco $ W 41’ rotor. Fractions 
were made 5 per cent with TCA and allowed to precipitate for 10 min. Precipitates were collected on ‘Millipore’ filters 
and washed three times with ice-cold 5 per cent TCA. Dried filters were placed in scintillation vials containing 5 mi 
toluene POPOP-PPO and counted in a Packard scintillation spectrometer. A, 2 h pulse; B, 4 h pulse, 2 h chase. 


found to have a density of 1-70, while the remainder was 
recovered in the pellet. 


Association with Polyribosomes 


I-DNA has also been found to be associated with 
polyribosomes as shown by sedimentation analysis of 
deproteinized material taken from gradients. Small 
polyribosomes yield smaller pieces, however, than do large 
polyribosomes (Fig. 4). It is possible that the pool of 
16S I-somes provides units which can be polymerized, so 
that DNA from large polyribosomes may be from linked 
DNAs of 168 I-somes. 

The DNA which cosediments with polyribosomes 
appears to be wed to them and not just a chance partner 
of cosedimentation. Polyribosomes pelleted by centrifuga- 
tion at 49,000 r.p.m. for 2 h in a ‘Spinco 50’ fixed angle 
rotor were dissolved in 0-5 ml. nuclei buffer (see legend 
to Fig. 1) containing 0-05 M EDTA. This treatment 
breaks polyribosomes into constituent ribosomal sub- 
units and a sedimentation analysis shows that all radio- 
activity in DNA originally sedimenting with polyribo- 
somes is displaced to sediment with 60S and 408 ribo- 
somal subunits. 


Model for Protein Synthesis 


On the basis of the foregoing and other work submitted 
for publication elsewhere, I propose a model for protein 
synthesis and differentiation in embryonic eukaryotic 
cells. I suggest that messenger DNA, J-DNA rather 
than mRNA, in the form of 7S pieces each representing a 
discrete segment of the nuclear genome, passes into the 
cytoplasm where it is associated with protein to form 
I-somes. Whether or not these pieces of 7S DNA are 
self-replicating is not crucial to the argument; the number 
of pieces leaving the nucleus could be small and some, 
or at certain times all, might be replicated in the cyto- 
plasm. 

It is this DNA which acts as a template for RNA 
synthesis, and transcription appears to take place, though 
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Fig. 2. Embryonic muscle tissue was labelled with 74 mti/ml, H> 
thymidine, as outlined in the legend for Fig. 1B, and fractionated Inte 
nuclear and cytoplasmic components. Nuclel were passed through two 
layers of double napped flannelette and some aliquots were cleaned 
with detergents*. One aliquot waa added to cold whole basue and ouelel 
buffer which had been made 1-0 per cent with sodium deoxycholate( DOC}. 
In the presence of 1 per cent DOC nuclei break open. Homogenization 
yielded a combined nuclear cytoplasmic extract. Homogenates were 
spun as described in Fig. 1 and cytoplasmic extracta layered onto 16-20 
per cent sucrose gradients and centrifuged for 4 h at 40,000 npm. at 
5° Cina ‘Spinco SW 41° rotor. Radioactivity of fractions was plated sa 
described in Fig. 1. The cytoplasmic extract from the labelled tissue 
which provided the nuclei was alse processed. The peak of DNA from 
labelled nuclei is sedimenting at ~ 35S. [h03 Labelled evtoplasr ; 
@--~-@, cold cytoplasm +labelled clean nucle! broken open during 
homogenization with unlabelled whole tissue. 
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it is not necessarily.. completed, before the DNA is 
packaged. I have data (unpublished) which show that 
it does not take place in the nucleus but begins only after 
7S DNA leaves the interior of the nucleus, if that is its 
source. (It might begin while the DNA is associated with 
the outer nuclear membrane.) 
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The exact nature of the association of Z-DNA with 
ribosomes is not clear. One possibility is that there is a 
ternary complex with the ribosomes attached to the RNA 
synthesized from the Z-DNA, much like the ternary 
associations previously found in bacteria’. If this is 
correct then translation might occur simultaneously with 
transcription, or virtually so, or follow it, but only after 
an /-some ribosome complex arises. 

As already mentioned, 7-DNA and -somes have been 
found in a number of different embryonic cells. J-DNA 
is also present in adult cells (my unpublished results with 
J. K. Tomkins et al.) although its detection may be 
limited by the rate of incorporation of thymidine. In 
addition, particles called informasomes have been found 
in the cytoplasm of developing sea urchin eggs by Spirin 
ef al. Such particles contain RNA, and were thought to 
represent mRNA molecules packaged with protein, but 
it is probable that these may be J-somes and contain DNA 
which was not looked for. Cytoplasmic particles reported 
by Henshaw’! may also be 7J-somes. N-sormes could be 
the nuclear particles reported by Georgiev’. 


l-somes and Differentiation 
If the -somes are the information intermediates between 
nucleus and cytoplasm in eukarvotic cells, then differential 
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gene expression in such cells could take place by the 
selection of the segments of nuclear DNA for transport 
into the cytoplasm. Whether this involves selective 
replication or selective excision by special recombination 
mechanisms would remain to be determined. There is 
already a clear precedent for regulation at this level in the 
amplification of segments of the genome coding for ribo- 
somal RNA molecules in amphibia®*, The key events in 
differentiation may not be regulation of transcription of 
mRNA from selective regions of the genome, but rather 
the regulation of DNA replication and recombination 
mechanisms, 
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Polarity and the Degradation of mRNA 


by 
DANIEL E. MORSE* 
CHARLES YANOFSKY 


Department of Biological Sciences, 
Stanford University, 
California 94305 


PoLariry is a general characteristic of all operons that 
are transcribed into polycistronic mRNA, and is defined 
as the reduction in the relative rates of synthesis of those 
polypeptides specified by the genes of an operon on the 
operator-distal side of a mutated gene with a nonsense 
codon. Mechanisms proposed to explain polarity, 
reviewed recently}, include: (a) “threading” or obligatory 
attachment of ribosomes only at the first gene of a poly- 
cistronic mRNA? and the detachment of ribosomes from 
the messenger after encountering a nonsense codon!: (b) 
conformational “masking” of distal mRNA‘-7;\ and (c) 
obligatory coupling of transeription and translation’, 
possibly resulting in the premature termination of tran- 
scription beyond an untranslatable codon’:*. The possi- 
bility that messenger distal to a nonsense codon is rapidly 
degraded has also been suggested’ !*. 

Recently, it has been observed that ribosomes detach 
from RNA phage messenger (in vitro) after reaching 
“early” (strongly polar) or “late? (non-polar) nonsense 
codons'!, This would suggest that the generally observed 
increasing severity of (in vivo) polarity as a function of 
increasing length of the untranslatable region®!? must 
have an explanation other than the previously postulated 
increase in probability that a ribosome travelling this 
region will fall off the messenger!. Furthermore, ribosomes 
have been demonstrated to attach to internal regions of 
RNA phage messenger in vitro, to covalently circular, 
single-stranded DNA‘, possibly to the his mRNA of 
Salmonella typhimurium 5, and to the trp mRNA of 
Escherichia colis. Polarity cannot therefore be explained 
solely by the threading of mbosomes on the messenger 
and their detachment at a nonsense codon; presumably, 
ribosomes could re-attach at the next gene region if the 
messenger were available. Indeed, in vitro polarity with 
RNA phage messenger has been suggested to result from 
a conformational masking of the internal start codons 
of the messenger?-7)), 

Polarity in the lac’ and trp? operons of E. colt is associ- 
ated with a diminished amount of detectable messenger 
from regions distal to nonsense codons. This decrease in 
distal messenger could be attributed either to an arrest 
of transcription, or to an accelerated degradation of the 
messenger. We present evidence here that in vivo 
polarity in Æ. colt results from rapid degradation com- 
mencing in the untranslatable (and thereby exposed) 
region of the messenger immediately distal to a nonsense 
codon; this degradation overtakes synthesis of a fraction 
of the messenger chains, rendering them incapable of 
accepting ribosomes at the start codons of the distal 
genes, 


Polarity and Messenger Degradation 


A tightly packed cluster of {about 100-200) ribosomes 
is believed to translate each molecule of trp mRNA, 


* Present address: Department of Bacteriology and Immunology, Harvard 
Medical School, Boston, Massachusetts 02115. 


Kinetic studies of the synthesis and degradation of mRNA in wild 
type E. coli and strains with nonsense mutations in the trp operon 
suggest that genetic polarity may result from degradation of mRNA, 
prematurely exposed to attack by exo and endoribonucleases. 


following closely behind the RNA polymerase down the 
nascent chain!® 17, Ribosomes appear to protect the 
messenger from degradation because mRNA is degraded 
rapidly (5’-+3’) as it is exposed by the passage of the 
ribosome cluster!®!*, We have found that the overall 
kinetics of synthesis and degradation of detectable trp 
mRNA in the polar mutants #9758 and D9T7S appears 
normal, although, as found by others, the amount of 
messenger distal to the nonsense codon is greatly reduced 
(Fig. 1). A map of the trp operon, the nonsense mutants, 
and ọ80pt phages used in this study is shown in Fig. 2. 
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Fig. 1. Course of synthesis and degradation of yp mRNA in polar 
mutants. The polar mutants {frpE9758 (O) and trp DO778 {A} are 
compared with their parental wild-type W3110 (@). Gultures (4 x 19° 
cells/ml., in minimal media with 1 per cent glucose, at 30° ©} were centri» 
fuged free of the prior growth media containing tryptophan, and resus- 
pended with 3-indolylpropionic acid (IP, 30 wg/mi.) to derepress the iry 
operon at zero-time. An excess of *H-uridine (4 Ci/mmole, 20 x2Ci/ml.) 
was also added at this time. At 1-5 min, an excess of L-tryptophan 
(100 ug/ml.) was added to repress the operon, Aliquots were withdrawn 
at the indicated times, and killed by mixing with chloramphenicol and 
sodium azide at 0° C. RNA was purified’, and hybridized using membrane 
filters carrying DNA™ of o80pt phages carrying different portions of the 
trp operon. The filters were treated with RNase to remove unhybridised 
RNA. A blank obtained by hybridization to DNA of the parental ga) 
phage was subtracted in each case. These procedures have bean described 
elsewhere® 1613.89., Results for K, D and BA messenger are compared 
separately, each normalized to the peak value observed, which was taken 
as 100 per cent. The actual recovery of messenger distal to the nonsense 
codons was only about 25 per cent that found in the wild-type. 


If RNA polymerase continues normally beyond a non- 
sense codon, it might be expected that the untranslat- 
able region of the messenger-—prematurely exposed by 
discharge of ribosomes at the nonsense codon-—could 
rapidly be attacked and degraded; the probability of 
survival might be expected to decrease with increasing 
length of this “target”? region. The shortest length of 
surviving messenger (representing the last segment of 
mRNA polymerized, and not yet removed by degradation) 
immediately behind each polymerase molecule, however, 
might only be detectable in a very short labelling period. 
This expectation has been realized in experiments measur- 
ing detectable *H-mRNA as a function of the length of 
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the exposure to *H-uridine (Fig. 3). Results for two strong 
polar mutants (D9778 and #9802) are compared with 
those obtained in a wild-type and a missense mutant 
(A46). In all cases, labelling was begun 10 min after 
derepression to assure a steady-state distribution of 
polymerases across the operon. It is seen that polymerases 
continue to travel normally through the distal portion of 
the gene carrying the nonsense mutation. hus the 
relative rate of transcription of this region (yielding D 
mRNA in D9778, and distal Æ mRNA in £9802), as 
measured by the shortest pulse-labellings, is the same in 
nonsense mutants, missense mutants and wild-type. 
(The possibility that both transcription and degradation 
speed up beyond the nonsense codon, resulting in a short- 
pulse ratio similar to that seen in wild-type, is not ex- 
cluded.) As the length of exposure is increased, however, 
the detectable proportion (relative to the stable operator- 
proximal messenger region) of this untranslatable messen- 
ger region falls in the polar mutants. This disappearance 
must reflect rapid degradation which eventually catches 
up with some of the polymerase molecules in a region 
unprotected by ribosomes. The fact that the BA/E 
ratio does not change with the pulse period indicates that 
detectable messenger for more distal genes is not subject 
to this rapid degradation; coordinance of synthesis and. 
degradation is re-established in this region. 

In the wild-type or missense mutant (446) the propor- 
tion of messenger detectable for the corresponding regions 
remains nearly invariant with time, reflecting the coordin- 
ate synthesis and degradation of all messenger segments. 
Transcription and degradation normally proceed with 
comparable and constant rates; the interval of time (and 
distance) between messenger polymerization and degrada- 
tion remains constant (and may be fixed by the passage 
of the cluster of about 100-200 ribosomes?*). 

It ean be inferred that in the polar mutants, the size 
of this cluster rapidly falls to zero as polymerase advances 
beyond the nonsense codon; the rate of degradation is 
then no longer limited by dependence on the passage of 
the last ribosome to expose RNA. Thus degradation can 
rapidly overtake the polymerase on the nascent messenger 
chain. 

Effectively, two classes of messenger—polymerase com- 
plex can thus be expected to reach the start codon of the 
next distal gene after a nonsense codon. Those of the first 
class (the majority in strong polar mutants) will have been 
“completely” overtaken, so that they can no longer 
contribute any net distal messenger synthesis; as soon 
as a few nucleotides are polymerized, they are removed 
by degradation. In this case we assume that no distal 
start codon has a sufficient lifetime to allow ribosome 
loading. Polymerases in this class probably continue 
down the operon, because the data obtained with the 
shortest uridine pulse indicate that they have not stopped 
within the untranslatable region before the next gene. 
The second class of polymerases-—-those not completely 
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Fig.3. Recovery of distal messenger as a function of time. Cultures were 
derepressed as described in Fig. 1; 10 min after derepression (to estab- 
lish uniform distribution of polymerase), subcultures (10 mi., 8x 10° 
cells/ml.) were puise-labelled with *H-uridine (20 Ci/mmole, 10 2Ci/ml.). 
The labelling periods were terminated by killing at the indicated times; 
RNA was purified and analysed by hybridization as described before. 
(4), Detection of D and HA mRNA distal to the nonsense codon in the 
polar mutant D9778, relative to the proximal E mRNA. Results are 
compared with those with the wild-type strain. (B), Detection of E, Dand 
BA mRNA distal to the nonsense codon in the polar mutant £9802, 
relative to the segment of E mRNA (Eprox) on the operator-proximal 
side of the mutation. Results are compared with those of the missense 
mutant A48. 


overtaken (perhaps not even attacked)—-would transcribe 
the next start codon into messenger which will have 
sufficient lifetime to allow the reloading of ribosomes. 
Translation (and ribosome protection) of this class of 
distal messengers is associated with a resumption of normal 
kinetics of degradation (Figs. 1 and 3). 

In other experiments, we have found that the extent of 
degradation of the untranslatable messenger region is 
correlated with the position of the nonsense codon in the 
affected gene, and also with the corresponding reduction 
in protein synthesis directed by distal genes. Polarity 
(degradation) thus seems to reduce the number of distal 
messenger regions which can survive long enough to be 
translated. 


Endonucleolytic Attack 


Transcription, translation’* and degradation are all 
normal in the region corresponding to the genes operator- 
proximal to nonsense mutants in Æ, D or C (for example, 
see Fig. 1). Thus m 09778, E messenger is not degraded 
for 4 min after polymerase has gone by (in the absence of 
tryptophan); this is the time required for the passage of 
the cluster of ribosomes, which is then followed by 
degradation'®. Degradation of the untranslatable D 
mRNA, however, must start soon after polymerase has 
passed the nonsense codon (Figs. 1 and 3). Degradation 
of the D messenger thus commences several minutes 
before all the ribosomes, or the degradation which follows 
the last ribosome, could have completed transit of the 
preceding Æ region. Thus in the exceptional case repre- 
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sented, by polarity, degradation apparently is initiated by 
endonucleolytic attack in the prematurely exposed 
internal region of the messenger. 

Alternatively, it is possible that polymerase speeds up 
beyond the nonsense codon, reaching the end of the operon 
sooner than usual and allowing rapid exonucleolytic 
degradation to start back from the prematurely released 
3’-terminus. Polymerase normally completes transit of 
the operon in about 6 min, however, and the severe de- 
crease in distal mRNA is maximally observable only 1-2 
min after derepression of a strongly polar E mutant. In 
these conditions. then, the rate of polymerase travel 
would have had to increase at least four to seven-fold 
beyond the nonsense codon for this mechanism to be 
possible. Furthermore, not all polymerases necessarily 
would speed up, because the distal messenger which is 
detectable in moderately polar mutants is synthesized 
at the normal time (Fig. 1). 


Polarity Gradient and Exonuclease 


In order to explain the progressive degradation of the 
untranslatable region of the messenger (Fig. 3), we believe 
that the most consistent hypothesis suggests that exo- 
nucleolytie degradation (once allowed to begin by endo- 
nucleolytic attack of the internal messenger segment 
free of ribosomes) follows the polymerase (5’->3’). The 
probability that degradation enzymes {unhindered by 
ribosomes in this region) can overtake polymerase before 
the next start codon (where “surviving” messengers are 
reloaded) will thus be proportional to the length of the 
untranslatable region. Gradients of polarity (as a function 
of the length of the untranslatable region) will reflect the 
increased “time at risk” of longer untranslatable regions, 
the probability that degradation will catch up with 
polymerase, and the distribution of nucleotide sequences 
susceptible to nucleolytie attack. 


Protection of the 5'-end 


It is conceivable that polarity reflects a normal mechan- 
ism which is used to set the functional lifetime of a mes- 
senger. The 5’ end of the messenger might be relatively 
resistant to degradation, thereby ensuring sufficient 
time for charging the first start codon with a full charge of 
ribosomes. Such resistance might be afforded by a struc- 
tural component of the messenger itself; for example, a 
terminal sequence of nucleotides or secondary-structure 
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relatively refractory to nuclease attack may protect the 
penultimate region containing the start signal. Alterna- 
tively, some aspect of association with the promoter- 
operator region of the DNA might protect the nascent 
messenger. Whatever the mechanism of this protection, 
it is clear that it may afford still another parameter 
regulating the extent of protein synthesis directed by each 
messenger. It is intriguing that alteration of (terminal, 
protecting) nucleotides in this region could result im 





properties up to now identified only with promoter 
mutations: the maximal extent of gene expression would 
suffer a (polar) reduction, caused by a mutation preceding 
any structural gene. Results recently obtained with 
polar mutants of the Æ. coli lactose operon*? also show an 
accelerated degradation of messenger distal to the nonsense 
codon. These studies, however, indicate that the rate of 
transcription in this region may have increased as well. 
This investigation was supported by grants from the 
US National Institutes of Health and the US National 
Science Foundation. D. E. M. is a postdoctoral fellow 
of the National Cystic Fibrosis Research Foundation. 
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Initiator Protein Dependent Binding of Messenger RNA 


to Ribosomes 


by With isolated 30S ribosomal subunits, binding of T4 mRNA is 
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Brxpinc of RNA templates to ribosomes has been de- 
scribed as a non-enzymatic interaction between the 
messenger RNA chain and an RNA component of the 
ribosome!~3. Isolated ribosomes, however, are incapable 
of initiating the translation of natural messenger RNA 
if initiation factors are not added*-* and in the absence of 
these proteins, neither initiator fMet-tRNA; (ref. 5) nor 
mRNA (ref. 6) attaches to the ribosome. Messenger RNA 


dependent on initiation factors in the absence of formyl Met-tRNAi. 
Formation of the 70S-mRNA complex, however, occurs only when 
formyl Met-tRNA and GTP are added. 
control directly 30S-mRNA interaction independent of their effect 
on the binding of initiator tRNA. 


Initiation factors therefore 


binding to the ribosome must be one of the steps in the 
sequence of reactions leading to the formation of the 
initiation complex and which involve at least three 
initiator proteins’*®, fMet-iRNAgr (ref. 93, GTP (ref. 10) 
and the two ribosomal subunits'!*, Because fidelity of 
translation will depend largely on correct recognition of 
the initiation signal on mRNA, it is important to under- 
stand the mechanisms by which mRNA-ribosome inter- 
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action takes place. Of special interest is whether initiator 
proteins promote directly mRNA binding or only as a 
result of their effect on the binding of initiator fMet-tRNAg. 
We have shown*®:“, by electron microscopy, that one 
initiator protein, factor C(F,), stimulates the attachment 
of ribosomes to nascent T4 mRNA bound to DNA. This 
reaction, Which involves the 308 ribosomal subunit, does 
not require the presence of tRNA. On the other hand, 
Iwasaki ef al.’ and Kondo et al.“ reported that binding 
of f2 or QB phage RNA to 70S ribosomes requires the 
presence of initiator RNA. To resolve this contradiction 
we have used zone centrifugation techniques to compare 
the formation of mRNA complexes with the 30S and the 
70S ribosome. The results indicate that initiator protein 
dependent binding of T4 mRNA to the 30S ribosome 
takes place in the absence of tRNA. It is the reconstitu- 
tion of the 70S-mRNA complex which requires the 
presence of [Met-ERNA? and GTP. 

Ribosomes and initiation factors were prepared either 
from E. cola 1113 (RNase l-, PNP-, RNase IL) grown to 
early log phase or from Æ. coli MRE600 (RNase 1-) grown 

2 The ribosomal pellets 
(150.0009) were washed twice in either of two ways: in a 
buffer containing 2 mM Mg*t, 1 M NH,CI (ref. 5) or in a 
buffer containing 10 mM Mg*+, 2 M NHCl (ref. 8). For 
most experiments the ribosomes were further purified on 
DEAE cellulose. Ribosomal subunits were prepared by 
dialysis agaist tris-HCl, pH 75, 0-01 M, Mg acetate 
1 mM, NH,CI 0-1 M, 6-mercaptoethanol 7 mM, and sep- 
arated on a sucrose gradient by zonal centrifugation. 
Initiator proteins were fractionated and purified from 
E. coli MRE 600. Initiator C (F2) was extensively purified 
according to the procedure recently de- 
seribed! which gives more than a 100-fold 
purification of C activity on fMet-tRNAg: 
binding or ribosome binding to nascent 
mRNA and yields a preparation which 
shows only one protein band on polyacryl- 
amide gel electrophoresis, Initiation pro- 
tein A (F1) followed by its effect in com- 
bination with C on fMet-tRNA, binding to 
70S, and B (F3), assayed for its effect on 
mRNA-translation, were prepared with a 
similar procedure. Factor A was used after 
the DEAE cellulose step. Factor B was 
further chromatographed on hydroxyl- 
apatite and the preparation used was very 
little contaminated by A or C, as shown by 
its absence of action on fMet-tRNA binding. 

SH-T4 RNA was synthesized in vitro ina 
2 ml, reaction mixture containing T4 DNA 
50 ug and 160 ug RNA polymerase, tris- 
HCl, pH 7-8, 0-1 M, Mg acetate 10 mM, 
NH,CI 0-1 M, dithiothreitol (DTT) 1 mM, 
ATP 2 mM, GTP 0-5 mM, CTP 0-5 mM, 
sH-UTP (6-1 10? c.p.m./umole) 0-1 mM. 
After 15 min at 37° C, sodium dodecyl- 
sulphate was added to 0-2 per cent and 
incubation continued for 3 min. After 
adding KCI to a concentration of 0-3 M, the 
RNA was extracted twice with phenol 500 
saturated with SSC and dialysed exten- 
sively against 0-01 SSC. E. cola tRNA was 
obtained from Avital and Elson'*, Purified 
IRNA phe was a gift from Dr U. Littauer. 
358.formyl-Met-LRNAr was prepared as 
previously deseribed??. 

Binding of °H-T4 RNA to ribosomes was n 
performed in tris-HCl, pH 7-4, 0-05 M, KCI 
0-1 M, Mg acetate 0-005 M, GTP 0-005 M, 
DTT 0-001 M in a final volume of 0-1 ml. 
The reaction mixture was incubated for 5 
min at 37° C and layered on top of a 5-20 
per cent v/v glycerol gradient in tris-HCl 
pH 7-4, 0-02 M, Mg acetate 5 mM, NH,CI 


1,000 


500 


°H-T4 RNA bound (e pari.) 


1,000 


Fig. 1. 





Requirements for the binding of T4 mRNA to 70S ribosomes. ` 
(45,000 cpm.) was incubated in the conditions described in the text with {complete 
system) 13 ug ribosomes, 2-5 wg factor A, 7 ug factor B, 5 ug factor Cand 60 eg tRNA (@). 
A, Ribosomes were omitted (O) and *H-T4 RNA was analysed alone without filtration 
through nitrocellulose membrane (x}; B, initiation factors were omitted (xj: C, GTP 
was omitted (O); D, tRNA was omitted (©). 
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01 M and DTT 1 mM. Centrifugation was for 2 h at 
38,000 r.p.m. in ‘Spinco’ rotor SW 39. Thirty fractions 
were collected from each gradient and radioactivity 
determined either directly in scintillation fluid or after 
filtermg each fraction through a membrane filter (‘Sar- 
torius’ 0-6 um or ‘Selectron’ BA 85) and washing with tris 
HCl, pH 7-4, 0-01 M, Mg acetate 5 mM and NHCl 0-1 M. 
In these conditions free *H-T4 RNA was not retained on 
the filter, but RNA bound to ribosomes or to proteins 
“bound T4 RNA” was retained. 

An analysis of the sedimentation of *H-T4 RNA 
incubated with purified ribosomes shows that attachment 
of mRNA to the 708 ribosome occurs only in conditions of 
protein chain initiation. T4 RNA is not found in the 708 
peak unless ribosome initiator proteins, GTP and (RNA 
are added (Fig. 1). 

Transfer RNA stripped of its amino-acids does not sup- 
port the binding of mRNA, but a preparation where only 


ment to 70S ribosomes. T4 mRNA dependent binding 
of f{Met-tRNA to ribosomes is observed in these con- 
ditions with GTP and imtiator proteins®!’. On the 
other hand, neither (RNA phe nor Phe-tRNA promotes 
mRNA binding. Even Ac-phe--RNA, which serves as a 
substrate for initiation factors when used with poly 02718, 
was much less effective for the binding of T4 mRNA to 
70S ribosomes than fMet-tRNAv. 

The requirements we find for the formation of 708S-T4 
mRNA complexes stable enough to be detected by zone 
centrifugation are similar to those deseribed by Kondo 
etal, The report of Iwasaki ef al.? that uncharged tRNA 


"H-T4 RNA free (e pta) x = x 
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The preparation of (RNA used was not 
discharged and contained endogenous fMet-iRN At. 
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Control minus 305 (A) and minus initiator proteins (©) are shown. 
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Initiator protein dependent binding of T4 RNA to 305 subunits: comparison of the effect of [Met-2RN A; on mRNA binding to 305 and 
2H-T4 RNA was incubated as described in the text with: A, 35 ua 308 ribosomal subunits and 4 ag factor A, 3 an factor B, 


B, 50 ug 30A and same 


amounts of initiator proteins in the presence of 50 ug {RNA (@) or in the absence of (RNA CA); in the third gradient 67 wz BOS ribosomes and 


50 ug (RNA were added (©). 
353 fF Met-tRN Ar (20 zumoles) (@) or in the absence of (RNA CA). 


C, 60 ug 308, 110 ug 505 activated according to Miskin ef al., 50 ug total Initiator proteins in the presence of 
Control without ribosomes (©) is shown, 


*H and SS were eaunted separately, 


and the position of *°S fMet-iRNA: is shown {A} 


is necessary for the formation of QP RNA-ribosome 
complexes, thus probably represents an unusual situation. 
An involvement of fMet-tRNAr in the initiator factor 
dependent binding of mRNA to ribosomes raises the 
question of whether these proteins have any effect on the 
binding of mRNA or if all their action is the result of 
fMet-tRNA attachment which in turn stabilizes the mRNA 
ribosome complex. Because, however, all these experi- 
ments measured only the binding of mRNA to the 705 
ribosomal complex, the possibility remained that fMet- 
{RNAr: was actually required for the reconstitution of the 
70S ribosome! and not for mRNA binding itself. Mes- 
senger RNA-ribosome interaction. takes place on the 305 
subunit!*!2, and we therefore attempted to determine 
whether the effect of initiator proteins on T4 mRNA-308S 
interaction also required the presence of initiator (RNA. 

Discrimination between free and bound T4 RNA by 
filtration through a nitrocellulose membrane enabled us to 
measure the formation of 30S-mRNA complexes on 
glycerol gradients. Fig. 24 shows that non filtrable T4 
RNA is found in the 30S peak, only when both 308 
ribosomal subunits and initiater proteins are present. 
Binding of T4 RNA to 30S ribosomes measured in these 
conditions does not require the presence of any (RNA (Fig. 
3B). Further, the 30S-T4 RNA complexes are converted to 
705 by the addition of 508 subunits. This step requires the 
addition of fMet-t-RNAr: in the absence of any tRNA, 
when mRNA is incubated in the presence of Initiator pro- 
teins with a mixture of 30S and 505 ribosomal subunits, 
the mRNA is found only in the 305 peak (Fig. 2C). 
When fMet-tRNA¢: is added, less T4 RNA is found in the 
30S region and some now appears with the 70S peak. 
When labelled fMet-tRNAg: is used (Fig. 3C) its presence 
ean be detected in the 70S peak, indicating that this 
fraction corresponds to the complete initiation complex. 

These experiments demonstrate the formation of a 305 


mRNA complex in the absence of initiator FRNA. This 
observation cannot be attributed to a contamination of 
our system with endogenous fMet-iRNAy because a 
complete requirement for this (RNA is found when, after 
addition of 50S subunits, the reconstitution of stable 7OS 
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Fig. 3. Initiator protein C dependent binding of mRNA to $08 

ribosomes in the absence of EMet t RN Ar and GTP. *H-T4 RNA (45,000 

gpm.) was incubated with 30 xg 305 in the presence of 5 aw initiator 

C omitting RNA and GTP (A) Controls without © (5) and plus 
fMet-iRNA and GTP (@} are shown. 
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Fig. 4. Requirement for factors A, B and C in the formation of the mRNA-70S complex. 


A and B, °H-T4 RNA (60,000 c.p.m.) was incubated 


with 13 ug ribosomes, 50 ug fMet-tRNA; and various combinations of initiator proteins (factor A, 20 ag; factor B, 12 ug: and C, 5 ug). 
C,*H-T4 RNA (17,500 a alr was incubated as described in the text with 16 ug ribosomes, 50 ug {RNA and 7 xg B (©) or a mixture of 2-5 ae 


A,7 pg Band 5 wg CC® 


Samples were counted directly in Bray’s acintillation finid and the results correspond to the value on the ordinate 


shown on the right. 


complexes is studied. We therefore conclude that, 
independent of their effect on fMet-tRNAr binding to the 
ribosome®}7, initiator factors promote the formation of 
the 30S-mRNA complex. This is in agreement with our 
previous observations? on the role of initiator protein C 
in the binding of 30S ribosomes to nascent T4 mRNA. 
Because factor © also stimulates the GTP dependent 
binding of fMet-tRNA: to isolated 30S ribosomes directed 
by AUG", it was particularly interesting to determine if 
the effect of factor C on mRNA binding required the 
presence of initiator ~RNA. We therefore studied by 
zone centrifugation the effect of a purified preparation of 
initiator protein C on the binding of T4 mRNA to 305 
ribosomes. Fig. 3 first shows that factor C alone stimu- 
lates the formation of mRNA-30S complexes; further, 
this reaction requires neither fMet-tRNA: nor GTP. This 
strongly suggests that initiator factor C has two effects on 
the 30S ribosome, one on mRNA binding and the other on 
GTP-fMet-tRNA: attachment. Recent work’ has shown 
that these activities cannot be separated even after 
extensive purification of factor G. 

Initiator factor C alone is, however, not sufficient to 
promote the binding of mRNA to the 705 ribosome even 
when fMet-tRNAr: is added. Fig. 4B shows that with factor 
C very little T4 RNA is found in the 705 peak on the 
glycerol gradient, but the combination of factors A+C 
"Teads to the formation of a stable 70S-mRNA complex. 
This is in agreement with our previous finding that while 
AUG dependent binding of fMet-(RNA: to 30S subunits 
takes place with C alone, factor A is required in addition 
to promote the effective reconstitution of the 705-fMet- 
t{RNAr-AUG complex”. | 

It is known that the combination of factors A+C is 
not sufficient to obtain effective translation of natural 
mRNA; the presence of factor Be, which is needed, 
is specifie for natural mRNA but has no effect on the 
trinucleotide AUG. The possible participation of this 
protein in the binding of T4 mRNA to the ribosome was 
therefore investigated. Fig. 40 shows that factor B alone 
does not support the binding of T4 RNA to the 705 
ribosome. The addition of B to A or C gave, however, a 


marked stimulation over the activity observed with only 
one factor: it was possible to obtain nearly equal mRNA 
binding with A+ C or A+B (Table 1) and no more binding 
was obtained when all three factors were present. This 
lack of cooperation between factors B and C could, of 
course, result from cross-contamination of the factors or 
the ribosomes; however, with the purified preparation 
used here little evidence for cross-contamination was found 
when the requirements for overall protein synthesis or 
AUG dependent fMet-iRNA: binding were studied. 
Alternatively, our results mean that the factors act 
independently on the formation of the initiation complex, 
and thus little cooperativity in their effects would be ob- 
served. As an example, factors B and C could each form a 
different type of mRNA-ribosome interaction such as 
binding at different sites on the ribosome surface or at 
different positions along the mRNA chain. According to 
this,hypothesis, the nature, stability and specificity of the 
complex formed should differ according to the initiator 
factor present. Indeed, evidence has been recently 
obtained” showing that while factor C promotes the 
attachment of RNA tothe 308 ribosome without great 
specification for the nature of the template, the presence 
of the other initiator proteins is important for the specific 
recognition of natural messenger RNA by the ribosome. 


Tt mRNA BENDING TO THE 7OS RIBOSOME WITH VARIOUS COM- 
BINATIONS OF INITIATOR PROTEINS 


Experiment: J 2 


Table L 


Corditions: Cp. per cent p.m, per cent 
A+B+C 6,430 (100) 4,420 (100) 
Ate 8.200 (127) 3,440 (75) 
A+B 6.060 (95) 3,495 (80) 


The total amount of *H-T4 RNA present in the 708 peak was computed 
from elvyeerol gradients as in legend of Fig. 4. Numbers in parentheses 
represent per cent values. 


In conelusion, the experiments presented here were 
primarily designed to determine the sequence of reactions 
which leads to the formation of an initiation complex. 
Our results demonstrate that initiator protein, factor C 
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in particular, promote the attachment of mRNA to the 
30S ribosomal particle before fMet-tRNAr is added and 
in conditions where no 70S-mRNA complex is formed. 
This agrees with the data indicating that initiation takes 
place with free 30S and 50S partieles!!-*}2° and is strong 
evidence that mRNA-30S interaction must be one of the 
first steps in protein chain initiation. It is only after the 
mRNA-30S complex is formed that fMet-tRNAr will bind!” 
and the 50S will join to reconstitute the active 70S 
ribosome. 
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English Henge Cathedrals 


by | 
LYLE B. BORST 


State University of New York 
at Buffalo 


Awatysis of the architectural plans of cathedrals at 
Canterbury', Wells, Winchester, Gloucester and Norwich 
and churches at Wing, Bucks, and Knowlton, Dorset, 
discloses megalithic designs of an explicit kind. The 
megalithic monuments which show the same essential 
character are Stonehenge*, Woodhenge, Arminghall and 
five lesser known stone circles described by Alexander 
Thom? as egg-shaped rings of type I. Lincoln Cathedral, 
on the other hand, shows evidence of a different megalithic 
pattern: that of rings of type MH. Study of cathedral 
architecture illuminates the geometry of henge monu- 
ments and, conversely, study of henge monuments and 
long barrows explains the reasons for peculiar features of 
the cathedrals. 

The unit of length, the megalithic yard, discovered and 
named by Thom, 2-72 feet (0-829 m) in length, seems to 
have been used universally in megalithic structures. 
Dimensions are expressed in integral numbers of mega- 
lithie yards: only infrequently is the half yard used. No 
good example of a quarter yard or other fraction has been 
identified in the present study. A larger unit frequently 
used is six megalithic yards or 16-2 feet (5-03 m). This is 
so nearly the length of an English rod of 16-5 feet (5-06 m) 
that for most purposes the two can be used interchange- 
ably. The processional path of a cathedral ts usually one 
rod wide. Although the distance between side chapels is 
an integral number of megalithie yards, it is rarely a 
multiple of six. 

Right triangles with integral sides, the sum of whose 
squares equals the square of the hypotenuse, called 
Pythagorean, were undoubtedly known before the time 
of Pythagoras. To find them in henge monuments with 
the frequency reported by Thom would seem to indicate 
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Is there an architectural relationship between Christian sanctuaries 
and henge monuments ? 


a ritualistic value in the megalithic culture. Their 
presence in cathedral plans is the strongest evidence that 
these Christian cathedrals rest on henge monuments. 

No distinction seems to have been made between true 
Pythagorean and approximate triangles. In many cases 
the 8, 4, 5 triangle was used. The triangle 5, 12, 18 
frequently appears but, surprisingly, so does the less 
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Fig. 1. Woodhenge. Regularly spaced holes in concentric ovale. A 
few irregularly spaced holes have been omitted. In this and other igures, 
MY = megalithic yards. From ref. 3. 
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"MY 


Fig. 2. Arminghall. Eight post holes which contain 1 m posts, Carbon 


dated 2490+ 150 BG. Outer ditch omitted. 


obvious 12, 35, 37 (sometimes in half megalithic yards— 
6, 17-5, 18:5). Many churches are based on 12, 72, 73, 
approximately Pythagorean, which is in error less than 
one part in 5,000 (72°?+ 12%= 5,328; 73%=5,329). The 
apparent lack of distinction between Pythagorean and 
approximate Pythagorean triangles is strong evidence 
that Pythagoras’ theorem was not known in the form of 
squares of numbers. Had the priests of the megalithic 
culture been able to multiply large numbers, given their 
interest im these triangles, they would have discovered 
the exact theorem. It is doubtful that they were able to 
represent large numbers or to multiply them. No empirical 
distinction is possible between exact, Pythagorean triangles 
and those in error by one part in one thousand. 


Woodhenge 

Woodhenge, discovered in 1925 by aerial photography, 
consists of 160 post holes placed in six concentrice sym- 
metrical figures (Fig. 1). Thoms analysis, based on his 
own careful survey. discloses that all rings but one have 
perimeters differmg by 20 megalithic yards (a feature not 
identified in cathedrals). The site, dated by artefacts, is 
considered contemporary with the first phase of Stone- 
henge (e. 1800 Be). 


Arminghall 

South of Norwich in the parish of Arminghall, a mega- 
lithic site was discovered by aerial photography. Its 
character is similar to Woodhenge. Excavations! dis- 
closed eight post holes in the form of a horseshoe with 
circular inner and outer ditches and intervening bank. 


Table 1, 


Location Woodhenge triangle 
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Fig. 3. Canterbury Cathedral crypt. Woodhenge triangle 12, Toes 
MY extends beyond figure. 


An oval of major radius 8 megalithic yards based on a 


height (and nature) of the original structure is conjectural, 
but oak boles 70 feet long (21 m) are found in the fens of 
Cambridgeshire and Norfolk. The Nidaros Cathedral at 
Trondheim, Norway, has a similar octagon which is 60 
feet (18 m) high. The monument at Arminghall is clearly 
associated with other henge monuments but seems to use 
simpler geometry and a simpler pattern. It is therefore 
not surprising that carbon dating of the site gives a date 
of 2490+ 150 Be (ref. 5). 

In at least one aerial photograph. an additional Wood- 
henge oval can be discerned®, designated Arminghall-B 


MEGALITHIC SANCTUARIES 


Major radii Chapel triangle Azimuth Declination Remarks 
Woodhenge 6, 17:5, 18:5 ne ae 2292? d a Perimeters in multiples of 20 mega- 
11-3, 14-5 Hthic varda 
20-8, 24-0 i 
Arminghall | 8, 8,10 8 ~ 46° ~ 25° 
Arminghall-B 6, 17-5, 18:5 6, 12 30, 40, 50 252° -11 
Stoney Littleton 5, 12, 13 2 130° Unit of length: 4 megalithic vards 
Littleton Drew 512,13 2 88° Seale unknown 
Rodmarton 7D, B75, 285 2 " 80e — 5° Unit of length: rods 
stonehenge 6, 17-5, 18-5 7d, 10, 15 p 498? KE Aligned with avenue 
120, 50, 130 p3 239° Aligned with heel stone 
Table 2, CHRISTIAN SANCTUARIES 
Location Wootlhhenge triangle Major radii Chapel triangle Azimuth Declination Remarks 
Canterbury 12, 72,7; 6, 12 34, 17,38 100% 45’ — 8° 40’ Trinity axis 
Norwich 12, 72, 78 3-5 12, 16, 20 79° R* 
Knowlton 10, 50, 51 2-5 71° ~ 32° 
Wels 12,35, 37 7,15 35, 12,37 205° ~ 3° 30° 
Winchester 12, 35.37 4,6 16, 12, 20 106" 35° ~ 2? Bn 
Gloneester T22. T: 6 (12) 20,15, 25 101° — § 
Lincoln 8&.15,17 Type TT oval 
Wing, Buckinghamshire 3.4.5 O 4 266° ee 
Trondheim 2, 2, 24/2 6 11,11, 114/2 n 
Turku 8,8,10 8 20, 20, 204/2 ~ 270° One chapel missing 
12, 72, 73 ő, 12 ~ OFF 
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Radius of apse 3:5 MY. Oval shown 


4 MY radius. 


Fiz. 4. Norwich Cathedral. 


in Table 1. It is at a distance of 110 megalithic yards 
(90 m) north of the horseshoe. Although difficult to 
measure, it seems to be based on the Woodhenge triangle 
6, 17-5, 18-5 megalithic yards, and two concentric ovals 
can be distinguished, of major radi 6 and 12 megalithic 
yards. No pattern of post holes is evident. If geometrical 
sophistication can be related to sequence, this oval should 
be later than the principal horseshoe. 


Cathedral Architecture 


Most of the cathedrals considered here are of the 
variety called periapsidal. The apse at the east, which 
enshrines the high altar, is encircled by an ambulatory 
or processional path. This design is of great antiquity; 
it is found in St Martin de Tours. which is fifth century 
or earlier. In England, it occurs in churches at Wing, 
Buckinghamshire, and at Brixworth, Northamptonshire 
(c. AD 700). Both crypt and presbytery of Canterbury 
followed this pattern when the cathedral was extended 
eastward in AD 1100-1125, as did the further extension 
in 1180 to form the Trinity Chapel. At Wells, Winchester, 
Gloucester and Norwich, a chapel opens to the east on 
the centre line and two symmetrically placed chapels 
are located to the north and south. It is this combination 


of chapels, their dimensions and relations, which is of 


interest. Other chapels may occur which are not con- 
sidered in this article. 

The two side chapels, symmetrically located with 
respect to the centre line of the east end, form two vertices 
of an isosceles triangle with the third vertex a particular 
point on the centre line, this point usually being the 
centre of curvature of an apse or chapel. This triangle 
can be resolved into two identical right triangles with a 
common side, the sides and hypotenuse having integral 
lengths when measured in megalithic yards. 


Canterbury 


The relation of Canterbury Cathedral to henge monu- 
ments has been presented’. Fig. 3 is included for com- 
parison. The Woodhenge oval is evident and the triangles 
are included in Table 2. 


Norwich 


At Norwich Cathedral, a thirteenth century Lady 
chapel existed until 1580. In 1930, excavations preceding 
the construction of a new chapel revealed foundations 
earlier than the thirteenth century structure’. Fig. 4 
shows the plan of the two chapels and apsidal foundation, 
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and the geometry of the structure. The distance between 
centres of the chapels is 32 megalithic vards (see Table 2). 
The chapel triangles are 3, 4, 5 in units of 4 megalithic 
yards. The inner radius of the foundation is 3-5 megalithic 
yards and the Woodhenge oval based on 12, 72, 73 
megalithic yards fits the form of the foundation. Fig. 4 
shows an oval of 4 megalithic vards major radius. An 
inner apse was found during excavation but this has been 
omitted from the figure. 

At present, the bishop’s throne has a circular base and 
is placed between the centre pillars of the presbytery. A 
circular platform of Norman age existed here until the 
nineteenth century when the east end of the presbytery 








Fig. 5. a, Aerial photograph of church in ring (reproduced by permis- 
sion of Crichel Estates, Limited, Wimborne, Dorset). b, Plan of Knowlton 
church. 
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was raised. A few years ago the removal of this masonry 
disclosed the Norman platform. The throne preserves its 
size and position. The are is very nearly 2-5 megalithic 
yards in radius, about a centre near the minor centre of 
the Woodhenge figure. 


Knowlton 


At Knowlton, Dorset, lie the ruins of a Norman church 
built within a henge ring. The church is small but has a 
tower to the west (Fig. 5a, b). No side chapels can be 
identified. The Woodhenge oval fits the nave at its major 
end and the tower at its minor end. The triangle is novel: 
10, 50, 51 megalithic yards and the major radius is 2-5 
megalithic yards. The base of the isosceles triangle is 
just the diameter of the ring so that the turning points of 
the Woodhenge oval are on the banks of the ring. No 
noticeable marks can be identified, however. 

The association of church with henge circle is not in 
doubt in this case. Because the church lacks side chapels, 
the identification of the megalithic geometry rests on the 
fit of the Woodhenge oval. The width of the nave is 
14:6 feet (5 megalithic yards= 13-6 feet), the tower, 8-0 
feet (3 megalithic yards= 8-16 feet), and the length of 
nave and tower, 37-5 feet (14 megalithic yards = 38-1 feet). 
An additional coincidence between the size of the ring and 
the base of the isosceles triangle makes the identification 
most probable but not certain. 
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Fig. 6. Wells Cathedral, Oval oriented opposite to Canterbury. Circles 
on centre line and at east end conjectural, 
Fig. 7. Winchester Cathedral. Norman crypt. Major radius of smaller 


oval twice minor as found in chambered long barrows. 
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Gloucester Cathedral. Passage under east end of Lady chapel 
is tangent to 12 MY circular are. 
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Fig. 9. Lincoln Cathedral, St Hugh’s East End. Conforms to type H 


oval, Cireular ares connected by straight lines, 


Were this the site of a great church, the ring would be 
nearly obliterated by transept and crossing. The sector 
of the ring to the east might be retained as the boundary 
of the close. At Norwich, Wells and Gloucester such ares 
can be discerned. 


Wells 

The Lady chapel at Wells Cathedral is a supreme 
example of Perpendicular Gothic design. Its construction 
date is clearly early fourteenth century. Initially a 
separate building, 1t was connected to the main structure 
about ap 1350 (ref. 8). The form of the Lady chapel 
suggests the application of a Woodhenge oval (Fig. 6). 
Here the major circle is to the west and the minor to the 
east—-the reverse of Canterbury and Norwich. The tri- 
angle is 12, 35, 37, so that the major radius is 7 megalthie 
yards and the minor 5 megalithic yards, a difference of 
two. Four columns in the structure connecting the Lady 
chapel with the choir are accounted for by a second oval 
of 15 megalithic yards major radius. These columns are 
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analogous to the two pillars in the crypt at Canterbury 
(marked p in Fig. 3) and to the blue stones at Stonehenge. 

If the plan of Wells follows that of Canterbury, there 
should be three chapels. These are not found on present 
plans and must therefore be inferred. Ifthe “ehapel” on 
the centre line corresponding to the Corona were 5 mega- 
lithic yards in radius and tangent to the larger oval (as 
at Canterbury), its centre would fall near the position of 
the altar, symmetrically between two columns. This 
centre would be 35 megalithic yards from the inner east 
face of the Lady chapel. Two side “chapels” at 12 mega- 
lithic yards would form the new triangles 12, 35, 37 and 
their centres would fall within 1 foot of the larger oval. 
While this is conjecture, the foundations of the two 
eastern buttresses have fillets which are concentric with 
the inferred “chapels”. Such conjecture could be con- 
firmed by excavation immediately north and south of the 
east end of the Lady chapel. If Canterbury and Norwich 
are orientated to the east, the Lady chapel at Wells must 
be orientated west. 


Winchester 

The present cathedral at Winchester has an extended 
east end containing no vestige of an apse. The Norman 
cathedral was, however, periapsidal in form with a Lady 
chapel terminating in an apsidal end’. Small square side 
chapels were placed between the ambulatory and the 
corners of the outer wall. Though modified at ground 
level, such a structure remains in the crypt enabling an 
analysis to be made’ (Fig. 7). Two Woodhenge ovals of 
major radii 4 and 6 megalithic yards, based on 12, 35, 37 
megalithic yard triangles, fit the inner and outer surfaces 
of the erypt foundations. The west ends of the figures 
have radii of 2 and 4 megalithic yards. The inner oval 
fits the narrow crypt entrance and is tangent to the inner 
face of the ambulatory wall; the larger oval is tangent to 
the line between centres of the two small corner chapels. 
The chapel triangles are 16, 12, 20 megalithic yards. Such 
an elongated figure with major radius twice the minor 





Fig. 10, Chambered long barrow: Stoney Littleton. 
twice minor radius, 
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Fig, 11. Chambered long barrow: Littleton Drew, Seale unknown, 





Fig. 12. Chambered long barrow: Rodmarton, Three identical clreies 


define form of barrow and positions of burials. 


has not been found in other churches, but it is found im 
chambered long barrows at Rodmarton, Stoney Littleton 
and Littleton Drew, which have radii of ratio two to one. 

Figs. 8 and 9 show the geometry of Gloucester and 
Lincoln Cathedrals. Their statistics are included m 
Table 2. 


Chambered Long Barrows 

The apparent preference for triangles having the bypo- 
tenuse one unit longer than one side is not explaitied by 
the structures so far considered. Enquiry into chambered 
long barrows found in various parts of England, however, 
may shed light on this problem. The barrows are usually 
oval: wider and higher to the east. The barrow at Stoney 
Littleton has a length of 32 megalithic yards and a 
maximum width of 16 megalithic yards, It can be 
fitted by a Woodhenge oval 20 megalithic yards between 
centres with major and minor radii of 8 and 4 megalithic 
yards (Fig. 10). The generating triangle is 20, 48, 52 
megalithic yards or a 5, 12, 13 triangle m units of 4 mega- 
lithic yards. This relation, major radius twice the minor, 
was found at Winchester where the minor radius was ? 
megalithic yards. Again, at Littleton Drew! (Pig. 11), the 
barrow has the same proportions, : 

At Rodmarton*, the unit is the rod (6 megalithic yards) 
(Fig. 12). The minor radius is 1 rod, the major 2 reds, and 
the distance between centres 7-5 rods. The generating 
triangle is 15/2, 55/2, 57/2, almost Pythagorean, for 
15* + 55° = 3,250 and 57° = 3,249. 

The following unconfirmed hypothesis could account 
for the megalithic preference for triangles with hypotenuse 
exceeding one side by one unit: if long barrows were 
raised over an older set of three circles of equal size and 
unit radius, two of which were tangent, the centres 
forming an isosceles triangle, a curved boundary would 
require a triangle with hypotenuse exceeding one side by 
one unit. At Rodmarton, the chambers fall on the boun- 
daries of these postulated circles. Thereafter, the design 
of long barrows would incorporate the formula of twice 
the width at the large end as compared with the small end 
and these dimensions would be related to a distance 
between centres by means of Pythagorean triangles. As 
the culture developed, the megalithic yard would be 
chosen for this difference of one unit. 
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Stonehenge 


The trilithons form a horseshoe and inside them is a 
smaller horseshoe of standing blue stones. A Woodhenge 
oval based on triangle 6, 17:5, 18-5 and major radius 
10 megalithic yards circumscribes the trilithons (Fig. 13). 
The 17-5 megalithic yard side of the triangle passes 
through the apertures between trilithons 51, 52 and 59, 60. 
The centre line passes between trilithon 55, 56. A per- 
pendicular to the centre line tangent to the 10 megalithic 
yard circle passes between trilithons 53, 54 and 57, 58. 
The Woodhenge oval duplicated at Stonehenge of 10 
megalithic yard radius accounts for the trilithon arrange- 
ment and positions. The major circle continues through 
blue stones 31, 32, 46, 47, 48, 49. In this case the Wood- 
henge triangle has a real vertex at the north corner of 
Sarsen 7. An oval of major radius 7-5 megalithic yards 
connects blue stones 61, 62, 63, 64, 65, 66, 68, 69. 70 and 
72. The east end of this figure is not complete. An oval 
of 15 megalithic yards major radius passes close to stand- 
ing blue stones 33, 35a, 37, and is in reasonable agreement 
with fallen blue stones 36 to 45. At its major end, 
this oval is tangent to a true circle of 20 megalithic yards 
which circumscribes the Sarsen circle. If the 15 megalithic 
yard Woodhenge oval was once complete, the blue stones 
may have been removed from the north-east sector to 
form the inner horseshoe. The axis of the Woodhenge 
oval is the axis of the avenue and misses the heel stone 
by 15°. 

In cathedral design we find triangles on chapels. Do 
such exist at Stonehenge? Position stones 92 and 93 
form an isosceles triangle with the heel stone and 
Pythagorean triangles 120, 50, 130 megalithic yards (Fig. 
14). The axis defined by these triangles is orientated on 
the heel stone and not on the avenue. The base of the 
triangle is tangent to the Sarsen circle. The positions of 
cathedral chapels therefore preserve the positions of stand- 
ing algnment stones and their small circles. Even when 
lost, as at Wells, their rediscovery should be possible with 
the use of modern archaeological methods. 


Triangles 


Triangles in which the hypotenuse exceeded one side 
by one unit seem to be of particular significance. The 
first of the series 3, 4, 5 was extensively used. The 
triangle 5, 12, 13 is found at Stonehenge and the long 
barrows at Stoney Littleton and Littleton Drew; 12, 35, 
37 occurs in this form at Wells and Winchester; when 
measured in half yards it appears also at Woodhenge, 
Stonehenge and Arminghall-B. The most remarkable 
triangle 12, 72, 73, found in three English cathedrals, 
Canterbury, Norwich and Gloucester, and one Finnish 
cathedral at Turku, was probably incorporated elsewhere 
as well. 





Stonehenge. Sarsen circle showing positions of identified 


Fig. 13. HOW! ; 
From Ministry of Public Building and Works plan. 


stones. 
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Fig. 14. 
and heel stone. 


Stonehenge, 


We can write the general expression for an approximate 
Pythagorean triangle in the following form 


a+b +à = c? 


where 6 is the error between the square of the hypotenuse 
and the sum of the squares on the other two sides. If the 
hypotenuse, c, is one integer larger than side b, then 


a? +b +À = (b+1)? = b4 2b41 
and, further, if 6=1, then 
a? =: 2b 


The ability to find approximate right triangles is there- 
fore the ability to square one side. Such a theorem could 
be discovered empirically with neither the proof of 
Pythagoras nor the ability to manipulate large numbers. 
It is not hard to believe that twelve could be squared 
(a gross is certainly a very old unit), so the existence of 
12, 72, 73 triangles is evidence that this theorern was used. 

The incidence of triangles for which è= —1 compares 
with that of 6=+1. When 6=—1, the square on the 
hypotenuse is less than that of the sides by one unit and 
a*=2c. This is equally satisfactory. The exact theorem 
(6=0) gives a?—]=2b, and b will be integral or half 
integral as a is odd or even. It is difficult to know whether 
the megalithic culture used this theorem. We have no 
means to distinguish between a numerical solution in 
which objects were laid out in a matrix, an empirical 
geometric solution, or the use of the exact theorem in 
which §6=0. The frequency with which triangles with 
d= +1 occur is strong evidence that the approximate 
theorems were used. 


Origins 

Thom’s investigation of stone circles (egg-shaped rings 
of type I) discloses four examples with 3, 4, 5 triangles, 
one with 11, 13, 17, and Woodhenge with its sophisticated 
12, 35, 37. The great churches investigated all show either 
12, 35, 37 or 12, 72, 73. It should be possible to find 
simpler triangles in church architecture. At Wing, Buck- 
inghamshire, an Anglo-Saxon church contains a crude 
crypt estimated to be fifth century or earlier**. No side 
chapels can be identified but a Woodhenge oval based on 
a 3, 4, 5 megalithic yard triangle fits the crypt as well as 
any smooth figure can fit the irregular polygonal structure 
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(Fig. 15). The geometric design is far sumpler and there- 
fore presumed to be earlier than that of the great churches. 
The series of eight post holes at Arminghall is fitted by 
the same geometry on twice the scale 6, 8, 10 megalithic 
vards. The corners of the polygon at Wing were probably 
the positions of the timber posts which once defined the 
sanctuary. We may therefore assume that Wing was 
nearly contemporary with Arminghall. 

Near Trondheim stands the Nidaros Cathedral. The 
presbytery has walls and columns which diverge to the 
east (Fig. 16). At this end is an octagon surrounded by 
narrow ambulatory and polygonal outer wall. The eight 
columns of the octagon may be compared with the eight 
columns at Arminghall, Wells and Canterbury, and with 
the five trilithons at Stonehenge. The octagon deviates 
only shghtly from a circle. It is a Woodhenge oval 
of major radius 6 megalithic yards and is based on the 
right triangle 2, 2, 24/2 megalithic yards which is not 
Pythagorean. Small chapels are on three corners of a 
square the centre of which is near the major centre of the 
octagon and the axis of which coincides with the axis of 
the octagon. The simplicity of the design provides strong 
evidence of an early stage of development. This seems to 
be the most primitive plan yet identified. 
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Crypt of Wing church, Buckinghamshire. Norman construction 
omitted. 


Fig. 15. 





Fig. 16. Nidaros Cathedral, Trondheim, Norway. 
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Fig. 17. 


Turku Cathedral, Finland, 


If the Nidaros Cathedral was originally a timber circle 
such as Arminghall, we may consider the present structure 
as a window into the past. The octag 
high and consists of stone columns | m in maximum 
dimension. Oak boles of this length have been found in 
the fens of England, and Arminghall consisted of eight 
posts of this diameter. Near Brill, Buckinghamshire, at 
least one such tree still stands! A wooden structure, 
even though enclosed and protected from the weather, 
would eventually require replacement. We have an 
historical account of such replacement of wooden columns 
century AD) describes the temple of Hera**. In his time, 
one of the two pillars m the rear chamber of the temple 
was still of oak. Other parts of the temple had been 
replaced by stone as the original wooden structure failed. 
It is therefore reasonable to assume that the present 
octagon at Trondheim preserves the form of the eriginal 
structure. If this is true, the Nidaros octagon is perhaps 
the oldest sanctuary in western Europe, in continuous 
use for 5,000 years. 

At Turku, Finland, the cathedral has a distorted east 
end. ‘The irregular polygonal chapel is on the centre- 
line of the nave (Fig. 17) but its centre-line is at an angle 
of 4° to that of the nave. The major end of the Wood- 
henge oval is west as at Wells. The triangles are 6, 8, 10 
megalithic yards and the major radius is 8 megalithic 
yards. These are the precise dimensions at Arminghall. 
The periapsidal choir is distorted but it can be fitted 
by a Woodhenge oval based on 12, 72, 73 megalithic 
yards with a major radius of 12 megalithic yards. These 
two ovals have their major ends adjacent as if the smaller 
faces west and the larger east. Their axes are parallel 
but displaced by 1-5 megalithic yards. This is perhaps the 
most curious design yet found. Without much question 
the smaller oval, based on the 3, 4, 5 triangle, is the 
earlier. The later addition made use of the more sophisti- 
cated 12, 72, 73 triangle. The only side chapel, to the 
north, is associated with the small oval, for it is 20 mega- 
lithic yards distant from the centre-line and forms a 
triangle 20, 20, 204/2 with the minor centre. The corre- 
sponding south chapel is missing. If side chapels were 
once associated with the later addition, all trace has been 
lost. 
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The temporal sequence can be expected to progress 
from simple to complex. By this criterion, the Nidaros 
Cathedral is oldest. The church at Wing, the Arminghall 
rnonument, and the Turku Cathedral are of comparable 
age, 2500 Bc. Among the English cathedrals, Winchester 
and Wells compare with Stonehenge, Woodhenge and 
Arminghall-B. The chambered long barrows must be 
considered to be of the same period. Cathedrals using the 
12, 72. 73 triangle—-Canterbury, Norwich, Gloucester and 
the second addition at Turku, Finland—seem then to be 
most recent. The present state of knowledge implies that 
the megalithic culture was Scandinavian in its earliest 
identifiable form. 
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Natural Selection and the Complexity of the Gene 


by | 
FRANK B. SALISBURY 


Piant Science Department, 
Utah State University, 
Logan, Utah 


MovERrN biology is faced with two ideas which seem to me 
to be quite incompatible with each other. One is the 
concept of evolution by natural selection of adaptive 
genes that are originally produced by random mutations?~*, 
The other is the concept of the gene as part of a molecule 
of DNA, each gene being unique in the order of arrange- 
ment of its nucleotides. If hfe really depends on each gene 
being as unique as it appears to be, then it is too unique 
to come into being by chance mutations. There will be 
nothing for natural selection to act on. 

The problem was discussed at a symposium of mathe- 
maticians and biologists in 19664, but they failed to solve 
the difficulty. I feel that virtually no one present except 
Eden and Schiitzenberger, who outlined the problem, 
really understood what the commotion was all about. 
Some years ago I also outlined the problem*. My outline 
begins by overstating the case somewhat, but it provides 
a background for discussion of modern discoveries which 
may be pointing toward a solution. I believe that the 
solution remains to be found. 


Natural Selection and Metabolic Pathways 


In 1945 Horowitz? suggested a mechanism of molecular 
natural selection which seemed to account for the origin 
of metabolic pathways. Reproduction of a prelife mole- 
cule (we now would think of DNA) required the presence 
of suitable precursors (presumably phosphorylated nucleo- 
tides). Current theory- holds that all of these were 
present in rich abundance at the beginning, but ultimately 
at least one of them became limiting. Any enzyme material 
which might then be produced by random changes in the 
DNA and its controlled protein, and which was capable of 
producing the precursor, would be selectively preserved 
in the struggle for molecular existence. One gene might 
be added to another by the selection pressures of dis- 
appearing precursors until the final autotrophic organisms 
came into existence. In such a case as this, where a specific 
enzyme had to appear to provide a limiting precursor, 
it is possible to ask the following questions. In reasonable 
time intervals, is mutation by random rearrangement 
of nucleotides likely to produce an enzyme which will 
meet the need brought about by the requirement for some 
specific precursor? Will there be an enzyme (gene) for 
selection to act on ? 

A typical small protein might contain about 300 amino- 
acids, and its controlling gene about 1,000 nucleotides 
(three for each amino-acid). Because each nucleotide 
in a chain represents one of four possibilities, the number 


Conflict between the idea of natural selection and the idea of the 
uniqueness of the gene does not seem too near to a solution yet. 


of different kinds of chains is equal to the number 4 to the 
power of the number of links in the chain; that is, 41:900, 
or about 106°. 

Imagine that the primaeval ocean was uniformly 2 km 
deep, covering the entire Earth, containng DNA at a 
concentration of 0-001 M (about 700 g of DNA/I. of 
solution), each double stranded molecule with 1,000 
nucleotide pairs. Also imagine that each DNA molecule 
reproduces itself one million times per second, a single 
nucleotide substitution (a mutation) occurs each time a 
molecule reproduces, and no two DNA molecules are ever 
alike. In four billion years, 7-74 x 10% different kinds of 
DNA molecules will be produced. On 10° similar planets in 
the Universe, this would be 7:74 x 10% (say 1055) different 
molecules. If only one DNA molecule were suitable for 
our act of natural selection, the chances of producing it in 
these conditions are 1083/108% or only 10°94. Tf 101° 
different kinds of molecules could each carry out the 
necessary precursor synthesis, this is equivalent to saying 
that 166 of the nucleotides might be changed without. loss 
in ultimate activity of the enzyme. Still, only one mole- 
cule out of every 10°°° would be acceptable, and after 
four billion years on 10°° planets, 10% of the first 105% 
possibilities remain to be synthesized. The chances are, 
then, still unimaginably small {10-45} that a proper DNA 
molecule would be produced in this time. And if the proper 
molecule did appear by that fantastic accident, the prob- 
lem comes up again the next time a precursor becomes 
limiting. 

In the 2 km deep oceans on the 10° planets during the 
4x 10? years, the DNA chain can have only 141 nucleo- 
tides if all 10% possible kinds are to be produced. This 
would code a protein chain only forty-seven amino-acids 
long. 

The point of these numbers is that one DNA chain 1,000 
nucleotides long ean be a unique individual in a population 
of 10%% other unique individuals. Numbers of this size 
have no precedent in anything but the concepts of in- 
formation theory. Assume, for example, a cubic universe 
with dimensions of 20 billion light years on each side. In 
Angstroms, this would be about 10% A on a side, with a 
volume of “only” 1017 A’, Imagine the number of 
universes required to contain 10°° tightly-packed DNA 
molecules ! 

In spite of the wild assumptions, the problem should 
be apparent. In the evolution of life on Earth, we are 
dealing with millions of different life forms, each based on 
many genes. Yet the mutational mechanism as presently 
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imagined could fall short by hundreds of orders of mag- 
nitude of producing, in a mere four billion years, ever 
a single required gene. l 
To compound the problem, consider the fantastic 
information content of a nucleus. The DNA m man 
contains about 10° nucleotide pairs per nucleus (other 
organisms from 107 to 101} pairs'!:!*). Written in standard 
type, this would occupy about 1,000 volumes (10° bits, 
2,000 bits/page, 500 pages/volume). Britten and Kohne! 
have shown that certain DNA sequences of higher organ- 
isms recur anywhere from a thousand to a million times 
per cell. Hence much is redundant. Work on amino- 
acid sequences within a given protein also implies a high 
redundancy'!*. Yet if only one tenth of the genome in man 
is relevant, that is still 10° bits of information (100 
volumes). Could the mutation process account for it ? 


Specificity of the Gene 


We can search for a solution by examining the two horns 
of the dilemma. The dogma of high gene specificity is the 
newest and least tested and therefore the most vulnerable. 
Actually we know that not all nucleotides in a gene nor 
all amino-acids in an enzyme are essential for enzyme 
function}$-!®, 

One possible answer, then, is that only a few nucleo- 
tides, ten or twenty say, are essential for functioning of an 
enzyme (three to seven amino-acids, with the rest being 
irrelevant). In fact, this solution is seriously suggested 
by Quastler!!. While the symposium of biologists and 
mathematicians! (in a manner perhaps typical of a com- 
mittee approach to science} never so much as came to 
grips with the problem, Quastler in a small volume pre- 
pared just before his death considered all aspects in 
beautiful mathematical detail (as others have done?*). 
He calculated that the probability of life (an organism with 
1,000 information bits—either plus or minus) originating 
by a “lucky accident” (in water covering the whole Earth 
at one extreme or only along the shore lines of the oceans 
at the other; in about 2x 10° years) is about 10-3% to 
10-*55essentially no probability. He then considered the 
minimum number of essential information bits for the 
enzyme chymotrypsin, Of the 242 amino-acids in 
the chain, only about five seem te be related to the active 
site itself, although others are undoubtedly involved in 
enzyme activity—how many and how involved remains 
to be seen. After much speculation about the inter- 
changeabilty of important amino-acids in the enzyme, he 
concluded that a minimum equivalent number of amino- 
acids for an active site would be 2, while a sufficient 
number would be 7. Thus the probability of producing 
enzyme activity by chance would be 20-7 to 20-7 (400-1 to 
10-*2). If this is true, then the gene is not unique after all. 

Yet this answer seems too simple. If only two amino- 
acids produce an active site, there can only be 400 kinds 
of active sites (210 if direction of the sequence has no 
meaning). 
not most of them! But enzymes are highly specific and 
not covered by varied active sites, although this is com- 
plicated by the presence of sites for recognition of sub- 
strates, allosteric effects and so cn. This clearly suggests 
that most amino-acid sequences are without catalytic 
activity. If only a very small percentage of sequences are 
active (10-'° as a wild guess %), while the legion of metabolic 
reactions and the myriad of life forms imply that num- 
erous enzymes (and their genes) must exist (10!° ?), then 
the total number of possible sequences to consider must 
be high (minimum of 10°° in this case), and the number of 
amino-acids in the minimal sequence must likewise be high 
(fifteen or sixteen implied here). Just how important is the 
sequence of amino-acids in the chains which are not part 
of the active sites ? The tertiary structure determined by 
this sequence is clearly important, as indicated by de- 
naturation experiments. Probably it is much more 
important in some cases than in others. We are limited 
strongly by how little is known about active sites??, 





Every protein would be covered by many if 
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What about the estimates? of one useful mutation in s 
thousand ? The chances of slightly improving an already 
relevant gene (actually, its enzyme) by random mutations 
could be much higher than the chances of getting ib by 
this method in the first place (as seemed essential in the 
above example). Furthermore, a favourable mutation 
could be as nebulous as the mutation of an actively 
deleterious gene to an inactive form. 

An area where we are particularly ignorant concerns 
the link between the genes and the phenotype’. The 
genome is meaningless without the final development of 
the phenotype. What can genes do besides control the 
synthesis of enzymes? What is the nature of the genetic 
developmental program ? Is the activation and repression 
of genes at specific times and places during ontogeny also 
a function of nucleotide sequences? Answers to these 
questions could provide answers to the question of this 
paper—-or make the problem even more acute. 

Special creation or a directed evolution would solve the 
problem of the complexity of the gene, but such an idea 
has little scientific value in the sense of suggesting experi- 
ments. 

Perhaps some fallacy in the concept of natural selection 
will give us a way out. The problem of this article arises 
because of the assumption that variabilitv is produced 
by changes which are purely directed by chance. Is there 
some inherent interaction between atoms and molecules 
which might raise the percentage of useful mutations by 
many orders of magnitude ? Could there be a feedback 
mechanism, for example, in which a precursor molecule 
interacts with protein and DNA, in some way controllmg 
the order of arrangement of amino-acids and nucleotides 
and thus the enzyme activity of the protein ? 

Surely the biological community should apply all its 
resources for producing creative ideas to some of these 
problems ifour teachings are to remain internally consistent. 

Note added in proof: I have just read an article (Chipman, D. 3E, and 
Sharon, N., Science, 165, 454; 1969) that is highly relevant to this discussion. 
The action of lysozyme is now understood in terms of the structures of the 
enzyme and its substrates, the oligo or polysaccharides in bacterial cell walls. 
The roughly ellipsoidal enzyme has a deep cleft running up one side, into 
which six of the residues making up part of the substrate chain fit, resulting 
in a distortion that cleaves the chain. The substrate is stabilized In the 
cleft by “a large number of hydrogen bonds and nonpolar interactions” (for 
example, three of the six residues are stabilized to the enzyme by six hydrogen 
bonds and over forty van der Waals contacts), Parts of the protein must 
move on formation of the complex. Clearly, such an intricate structure, 
involving 50 many amino-acids in the enzyme chain, does not almplify the 
problem discussed here. 
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Hormone Induced Modification of the Cell Surface 


by 
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GLUCOCORTICOIDS regulate the synthesis of tyrosine amino- 
transferase in hepatoma tissue culture (HTC) cells!-3. We 
describe here a second regulatory effect of steroid hormones 
in these cells, namely, alteration of the cell surface as 
evidenced by changes in cell adhesive, electrophoretic 
and antigenic properties. Hormonal control of specific 
surface factor(s} in mammalian cells is, to our knowledge, 
@ new observation which may contribute to our under- 
standing of both the cell surface!-§ and the mechanism of 
control of specific protein synthesis in mammalian cells. 

HTC cells, an established line of heteroploid cells derived 
from a Morris hepatoma’, were grown in suspension 
culture at 37° C in Swim’s S77 “growth medium” (Grand 
Island Biological Co.), modified as described elsewhere’, 
Fig. 1 illustrates the three separate reactions which occur 
after exposure of HTC cells to steroid hormone: (1) 
induction of surface adhesive factor(s), (2) adhesion of 
induced cells to glass, and (3) flattening and coherence 
of cells on extended incubation. The increased adhesive- 
ness of induced cells for a glass surface provided a con- 
venient assay of the induetion process. In the standard 
assay, adhesion of cells was determined from turbimetric 
measurements (absorbance at 650 nm) of the number of 
unattached cells in an aliquot of the medium after applying 
a standardized shearing force to the incubation vessel. 
The data are expressed either as per cent decrease in 
Asso from the zero time value (inversely proportional to 
adhesion), or as percentage of total cells adhering. 

The time course of induction of adhesiveness and the 
effects of two inhibitors are shown in Fig. 2. In the 
absence of hormone (no additions) there is no decrease in 
absorbance values, indicating no attachment of cells 
after 48 h of incubation. (In other experiments, levels of 
adhesion in untreated cell populations varied between 0 
and 12 per cent). In the presence of 10-7 M ‘Dexameth- 
asone’ (Dex), however, approximately 70 per cent of the 
cells adhered by 24 h. Addition of actinomycin D to 
cell suspensions treated with Dex inhibited further adhe- 
sion of cells after a lag period of several hours, after which 
there is a slow release of attached cells. If actinomycin 
D is added at the same time as the inducing steroid, there 
is no subsequent induction. 

Addition of cycloheximide or 0-3 mM puromycin (results 
not presented) at time zero also prevented induction. 
When these inhibitors were added to cell suspensions 
5 or 8 h after their exposure to hormone, the induction 
process rapidly terminated as evidenced by the absence 
of an increase in the number of adherent cells. In separate 
experiments it was shown that actinomycin D, cyclo- 
heximide and puromycin do not interfere with the attach- 
ment process per se (reaction 2, Fig. 1) (unpublished 
results). Induction with Dex oceurs within a concentra- 
tion range equivalent to physiologic glucocorticoid 
levels", with induction first detected at a Dex concentra- 
tion of about 2 x 10-* M, half maximal effect at 4x 10- M, 
and saturation between 2-5x 10-8 M and 10-5 M. 

Other steroids were tested for the ability to induce 
HTC cells and the results of two experiments are presented 


* Present address: Department of Biochemistry, University of California 
Medical Center, San Francisco, California 94102, 


Steroid hormones control synthesis of a specific cell surface factor as 
well as the enzyme tyrosine aminotransferase in mammalian cells. 





FLATTENING AND COHERENCE 
(t} (2) {3} 


INDUCTION ADHESION 


Fig. 1. Schematic illustration of the inductive and adhesive processes 

in HTC cells. Uninduced cells, with a low basal level of the inducible 

surface factor, are represented by the circle containing three spikes. In 
the presence of ‘Dexamethasone’ (Dex), which was used rather than 

‘Dexamethasone’ phosphate’-’, a many-fold increase in the surface factor 

is induced, as illustrated by the other figures. Reaction 2 depicts the 

adherence of induced cells to a glass surface, and reaction 8 shows the 

development of firmer attachment seen in many cells. 

in Table 1. Maximal levels of adhesiveness were induced 
by corticosterone, cortisol, 21-deoxycortisol, aldosterone 
and ‘Dexamethasone’ (optimal inducers); lower levels 
were obtained in the presence of progesterone, 5a-dihydro- 
cortisol, and 118-hydroxyprogesterone (sub-optimal in- 
ducers) (H. H. Samuels and G. M. T., unpublished results), 
Of the steroid compounds examined, five did not induce. 
This range of response apparently reflects differences in 
the interaction of various steroids with a receptor system, 
because other studies have shown that the differences in 
inducing ability do not arise from different metabolic 
rates, intracellular distributions or effects on general 
protein synthesis. 

Competition between steroid compounds was investi- 
gated by incubating cells simultaneously with cortisol 
and either a sub-optimally inducing or non-Inducing 
steroid. The results shown in Table 2 illustrate the close 
similarity in the induction of adhesiveness and induction of 
tyrosine aminotransferase in these conditions. Three 
steroid compounds, which induce neither adhesiveness nor 
tyrosine aminotransferase, inhibit to about the same 
extent both inductions by cortisol. When 5a-dibydro- 
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Fig. 2. Time course of the induction of cell adhesiveness and inhibition 
by actinomycin D and cycloheximide. HTC cells ware collected in log 
phase growth, resuspended in serum-free S77 medium and aliquots 
incubated in 125 mi. glass bottles without additions or in the presence of 
10°? M Dex. At 15 min, 5-5 h and 8-25 h either actinomycin D (AMD), 
0-15 pg/ml, or cycloheximide (CH), 0-2 mM, were added as indicated. 
Vessels were incubated with shaking for 3 h and then left without shaking 
at 37°C. At the intervals shown, a adhesion was measured as described 
in the text. 
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Table I. INDUCTION OF ADHESIVENESS WITH VARIOUS STEROIDS 

Cone. Adhesion 

Steroid added (M) (per cent) 
Testosterone 10-* g 
17a-Methyltestosterone 10 0 
17a-Hydroxyprogesterone 10- 0 
lla-Hydroxy progesterone 10-5 3 
Epicortisol 10-5 5 
3a-Dihydrocortisol 10- 23 
Progesterone 107° 25 
11-Hydroxyprogesterone 10-5 44 
Corticosterone 10-8 51 
21-Deoxyeortisol 10° al 
Aldosterone 10-5 51 
Cortisol 10°? 54 
Dexamethasone’ 10-7 61 


HTC cells were incubated as described for Fig, 2 In the presence of each 
steroid at the concentration noted. Adhesion of cells was measured at 
intervals by the standard assay described in the text. Plateau adhesion 
values corrected for 12 per cent adhesion in control systems are presented. 


Table 3, COMPETITIVE EFFECTS OF STEROIDS IN INDUCTION OF ADHESIVENESS 


AND TYROSINE AMINOTRANSFERASE 
Steroids added Per cent of maximal activity 
TAT 


Adhesion 

Cortisol 100 100 
Sa-Dihydrocortisol 43 39 
éa-Dihydrocortisol + cortisol D8 7 
lv a-Hydroxyprogesterone 0 0 
l7a-Hydroxyprogesterone + cortisol 24 13 
‘Testosterone 0 ü 
Testosterone + cortisol 87 77 
17a-Methyltestosterone 0 

17a-Methyitestosterone + cortisol 45 38 


HTC celis were incubated as described for Fig. 2. Cortisol was present at 
10-7 M and other steroids at 10- M. Adhesion of cells was measured at 
intervals as described in the text, and tyrosine aminotransferase (TAT) was 
assayed by a procedure to be described. Values are expressed as percentage 
= the plateau levels for adhesion and for TAT obtained in the presence of 
10- cortiso 


cortisol, a sub-optimal inducer, is incubated together with 
cortisol. the level of induction for both systems is reduced 
below the values achieved with cortisol alone. 

Electrophoretic and immunological studies support the 
surface localization of the induction process. The electro- 
phoretic mobility of induced cells is significantly lower 
than the mean value for control cells (unpublished results), 
indicating a decrease in the total net negative charge on 
the induced cell surface. 

Antiserum prepared from rabbits immunized with 
induced HTC cells exhibits agglutinating activity for both 
uninduced and induced cells. After absorbing the anti- 
serum with control HTC cells, however, an antiserum 
relatively specific for the induced surface factor(s) 
obtamed. Basal levels of this factor apparently exist in 
uninduced cells, for continued absorption of the anti- 
serum removes the agglutinating activity. Sera either 
from unimmunized control rabbits or rabbits receiving 
injections of purified tyrosine aminotransferase do not 
agglutmate HTC cells (unpublished results). 

Thus glucocorticoids appear to regulate the synthesis 
of at least two macromolecules in HTC cells: a cytoplasmic 
enzyme, tyrosine aminotransferase, and a surface sub- 


epongel and oe Snes cells?#:17, 
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stance. The two inducible systems respond similarly 
with regard to steroid dose effect, specificity of active 
steroids and competitive effects of various steroids 
(H. H. Samuels and G. M. T., unpublished results). In 
addition, studies on the binding of steroid compounds in 
HTC cells!? correlate well with these results from both 
anon proce ees, ios ese abierta oni Suggest that 
eee in HTC salle: a thereby initiate at least two 
separate synthetic responses. 

The nature and function of the inducible surface factor 
on HTC cells are not yet known. The requirement for 
RNA and protein synthesis, together with the electro- 


phoretic results, suggest that steroid hormones may induce 


a basic protein which is incorporated into surface strus- 
tures. Alternatively, a surface component could be modi- 
fied by a steroid inducible enzyme. Specific surface factors, 
which affect cee cohesive a ede? appear to be in 
T nterest ingly, ; 
the ability for reaggregation is lost im older embryonic 
cells and adult tissues*:'* but has been detected in some 
heteroploid tissue culture lines'®. Possibly these pheno- 
mena are related to the inducibility of a surface factor m 
HTC cells. 
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Mechanism of Inhibition of Ribosomes by Streptomycin 


by 


JUAN MODOLELL 
BERNARD D. DAVIS 
Bacterial Physiology Unit, 


Harvard Medical School, 
Boston, Massachusetts 02115 


In sensitive bacteria, streptomycin (Str) at adequate 
concentrations completely inhibits protein synthesis, 
while at low, sub-lethal concentrations! it can cause 
phenotypic suppression of certain auxotrophic muta- 
tions. In vitro, with sensitive ribosomes translating 


During streptomycin inhibition of translation of phage mRNA the 
peptidyl-tRNA is blocked in the ribosome P site. 
both aminoacyl-tRNA and peptidyl-tRNA to the ribosomal A site 
is impaired. 


The binding of 


homopolynucleotide messengers, Str similarly causes both 
inhibition of correct synthesis‘® and stimulation of in- 
correct synthesis (misreading)®’, but the response differs 
substantially from that in the cell: even high drug con- 
centrations cause only partial inhibition, and the mis- 
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Fig. 1. Effect of Sir on polysomes and nascent polypeptide chains in a 
system containing “C-valine and directed by paaga RNA. Poly- 
peptide synthesis as previously described", at 34° C, with extracts of an 
su~ E. coli K12 strain, 526:2, Portions of 40 vl. were spun in a sucrose 
density gradient and were analysed for ultraviolet absorption and for 
radioactivity insoluble in hot 5 percent TCA™. The 305 peak is enlarged 
by the sedimentation of free phage RNA in the same region, A, Reac- 
tion mixture at 6 min, just before adding Str; B, same 30 min after 
adding Str (20 ug/ml.) 


reading is so extensive that it may even exceed the inhibi- 
tion’. With a natural messenger (viral RNA), however, 
inhibition is essentially complete*-**, and with this more 
physiological in vitro system we could show that Str 
immediately inhibits chain extension and then, in addition, 
causes slow breakdown of the polysomes'. In eells, Str 
also causes polysome breakdown’. In the work reported 
here, various antibioties were used to determine the loca- 
tion of the peptidyl--RNA during polysome breakdown. 
The results suggest that both effects, as well as other 
known actions of Str, can be explained by distortion of the 
A site of the ribosome, resulting in Impairment of its 
effective binding of both aminoacyl-tRNA (aa-tRNA) 
and peptidyl- tRNA. 


Breakdown of Polysomes 


In all experiments, unless otherwise specified, a poly- 
peptide-synthesizing system with phage-RI17 RNA as 
messenger was incubated at 34° C for 6 min, to promote 
achievement of a steady state, before adding Str. At this 
time, many ribosomes are present as short polysomes 
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(Fig. 1). Str immediately produced at least 95 per cent 
inhibition of polypeptide synthesis; and the subsequent 
slow breakdown of polysomes!! was essentially complete 
by 30 mm (Fig. 1). With Str-resistant ribosomes, by 
contrast, Str did not cause polysome breakdown. Poly- 
some breakdown did not accompany ribosome inhibition 
by chloramphenicol or chlortetraeyelhne (see Fig. 4 
later), or by sparsomycin, fusidic acid or an analogue of 
GTP, 5-guanylyl-methylene diphosphonate (GMP-PCP). 
These compounds also failed to cause the polypeptide 
release described in the next section. 


Mechanism of Breakdown 


The Str-induced polysome breakdown appears to involve 
dissociation of the polysomal complex of ribosome, 
messenger and peptidy]-tRNA, rather than scission of the 
messenger chain. Thus the nascent polypeptide, lost 
from the ribosomes (Fig. 1), remains largely precipitable 
and sediments above the ribosomes. Similarly, **P-labelled 
messenger was largely elimmated from the polysome— 
monosome region within 10 mim after adding Str (Fig. 2). 
This loss does not appear to be caused by enzymatic 
breakdown: it was not observed when chloramphenicol 
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Fig. 2. Effect of Str on distribution of #P-mRNA. Experiment as in 

Fig, 1 except for use of **P-labelled R17 RNA (containing less than one 

atom of °P per molecule). 4, Reaction mixture just before adding Str: 
B, same 10 min later. 
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Fig. 8, Conversion of polysomes and messenger-bearing monosomes to 
free ribosomes by Str. Experiment as in Fig. 1. 4, Reaction mixture 
just before adding Str: B, same 4 min later, 


was used instead of Str; and in the “70S” region, in 
which a double peak is observed, Str caused ‘‘heavy”’ 
ribosomes (each complexed with a phage RNA molecule) 
to become true 70S ribosomes, rather than a heterogeneous 
product (Fig. 3). 

Fig. 4 summarizes the kinetics of polysome breakdown 
observed in several experiments. For each experiment, 
100 per cent represents the fraction of ribosomes present 
as polysomes when Str was added. (This calculation 
somewhat overestimates the dissociation, because a dimer 
first yields one free and one complexed ribosome, but 
both are evaluated as free.) It is seen that Str halves the 
level of polysomes in about 5 min at 34° C. 


Loss of Incomplete Nascent Chains 


Because Str does not inhibit polypeptide synthesis 
completely in this system, the observed Str-induced release 
could be caused by normal termination during the rela- 
tively long period required. We therefore measured the 
residual synthesis more accurately, by adding '‘C-valine 
to an actively synthesizing system only shortly before the 
Str was added at 6 min. During the subsequent 30 min, 
all the polypeptides were released, and the incorporation, 
which was essentially completed within 5 min, amounted 
to 1-4 molecules of valine per initial active ribosome. By 
contrast, the main product of this system, the coat pro- 
tein of the phage!*.+4, contains fourteen valine residues per 
polypeptide’. Moreover, the presumption of steady- 
state synthesis of this protein was supported by showing 
that when the nascent chains were labelled from the start 
of incubation the “heavy monomer”, dimer and trimer 
peaks at 6 min contained 5-3, 6-7 and 11-6 labelled valine 
residues per ribosome, respectively. Thus the average 
incorporation per ribosome required for completing the 
coat protein chains (about 7 valine molecules) exceeds 
about five-fold the synthesis observed after Str addition 
(1-4 molecules). Moreover, most ribosomes might incor- 
porate even less before release, because a few relatively 
unresponsive ribosomes might be responsible for the 
residual synthesis. 


Mechanisms of Inhibition and Release 


Puromycin was used? to determine whether or not the 
nascent polypeptide was located in the P site in the 
inhibited ribosome. Even when added after the slow Str- 
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Table 1, KINETICS OF PUROMYCIN REACTION AT 14° C WITH BirINAIBITED 
AND UNINHTBITED RIBOSOMES 
Incorporated C-yvaline in 
monosome-polysome rerion 


Time (pT) 
— Str + Str 
~45 (+ Str) 2,246 ne 
Q (+ puromycin) == a 
15 1,132 1,178 
30 91% B42 
60 — 770 


A protein-synthesizing mixture (as in Fig. 1} was incubated for 4 min 
at 34° C, to provide extensive initiation, before transfer fo a 14° C bath. 
Five min later the mixture was divided into two portions, Str (20 yzg/ml.) was 
added to one, and after 45 s puromycin (160 yweg/rl.) was added to both. 
Sarnplea of 40 yl. were taken at intervals with chilled micropipeties and 
analysed on chilled gradients, which had been previously layered with 20 gi. 
of 2 mg/ml. chloramphenicol to stop any further reaction. l 

It is seen that after maximal release (by 60 8) about a third of the counis 
from the pooled polysome-ribosome region (constituting one sixth of the 
total incorporation) continued to sediment in that region. Moat of this 
radioactivity, however, does not parallel the ribosomal peaks, bul rather 
represents material trailing from the top of the gradient (see Fig. BE, ref. 11). 
When corrected for this background material the release by puromycin is geen 
to have a half-time of less than 158. 


induced breakdown was well under way, it caused rapid 
disappearance of polysomes (see Table 2). To test 
whether the residual synthesis in the presence of Str 
might permit sufficiently frequent cycling of polypeptide 
through the P site to account for the rate of release, the 
kinetics of these processes were observed at 14° C. The 
residual incorporation in the presence of Str was linear for 
at least 10 min, and its rate, in two different extracts, 
was one amino-acid per active ribosome per 1-2 mim. By 
contrast, the half-time of puromycin release in the presence 
of Str, as in its absence, was less than 15 s (Table 1}. It 
thus seems clear that Str blocks the peptidyl tRNA, at 
least predominantly, in the P site. 

These findings further show that Str does not inhibit 
the peptidyl transferase. This result would be expected 
from the location of the enzyme in the 50S subunit. 

Because the polypeptide is evidently restrained by Str 
in the P site, one can ask whether its subsequent release 
occurs while it is held there or only durmg or after delayed 
transfer to the A site. We therefore tested the effect of 
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Fig. 4. Effect of various ribosome inhibitors on polysomes formed in 
vitro. The antibiotics were added, at the concentrations indicated in 
Table 1, after 5 or 6 min of incubation. Time is that elapsed after adding 
the inhibitor. Data are from several experiments. @, Str: W. pauro 
mycin; ©, chloramphenicol; CI, chlortetracycline: A, no drug added. 
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Table 2. 
Time after Str (min) 
Antibiotic added after Str Antibiotic Final 
0 #z/ml.) addition and sampling 
sampling (4) (B) 
Puromycin (100 pgjml.) 0-5 0-75 
0-5 1 
6-5 2 
35 5 
Chioramphenicol (100 ue/mi.} O35 9 
2-0 $] 
Sparsomycin (4 ugjml.) 0-5 10 
2-5 10 
Chiortetracycline (100 agimi.) 0-5 10 
25 16 
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EFFECT OF VARIOUS ANTIBIOTICS ON BREAKDOWN OF Str-INHIBITED POLYSOMES 


Polysome fevel 


: Fraction of polysomes surviving 
(percentage of initial value) 


from time A to time B 


_ B N B Withont 
A With added Without added With added added 

antibiotic antibiotic antibiotic antibiotic 
aise 7 aie anata pra 
94 2 66 0-02 0-70 
61 2 4] 0-03 0-67 
95 60 18 0-73 0-419 
73 58 O77 () 24 
Q4 117 23 2-24 0-24 
79 90 l4 0:29 
98 $2 27 0-84 0-28 
8O 69 0-86 34 


After 6 min of incubation without antibiotic, as in Fig. 1, an initial sample was taken and Str (20 ugjmi.) was added. At time A after Str a sample 


ee and a second antibiotic was added to a portion of the mixture. 
antiblotic, 


time B. 


aa-tRNA, and also of chloramphenicol and sparsomycin, 
which block peptidyl transfer more directly (for review 
see ref. 2). Each inhibitor, added after Str, strongly 
impeded further polysome breakdown (compare last two 
columns of Table 2); hence aa-tRNA binding and subse- 
quent peptidyl transfer (or attempted transfer) appear to 
be required. 

These observations can all be explained by distortion 
of the A site of the ribosome by Str, in a manner that would 
impair the ability of that site both to bind aa-tRNA 
effectively (hence the delay in peptidyl transfer) and to 
retain peptidyl<RNA (hence the polysome breakdown 
after the transfer). The peptidyl--RNA might conceivably 
be released during its residence in the A site or only during 
subsequent abortive translocation. An involvement of 
translocation is favoured by our further observation that 
fusidic acid, a specific inhibitor of translocation’, also 
blocks Str-induced polysome breakdown. 

This model predicts that the polypeptide is released 
from the ribosome as peptidyl¢RNA. A highly active 
hydrolase in Æ. coli extracts, however, which cleaves free 
peptidyl-tRNA119, has interfered with attempts to detect 
this product. 


Streptomycin Alters Ribosome A Site 


The extensive misreading observed with homopoly- 
nucleotide messengers shows that Str can distort the 
recognition region of the ribosome*®’?; while the results 
presented here suggest that, with natural messenger, 
Str impairs the effective binding of both aa-tRNA and 
peptidyl-(RNA to the A site of sensitive ribosomes. 
Because the recognition region, by definition, includes 
part of the 30S portion of the A sitet, it seems reason- 
able to infer that the distortion of this region is also 
responsible for the effects observed with natural messen- 
ger. The same distortion could also account for the re- 
ported effects of Str on initiation® and on termination??. 
In ribosomes with resistant 30S subunits, the distortion by 
Str is presumably much less severe: the essentially com- 
plete absence of inhibition with natural messenger! is 
paralleled by very slight misreading with homopoly- 
nucleotides*. 

Though the misreading observed with homopolynucleo- 
tides has been of great value in revealing the site of Str 
action, this response is evidently an artificial substitute 
for the inhibition observed at the same drug concentra- 
tions In more physiological conditions. The reason for the 
alteration in response is not known, but the possibility 
must be considered that the abnormal mode of initiation 
by homopolynucleotides (that is, without involving 
initiation factors or subunits) modifies the location of 
these messengers on the ribosome. 

It thus seems clear that homopolynucleotide misreading 
in vitro does not provide a reliable model for phenotypic 
suppression. Nevertheless, at low, sub-lethal concentra- 
tions in the cell, Str may conceivably cause a transient, 
mild distortion of the ribosome that results in suppression 


l 3 aa s i i At time B samples were taken from the portions with and without the second 
rhe fraction of ribosomes present as polysomes was determined in 


effect of the second ‘antibiotic can be estimated by comparing, for the samples with and without it, the frae 


each sample: the value in the initial sample was set at 100 per cent. The 
tion of the polysomes lost between time A and 


rather than in inhibition. Alternatively, other findings 
in this laboratory have suggested that inhibition of some 
of the ribosomes in a cell, by various antibiotics, may cause 
suppression indirectly, by altering the environment of 
the remaining active ribosomes?*, At the moment, the 
mechanism of phenotypic suppression by Str must be 
considered unsettled. 

In summary, when ribosomes translating natural 
messenger are inhibited by Str the peptidyl ¿RNA is 
evidently blocked in the P site, because it can be rapidly 
released by puromycin; and when the slow transfer of the 
peptidyl chain to the A site in the presence of Str is 
permitted the ribosome loses its attached nascent poly- 
peptide and messenger. These findings suggest that 
distortion of the recognition region by Str, already 
inferred from its misreading effect with artificial homo- 
polynucleotide messengers, impairs the effective binding 
of both aa-tRNA and peptidyl-tRNA in the A site. This 
Impairment ean account for the inhibition of protein 
synthesis and also for the polysome instability observed 
with natural messengers in vitro and also in cells. 

This work was supported by the US National Science 
Foundation and Merck and Co. We thank Mary Lee 
Warren for technical assistance. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Pulsar Periods and Rapid Changes in the 
Terrestrial Rotation Rate 


WE wish to point out that the random fluctuations in 
the rotation rate of the Earth!-* are occasionally large 
enough significantly to affect the measured values of 
AP/P for pulsars. Recent measurements of AP/P (P is 
the pulse repetition period) reported by P. E. Reichley, 
G. 8. Downs and G. A. Morris to a meeting of the US 
National Committee for URSI (Washington, April 22, 
1969) have attained a precision of 1 part in 10* or better. 
Such observations are usually corrected for effects due to 
the annual and diurnal motions of the Earth, the long term 
variation in the relationship between Universal Time and 
Atomic Time, and so on, in order to reduce them to the 
heliocentric frame or even that of the solar system bary- 
centre. One then examines the reduced data for possible 
second-order terms in the pulsar slow-down process, such 
as the 1 per cent increase in AP/P that occurred after an 
abrupt change in the period of PSR 0833-45 (ref. 5). 
As we will show, however, it is necessary to analyse the 
data carefully in order to exclude effects due to the random 
variations in the length of the day (l.o.d.). 

The mean equatorial rotational velocity of the Earth 
is 0-4651 km s~ (ref. 6). The doppler effect on the apparent 
period of a pulsar, due to this velocity, is then approxi- 
mately 


AP > g 
(>) = (1:55 x 10-6} cos A sin H cos à 
P rot 


for an observer located at latitude 4. The quantities H 
and è are the hour angle and declination of the pulsar, 
respectively. Inspection of the data presented in the 
literature'~* shows that random fluctuations as large as 
0-5 ms in the l.o.d. occur with time seales of the order of a 
month. The corresponding term in the apparent period 
change of a pulsar is then 


=) 
T random 


The question thus becomes, can such an effect be detected 
in pulsar observations over time scales of the order of a 
month? Let us for simplicity assume a pulsar with 
period P=0-1 s and daily observation period (selected to 
coincide with a time of substantial contribution of the 
Earth’s rotation to the apparent pulsar period, that is, 
to a time when the pulsar is at a rather large zenith angle) 
of order 10‘ s (slightly less than 2-8 h). Let us also assume, 
as stated, that the arrival time of a pulse is measured to 
an accuracy of 0-1 ms (10-4 s). The measured period and 
instrumental error at the end of one observing period are 
then approximately 
10*+2 x 10-4 


J = (4-1 +2 x 10-9) s 


~ (8 x 10-15) cos à sin H cos § 


where 10° is the number of pulses that occur during the 
observing period. 
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Then the fractional error due to the limitation that a 
pulse can be measured with an accuracy of only 0-1 ms 
is (for the stated observing period) 


3 m 
a ae 2x 10" =% x ]{}-8 
P instrumental 0-1 


Then, in one month of observation, the fractional period 
change can be measured to an accuracy 


AP 1/pP.—P 4x 10-3 
ca ee gael a Pe oos = ]-6™« l0 
P /instramental 7 Fig 2-5 x 107 


month 


where n is the number of pulse periods in a month and 
P,, P, are the measured periods on the first and last days 
of the month. 

This error is small enough to permit the detection of the 
terrestrial effect and indeed can be regarded as a realistic 
estimate: Reichley, Downs and Morris have attained 
a precision of 1x10! in pulsar timings over several 
months. 

It is seen that the random variations in the Loud. 
ean affect pulsar observations. The effect can be minim- 
ized by taking the measurements at small hour angles, 
or symmetrically about the meridian. Conversely, 
closely spaced observations of several pulsars can be used 
to study the random variations of the terrestrial rotation 
rate, for which a definitive explanation is not yet available. 
In fact, the pulsar observations could be used to check the 
possibility that the random variations in the Lo.d. are 
simply an artefact of the stellar measurements used to 
determine the Lo.d. The high precision obtainable in 
pulsar timings also requires that careful attention be paid 
to the exact position of the telescope with respect to the 
terrestrial axis of rotation; an uncertainty of one metre 
in the altitude could lead to systematic errors in excess of 
l part in 1044, 

We thank Dr G. 8. Downs for pulsar timing data in 
advance of publication and Professor A. G. W. Cameron 
for a helpful conversation. One of us (H. 6.) is a US 
National Academy of Sciences postdoctoral resident 
research associate. 
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Observations of the Crab Pulsar 
during an Occultation by the 
Solar Corona 


We have measured the difference in time of arrival 
between individual pulses from N P 0532 (refs. 1 and 2) in 
frequency bands at 112, 142 and 170 MHz with the 
300 foot telescope of the National Radio Astronomy 
Observatory. Observations were made between June 12 
and June 23, 1969, when the pulsar had heliocentric 
angular distances in the range 1-5 to 8-7 degrees. 

The low frequeney band contained four adjacent 30 kHz 
channels, and the middle and high frequency bands each 
contained three adjacent 100 kHz channels. Each of the 
ten channels was separately detected and a.c. coupled to 
a light-beam oscillograph. The oscillograph, supplied 
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with time marks from a crystal controlled oscillator, had 
a time resolution of 400 us and a chart speed of 10 
inches s-i i an | 

Our measurements are based on the strongest individual 
pulses found at seven out of twelve consecutive meridian 
transits. The multiple channels in each band allowed us 
to discriminate against natural and man-made impulsive 
signals because these do not show dispersion within a 
given band while the pulsar signals always do. The dis- 
persions are all obtained by measuring the delays between 
different bands, not from the delay between different 
channels of the same band. For the Crab pulsar the 
approximate time delay between the high and muddle 
bands was 3:5 s, and between the high and low bands 
10-5 s. These delays could be measured to 1 ms in favour- 
able cases. The receiver local oscillators were checked 
frequently and the pass bands of the various filters were 
measured at weekly intervals. The accuracies of the 
observed frequencies (on the assumption that the pulsar 
spectrum is flat over each filter) are estimated to be 
1 kHz for the low band and 2 kHz for the medium and 
high bands. 


Table 1, 


Heliocentric 


DISPERSION OF THE CRAB PULSAR 


Integrated electron 


Date, curtate distance Dispersion density ( x 10*° 
June 1969 (solar radii} {x 10°? Hz) electrons cm~?) 
12 8-6 2:3578 + 0-0003 1:7535 
16 8-9 83 4 38 
17 ins 91 5 44 
20 22°35 78 i 35 
21 26-0 73 3 at 
22 29:6 79 4 36 
23 33-1 79 2 36 


The results are given in Table 1 for 7 days on which 
strong pulses were received. The absence of signals on 
the 3 days of closest approach can be attributed to a 
marked increase {a ten-fold increase on June 14 in the 
middle band) in the system noise temperature due to the 
Sun, but the absence of signals on June 18 and 19 seems 
due to the sporadic nature of the source. The strongest 
pulses from NP 0532, though infrequent. are stronger 
than those from any other pulsar which we have observed. 
One NP 0532 pulse on June 21 had a peak flux density 
greater than 10-33 W m- Hz at 170 MHz. Dispersion is 
defined here as the difference in time of arrival multiplied 
by the difference in squared reciprocal frequencies and is 
given in Hz. The errors listed are standard deviations of 
the mean value of the dispersions calculated between 
various pairs of channels. An additional systematic frac- 
tional error of 5x 10- due to uncertainty in the receiver 
frequency affects all the values. Although the period of 
the Crab pulsar is only 33 ms, there seemed to be no 
confusion between adjacent or nearby cycles because a 
strong pulse tended to be strong at all frequencies relative 
to its neighbours. There are, however, many examples of 
missing or very weak pulses in high, medium or low bands 
when a fairly strong pulse was present in the other two 
bands. 

The dispersion is plotted against the curtate distance 
between the centre of the Sun and the line of sight to the 
pulsar in Fig. 1. 

We conclude that our observations do not show the 
general electron density distribution of the Sun. If the 
high point in Fig. 1 represents a real increase in the 
integrated density, it is a transient event with an inte- 
grated density of 1-0 10? electrons em-*. (We use the 
following relation between plasma frequency and electron 
density, vp= 8.979 n172.) Such an amount could be pro- 
duced by an increase in the ambient electron density of 
1-4 x 108 electrons cm~? on a one solar radius path length. 
Also plotted on Fig. 1 is the dispersion of a radial electron 
density distribution which varies with distance according 
to r-? and which has a density of 80 electrons cm~ at 
law. We regard this as an upper limit to the electron 
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density which our observations allow. Neugebauer and 
Snyder? found an average proton density of about 5 
protons cm? and a peak value of 80 protons cm~? at this 
distance. 

Another determination of the coronal electron density 
by Blackwell‘! at sunspot minimum gives an approximate 
r- variation near nine solar radii and the resulting disper- 
sion is 4x 10" Hz, a quantity too small to be plotted in 
Fig. 1. We assume that the solar electrons do not seriously 
affect the four observations most distant from the Sun and 
average the dispersions on these days to obtain a disper- 
sion of (2-3577+0-G001)x 10? Hz and an integrated 
electron density of {1-7534 + 0-0001) x 10% electrons cm~. 
Our value for the integrated electron density can be 
compared with a value (1-755 + 0-007) x 10% electrons em~? 
obtamed by Comella et al.*. 

An aceurate value of the dispersion leads to the pos- 
sibility of finding the relative delay between a light pulse 
and a radio pulse form NP 0532. Conklin et al.* have 
measured a delay of 20-48+0-40 ms between light pulses 
and the radio pulses at 424 MHz. With our value of the 
dispersion, the delay at 424 MHz is calculated to be 
1,311-47+0-09 ms. Removing thirty-nine cycles of the 
pulsar waveform gives a delay of 20:62+0-09 ms. Our 
calculation is based on delay being inversely proportional 
to frequency squared, so the possibility of plasmas dense 
enough or magnetic fields strong enough to require an 
additional term in the binomial expansion of the delay 
equation is precluded. The radio delay we have calculated 
agrees with the measured delay of Conklin et al. to 0-14 ms. 
Thus at a point along our line of sight near the pulsar, 
the light pulse land the radio pulse are coincident to 
within 0-40 ms, the uncertainty given by Conklin 
et al. 

We thank the staff of the National Radio Astronomy 
Observatory for their valuable assistance, W. D. Brundage 
for receiver design, and the US National Science Founda- 
tion for support. 
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VLF Observations of Auroral Beams 
as Sources of a Class of Emissions 


AN interesting very low frequeney (VLF) phenomenon 
which I shall call auroral V-emissions (AVEs) has been 
known for a number of years, although few reports have 
been published. The phenomenon has also been known 
informally as “‘short saucers” and “splashes”. The 
dynamic spectra of a collection of AVEs are shown in 
Fig. la. The AV Es shown here have a fairly low frequency 
minimum, near 0-5 kHz. and have time scales of the order 
of 10s. The broader form at the upper part of the record 
may perhaps be an example of an AVE, but in this paper 
it will not be considered as an AVE. The name auroral 
V-emission is based on the region of observation and the 
V-shaped or hyperbolic spectral appearance. The hyper- 
bolic shape is often quite symmetrical, particularly for the 
AVEs with shorter time scales. AVEs have only been 
observed in satellites, usually near the auroral zone. Noise 
bands with distinct intensity minima at harmonics of the 
local proton frequency are often observed at the centre of 
an AVE, especially for observations at relatively high 
altitude (3,000 km) and for AVEs with a low frequency 
minimum. The phenomena reported here have a much 
shorter time scale and a more well defined spectral appear- 
ance than the “V-type VLE hiss”?-?. 

Certain features of AVEs suggest that the frequency 
versus time spectral form is the result of a spatial distribu- 
tion of energy as a function of frequency rather than of a 
temporal variation resulting from dispersive propagation. 
The close association of AVEs with the auroral zone, the 
similarity of AVE forms from orbit to orbit and the time 
sequence of AVE appearance in the records over a limited 
time interval (usually in a range below one or two minutes) 
suggest the stationary spatial form. The natural sugges- 
tion for an AVE source is thus an auroral beam. The main 
features of the spectral shape of the auroral V-emissions 
can be explained by assuming a limited region of genera- 
tion along the auroral beam (perhaps at the altitude of 
break-up of the beam) and propagation near the resonance 
cone to the satellite, each frequency having a unique ray 
path to the satellite. 

It would, of course, be of interest to detect the presence 
of auroral beams directly from the VLF recordings. One 
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possible advantage of such observations is that possible 
electrostatic beam modes could extend the range of obser- 
vation so that the beam would not have to be intersected 
by the satellite in order to be observed. Because electro- 
static modes might be involved, and because AVEs are 
observed more frequently from satellites with electric 
antennae, the Alouette satellite with its large electric 
antenna makes an ideal platform for such observations. 

Fig. 1b shows a sequence in which a number of impulse- 
like forms appear, usually in conjunction with AVEs. In 
the sequence shown, most of the strong and broad impulses 
seem to be associated with AVEs. I shall interpret these 
impulses as beam modes. A possible beam mode is also 
seen in Fig. la, near the arrow. This beam mode is some- 
what broader than most, lasting approximately 1 s. The 
minimum duration of observation of the beam mode ts 
difficult to estimate from the records obtained so far, but 
is probably less than 0-05 s. 

Examination of a number of AVEs shows that the beam 
modes are most frequently seen in conjunction with events 
whose minimum frequency is low. This is in accordance 
with a theoretical development which indicates that the 
frequency of the minimum of the AVE is an mereasing 
function of the minimum distance from the satellite path 
to the source beam. When the satellite approaches the 
beam very closely. the frequency of the minimum of the 
AVE is thus quite low. 

Sometimes a given AVE seems to show (presumably) 
spatial variations, with discontinuities at a sharply 
defined instant. Frequently an impulse is observed at the 
discontinuity. This impulse is probably from an auroral 
beam, but may result instead from a discontinuity of the 
electric field associated with a rapid electron density 
change. Fig. le shows an AVE with obvious proton 
harmonic bands and a number of beam modes. To the left 
of the beam marked by the arrow the upper frequency of 
the bands shows a rising characteristic, while the bands 
are very uniform to the right of the arrow. 

Some of the beam modes seem to have a systematic 
broadening at the higher frequencies (see Fig. la, for 
example). If the beam modes are observable to a certain 
fraction of a wavelength from the beam itself, one might 
expect the wavelength to decrease with increasing fre- 
queney. The beam modes are, however, most likely 
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connected with the resonance cone where the refractive 
index changes rapidly with frequency and propagation 
direction. By making the assumption that the beam is 
monoenergetic, one finds that the transverse wavelength 
actually increases with increasing frequency, especially 
for low plasma frequencies. 

In any case, direct observations of an auroral beam with 
VLF electric field sensors in a satellite make possible 
measurements of an upper limit of the dimensions of 
auroral beams. For some of the impulses seen in Fig. 1 
this upper limit is approximately 700 m. 

Permission to use the Alouette records was granted by 
R. E. Barrington of the Communications Research Centre, 
Ottawa, Canada. The research was supported by the US 
National Aeronautics and Space Administration. 
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Chromospheric Flare Enhancements 
in the Extreme Ultraviolet and their 
Relationship with Solar Abundances 


Hall and Hinteregger! have discussed the enhance- 
ment of the extreme ultraviolet (EUV) intensities of 


element from which it is radiating. 
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Table 1, LINES ENHANCED NEAR MAXIMUM OF 3-FLARE 


Per cent 
Wavelength (A) lon enhancement 
1238-8 NV 30 
1215-7 HI 18 
1206-5 Si TI] 118 
1175 group € Tit 200 
554 group* O IY 120 
1085 group NIII 60 
1031-9 OVI 40 
10257 HI 19 
990 group N TIT 100 
977:0 CIH 7 
972-5 HI 14 
949-7 HI 13 
Contin. at 911 HI 20 
Contin. at 834 HI 30 
833-835 group O II, TU GO 
790 group OV BO 
765-1 NIV 40 
760 group ov 80 
629-7 oy i0 
584-3 He I 7 
4652 Ne VH 15 
388-1 Mg IX < 
303-4 He Il 7 


* Measurement made in second order. 

Table 1 lists the measured enhancements. The data 
for hydrogen and helium are ignored, first because of 
their very high relative abundances and second because 
variations in hydrogen line intensities in flare regions 
are very small in comparison with the total output of 
hydrogen line radiation. 
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When the percentage enhancements are compared with 
coronal relative abundances as calculated by Pottasch?, 
the correlation in some instances is high, as can be seen 
in Fig. 1. In four cases where the apparent relationship 
breaks down, the line lies in the wings of a hydrogen line, 
which may make it difficult to obtain an accurate value 
for the percentage enhancement. This may also be the 
case for an N III group of lines at 990 A which lies midway 
between the HLS and the HLy lines. The only remaining 
discrepancy is a group of N TI lines at 1085 A which seems 
to be relatively free from blending (Fig. 2). No reason 
can be found for this disagreement. 

If these arguments are accepted, there emerges a situa- 
tion im which, during the near maximum of a 3-flare, the 
intensity of EUV spectral lines is enhanced according to 
their abundance. But the enhancement is unlikely to 
depend directly on the relative abundance of an element; 
it must surely depend on some atomic or sub-atomic 
property. In the present context it seems impossible to 
assign a temperature, regardless of the way in which it is 
defined, that will describe the relationship between 
abundance and changes in EUY radiation. Electron 
density may be a more relevant criterion. The alternative 
is to reject the apparent relationship as a pure coincidence, 
but the correlation between enhancement and abundance 
is surprisingly good in view of the difficulty of the experi- 
mental determmation of EUV enhancements and the 
very approximate values of solar abundances which are 
currently available. 

B. C. BOWERS 

Upper Atmosphere Research Group, 

Weapons Research Establishment., 

Salisbury, South Australia. 

Received July 18, 1969. 

t Hall, L. A., and Hinteregger, H, E.. Solar EUV Enhancements Associated 
with Flares, COSPAR, Tokyo (1968), 

? Pottasch, 8. R., Astrophys. J., 137, 945 (1988). 

> Hinteregger, H. E., and Hall, L. à., Solar Phys. 6, 175 (1969). 

+ Goldberg, L., Mueller, E. A., and Aller, L. H., Astrophys. J., Supp. No, 45 
(Nov. 1960). 


Solar Source of Interplanetary 
Magnetic Fields 


ONE of us (A. S.P has obtained measurements of the mean 
magnetic field of the Sun (seen as a star) for the period 
March-June 1968, and has pointed out that a close correla- 
tion of this solar field with the sector structure cf the inter- 
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Fig. 2. The average position of a solar sector boundary during 1065 

(ref. 4). On each side of the boundary the weak background photospheric 

magnetic field is predominantly of a single polarity in equatorial latitudes 
on both sidea of the equator. 


planetary magnetic field should be expected if the solar- 
interplanetary correlation described previously? existed 
at the time of his observations. A. SJs observations 
give the mean longitudinal magnetic field of the whole 
solar disk, with the distribution of brightness over the 
image as a weighting function. 

Fig. 1 shows a comparison of this solar magnetic field 
with the polarity of the interplanetary magnetic field 
observed near the Earth with the Ames Research Center 
magnetometers on the spacecraft Explorers 33 and 35, 
for which C. P. Sonett is the principal investigator. A 
very close correspondence between these two magnetic 
fields can be seen in Fig. 1. The interplanetary observa- 
tions plotted in Fig. 1 have been adjusted to allow for an 
average transit time of solar wind plasma from the Sun 
to the Earth of five days*. Variations in the solar wind 
velocity from one interplanetary sector boundary to the 
next will cause a variation in the time of arrival at the 
Earth of the sector boundary. This leads to an uncertainty 
in the transit time of sector boundaries of at least a 
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fraction of a day. The time at which the observed solar 
field changes polarity is also uncertain within an appre- 
ciable fraction of a day because only daily observations 
are plotted. Within these uncertainties the agreement 
in Fig. 1 is almost complete. 

The agreement between solar and interplanetary fields 
could exist only if the solar source of the interplanetary 
magnetic field were part of a field pattern that was ordered 
over an appreciable portion of the solar disk. (If the solar 
pattern that was the source of the interplanetary field 
existed only over a small range of latitudes this pattern 
would contribute only a small part of A. S.’s observa- 
tions, and would not control the time of polarity reversals. ) 
This result is consistent with Fig. 2, which shows a solar 
background field pattern?-* derived from comparisons of 
solar and interplanetary fields near the previous sunspot 
mimmum. <A solar sector (an area on the Sun in which 
the background photospheric magnetic field is predomin- 
antly of one polarity) occupies a large area on both sides 
of the heliographic equator. The boundary between two 
solar sectors is at almost the same longitude independent 
of latitude over a range from at least 40° N to 40° § lati- 
tude. The boundaries rotate almost as a rigid body and 
are not stretched by solar differential rotation. 

The lower graph in Fig. 1 shows the total flux (divided 
by the area of the solar disk) of all sunspots!. It can be 
seen that the sunspot field is not closely related to the 
interplanetary field, and, if anything, the two fields are 
somewhat anticorrelated. Thus it seems that the magnetic 
fields of sunspots do not have a direct influence on the 
interplanetary magnetic field. This is consistent with a 
previous discussion by J. M. W.. 

The transit lag (from Sun to Earth) determined from 
Fig. 1 is about 4-6 days, with an uncertainty of several 
tenths of a day. The precision of the transit lag can be 
improved with a longer series of observations and by 
using observations of solar wind velocity when these are 
available. The time at which the mean solar field changes 
polarity can be determined more precisely by making 
additional observations per day at a solar observatory, 
and through international cooperation to have 24 h of 
observations each day. 

The 4-6 day transit lag is similar to the transit time of 
4-5+0-5 days determined near solar minimum’. This is 
consistent with the suggestion? that solar sector boundaries 
are & quiet part of the Sun the properties of which change 
little through the eleven year cycle of solar activity, 
even though the average solar wind velocity increases 
(and therefore the average transit time decreases) con- 
siderably from solar minimum to maximum. 

In summary, this comparison of the mean solar field 
and the interplanetary field near solar maximum is con- 
sistent with the correlations and field patterns developed? 
from analyses near solar minimum. 
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Effect of Temperature on the 
Strength and Composition of the 
Upper Lithosphere of Venus 


PLANETARY probes have confirmed temperatures of the 
order of 700 K for the surface of Venus'?. Given the 
similarities of the radii and densities of Venus and Earth, 
it is a reasonable assumption that the two planets have 
similar overall compositions’. Although the upper litho- 
sphere of Venus should therefore have evolved in a manner 
roughly parallel to Earth’s upper lithosphere’, it is inter- 
esting to consider what modifications may have been 
imposed on this evolution by the high temperatures. I 
shall consider particularly the effect on magmatic differen- 
tiation, isostatic adjustments and surface relief. 

Large scale radial chemical differentiation of a litho- 
sphere and the resultant tendency toward chemical and 
mechanical equilibrium should occur largely through the 
following mechanisms: (1) local differentiation and radial 
movement of silicate melts (magmas), (2) local differentia- 
tion and radial movement of solid bodies of rock, and (3) 
radial chemical mass transport by vapours and other 
fluids. The latter mechanism is similar to that which 
has been previously discussed for chemical mass transport 
along a meridional atmospheric temperature gradient 
and will not concern us further. Although the detailed 
processes by which local bodies of rock and magma differ- 
entiate are very complicated, the subsequent movements 
of such bodies can be discussed in a general way. For 
true viscous flow, represented in solids by recrystalliza- 
tion creep, the theory of absolute reaction rates® provides 
the following expression for the viscosity 


I (1) 


n= ZR sin hf V BED) 
where 
kT , 
K= “> exp (— AGI RT) (2) 
t 
and 


AGI = AH,t~TAS++ PAV? (3) 


The symbols are defined as n= viscosity, K = specifie 
rate constant flow, f= differential stress, k= Boltzmann’s 
constant, R=gas constant, h= Planck’s constant, T = 
absolute temperature, V=volume of the unit of flow, 
AVt=volume of activation, AG} = Gibbs free energy of 
activation, AHt=enthalpy of activation, ASt = entropy 
of activation and P=hvdrostatic component of stress. 

In the derivation of these equations it is assumed that 
the units of flow are thermally activated and that the 
differential stress acts solely to lower the energy barriers 
in the direction of flow. Then if V is of the order of 10-7% 
to 10-23 em?, corresponding to atoms or ions, and if 
f<10° dyne cem, then fV<2kT, so that equation (1) 
reduces to 


n= : exp (— ASt/R) exp (AH,?/RT) exp (PAV ?/RT) (4) 


This is approximately equivalent to the Arrhenius 
expression 
n= A exp (EI/RT) (5) 
in which A is a constant and EF}. is the experimental 
energy of activation. Ei is usually relatively independent 
of the temperature and similar in magnitude to AH t. By 
definition the relaxation time t is equal to 1/K and for the 
case of equations (4) and (5) approximately proportional 
to 7. Equations of the general form (1) have been found 
to apply to a variety of solid oxide systems in which 
reerystallization creep occurs’. This is particularly well 
documented in the case of solid CaCO, (calcite) in the 
range of f=400 to 2,000 bar and 7=700 to 1,100 K 
(ref. 8). The more restricted forms (4) and (5) are applicable 
to the common anhydrous silicate melts of basaltic and 
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andesitic composition for which Ei falls in the range 
50,000 to 70,000 calories (ref. 9). They are also applicable 
to solid Al,O, in the range f=10 to 1,000 bar and T= 
1,700 to 2,000 K (ref. 10). In this case, however, Ei 
falls in the range 100,000 to 150,000 calories. 

The viscosity of a solid planetary lithosphere governs 
the buoyant relaxation of stresses generated by isostatic 
imbalances. Thus Haskell! and others have shown that 
the post-Pleistocene uplift due te melting of Earth’s ice 
caps corresponds to upper mantle viscosities of about 
10? poise. The time seale in this case is approximately 
10t yr. The observed value of 10°? poise is only a resultant 
of 4 values which probably vary over a broad range with 
a minimum at several hundred km. As suggested by Cook!” 
this minimum probably coincides with a zone of low 
seismic velocities!*. But the values of AH} of 40,000 calor- 
ies and less assumed by Cook are probably too small. 
Indeed, if equation (4) is applied® directly, the measured 
viscosity of 10%* poise corresponds to AHi+PAVt> 
110,000 calories. This result is in good agreement with 
the cited experimental data and points to activation 
energies of 100,000 calorics or more for typical solid 
planetary materials. 

It seems clear that activation energies for the flow of 
silicate melts should always be considerably less than for 
chemically equivalent rocks. Also the melts will have 
substantially lower densities'*. Furthermore, it has been 
shown! that the relatively low viscosities of such melts 
are not likely to be greatly increased by the PAV? term 
even at depths corresponding to the upper mantle. Also 
experience with voleanic eruptions and direct calcula- 
tions'® indicates that large volumes of basaltic magma 
may at times be extruded from Earth’s upper mantle on 
a time scale of a few years or less. Thus the viscous and 
buoyant properties of magma support the well known 
lack of evidence for a permanent molten subcrustal layer 
on Earth. In fact the formation and upward migration 
of magma may be regarded as a safety valve on planetary 
thermal processes?’. 

Possible conditions in the upper lithospheres of Venus 
and Earth are compared in Fig. 1. The curves a’ and a 
for Earth are based primarily on heat conductivity 
(including radiative transfer) but also incorporate a 
number of other geophysical constraints!*. One of the 
most important of these constraints is the lack of evidence 
for molten subcrustal layers so that curve a must lie below 
curve b which defines the beginning of melting!*. Unfor- 
tunately no analogous unique curves can as yet be estim- 
ated for Venus because all temperature-depth curves 
based solely on thermal conductivity (including radiative 
transfer) suffer from a lack of knowledge of the distribution 
and abundance of heat producing isotopes on this planet. 
Curve ce’, however, is an adaptation to the latest surface 
temperatures of a number of such temperature—depth 
curves calculated for Venus by MaeDonald!*. Comparison 
of this curve with a and a’ indicates that it probably 
yields minimal temperatures. Although it ‘is diagram- 
matic, curve ¢ shows another, perhaps more realistic 
possibility that must be considered. MacDonald!’ pro- 
posed that the solidus curves for Venus and Earth are 
almost the same. If this were true a curve such as c 
would entail extensive melting in the lithosphere of Venus 
as if crosses b. In fact, MacDonald also suggested that 
tidal energy on Venus is dissipated by viscous interaction 
of molten and solid materials’®. Consideration of the 
properties of magma, however, leaves little reason to 
believe that such a solid—liquid mixture is any more likely 
than on Earth. The reason for this conclusion lies partly 
in the melt densities and short extrusion time scales 
already referred to, but it is also related to the character- 
istic of partial melting that demands enrichment of the 
unmelted residue in higher melting “basic” constituents 
such as Mg, Fe, Ca and so on. Thus as magma is generated 
within the upper mantle of Venus, it should move rapidly 
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Fig. 1. Curves a and œ’ are temperature-clepth curves deduced for 


Earth by Clark and Ringwood"*, and curve ec’ is a similar curve for Venus © 
adapted from the work of MacDonald, Curvec isa possible temperature- 
depth curve for Venus patterned after a. Curves b and d are curves for 
the beginning of melting as inferred for Earth! and Venus respectively. 


to higher levels or to the surface and crystallize. As a 
result of this process the solidus of the upper mantle rocks 
should be raised to higher temperatures as is diagram- 
matically represented by curve d of Fig. 1. A similar 
situation should also arise for rocks with lower solidus 
temperatures at shallower depths. For example, although 
the granite solidus temperatures®® might be exceeded at 
depths of less than 20 km (Fig. 1) no granite magma would 
be produced because it would long since have been 
extruded to even shallower levels where it would have 
solidified. As a consequence of such processes there 
might well be a much more thorough differentiation and 
upward enrichment of low melting constituents such as 
Na, K, Al, Si and so on, on Venus than on Earth. It 
also follows that there should be a greater concentration 
of radiogenic heat producing species in the crustal rocks 
of this planet. 

Although the high temperatures on Venus do not imply 
widespread melting, they probably weaken the rocks 
significantly. If we assume that equation (5) applies to 
similar subcrustal regions of Venus and Earth and if these 
regions have similar compositions, then the constants 
A and EH} should be nearly the same in both regions. To 


illustrate the effeet of temperature we assume that Ee soot 


10° calories, which seems to be minimal on the basis of 
experimental data. Then we have 
Ty r1os l i S 
TE LRA Ty Ter 
where the subseripts V and E refer to Venus and Earth 
respectively. Thus if we assume a modest temperature 
difference Ty —Tg=100 K fora level where Ty = 1,000 K 
we find that 
TY i 
e aAa 
ve 
so that for these conditions the relaxation time on Venus 
would be several orders of magnitude shorter than on 
Earth for the same viscous flow process. 
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It should be stressed, however, that only regions of 
similar chemical composition can be compared. Fer 
example a lower concentration of a volatile substance such 
as water in the lithosphere of Venus could counteract the 
effect of temperature because this substance may well 
decrease the viscosity. Also the inferred “‘basification” 
which raises the solidus temperatures will probably 
increase the viscosity. Thus although the mechanical 
weakening effect of temperature on the solid rocks of 
Venus is strong, certain counter effects which tend to 
strengthen these rocks result from the same high tem- 
peratures. 

It is significant that the weakening effect of tempera- 
ture also extends to deformation under stresses higher 
than those required for viscous flow or recrystallization 
creep. Although these high stress modes of deformation 
cannot be evaluated by any simple theory, their response 
to temperature variation has been demonstrated by 
Griggs, Turner and Heard*!, who found that granite under 
a confining pressure of 5 kbar was deformed to the same 
extent by a differential stress of 5 kbar at 1,073 K as by a 
differential stress of 20 kbar at room temperature. O ther 
rocks behave similarly. It thus appears that rocks on 
Venus should show less resistance than those on Earth 
over a broad stress range. 

One of the most interesting consequences of the high 
temperatures on Venus Is their effects on the time and 
distance scales of mountain building processes and on 
isostatic adjustments. It is well known that on Earth 
isostatic adjustment occurs on a scale of not less than 
tens or hundreds of kilometres and that as a consequence 
mountains possess such deep roots that the crust is signifi- 
cantly thickened thereby. On Venus such deep roots 
should be excluded because the material forming them 
would tend to flow upward and outward to achieve a closer 
approach to true hydrostatic equilibrium than on Earth. 
Also if the deep seated mountain building forees (such as 
those which might be generated by hypothetical mantle 
convection currents) are the same on Venus and Earth, 
one might expect that the time scales of “unbuilding” 
through viscous gravitational slumping would be in some 
ratio ty/te. But Earth’s mountains are also reduced 
by weathering and erosion and it is likely that analogous 
if quite different processes also act on Venus‘. Such 
processes would result in significant topographic features 
which, however, would still be too small for isostatic com- 
pensation even at Venus surface temperatures. Conse- 
quently the reduction of topographic relief relative to 
that on Earth should be less than that implied by the 
ratio ty/tx for viscous flow. It is possible then that 
Venus possesses horizontally extensive chains of rough 
topography but few high mountains. It is possible also 
that the crust of Venus is more evenly distributed and 
shows less horizontal chemical variation than does Earth’s 
crust. The latter conclusion may have to be qualified 
when account is taken of horizontal chemical differentia- 
tion by atmospheric processes. 

I thank Dr L. S. Walter for helpful comments. 
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Enhancements of Interplanetary 
Scintillation, Corotating Streams 
and Forbush Decreases 


BETWEEN mid-July 1967 and early January 1963, part of 
the northern sky was regularly surveyed by interplanetary 
scintillation’? using the 4 acre aerial at the Mullard Radio 
Astronomy Observatory, Cambridge, to detect and 
measure the angular diameters of quasars and other 
compact radio sources at 81-5 MHz. On a number of 
days large increases (up to 200 per cent) in scintillation 
of many radio sources were observed. This article indicates 
that most of the enhancements tend to recur, with a 
period of 27 days, and that some also correlate with 
decreases in cosmic ray intensity. 

Fig. 1 shows the area of sky surveyed and the track of 
the Sun during the period of observation, as seen from the 
Earth. Thirty-five strongly scintillating radio sources 
within the area were used for this analysis. On average, 
eight of these sources were observed each day, each source 
for 2 or 3 min at transit. 

The magnitude of the enhancement observed on any 
particular day varied from source to source. For each 
source the quantity AFF has been calculated, where F 
is the scintillation index. and Fig. 2 shows this averaged 
over all the sources observed each day. The quantity 
AF/F is not independent of F; corrections for this have 
been applied. The averaging process adopted here pre- 
vents the progress of an enhancement across the sky being 
followed. 

Fig. 2 shows the cosmic ray index (Deep River neutron 
monitors), the average increase or decrease in scintilla- 
tion, and LAy for each day. Sudden commencements 
are marked by a small tr jangle. The enhancement of 
scintillation marked A corotates with the Sun, and corre- 
lates with a decrease in cosmic ray intensity; the first 
two times it is seen it also correlates with a maximum in 
Kp, but by the third rotation they have shpped out of 
phase. The enhancement B also corotates, but does not 
seem to correlate with any cosmic ray decrease nor with 
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The area of sky surveyed and the path of the Sun across it 
during the period of observation. 
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any corotating Kp maximum. The enhancement C is 
unique; 1t coincides with a sudden commencement and 
with a maximum in Kp. 

Dennison and Wiseman? observed an enhancement of 
interplanetary scintillation in May 1968, which they 
attributed to a corotating stream im the ecliptic, with an 
accompanying Forbush decrease. If this corotating stream 
had preserved strict 27 day periodicity, it would have 
been observed on December 19, 1967, six solar rotations 
earlier. There is some suggestion of a scintillation enhance- 
ment (and Forbush decrease) then, but, because of the 
limitations of these data, it cannot be definitely estab- 
lished. 

Other reports of anomalous scintillation enhancements 
have been by Dennison and Hewish’, who found that the 
scintillation index of 3C48 at 81-5 MHz doubled on March 
13 and 14, 1966, and attributed this to a flare on the Sun; 
and by Sharp and Harris’, who reported four-fold and 
eight-fold increases in scintillation index of a few sources 
on Mareh 27 and March 31, 1966, respectively, at 195 and 
430 MHz, a also attributed them to solar flares. It is 
interesting to note that on March 27 the minimum phase 
of a large Forbush decrease (5 per oni in the Deep River 
monitors) was observed. March 31 was during the recovery 
stage of this decrease. On March 13 and 14 there was a 
very small (1 per cent) decrease in cosmic ray intensity. 

To a first Approximation the scintillation index observed 
depends on the r.m.s. fluctuation in electron density at 
that point in the interplanetary medium where the hne 
of sight to the radio source is closest to the Sun. The 
fluctuations are typically a few per cent and have a scale 
size of several hundreds of kilometres. An enhancement 
of scintillation would be produced by an enhancement of 
this r.m.s. fluctuation of electron density. These observa- 
tions show that corotating streams and shocks are asso- 
ciated with increases in electron density fluctuations. 
Furthermore, these have been observed at a considerable 
distance from the ecliptic plane (typically 30° above the 
plane, 40° from the Sun). This phenomenon. used in 
conjunction with cosmic ray modulations, should provide 
an excellent tool for probing the interplanetary medium 
outside the ecliptic plane, 

Further, and more detailed, observations could reveal 
whether it is normal for so many of the enhancements to 
be corotating, how far out of the ecliptic plane enhance- 
ments can corotate, the temporal and spatial structure of 
the enhancements, how the magnitude of the enhancement 
depends on the type of event, what the mechanism of the 
seintilation enhancement itself is. and what causes the 
decreases in scintillation. 

The observations were made while a research student at 
the Mullard Radic Astronomy Observatory, Cambridge. 
This analysis has been done w hile holding an SRC research 
fellowship at the University of Southampton. Assistance 
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Similarity of Gravity Anomaly 
Patterns in Asymmetric Active Regions 
THE currently favoured explanation for the asymmetric 
active regions! involves the downthrusting of the litho- 
sphere into the mantle at the edges of continental margins 
as the result of the differential movement of lithospheric 
blocks?. The parameter used to describe this differential 
movement is the slip rate? This is, of course, an inferred 
quantity, but it has been shown empirically! that the 
inferred slip rate is proportional to another parameter of 
the asymmetric active regions, the length of the Benioff 
zone. Fig. 1 examines the relationship of the gravity 
anomalies to other parameters of the asymmetric active 
regions, particularly slip rate as indicated by the length 
of the Benioff zone. It shows gravitv anomalies over 
seven regions of varying length of Benioff zone and the 
profiles are stacked above a common zero anomaly point. 
Within the limits of observation densities two lines 
parallel to the zero anomaly intercepts can be drawn; 
one passes rouen all the maximum AR anomalies, 
g Thus 
the distance ‘ees the marg posi we aa APTON 
gravity anomalies appears to be invariant at about 115 krn. 
It can also be seen in Fig. 1 that the maximum arnpli- 
tudes of the gravity anomalies, positive or negative, are 
not proportional to the lengths of the Benioff zones (and. 
therefore, slip rates). 
The configuration of anomalies in Fig. | suggests that 
“mass dipoles” of similar length though different moment 
underlie all the active margins at the same depth. In five 
of the seven ares of Fig. 1 the integrated positive anomaly 
and the integrated negative anomaly are equal (within 
20 per cent), which might suggest. that the anornalies are 
due to redistribution of mass by a differentiation process. 
In the Tonga region, however, the integrated positive 
anomaly, whether free-air or isostatic, is 50 per cent greater 
than the integrated negative anomalies: while across 
the Puerto Rico are the integrated negative anomaly is 
more than double the integrated positive anomaly. 
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Fig. 1. Gravity anomalies across asymmetric active regions. The 
sources of the data and the length of the Benioff zone are: 1, New 
Zealand®,l=400 km; 2, Tonga’, /=830 km; 3, Aleutians’, {= 270 km; 
4, New Hebrides’, 7=850 km; 5, South Marianas’, i=250 km; 6, 
Puerto Rico’, 1 = 800 km; 7, J ava’, i= 660 km. Solid points represent 
free-air anomalies and open points local isostatic anomalies, The 
obaervations on profile 1 (isostatic anomalies) and profile 6 (free-air 
anomalies) are sufficiently dense for their distribution to be neglected. 
Though the downthrusting of a cool lithosphere deep 
into the upper mantle may produce the positive gravity 
anomalies on the continental sides of the active regions, 
the downthrust lithosphere hypothesis does not clearly 
explain the presence of a negative gravity anomaly on the 
oceanic side. It has been suggested that superficial 
sediments on the ocean floor are dragged down by the 
phinging lithosphere, and this explanation of the negative 
anomalies would be consistent with their positions, which 
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are invariably at the intersection of the Benioff zone with 
the Earth’s surface?4. On the other hand, the invariance 
of the distance between extreme values of the gravity 
anomaly pairs, irrespective of variations in the other 
parameters, may be the result of the imposition, on a 
geodynamic process, of the radial variations in the 
properties of the Earth. 
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Geology of the Central English Channel 


Work on the solid geology and structure of the central 
and eastern portions of the English Channel has now 
entered its second year. Preliminary results are sum- 
marized in Fig. 1. 

More than 2,750 miles of continuous reflexion profiling 
from the RRS John Murray and Moray Firth IV (in 1968 
and 1969) has been run on a grid pattern with a spacing of 
2-5 miles. In addition, 1,800 miles of magnetometer and 
200 miles of transit sonar records were obtained. In 
conjunction with these traverses, one hundred solid and 
superficial rock samples have been taken at critical 
geological positions in an area north of latitude 50°. 
These were obtained by the Hull gravity corer and a 
Shipek sampler respectively. The solid samples are 
being subjected to standard micropalacontological tech- 
niques and the microfauna used to date the samples. 
Navigation throughout the survey was by Decca Mark 12. 

An Edgerton Grier and Germeshausen Sparker system 
was used at varying energy levels. North of latitude 
50° 10’, 1,000 or 500 J were the main energy levels. 
South of this latitude, 100, 300 or 1,000 J were the mam 
sound sources, although two traverses at 3,000 J were 
run. Two types of transit sonar were used, the E.G. and 
G. Dual Side Sean Sonar and the Kelvin Hughes towed 
Asdic, the latter on loan from the University of Bath. 

The general geology of the sea bed has been summar- 
ized!-*, The present study is a continuation of the work 
of the University of Bristol in the Western Approaches*~®. 
Previously, only small areas had been accurately surveyed 
by geophysical and sampling techniques’. ‘This com- 
munication gives a preliminary geological description of 
the newly surveyed area starting from Lyme Bay. 

Lyme Bay is an area of extensive superficial cover— 
mainly fine, grey-black, shelly sand which thickens 
towards the centre of the bay. The solid rock samples 
which have been obtained and dated were frorn the area 
of strongest currents and the area of maximum tidal 
scour. Structurally this area is one of intensely folded 
and faulted Triassic and Jurassic rocks with an eastward 
plunge. 

The continuation of the Brixton Anticline from the west 
coast of the Isle of Wight, and its termination, as well as 
the continuation of the Chalk monocline, have been shown 
by continuous reflexion profile traverses into Bourne- 
mouth Bay. A total of seventy solid rock samples of 
inshore Tertiary and Cretaceous rocks have been taken in 
Poole Bay and adjacent areas to the Isle of Wight by 
free diving. The Hengistbury Ironstone Beds have been 
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shown to continue to the end of the Christchurch Ledges. 
The Bournemouth and Poole rock groups, although 2 
miles apart, are shown to exhibit similar lithological 
characteristics and samples of Chalk have been obtained 
from 1-5 miles east of Old Harry (my unpublished results). 

To the south of the Isle of Wight there is a gentle syn- 
cline in the Chalk plunging eastwards. Strongly folded 
Jurassic and Tertiary rocks are found in the central 
channel'*. To the south of the Tertiary outlier is an area 
of gently northward dipping rocks, probably Upper and 
Lower Cretaceous. Immediately south of these lies an 
area of folded and faulted Jurassic and Triassic rocks. 
This area may also contain a complex series of infill 
channels aligned E-W and SW-NE converging on the 
Hurd Deep (unpublished results of D. Hamilton and A. J. 
Smith), During this survey, however, no definite channels 
have been recognized on many of the sparker traverses. 
Although numerous rock samples are lacking, the geophysi- 
cal evidence points to the possibility that some of the 
supposed infill channels may be highly faulted and folded 
Lower Cretaceous and Jurassie rocks. Detailed analysis 
of the findings is in progress and will be published later. 

I acknowledge the help of Mr Cleverly and the NERC 
Research Vessel Unit, and thank Dr A. J. Smith and Dr E. 
Robinson for help in the field, Dr Chesterman for the 
loan of the Asdie and Professor D. T. Donovan for his 
comments. 

R. G. DINGWALL 

Department of Geology, 
University College, 
London WC1. 


Received May 12; revised August 4, 1969. 

! King, W. B. R., Quart. J. Geol. Soc. London, 104, 327 (1949). 
* King, W. B. R., Geol. Mag., 87 (1950). 

* King, W. B. R., Quart. J. Geol. Soc. London, 110, 77 (1954). 


* Smith, A. J., Stride, A. H., and Whittard, W. F., Proc. Seventeenth Symp. 
Colston Res. Soc. (1965). 


* Whittard, W. F., Proc. Roy. Soc., A, 265 (1962). 


e pei B., and Whittard, W. F., Geol. Surv. Canada, paper No. 66-15 
( ý 


* Curry, D., Martini, E., Smith, A. J., and Whittard, W. F., Phil. Trans. Row. 
Soc., B, 245 (1962). 

"Curry, D., Hersey, J. B., Martini, E., and Whittard, W. F., Phil. Trans. 
Roy. Soc., B, 248 (1965). 

* Curry, D., Murray, J. W., and Whittard, W. F., Proc. Seventeenth Symp. 
Colston Res. Soc. (1065). 

** Donovan, D. T., and Stride, A. H., Phil. Trans. Roy. Soc., B, 244 (1961). 

“ Larsonneur, C., Rev. Trav. Inst. Pêches Marit., 29 (2) (1965). 

“Curry, D., Quart. J. Geol. Soc. Lond., 118 (1962). 


Structural Evolution of the Rift Zones 
of the Middle East—a Comment 


Roserts! has explained differences in the rate and direc- 
tion of crustal spreading in the Red Sea and Gulf of Aden 
by postulating approximately east-west extension across 
the Ethiopian rift at a rate of 0-7 em yr per limb. This 
rate would produce 140 km of widening of the Ethiopian 
rift durmg the last 10 m.y., an amount approximately 
twice the width of this rift? and twenty times the crustal 
extension that can be deduced from the observed struc- 
ture. The eastern rift of Africa differs from the Red Sea 
and Gulf of Aden rifts in its small amount and rate of 
crustal extension, the importance of alkaline and silicic 
volcanism, and distinctive Bouguer gravity profiles*. 
These three branches of the rift system ought not to be 
regarded as three convergent spreading axes with com- 
parable rates of spreading. 

The Nubia—Somalia rotation pole governing the spread- 
ing of the Ethiopian rift is placed in north-east Arabia by 
Roberts, implying an eastern rift spreading rate which 
increases southwards from an unacceptably high rate in 
Ethiopia to impossibly high values in Kenya and N. 
Tanzania. If a rotation pole controlling extension across 
the eastern rift can be contemplated, then it ought to be 
situated somewhere in East Africa rather than in Arabia. 

Assuming tight coupling of the continental crust with 
the underlying mantle it seems that the presently avail- 
able data do not favour a three pole structural model, and 
the alternative one* or two pole models involving shear 
along one or more branches of the rift system must be 
reconsidered. Evidence of such shear has been found in 
Kenya*, Ethiopia*, the Red Seat, Gulf of Suez’ and the 
Dead Sea rift*. The only place where the continental parts 
of two of the three crustal plates are in contact is along the 
Dead Sea rift. The orientation of this rift and of lines 
joming conjugate points on either side of the Red Sea 
ought to provide the most reliable definition of a primary 
rotation pole for opening of the Red Sea and Gulf of 
Aden. This pole would lie somewhere between Crete and 
the tip of the Gulf of Suez; its location depends on various 
compromises that can be made between the movement 
trajectories and the inferred rates of movement of the 
Nubian and Arabian plates. The anomalous orientation 
of the Gulf of Aden transform faults with respect to this 
rotation pole may then be explained as a result of left- 
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lateral shear along the eastern rift and the Gulf of Aden, 
amounting to a clockwise rotation of the Horn of Africa 
(Somalia plate) relative to the other two plates’. This 
modification of the model of Gass and Gibson’ may help 
to explain the structural complexity of the axial part of 
the Gulf of Aden, where there are numerous sub-parallel 
fractures traversing the spreading axis obliquely. It is 
possible that a component of spreading in the north-west 
and south-east directions may have taken place on these 
fracture zones, in addition to transform faulting along 
their length. 
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Magmatic Pulsing and Changes in 
Titanium Concentration during 
Miocene Volcanism in Oregon 


Ir a genetically associated section of lavas can be shown 
to span a considerable part of geological time, then a 
coarse time factor for any observed geochemical trends 
may be obtained. Should very large time differences 
exist between lavas, however, the probability that mag- 
(unrelated to 
To 


hange from 
151403 m.y. ago’. 
magnetic pole for each lava is reproduced in Fig. 1. 

A single standard 30 g sample of each of sixty-three of 
the seventy-one flows, selected on the basis of homogeneity, 
has been analysed for all major oxides and some trace 
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Fig. 1. Variation of virtual geomagnetic latitude (VGL) and ALO, and 


TiO, concentrations for each sampled lava in Steens Mountain, N, 
Number of lava in section: number increases with increasing age; 
VGL, latitude of virtual geomagnetic pole (surface expression of the 
axial geomagnetic pole which would cause the recorded natural remanent 
magnetism direction) for each lava calculated from at least six specimens 
for each lava following demagnetization’, 0, Equator; negative, 
southern latitudes; positive, northern latitudes, ALO, and TiO, coun- 
centrations which are obtained from a single sample from each lava 
(see text) are given in weight per cent. Groups A to H chosen on the 
basis of chemical data, for ease of discussion. Arrows at left show 
limits of the geomagnetic polarity transition’, which is inferred to 
represent a period of 4.600 yr (with upper and lower 95 per cent limits 
of 1,200 and 21,000 vr (ref. P) Arrow in TIO, sequence at group C 
infers possible interrupted trend (see text and Fig. 2). 


elements by emission analysis using a Philips 1220-100 
kV X-ray spectrometer*. We present and discuss here 
analyses of only two oxides: Al,O, and TiO,. Sufficient 
counts were made to yield a minimum repetitive accuracy 
of +03 per cent. Duplicate samples show a variable 
reproducibility of 0-002 per cent for TiO, and +01 per 
cent for Al,Os. 

One question about studies of geochemical trends in 
large sequences of basalts is: can significant within-lava 
variations not obvious in outcrop obscure any real 
between-lava trends? We have previously shown?’ that 
within-lava variations in Al,O, and TiO, are unlikely to 
obscure real between-lava trends in a series of fine lavas 
which have large variations in initial-ecoling oxygen 
fugacities. Of course, it is virtually impossible, statistic- 
ally, to create apparent trends extending over a dozen or 
so successive lavas, by random sampling of a natural noise 
level in each separate lava. 

The results are given in Fig. 1. Groups A to H have been 
chosen purely on the basis of the data. 

Groups of three to sixteen successive lavas show either 
little change in TiO, and Al,O, (group H), or a systematic 
TiO, decrease with corresponding (though less well- 
defined) Al,O, increase (groups D and E). The TiO, 
variation in groups D and E (Fig. 1) reflects real changes 
of TiO, concentration. The existence of either a systematic 
sample bias superimposed on a large “noise level”? within 
single lavas or diverse magma sources combining for- 
tuitously to create the observed TiO, trends is considered 
impossible. 

Using the 95 per cent confidence limits of 1,200 and 
21,000 yr for the duration of the known polarity transi- 
tions!, and the assumption that the older Upper Tertiary 
polarity transitions were of similar duration, we propose 
that the lower limit of time represented is 2,000 yr, sọ 
that the average minimum time between extrusions is 
30 yr. 

Table 1 (a) shows the TiO, and Al,O, changes in those 
groups of lavas with systematic changes with time of the 
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Table 1 
(a) CALCULATION OF CHEMICAL CHANGES IN PEE CENT PER THOUSAND YEARS 


Group a ee T BR 2.4 
(Fig. 1} NX AlO; TiO, tyr) ALO, TiO, 
i 9 +3°7 ~ OS 270 +137 — 3-0 
ky 16 — 08 ~ 0-3 4&0 —17 ~ 0-6 
H 15 +14 0-0 450 +31 0-0 
(b}) CALCULATION OF CHANGES IN GRAMS OF GXIDE PER THOUSAND YEARS 
Group V M M (g/1,000 yr) x 10" 
(Fig, 1) em? x 1034 gx 1g ALO, TiO, 
D 225 60-7 +83 ~18 
E 400 108-0 —~ pS ~ 7 
H 375 101-0 + 31 pü 


Group refers to selected lava sequence in Fig, 1. N= Number of lavas in 
the selected sequence. R=Total change in oxide content in per cent; 
negative = decrease, positive = increase. T = Minimum time range of group 
in years, assuming 30 years per lava (see text), A R= Change in oxide content 
in per cent per thousand years, V = Total volume of group assuming an area 
of 500 km‘ and average thickness per lava of $ m. M =Total mass of lava 
group. m= Total change of oxide using a density of 2-7 g enr?. 


two oxides which are therefore probably from a single 
source, (In this context we define “source” as any sub- 
surface accumulation immediately before extrusion.) 
Inspection of Fig. 1 shows that other such sequences, or 
interrupted sequences, may exist. For example, as Fig. 2 
shows, group C seems to interrupt the very clear TiO, 
trend of groups D and B, and could therefore be lavas 
suddenly erupted from a different source. Here the TiO, 
concentration has decreased systematically by about 30 
per cent. Estimates of the order of | per cent absolute per 
1,000 yr for the rates of change of FiO, result (Table 1 (a)). 
AlO, changes are similar and in Table 1 (b) we have given 
the total change of TiO, and Al,O, in grams per 1,000 yr, 
by using what we consider tc be a reasonable estimate of 
the total area and thickness of the lavas involved. We 
know of no other figures to compare these with. We suggest 
that our figures, of the order of 10° g per 1,000 vr, will bear 
scrutiny to one cr two orders cf magnitude. This will 
allow for errors in the volume estimates and for lateral 
variations in TiO, and AlO, concentrations. The data 
may indicate that an increase in the rate of TiO, change 
occurred: the TiO, decrease changes from 0 to 0-6 to 
3-0 per cent per 1,000 yr. This could, however, be related 
to changes in the between-lava time interval. 
Comparison of the palaeomagnetic results and chemical 
analyses provides unique information about the extrusive 
history and/or movement of the geomagnetic field. The 
oldest lavas (group H, numbers 71 to 57), which recorded 
palacomagnetic latitudes higher than 50°, are succeeded 
by a group G (numbers 56 to 49) whieh extruded when the 
virtual geomagnetic pole was in equatorial latitudes. Do 
these two palaeomagnetically distinct groups actually 
reflect two well separated periods when the local volcan- 
ism created sixteen and eight successive lavas respectively, 
as the geomagnetic field was moving regularly, or were the 


TiO, 





15 20 
N 


te 
at 


Fig. 2. Detail of TiO, concentrations in the fifteen successive lavas of 

groups D to B (Fig. 1), showing an apparent interruption of a regular 

trend of decreasing TiO, content, possibly by a separate magma source 

{see text), Number of lavas increases with increasing age. TiO, con- 
centration in weight per cent. 
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lavas extruded regularly while the virtual geomagnetic 
pole moved suddenly ? (Both types of geomagnetic field 
movement are possible’.) Can the chemical data resolve 
this ambiguity ? The older high palaeornagnetic latitude 
lavas (group H) are characterized by a virtually constant 
TiO, content which is much lower than in the immediately 
younger group (G). At the same time. the ALQO, content 
changes abruptly. The older boundary of group D shows 
similar relationships: a gradually decreasing TiO, content 
and increasing Al,O, content occurred unmediately after 
a large movement of the geomagnetic field. But the 
marked geomagnetic field movernent of the later extru- 
sions in group D did not occur simultaneously with changes 
in TiQ, trends. 

The higher TiO, and lower ALO, concentrations cf group 
G are best interpreted to be the result of a distinct break 
in magmatic activity during a finite period of time, 
although a simple coincidence of natural chemical change 
and more rapid geomagnetic field movement cannct be 
absolutely precluded. 

In other parts of the section groups of lavas with very 
similar palaeomagnetic latitudes occur, such as numbers 
46 to 30, 29 and 28, and 9 to 4. The implication is that 
those may represent “pulses” of voleanic activity. These 
palaecomagnetic groups are not distinctive chemically, 
however, and chemically distinctive groups (4, B, C and 
E) are not restricted to possible short time spans, or lavas 
with similar virtual geomagnetic poles. Therefore, al- 
though chemically restricted groups of lavas, such as 
group H, may have been extruded in relatively rapid 
succession, and can therefore be termed voleanic “pulses”, 
substantial time elapsed during the extrusion of chemically 
similar lavas (the last phases of group Æ, for example). 

Finally, groups of lavas showing a real decrease of TiO, 
with time, such as group D, are not restricted te @ very 
short time range, because the virtual geomagnetic pole 
clearly moved between extrusions (Fig. 1). 
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Diagenesis due to Mixing of 
Natural Waters: a Hypothesis 


THE mixing of two waters, both saturated with respect to 
calcite, but in equilibrium with vapour phases with differ- 
ent partial pressures of carbon dioxide, will cause diasolu- 
tion of additional caleite!:*. This is the so-called ‘‘Mis- 
chungskorrosion”’ of Bégli'. The concept has been applied 
to the excavation of caves in lmestone, although Thrail- 
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CaCO,-Natl-H,0-CO, 


2-00 


= O97 bars 
b 







= I2.2 bars 


g CaCO,/1,000 g H,O 


250° C, Poo, = i2.2 bars 
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g NaCH 1,900 g H,O 
Fig. 1. Solubility of calcite as a function of the content of a neutral 
electrolyte (sodium chloride) in solution. a, Sodium chloride in seawater; 
b, concentration corresponding to total ionic strength of seawater. 


©, Frear and Johnston, A, Shternina and Frolova (in Linke and 
Seidel’); (9,7, Blis, 


kill? lists several reasons why it may be relatively ineffec- 
tive in nature. The following discussion Introduces and 
offers the broader hypothesis that the mixing of natural 
waters is, in fact, a general geochemical process, with 
interesting implications in the study of the origin and 
alteration of sediments. The hypothesis is based on the 
simple experimental fact that the solubility of most 
minerals is a non-linear funetion of added dissolved salts. 

Fig. 1 shows the change in the solubility of calcite as a 
funetion of an added neutral electrolyte. This general 
shape is expected when a neutral, non-reactive salt is 
introduced into a saturated solution of another salt, as 
reflected in the values of the ionic activity cocfficients. 
Because the curve in Fig. 1 is concave downward, the 
mixing of two saturated waters, such as A and B, differing 
only in their content of dissolved sodium chloride, will 
result in undersaturation, as at point C. In order to 
achieve saturation the mixed water must dissolve calcite 
along the path C-C’. A significant quantity of calcite 
can theoretically be dissolved in this manner. For 
example, about 0-17 g of calcite will be dissolved per 1,000 g 
of mixed water in moving from C to C’ in Fig. 1, corre- 
sponding to 0-068 cm? of limestone with an initial porosity 
of about 10 per cent and a specifie gravity of 2-5. The 
solubility curves for gypsum and anhydrite in the system 
CaSO,-NaCl-H,0 show the same general shape as the 
curves for calcium carbonate, but the absolute solubilities 
are greater’. The salinities involved in Fig. 1 are common 
in natural waters, as shown by the lines for seawater. 
Sodium chloride is also the chief dissolved component in 
many natural surface and subsurface waters. Limestone, 


CaSO,-Cacl,-H,O0 
2-50 
2-00 


1-50 


1-00 


g CaS0O,/1,000 g solution 






asb ò 
25°C Gypsum 
yee 


9 50 100 150 200 250 360 350 400 
g Ca0l,/1,000 g solution 


Fig. 2. Solubility of calcium sulphate minerals as a function of an added 

salt (calcium chloride) with a common ion (calcium). Different units 

from those in Fig. 1. Ch Hill and Wills*; A, Madgin and Swales*; ©, 

Svyeshnikova®?(in Linke and Seidel); V,d’Ans* (in Linke and Sgidell"); 
fad» Templeton and Rodgers™. 
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dolomite, gypsum and anhydrite in contact with such 
waters may be leached as the result of mixing of the waters. 

Fig. 2 shows the effect of the addition of a salt with an 
ion in common with the saturating solid. The solubility 
of gypsum is depressed by the common ion. Mixed waters 
along the line A-B are oversaturated and have the poten- 
tial to precipitate gypsum, either as sediment or as 
diagenetic cement in the pore spaces of the rock in which 
the mixing takes place. Subsurface brines that are rich 
in calcium chloride are common'. In the Michigan Basin 
of the central United States calcium chloride is the princi- 
pal dissolved component in the deep formation waters, 
with concentrations as high as 97,300 mg/l. calcium’. 
Bedded anhydrite and gypsum are also common in the 
strata of the Michigan Basin’. 

The mixing of waters in the subsurface should be a 
fairly common phenomenon. Subsurface water moves 
in response to potential fields, as discussed by Hubberts. 
Levorsen’ lists some of the factors which give rise to poten- 
tial fields, including differences in hydrostatic pressure, 
compaction of sediments, osmotic phenomena, differences 
in temperature, secondary precipitation and cementation, 
chemical and biochemical effects on the volume of the 
water and the content of dissolved gases, tides, carth- 
quakes and so on. Documented examples of diagenesis as 
the result of mixing of subsurface waters are rernarkably 
sparse in the literature, probably not because they do not 
occur but because they have not been recognized and 
investigated’. Voroshilov and others* describe the pre- 
cipitation of calcium and magnesium carbonates as the 
result of mixing of encroaching seawater with oil field 
brines, and in view of the widespread natural encroach- 
ment by seawater into coastal aquifers it would be 
surprising not to find many examples of similar natural 
diagenetic processes. Mixing of waters on the surface 
of the Earth is a common phenomenon, and examples of 
associated chemical sedimentation involving hydroxides, 


silicates and carbonates have been described in the 
literature®-}*, 
Caso -NaSO O 
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Fig. 3. Solubility of calcium sulphate minerals ag a function of added 
sodium sulphate. O, Madgin and Swales*; (, Gg, Hill and Wils”; 


VY, Power, Fabuss and Satterfield**; ©, Hill and Yanick** (in Linke and 
Seidell?*); A, Templeton and Rodgers*. 


Fig. 3 shows the solubility of gypsum and anhydrite 
as a function of dissolved sodium sulphate. Subsurface 
waters that are predominantly sodium sulphate in composi- 
tion are not common, but they do occurs, Mixing of 
waters A and B in Fig. 3 will result in supersaturation, with 
possible precipitation of anhydrite along the line C-C”. 
Mixing of waters B and D will, in contrast, result in under- 
saturation, with the possibility for dissolution and leach- 
ing of additional anhydrite. Continuous mixing of water 
A with water D, in the direction of the arrow on line D-E, 
will initially cause undersaturation, followed by equill- 
brium at point Æ, followed by supersaturation from Æ to 
A. The solubility data of Malinin™ show exactly analogous 
relationships for the system CaCO CaCl -H,O in the 
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Fig. 4. Hypothetical solubility curve showing how mixing of under- 

saturated waters (points A and B) may result in a supersaturated 

solution (point C), and how mixing of supersaturated waters (points D 
and FE) may result in undersaturation. 


experimental conditions of 150° C and 52 bars total 
pressure. Continuous mixing of such waters in the pore 
space of a limestone or a calcium sulphate rock might 
produce textures which would be interpreted by the 
petrographer as distinct and separate periods of leaching 
and precipitation. Published experimental data are too 
sparse to determine the shape of the solubility curves of 
the rock-forming silicates as a function of added salts, 
but it is to be expected that all minerals that dissolve to 
ionic species will show non-linear variation with added 
salts. ‘This does not include quartz at low temperatures’. 

Although the content of added salts has been emphas- 
ized here as the independent variable of greatest interest 
for natural waters, mixing of waters of different tempera- 
ture, pressure, pH. content of dissolved organic chelates, 
and so on, should also cause changes in the state of satura- 
tion. The simple principle is of broad application. 
Fig. 4 demonstrates that the waters involved in the mixing 
need not initially be at equilibrium with the solid phase 
to result in leaching or precipitation. Mixing of waters 
D and E in Fig. 4, both initially supersaturated, will 
result in undersaturation along the line D-E. Conversely, 
mixing of undersaturated waters A and B may result in a 
supersaturated water, such as C. 

In summary, elementary chemical considerations sug- 
gest that the process of mixing of natural waters may be 
an important geological phenomenon which has not been 
generally recognized. Mixing of waters which contain the 
components of rock-forming minerals may result in either 
undersaturation or supersaturation, with the potential for 
leaching or precipitation. The quantitative relationships 
involved are geologically significant. Study and verifica- 
tion in the field are now necessary. 
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Crystal Structure of Thaumasite, 
a Mineral containing [Si(OH),]* Groups 


We have determined the crystal structure of thaumasite, 
a hydrated calcium silicate sulphate carbonate mineral. 
The results are interesting because they show the presence 
of {Si(OH),]*- ions. Six-coordimation of siieon by 
hydroxyl has not previously been proved to occur, 
though its existence has been postulated for silicate ions 
in aqueous solution’. 

Welin? previously reported an approximate X-ray 
structure determination on thaumasite. He concluded 
that the structure was based on columns made from 
Ca?+ and SiO,’ ions and water molecules, between which 
occurred 80, and CO, ions and additional water 
molecules. Welin considered the constitutional formula 
to be Ca,H,(SiO,).(CO;),(80,),26H,O, but the four H* LOTS 
could not be satisfactorily placed; he believed them to be 
attached to the SO,?- groups. Later, Moenke* concluded 
from infrared evidence that the Si was octahedrally 
coordinated; Kirov and Poulieff‘ disputed his interpreta- 
tion of the data. 

In the present work, a crystal from Patterson. New 
Jersey, USA, was used. The intensities of 375 independent 
X-ray reflexions were measured using an automatic 
linear diffractometer. An attempt to refine Welin’s 
structure by conventional three-dimensional Fourier 
methods showed that, while this structure was correct m 
very broad outline, the silicon was octahedrally and not 
tetrahedrally coordinated. Further refinement, assuming 
the presence of octahedrally coordinated silicon, has so 
far reduced the r-factor to 0-11. The results indicated 
that the idealized constitutional formula is 


(Ca,[Si(OH),].24H,O]|(CO,).(80,). 


where the outer pair of square brackets encloses the 
column material. The strueture closely resembles that 
of ettringite, [Ca,[Al(OH),],24H,O](SO,);-2H,O approx.?-? 
with Si in place of Al in the columns and (200,?> + 250, 
in place of (380,?-+ 2H,0) as the intercolummn material. 
Preliminary results indicate Si-O bond lengths of 1:78 4: 
0-03 Å. 

Octahedral coordination of silicon by oxygen is well 
known in phases formed under high pressure, such as the 
stishovite polymorph of silica. In phases formed at or 
little above ordinary pressure, as thaumasite almost 
certainly is, it appears previously to have been found 
only in certain complexes and in two polymorphs of 
SiP,O, (refs. 8 and 9). Its occurrence in phases formed at 
ordinary pressures seems to be favoured when relatively 
electronegative atoms, such as P, H or C, are attached to 
the oxygens; these presumably draw electrons away 
from the Si-O bonds, thus permitting the increase in 
silicon coordination number to occur. The Si-O bond 
distances found in the present work approach the sum of 
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Accurate Computer Simulation of 
Electron Microscope Images 


THE results of theoretical electron microscope image 
‘aleulations are usually presented as profiles which give 
the variation of transmitted or diffracted intensity along 
a line in a plane normal to the electron beam!. These 
data can be correlated directly with microdensitometer 
traces obtained from experimental micrographs; never- 
theless this correspondence is normally established 
intuitively from an enlarged print of the micrograph. 
For this reason alone there would appear to be advantages 
in presenting calculated intensities as a simulated electron 
micrograph. Such a display, first achieved by Head? 
using a computer line printer, has now been developed 
on a Stromberg-Carlson 4060 microfilm recorder which 
is Inherently more versatile and capable of much better 
definition. A qualitative description of the technique is 
given in this communication and to illustrate the result 
an image eua rison is mde as ween € ein ae 


d enum er ry aal 

The S-C 4060 plotter can generate a set of characters 
on a grid of 4,096 x 3,072 addressable positions: its output 
is displayed on a cathode ray tube and photographed, 
producing a 35 mm microfilm positive as final product. 
Electron micrographs are formed by constructing a square 
mesh of nominally 104 uniformly spaced dots whose 
intensity and size are varied by repeated plotting. Over- 
printing of dots for a given spacing results in a controlled 
graduated scale of grey levels which is then used to 
represent the range of theoretical intensities that arise in 
the computation of an image of, for example, a crystalline 
imperfection. 

A copy negative of the microfilm is obtained by an 
off-contact technique employing a diffuse hght source and 
glass plate which separates the 35 mm positive and 
negative film. The combination of these two produces a 
defocusing effect and thereby the discrete point nature of 
the image is removed. Because the optical densities of a 
graduated scale of simulated intensities in this form depend 
not only on the number of overprints but also on the dot 
spacing and day to day performance of the plotter, a 
considerable effort has been made to establish a set of 
copy negatives whose response, measured in terms of 
optical density, to changes in calculated intensity is 
matched with that of experimental negatives to 100 kV 
electrons. 

The variation of optical density of experimental 
negatives as a function of electron intensity for a given 
exposure time and standard development procedure was 
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found to be linear in the region of interest; deviation from 
linearity occurred for densities which would normally be 
ascribed to intensities above perfect crystal background. 

Furthermore, the variation in optical density of computer 

data was investigated as a function of number of over- 

prints, dot spacing and i AE processing. Plotting 
small areas of uniformly spaced dots and taking maero- 
densitometer measurements of copy negatives showed that 
optical density was approximately linear with number of 
overprints up to twenty and the slope was strongly 
dependent on the dot spacing. In addition, it was estab- 
lished that this slope and the overall level of densities 
could be varied in a controlled manner by photographic 
processing, without destroying the Hnear relationship. 

Fmally, the deviation from linearity found in the e xperi- 
mental data for above background intensities was approxi- 
mately reproduced by introducing a non-linear relation- 


ship between number of overprints and calculated 
intensity. Thus, by a suitable choice of computer and 
photographic variables, the desired match between 


theoretical and experimental intensities can be obtained 
in the region around background. 

Specifically the following parameters in combination 
wih well defined photographic procedures were found to 
be compatible with this “calibration”: a dot spacing 
equivalent to twenty S-C 4060 grid units (typical spacing 
~l mm on a microfilm positive); a graduated scale of 
grey levels based on one to thirty overprints; a calculated 
intensity change per unit change in the number of over- 
prints equal to approximately 5 per cent of the perfeet 
crystal background value; and background set at a grey 
level corresponding to seven overprints (nominal optical 
density of 1). Thus with this placement of the background 
level and transition criterion between computed intensities 
and number of overprints, there were twenty levels of 
grey available to simulate below background features and 
six for above background. It is felt that, because of this 
“calibration” procedure, micrographs produced by this 
simulation technique are, photographically speaking, 
virtually indistinguishable fromtheir experimental counter- 
parts; this is found to be the case when either below 
background intensities are of primary interest or when 
both below and above background intensities are import- 
ant in image formation. 

The defect, the contrast behaviour of which has been 
under detailed theoretical and experimental investiga- 
tion, Is a perfect dislocation loop. This type of lattice 
imperfection often occurs In irradiated erystalline material 
subjected to moderate thermal annealing either during 
or after irradiation. The exact displacement field around 
a circular edge dislocation loop was calculated from 
isotropic elasticity theory (our unpublished work) and 
the two-beam dynamical theory of diffraction contrast 
for an imperfect crystal was used to describe the motion 
of 100 kV electrons through a thin crystal. The com- 
plex transmitted and diffracted wave amplitudes at 
the bottom surface of a foil were therefore obtained 
by integrating a pair of coupled first order differential! 
equations. The fact that each dot in an image potentially 
requires the result of such an integration is of practical 
importance to the simulation technique, and thus an 
interpolation scheme has been adopted in which exten- 
sive integrations are performed only in the regions where 
the spatial distribution of intensity is varying rapidly. 
Where the variation is less rapid a minimum of calcula- 
tions is performed and the remaining values are obtamed 
by linear imterpolation. 

To illustrate the result of this technique an image 
comparison is presented in Fig. l; experimental and 
simulated micrographs of an inclined dislocation loop 
are exposed. This eireular lattice defect of diameter 
~ 460 A is oriented so that its upward normal makes an 
angle of ~ 40° with the incident electron beam and is 
located at the centre of a foil ~1200A thick. It is 
apparent from these micrographs that there is quite good 
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Fig. 1. 


Image comparison for a perfect edge dislocation loop in a 
molybdenum crystal. The diffracting vector is [121], and the plane of 
the micrograph is ~ (012). Æ, Experimental micrograph; S, computer 
simulated micrograph. 


qualitative agreement in terms of their general topo- 
graphy; in addition the type of image detail which is 
preserved in the simulated micrograph with a technique 
having a calculated point to point resolution (for the 
considered geometry) of 16 A is excellent. 

It is anticipated that image simulation of this type 
should be extremely useful in a number of scientific 
research and educational fields and that plotting devices 
like the S-C 4060, because of their versatility and excellent 
resolution, should play an important part. 


R. BULLOUGH 
D. M. MAHER 
R. C. PERRIN 

Atomie Energy Research Establishment. 
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Dielectric Diffusion: a Further 
Experimental Investigation and an 
Alternative Explanation 


Breuer and Robinson! recently reported the existence of 
a new phenomenon, “dielectric diffusion”. These authors 
studied the diffusion between two solutions of sodium 
lauryl sulphate (SDS) of different concentrations placed 
as separate layers in an 11 em?’ Tiselius electrophoresis 
cell. The process of diffusion was followed with a system 
of Schlieren optics in a Spinco model H electrophoresis/ 
diffusion apparatus. It was observed that an alternating 
electric field applied across the boundary changed the 
slopes of the second moment of the boundary curves versus 
time plots, eventually causing the value of the second 
moment to become independent of time. 

The value of the stationary seeond moment of the 
boundary curve was only slightly affected by the frequency 
of the applied field (in the range 0-00625 Hz to 10 Hz) but 
was inversely dependent on its strength; a larger field 
produced a sharper boundary. Furthermore, the station- 


ary second moment was independent of the prehistory of 


the diffusion boundary, and depended only on the magni- 


tude of the field. Thus, for a given field, the same value of 


second moment was obtained irrespective of whether the 
diffusion boundary before the application of the current 
was very sharp or highly diffuse. The electric field could 
also sharpen the diffusion boundary, causing a reduction 
in the second moment. With low fields, the diffusion 
proceeded within fourteen per cent of its rate in the 
absence of an electric field. Experiments were also 
carried out with simple electrolytes, LiCl and KCl. The 
diffusion in these systems was found to proceed at the usual 
rate within the range of the superimposed fields studied. 
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The results were interpreted as being indicative of the 
alternating electric field causing a stationary state by 
stopping the diffusional flows. These results were 
unexpected and had not been reported before in the 
literature. The authors also considered other processes 
which were likely to occur and could be responsible for the 
observed phenomenon, but concluded that all these would 
enhance diffusion. The only other known process which 
could possibly explain the experimental results was 
thermal diffusion, and this could also be ruled out owing 
to the very small temperature gradients which were 
likely to be encountered in the experimental condi- 
tions used (about 1° C). A new phenomenon was thus 
required to explain the observations and the existence of 
dielectric diffusion was postulated. 

We have now carried out further experimental work on 
the phenomenon deseribed. The results of this suggest that 
the original interpretation—-that the stationary Schlieren 
boundary is indicative of the cessation of the diffusion and, 
thus, a manifestation of a new cross-phenomenon, 
dielectric diffusion—is not necessarily correct. It became 
evident that diffusional flows can still exist without the 
boundary pattern apparently changing. Experiments 
lasting several days revealed that both the reduced second 
moment (second moment to area ratio) and the area of the 
boundary curve decreased with time (Fig. 1). It therefore 
seems that an apparent stationary Schlieren boundary ts 
not an absolute proof of the stoppage of diffusional flows, 
and can also arise as a result of convectional currents in the 
cell. The mechanism by which this can occur appears to be 
the following (A. J. P. Martin, personal communication). 
The solutions on the two sides of the boundary become 
heated by the passage of the alternating current and heat 
is lost from the cell, principally from the sides, with the 
result that the solution is hottest at the centre of the cell, 
The convection currents would thus be upward at the 
centre, where the solutions were least dense, and down- 
wards at the sides. When the convective flow became fast 
enough the more dilute part of the diffusion zone would be 
picked up from the top of the boundary region and moved 
to the top of the cell, being replaced by less concentrated 
solution and hence sharpening the transition from strong 
to weak solution. Similarly at the bottom of the boun- 
dary, the lower part of the diffusion zone would be replaced 
by more concentrated solution from the bottom of the 
cell. 

To test the effects of convection the following experi- 
ment was carried out. A hot wire was used to set up con- 
vection currents in the two homogeneous solution layers 
on each side of the diffusion zone containing respectively 
0-05 M and 0-07 M NaCl, the diffusion zone itself being, 
once more, stabilized by the existing density gradients. 
The initial diffuse boundary (large value of second 
moment) was sharpened when a 100 mA current was 
passed through the wire and an apparently stationary 
state was achieved after a short interval of time, shown 
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Fig. 1. Second moment ( O)and area ( x ) of boundary curve as a function 
of time, Boundaries formed between 0-05 M NaCl and O07 M NaC! 
solutions and with a current of 16 mA at 50 Hz passing through the cell. 
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by the reduction and the subsequent constancy of the 
second moment. On switching off the current, the second 
moment again increased. The diffuse boundary was then 
resharpened by reapplication of the current. 

In view of these findings, we concluded that the results 
reported in the previous communication do not necessarily 
represent the manifestation of dielectric diffusion, although 
they do not disprove its existence. In the absence of a 
quantitative theory of convective diffusion for the experi- 
mental conditions outlined, however, it is impossible to 
assess the relative effects of convection on the rate of 
material flow across the boundary and the shape of the 
Schlieren curve. It is therefore impossible to estimate the 
extent to which convection and dielectric diffusion are 
respectively responsible for the observations reported. We 
would like to point out, however, that the existence of the 
cross phenomenon, dielectric diffusion, in systems where 
alternating currents flow through boundaries between 
solutions with different complex eandiictivil 6a: and where 
consequently Maxwell~Wagner type relaxation processes 
will exist, follows directly from the thermodynamics of 
irreversible processes. 

M. M. BREUER 
R. W. RANCE 
Unilever Research Laboratory, 
Isleworth. 
Middlesex. 
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Colour Discrimination and Hue 


Durine two short stays by one of us (T. H.) at the 
Laboratorium fir Farbenmetrik we have measured just 
noticeable colour differences for pairs of optimal colours, 
complementary with respect to a white surrounding field. 
These preliminary observations indicate a correlation 
between colour discrimination and hue. 

Measurements of colour thresholds Adu as a function 
of dominant wavelength ħa have been made in various 
conditions by several workers. Steindler! recognized 
minima of AA in the yellow (580 nm) and blue/green 
(490 nm) transitions, with secondary minima in the far 
red (630 nm) and far blue (430 nm). The far red minimum 
was not confirmed by Wright®. In measurements by 
Bedford and Wyszecki® the far blue minimum appeared 
at 410 nm. Siegel and Dimmick* recognized a 580 nm 
minimum and a 520 nm maximum of A which corre- 
sponded with the “unique vellow” and “unique green” 
hues respectively. Wright* recognized that the AA 
minima occur im those regions of the spectrum where 
there is a rapid change of hue. 

It should be remembered that the “inverted spee- 
trim’’*, which consists of the complementaries to the 
ordinary spectrum, shows a rapid change of hue in the 
red and violet regions, which are complementary to the 
blue-green and yellow respectively in the ordinary spec- 
trum. This coincidence called for a more general investiga- 
tion of the correlation between discrimination and hue. 

We have therefore measured just noticeable colour dif- 
ferences for optimal colours within a white surround 
(“object colours”). For this purpose we used the Spectral 
Colour Integrator developed by K. Miescher et al.7-§. In 
the present state of the instrument, three independent 
channels with dispersion prisms are available and a fourth 
serves for the white surround. In each of the first three 
channels a collimated beam from a 1,600 W xenon high 
pressure are source is passed through a orism forming a 
100 mm broad spectrum. Different parts of the spectrum 
can be masked off, the rest of the spectrum being re- 
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Fig. 1. Just noticeable differences in A for pairs of complementary 
optimal colours. The solid lines refer to the dominant wavelength (Aa) 
of the positive-slit colours. The dashed lines refer to the compensatory 
wavelength (4) of the negative-slit colours. The various signs apply 
to measurements at different days. For the +10 mm slit, the separate 
minima of AA in the 440-450 nm region were obtained with a dark 
surround. Maximum deviations from the mean of 44 are represented 
by bars. They are of the same magnitude for 40 and 60 mim positive and 
negative slits, and so only the latter are reproduced here. 


combined on a screen. By means of rectangular masks 
the optimal colours are obtamed. In our case, two chan- 
nels formed two contiguous crescents totalling 2-3° (see 
Fig. 1). The luminance of the surround was 190 Apostilb 
subtending an angle of 13°. Its chromaticity coordinates 
were x= 0-316, y= 0-321. 

So that we could compare the discrimination of comple- 
mentary optimal colours, pairs of “positive” and “nega- 
tive” slits of the same width successively served as masks. 
Thus, in the diagrams, the term “+10 mm slit? means 
that 90 mm of the complete spectrum has been masked off, 
with only 10 mm recombined on the screen. A “—10 mm 
slit” means that 10 mm of the spectrum has been masked 
off, the remaining 90 mm being recombined. 

The left half of the central field served as standard. 
The colour of the right half was adjusted by the observer, 
who controlled the movement of the corresponding mask- 
ing slit. For each standard setting a slight luminance 
adjustment of the test field was eventually necessary to 
establish the first complete match. For the rest of that 
setting the luminance of the test field was not adjusted 
separately. The observer did not distinguish between 
specific perceptive attributes but just responded to “eolour 
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difference’. He was allowed to lock freely over the whole 
visual field. No artificial pupil and no limitation of the 
observation time were introduced. Ten to fifteen standard 
settings made up an experimental series which lasted for 
about l h. Nearly all series were repeated after 2-10 days 
Most of the observations were made by A. V., who is a 
normal trichromat. 

Six matches and three differences to each side of the 
match were established for each standard setting. The 
dominant wavelength ħa together with Aha was caleu- 
lated for colours from positive slits. For the negative 
slits the compensatory wavelength A. and Ad, was 
calculated’®. In the diagram, Ad represents the mean of 
the differences to both sides of the match. Fig. 1 shows 
some typical complementary pairs of discrimination 
curves. In Fig. 2 the loci of the actual optimal colours 
have been plotted into the CIE 1931 chromaticity diagram 
together with the points of minimum and maximum Aj. 
In the same diagram there are also the loci of the four 
unique hues for optimal colours of different luminance 
factor and purity in a white surround. They have been 
determined for this colour integrator according to the 
usual neither/nor criterion, and they represent the mean 
for four observers. 

Maxima and minima of A) for complementary colours 
seem to correspond when plotted on the same wavelength 
seale. The significance of the two maxima for 10 and 
20 mm shts has yet to be demonstrated. 

Fig. 2 indicates that the minima of A) occur on the 
curves of unique red and blue and near unique yellow of 
high purity. (For the unsaturated yellow our measure- 
ments were not regarded as significant, because of the 
shape of the optimal colour loci.) Minima of Ad also 
occur on the blue-green hue curve representing closely the 
complementary to the unique red hue curve. This blue- 
green hue curve coincides with constant Munsell hue 
10 BG (according to an extrapolation to the optimal 
colour lmits!). 
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Fig. 2, 
and ninimum ({22}) discrimination (1/44) and the unique hue curves 


CLE chromaticity diagram showing loci of maximum (1m + m|) 


, R, B and G 
a white surround. The dashed parts of the G and Y curves deprcuent 
unconfirmed courses, The heavy dashed curve 10 BG shows constant 

Munsell hue of optimal colours (aee text). 
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It seems reasonable to consider a correlation between 
the well known minima of Aid in the yellow and blue- 
green and the more uncertain minima in far blue and red 
respectively. The apparently strong curvature of the 
umque red and blue curves towards the periphery may 
have contributed to the divergences of earlier measure- 
ments in these regions. 

Finally, the symmetric spacing of complementary 
optimal colours in the Luther- Nyberg colour solid ought 
to be mentioned, beeause in further ‘studies of this kind 
such a representation may well prove convenient, 

We thank Klaus Richter for material on unique hues 
of optimal colours. Our work was supported by grants 
from Norges Almenvitenskapelige epee (T: B.) 
and Schweiz Nationalfonds (A. V.; Dr K. 
Miescher). 


Torcer HOLTSMARK 


Fysisk Institutt, 
Universitetet 1 Oslo 


ARNE VALBERG 


Lab. f. Farbenmetrik, 
Physikal Institut der 
Universitat Basel. 


Received May 20; revised August 11, 1969. 


1 Steindler, O., Sitz, d. Wiener Akad., CXI iia, 115 (1908), 

? Wright, W. D., and Pitt, F. G. H.. Proe, Phys. Soe., 46, 459 (1984), 

î Bedford, R. E., and Wyazecki, G., J. Opt. Soe. Amer., 48, 120 (1858) 

‘ Siegel, M. H., and Dimmick, F, L., J. Opt. Soe. Amer., 52, 1071 (1962). 

* Wright, W. D., Researches on Normal and Defective Colowr Vision, chap. 14 
{Henry Kimpton, London, 1946), 

* Miescher, K., and Rometsch, K., Experientia, 6, 301 (1850), 

7 Gasser, M., Bilger, H., Hofmann, K-D., and Miescher, K., Krperientia. 18, 
52 (1959). 

? Hofmann, K.-D., and Weisenhorn, P., Erperientia, 18, 524 

* Weisenhorn, P., Die Farbe, 14, 359 (1985). 

it Richter, K., Die Farbe, 14, 275 (1965). 

z A S. M., Nickerson, D., and Jadd, D. B., J. Gpt. Soe, Amer., 38, 385 
(1943). 


TIGRA 


BIOLOGICAL SCIENCES 


Probable Localization of a 
Triosephosphate Isomerase Gene to 
the Short Arm of the Number 5 
Human Chromosome 


I~ our human gene localization studies we have sought 
abnormal inheritance patterns of qualitative gene markers 
and have evaluated possible gene dose effects through 
quantitative enzyme assays in patients with abnormal 
chromosome constitutions. During these studies a 
patient with the cat ery syndrome was found to have a 
half normal value for red blood cell triosephosphate 
isomerase (FC 5.3.1.1). Clinical features which suggest 
that the patient has the cat cry syndrome include mental 
and physical retardation, a wes ak plamtive ery, moon 
facies, mild microcephaly, epicanthal folds, antimongoloid 
slant to the palpebral fissures and hyperteloriam'. 

Routine blood? and skin fibroblast? chromosome studies 
on the patient show a partial deletion of about half the 
short arm of a B group chromosome (46, XX, Bp- (Pig. 1). 
Autoradiographic chromosome studies* indicate that the 
partially deleted chromosome is a number 5 chromosome 
(46, X X.5p-) (Fig. 2). Routine blood chromosome studies 
on the patient’s parents and two siblings show normal 
patterns. The enzyme assays for triosephosphate 
isomerase? show that the patient has an activity compar- 
able with that of a heterozygote while both parents and 
siblings have normal values (Table 1). Starch gel electro- 
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Fig. 1. Karyotype prepared from blood culture established from the 


proposita. The arrow indicates the partial deletion of the short arm of a 
B group chromosome. 





Fig. 2. Partial karyotype of a B group chromosome from the proposita 

with normal preparation above and autoradiograph below, The pattern 

of labelling indicates that the partially deleted chromosome (arrow) is a 
number 6 chromosome, 


phoresis of the enzyme in the patient and other family 
members shows patterns comparable with those deseribed 
by Kaplan et al. for heterozygotes and normals. 

Other gene marker studies in this family, which failed 
to show evidence of non-paternity or other unusual 
inheritance patterns, include red cell phosphoglucomutase 
electrophoretic types, haptoglobin types, haemoglobin 
types, Gm types (three factors), Inv type and ten red cell 
antigen systems (A BO, Le, Rh, MNSs, Fy, Lu, K, Jk, P 
and Vel). Of these, only MNSs, Gm and haptoglobin 
showed heterozygous manifestation in the proposita. 

Triosephosphate isomerase deficiency is an autosomal 
recessive trait in which affected individuals usually have 
heterozygous carrier parents with approximately half 
normal enzyme values (Table 1)°. The enzyme activity 
may therefore closely reflect a gene dose effect. The half 
normal enzyme value in the patient suggests that she 
eould be a heterozygote for a normal and an abnormal 


Table 1. RESULTS OF RED BLOOD CELL TRIOSEPHOSPHATE ISOMERASE (TPI) 
ASSAYS 
Subjects Mean TPI activity* 
Proposita 113 
Mother 182 
Father 173 
Brother 1 174 
Brother 2 191 
Control 180 
Normals 195 
Standard deviation 19-2 
Heterozygous TPI deficiency 103 
Standard deviation 167 
Homozygous TPI deficiency’ 13 


* moles of substrate converted per minute per 10** cells, 
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allele. If this is the case it would be anticipated that the 
normal enzyme findings in the parents indicate that both 
have normal alleles at the locus for this enzyme and the 
normal results in the patient's siblings support this 
interpretation. These studies are therefore highly sugges- 
tive that the half normal enzyme activity in the patient 
is due to a hemizygous state in the patient resulting 
from the partial deletion of the short arm of a number 5 
chromosome. 

Other possible but less likely interpretations also have 
to be considered. By history from the family, non- 
paternity seems a very remote possibility and there is no 
support from the family gene marker studies for this. 
Alternatively, the patient could have two alleles for the 
triosephosphate isomerase enzyme with the abnormal 
allele due to a new mutation. Based on low mutation 
frequencies and the co-occurrence of a new mutation in a 
patient with an uncommon chromosome disorder, this 
possibility also seems very unlikely although it cannot be 
ruled out. The ability to differentiate normal individuals 
from heterozygous carriers for a mutant gene by protein 
studies makes their analysis more advantageous than 
the use of an abnormal clinical phenotype in deletion 
mapping’. Furthermore, heterozygotes are more common 
than the homozygotes, especially for conditions which 
may reduce biological fitness. The desirability of measuring 
a product as close to basic gene action 1s also emphasized 
by the studies of Smith et al. and Danes and Bearn”, who 
reached conflicting conclusions as to the localization of 
the gene for cystic fibrosis to the short arm of the number 5 
chromosome. 

Failure to confirm the present findings in other cat cry 
syndrome patients and their families would not necessarily 
rule out the localization of the gene for triosephosphate 
isomerase to the short arm of chromosome 5, because the 
deletion does not appear to be the same amount in all 
patients with the cat ery syndrome”, Moreover, there is 
an indication that the chromosome in some patients 
results from a translocation while in others it may be due 
to a simple deletion. The gene marker and chromosome 
studies in the present family strongly suggest therefore 
that a gene for the red blood cell enzyme, triosephosphate 
isomerase, is located on the short arm of the mumber 5 
chromosome in man. 
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XYY Survey in an Institution for Sex 
Offenders and the Mentally III 


REPORTS associating an extra Y chromosome with tallness 
and anti-social behaviour have originated from surveys 
conducted mainly in maximum security institutions?. 
Although it has been suggested that the anti-social 
behaviour is directed largely against property rather than 
persons’, no definite criminal pattern has been found and 
crimes have ranged from malicious mischief to murder®*. 
In addition, a few 47,X YY individuals have been detected 
with no apparent criminal or anti-social history!. Sex 
offences have been implicated in several instances?)-7 and 
a recent study*® noted that two 47,.XY YY patients were 
persistent homosexuals. In the following survey, 200 tall 
anti-social men at Atascadero State Hospital in California 
were studied in order to obtain additional information on 
the incidence of sex chromosome aneuploids. 

The hospital is a maximum security facility within the 
California State Department of Mental Hygiene which is 
responsible for the care of approximately 1,400 patients 
consisting of two major categories: the mentally disord- 
ered sex offender (MDSO) and the mentally ill, criminally 
insane (MICI). The offenders are psychiatrically screened 
and committed to the hospital by the Superior Court 
according to these categories*, the criteria of which are 
briefly outlined as follows. 

First, MDSO subjects are usually characterized diag- 
nostically as personality disorders which include disturb- 
ances in personality patterns, personality traits and 
deficiencies in social responsibility and behaviour, and 
are committed for offences such as child molestation, 
incest, forcible rape and sexual deviation. Second, the 
MICI subjects, characterized diagnostically by psychotic 
disorders including affective reactions, are committed for 
offences such as homicide, assault, arson and aggressive 
acting out. 

An initial sample of 200 patients who were six feet or 
more tall was identified from the total population of 
approximately 1,400 patients. Because of returns to 
court, discharges and transfers, only 167 of the initial 
sample were included in this study. The remaining 
thirty-three subjects were obtained from successive 
admissions of patients six feet tall or over. 

Peripheral blood cultures were established according to 
a modification of the method of Arakaki and Sparkes?*, 
The overall incidence of chromosomal abnormalities in the 
total sample was 8 per cent as shown in Table 1. 


Table 1, CHROMOSOMAL TYPES IN TWO CLASSES OF INSTITUTIONALIZED 
PATIENTS OVER SIX FEET TALL 
Chromosomal types MDSO MICI Total 

47,AYY 7 (89%) 21-655) 9 (4:5%) 
47 XXY 3 ü 2 
4S AYY 1 0 I 
46, X V/47 AYY ü 1 H 
47 VV V/48,X XV G 1 1 
46,.X¥ ¥q-* i} 1 1 
47,VXpiV t g H 1 
Abnormal 16 (12-68%) 6 (5%) 16 (8°) 
Normal 69 (R7-4%) 115 (95%) 184 

Total 79 (40%) 121 (60%) 200 


* 46,4 Yg: Partial deletion of long arm of F chromosome. 
t47, AXX piY: Extra Y chromosome is an iso-chromosonie of the short arm. 


Although the number of individuals was not sufficient 
to establish any firm conclusions, two differences appeared 
which deserve further investigation. One is the higher 
incidence of 47,.X YY in the MDSO group than in the 
MICI group. The other is the normal or near normal IQ 
ratings of all 47,X YY subjects in the MDSO group 
(Table 2). 

The relatively higher incidence of X Y Y subjects in the 
MDSO group (8-9 per cent) as compared with that of the 
MICI group (1-6 per cent) may be related to a low occur- 
rence of the 47,X YY condition in populations of mentally 
ill patients, as indicated by others! 2, A similar difference 
may be evident on comparing groups of mentally ill 
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Table 2. CHARACTERISTICS OF INSTITUTIONALIZND PATIENTS WITH 


CHROMOSOME ABNORMALITIES 


SOME 


Chromosome Height . 
No, constitution IQ* (ineh) Age Offences 
MDSO 
1 47,XYY 116 76 31 Female pedophilia 
2 47,XY¥ 97 7625 29 Aggressive voyeurism 
3 47, XYY 100 72825 24 Aggressive homosexuality, 
violente 
4 47, XYY 104 755 33 Rape, sadism, masochism 
5 47,X FF 100 7625 19 Male pedophilia, attempted 
rape 
6 47, XYY 94 75 47 Forcible rape 
7 47,XYY 92 77 28 Child molesting 
8 47, XF Ši 76 BL Male pedophilia, aggressive 
sexuality 
9 47, XXY 94 73-25 17 Male pedophilia, sister incest 
10 48.YAXY ¥ 68 73 24 Child molesting 


11 47,XFY 77 72 30 Vagrancy, car theft 

12 47, XYY 61 a5 29 Homosexuality, aggresalve 
acting ot 

13 47YYY/48 YX YF 60 75-5 20 Burglary. arson, aggressive 
acting out 

14 46,4 FG 100 «72 46 Agressive acting ont, nar- 
cotics 

15 47, X A gy 790 O74 24 Male pedophilia, arson, burg- 
lary 


16 48, X FAT XY 107 7265 45 Armed robbers, burglary 


* IQ scores may be considered as comparable and are based on the following 
tests: California test of mental maturity, Otis quick scoring mental ability 
test, revised beta examination, and the Shipley Hartford test. 


individuals and arsonists, for example, inasmuch assarson 
is an aggressive act which has been implicated as one of 
the behavioural disorders in some 47,X Y Y subjects”. 

It is of considerable interest that all of the 47,N YY 
patients in the MDSO group scored within the average 1Q 
range whereas both of the 47,X YY patients in the MICI 


intelligence. Two of the nine 47,X YY subjects reported 
by Jacobs et al. were above average in intelligence while 
the others had only a mild degree of mental subnormality. 
Significantly they found no 47,X YY patients among 590 
studied in a hospital for the mentally subnormal. Weleh 
et al. found only one in a survey of forty-one tall men 
with an IQ of 75 or less, suggesting that their selection 
eriterion of low IQ excluded some 47.4 YY individuals 
from the sample. The notably high incidence of the 
47,X YY constitution (three of 29 subjects} in tall youths 
from a normal school in England reported by Hunter! 
supports the view that no direct relationship exists 
between the extra Y chromosome and low intelligence. 
Mosier ef al. U revealed a much higher incidence of 
sexually deviant behaviour in mentally deficient patients 
with Klinefelters syndrome than in a similar group of 
control patients. In another study at Atascadero State 
Hospital in 1960, six men were identified!* with Klime- 
felters syndrome from a sex chromatin survey of 600 
patients. Five were within the normal range of intelli- 
gence and all six were committed for sexual offences. As 
far as intelligence and offences are concerned, the findings 
in 47,4 YY in the latter study are therefore very similar 
to those for 47,X Y Y given here. The essential difference is 
in the incidence of each condition as compared with that 
of the normal population and of institutions for the 
mentally deficient. Mosier observed that the incidence of 


Khinefelters syndrome in Atascadero (1 per cent) waa 


approximately the same as that found in other institution- 
alized mentally deficient males and five times that of the 


normal male population, On the other hand, the incidence 
of 47,X YY in tall MDSO (8-9 per cent) in the present 
survey is approximately eight times that of comparable 
groups of mentally deficient males! 1318 and approxim- 
ately eighty-nine times the incidence (0-1 per cent) in the 
general population as estimated by Court Browni. The 
incidence of 47.X YY in tall men in the general population 
is unknown but it is of interest that none was found 
among 40] normal males over six feet tall}. 
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Factor producing Separabie Strands 
during Replication of a Synthetic DNA 


Rerorts from this laboratory have described the replica- 
tion of synthetic, defined DNA-lhke polymers consisting 
of repeating mono’, di'’, tri, and tetra nucleotide’ 
sequences. The enzyme used was fraction VII DNA 
polymerase’, prepared in the laboratory of A. Kornberg. 
Both of the complementary templates were necessary to 
obtain many-fold syntheses and both strands were 
replicated in equal amounts. In the cases of dAn:dTn 
and d(TG)n: (CA)n, the products could be separated into 
their component strands in alkaline CsCl equilibrium 
density gradients®”. This proved that, during many-fold 
synthesis, the two strands in the product were not joined 
by an alkali stable linkage. 

T have recently replicated the repeating dinucleotide type 
polymer d(TG), : d(CA)n with fraction 7 DNA polymerase’, 
which is somewhat purer than the fraction VII used for- 
merly. (Fraction 7 polymerase was taken through the 
‘Sephadex G-100 purification step given in ref. 8. Fraction 
VII polymerase was taken through the DEAE-cellulose 
step of the earlier method.) The amount of fraction 7 
enzyme used per DNA made was also considerably less 
than when fraction VIT was used?. The replication 
product using this smaller amount of fraction 7 poly- 
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Fig. 1. Alkaline CsCl gradient analysis of the replication product of 


d(TG)_a i: d(CA)n using purified DNA polymerase, The product was 

labelled by including *H-d'TTP and “'C-dCTP in the reaction mixture, 

and centrifuged to equilibrium in alkaline CsCl, The apparent densities 

at the d(fG)a, hybrid and d(CA)n bands were 1-44, 1:77 and 1-70, 

respectively (measured pyecnometrically after fractionation). The 

template used In the reaction, labelled in both strands with *C, was 
run in a separate tube. 


merase seemed to be similar to that obtained with fraction 
VII polymerase, except that when it was centrifuged to 
equilibrium in an alkaline CsCl gradient, a new band was 
observed with a density equal to the average densities of 
d(TG), and d{CA)n. (The densities of the two strands 
differ by about 135 mg/em*® in alkaline CsCl’.) When 
fraction IV DNA polymerase? (which is relatively crude) 
was present in the synthesizing mixture, the new peak did 
not appear. I now present evidence that the hybrid-dens- 
ity peak contains d(TG)n joined to d(CA) by an alkali 
stable linkage, and deseribe conditions leading to its 
formation. The conclusion is that fraction IV DNA poly- 
merase contains a heat-sensitive factor necessary for the 
synthesis of d(TG)n:d(CAj)a in which the d(TG), and 
d(CA), strands are separable from each other. 

The replication of d(TG)n:d(CA)a by fraction 7 DNA 
polymerase was markedly stimulated by fraction IV 
enzyme. Many-fold synthesis occurred, however, in 
4 or 5h, even in the absence of fraction IV. This product 
contained equal amounts of thymine and cytosine, and 
consisted predominantly of repeating d(TG) and d(CA) 
regions. The density of the product in a neutral CsCl 
gradient was the same as that reported for d([G)n : d(CA)a 
by Wells and Blair’, but in various experiments from 40 
to 100 per cent of this product banded as a peak halfway 
between d(TG), and d(CA), in alkaline CsCl gradients 
(Fig. 1). This central peak apparently contained equal 
amounts of d(TG), and d(CAjn, in accordance with its 
density, and is therefore called a hybrid. The balance of 
the sample was d(TG)n and d(CA)n, which banded at 
their expected densities. The d(TG)n : d(CA), used as the 
input template in this reaction was analysed in the same 
way, and found to contain no material of hybrid density. 

The effects of adding fraction IV, and of the template 
used, are shown schematically in Fig. 2. With non-hybrid 
d(TG)a : d(CA), template and fraction IV present in the 
reaction mixture, the product. polymer was indistinguish- 
able from the template. Omission of fraction IV led to 
the synthesis of from 40 to 100 per cent hybrid-density 
polymer. When a partially (75 per cent) hybrid sample 
was replicated, only hybrid-density material was obtained, 
even though fraction IV was present. (In these reactions, 
the input template was replicated at least 70-fold.) 
It has been tentatively concluded that the linker giving rise 
to hybrid-density molecules is susceptible to fraction IV 
only during, or shortly after, the synthesis of those par- 
ticular molecules. After many rounds of replication, it is 
manifested as a linkage stable to fraction IV. 


| 
| 


| 
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Alkaline CsCl 
a Separated strands of d(TG), and d(CAj,: re- 
combined to form branched d(TG),: d(CA)s 


i 
| Fraction 7 + fraction 2V 
| 
60 per cent hybrid 
polymer 


Fraction 7 + fraction IY 


Fig. 2. Conditions leading to synthesis of hybrid polymer. 
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Fig. 3. Kinetics of a( Te ta : d(CA)s synthesis, measured by incorpora- 
tion of °H-TTP. “DNA (P)” signifies fraction 7 DNA polymerase. 


When d(TG), and d(CA)n strands from non-hybrid 
polymer were physically separated and then recombined, 
they re-formed a bihelical but highly branched polymer. 
When used as a template for replication, it led to the 
synthesis of hybrid type polymer, even in the presence of 
fraction IV. These and other results indicate that for the 
synthesis of a non-hybrid product the template must be 
of non-hybrid type, and simple in structure—made up 
of two single strands of about equal length and not highly 
branched. 

Fraction IV contains a factor which greatly stimulated 
the rate of replication by fraction 7 enzyme. This stimula- 
tion could be mimicked by adding a suitable level of 
deoxyribonuclease I (pancreatic, Worthington Biochemi- 
eal Corp.) (Fig. 3). The product of deoxyribonuclease 
stimulated replication by fraction 7 was completely 
hybrid when no fraction IV was added. When fraction IV 
was present the product was completely non-hybrid, and 
the d(TG)n band contained no detectable d(CA)n. (No 
deoxyribonuclease I was added in this case.) The addition 
to the deoxyribonuclease I stimulated reaction of fraction 
IV which had been heated for 3 min in a boiling water bath 
led to hybrid polymer only. (Enough deoxyribonuclease 
I was added to give about the same amount of synthesis 
as when fraction IV and fraction 7 were present: Fig. 3.) 
Thus the factor responsible for producing non-hybrid 
polymer is heat sensitive, and produces a specific cleavage 
between regions of only (TG) and only (CA). 

In contrast to natural-linear or nicked circular DNA, 
in which the complementary strands are physically separ- 
able, the product of extensive in vitro replication of 
natural DNA is biologically inactive’, highly branched?®, 
and re-forms bihelical structures when conditions used 
to denature it are removed. This suggests that the 
complementary strands are joined by cross-links, or 
are part of a continuous pleated structure!®. Whether 
the observed biological inactivity of in vitro replication 
product results from the existence of either cross-links or a 


pleated structure is not known. The possibility that the 
present factor might lead to the synthesis, in vitro, of bio- 
logically active DNA will be investigated. 

A similar, hybrid-density polymer has been observed 
and characterized by R. W. Sweet and R. D. Wells 
{personal communication). 
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Role of Steroid Hormones in the 
Interaction of Polysomes with 
Endoplasmic Reticulum 


THE existence of a membrane-bound enzyme which 
catalyses disulphide interchange has previously been. 
reported!. The activity of this enzyme m isolated 
“rough” fractions of the endoplasmic reticulum is masked 
when polysomes are attached to the membrane and is 
observed only when they are removed with, for example, 
EDTA or aflatoxin B, (refs. 2 and 3). The same enzyme 
is also present in fully active form in the “smooth” 
fractions of the endoplasmic reticulum, but if these are 
incubated in the presence of polysomes and an appropriate 
steroid hormone, the enzyme activity decays in time- 
dependent fashion. 
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Figs. 1-3. In all the graphs A’ is proportional to the enzyme activity, 

measured by disulphide interchange. The lower the value, the greater 

is the degree to which enzyme activity is masked by polysome inter- 
action?®. 


Fig. 1. @, A, W, and @ are smooth membrane plus polysomes, oestra- 
diol, or corticosterone respectively. The arrow indicates the time at 
which a sample was removed from the membrane/polysome mixture for 
preparation of the material shown in b. $, Very few ribosomes are 
bound to membrane, although many are present in the field. 


Vig. 2. a, The effect of incubating smooth membranes with polysomes + 
corticosterone. 4, Electron micrograph obtained from a sample removed 
after 150 min when the enzyme activity had decayed nearly to zero. 
It shows that numerous ribosomes are attached to the membrane profiles. 


Fig. 5. a and b. The experiment was identical to that Ulustrated in 
Fig. 2, with the exception that oestradiol was used in place of cortico- 
sterone, Again, numerous ribosomes are attached to membrane. 


Examples of these effects are shown in Figs. l-3a. 
which also show that the enzyme activity is unaffected by 
incubation with either polysomes or steroid hormones 
alone. 
a ternary complex of membrane, steroid and polysomes. 


activity when ‘smooth? membranes are incubated with 
polysomes plus either oestradiol or corticosterone is 
associated with the formation of material with the 
appearance of “rough” endoplasmic reticulum. 
Microsomes were prepared from livers of male albino 
rats (150-200 g) and sub-fractionated by sedimentation 
through a discontinuous sucrose gradient. After centri- 


smooth fraction (RNA/protein ratio, 0-035) and the 
polysemes used were collected at the bottom of the tube 
beneath 2-0 M sucrose. AIl solutions were prepared in 
buffer containing 5 mM tris, 25 mM KCl, 5 mM MgCl, 
pH 7-5. For the measurements of polysome-membrane 
interaction, polysomes (1-2 mg RNA/ml.) were incubated 
with “smooth” membrane (3 mg protein/ml.) m the 
presence and absence of steroid hormones (50 ug/ml.). 


That both are necessary indicates the formation of 
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Samples were removed at the times indicated on the 
graphs and analysed as previously described!?. A small 
quantity (20 per cent of the final volume) of the super- 
natant was included in the incubations to serve as oxidant 
for the assay and as an inhibitor of endogenous ribo- 
nucleases. 

For electron microscopy, the incubated mixtures were 
layered over 2:0 M sucrose and centrifuged at 105,000g 
for 50 min to remove most of the unbound polysomes. The 
floating band of membrane material was aspirated and 
then collected by further centrifugation at 105,000g for 
60 min in 0:25 M sucrose. The resultant pellets were cut 
into small fragments (about 1 mm?) and fixed in ice cold 
phosphate buffered 1 per cent osmice acid for 3h. Material 
was embedded in ‘Araldite’, and sections were stained on 
the grid with uranyl acetate and lead citrate. 

Figs. 1-3 provide both biochemical and morphological 
evidence that a substantial proportion of “smooth” 
membranes react with polysomes in the presence of 
either corticosterone (Fig. 2a and b) or oestradiol (Fig. 3a 
and b), but such reaction does not occur in their absence 
(Fig. la and b). We feel this to be a finding of considerable 
biological significance, for it suggests that these hormones 
play an important part in the establishment of polysorne 
binding within cells, with possible consequences for the 
pattern of protein synthesis. It is of interest, too, that 
these hormones also protect “rough” membranes against 
the action of the carcinogen aflatoxin B, which removes 
polysomes from them, whereas hydrocortisone, oestrone 
and cholesterol give no such protection®. (In fact they 
give a small enhancement of the aflatoxin effect, and have 
a degranulatory effect in their own right.) 

We believe that our results reveal an important bio- 
logical role for steroid hormones. To the best of our 
knowledge this is the first time that “rough” membranes 
have been experimentally prepared from “smooth” 
membranes. 
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Inhibition of the Growth of Murine 
Malignant Melanoma with Synthetic 
Double-stranded Ribonucleic Acid 

We wish to report a potential method for the treatment 
of malignant melanomas which, unlike others that have 
been proposed?!:?, is independent of melanin content or 
The double-stranded 


placed subcutaneously into the right axilla of each mouse. 
Following transplantation, the animals were distributed 
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Table 1. EFFECT OF POLY LPOLY O ON GROWTH OF B-10 MALIGNANT 


MELANOMA 
Experi- Number Average z Average 
ment Type of of animals volume of Standard Probability weight 
NG. treatment tumours deviation (PH _ of 
animals (g) 
1* poly Lpoly € li 1-45 0-86 = ~= 
none T 2°86 1-06 0°01 
2f poly L.poly © 12 1:13 0-31 — 1513 
PBRS 9 2-16 0-65 0-001 14-63 
3i poly Lpoly C 9 O57 0-29 an 15:13 
PBS 12 lft 1-00 0-061 13-82 


* Injections on days 4, 7, 8, 9, 10, 13, 14, 15 and 16 following transplantation. 
+ Injections on days 3, 4, 7, 8, 9, 10 and 11 following transplantation. 

+ Injections on days 2, 3, 4, 7, 8, 9. 10 and 11 following transplantation. 

$ Probability that difference is due to chance ag determined with t-test. 


randomly in experimental and control groups. Solutions 
of polyinosinie acid and of polycytidylic acid (Miles 
Laboratories), prepared in phosphate-buffered saline 
(PBS), were mixed in equimolar concentrations to produce 
double-stranded poly I.poly C, as described by Vilcek 
et al., 

In experiment 1 (Table 1), eleven mice each received 
nine intraperitoneal injections of poly I.poly C (150 ug in 
0-15 ml. PBS) following transplantation. Seven control 
animals were not treated. On the sixteenth day after 
transplantation, both groups were killed and the volumes 
of their tumours measured by displacement of liquid. 

In experiment 2, twelve mice each received seven Intra- 
peritoneal injections of poly I. poly C (150 ug in 0-1 ml. of 
PBS) following transplantation. The nine control mice 
received only 0-1 ml. PBS per injection. The volumes of 
the tumours from both groups were measured on the four- 
teenth day after transplantation. Experiment 3 was 
identical to experiment 2 except that nine mice received 
eight injections of poly I.poly C and twelve mice PBS 
only. 

In the groups of mice treated with poly I.poly C the 
average volumes of the tumours were 1-5, 1-1 and 0-6 mi. 
The corresponding average volumes in the control groups 
were 2-9, 2-2 and 1-7 ml. respectively. In each experiment 
the difference between the average size of tumours in the 
treated and experimental groups was statistically signifi- 
eant (Table 1). 

We considered several possible mechanisms for the 
inhibition of growth of malignant melanomas in mice 
treated with poly I.poly ©. Poly I.poly C might have 
exerted its effect by inhibiting tyrosinase activity, because 
it is known that such inhibition decreases the growth 
of melanotic malignant melanomas?. The tyrosinase 
activity of untreated tumours was measured as the 
conversion of dihydroxyphenylalanine to dopachrome*. 
No activity was demonstrable, excluding the possibility 
that poly I.poly C worked by inhibiting tyrosinase. 
That poly IT. poly C did not exert a general catabolic effect 
on both host and tumour is indicated by the fact that the 
average weights of the animals in the treated and control 
groups were similar (Table 1), but the possibility does 
exist that poly I.polv C acted specifically on the multi- 
plication of the malignant melanoma cells. The antiviral 
effect of poly T.poly C is known to be mediated by 
interferon’, Tt is, however, unlikely that poly I.poly © 
suppresses the growth of malignant melanoma by its 
antiviral effect. The B-16 malignant melanoma is not 
known to be of viral origin, and electron microscopy 
of our tumour did not reveal viral particles. The possi- 
bility exists, nonetheless, that the suppression of the 
growth of malignant melanoma by poly [. poly C is in 
whole or in part mediated by a means other than the anti- 
viral action of interferon. This possibility is strengthened 
by the work of Gresser et al.8 who recently reported that 
the survival of mice inoculated with chemically induced 
tumours, presumably of non-viral origin, was increased 
by treatment with interferon itself. Some polynucleotides 
act as immunological stimulants*. It has been shown 
that suppression of immunological capacity enhances 
the growth of B-16 malignant melanoma’, so that im- 


munologie enhancement mediated by poly I. poly € could 
suppress the growth of this tumour. S 
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Anencephaly and Spina Bifida: 
a Possible Example of Cytoplasmic 
Inheritance in Man 


ANENCEPHALY, spina bifida and related rnidime neuro- 
logical defects are among the commonest severe congenital 
malformations in man for which a specific aetiology is 
still unknown. The deformities frequently occur together 
or in close relatives and, although their prevalence rates 
vary widely in different populations! and have shown 
impressive secular trends within populations, the rates 
are highly correlated, a fact which suggests a common 
aetiology. There is a well established recurrence risk of 
4-5 per cent following the birth of the first affected child 
in a sibship, and for this reason a genetic aetiology has 
long been considered likely. No evidence for imcreased 
parental consanguinity has been found, and polygenic 
inheritance has in the past usually been accepted as the 
most satisfactory explanation for the known facts*. In 
1968, however. Yen and MacMahon concluded that the 
recurrence risk for anencephaly and spina bifida could 
not be genetically determined because in none o £ 105 
twin pairs taken from their own studies and other con- 
secutive series in the literature was concordance for either 
deformity observed*. Furthermore. these authors noted 
that the recurrence risk for maternal halt-siblings appeared 


twin data are, however, as difficult to reconeile with 
environmental causation as they are with either monogenic 
or polygenic Mendelian inheritance, because imdividual 
variation in the observed response to external teratogenic 
influences, be they environmental or maternal, must, also 
arise, at least in part, from genetic differences in exposed 
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‘Table 1. ANENCEPHALY AND SPINA BIFIDA IN TWINS: SUMMARY OF CASES 


OBSERVED IN STUDIES OF CONSECUTIVE PATIENTS? + 


Total No. No. of twin pairs 








Deformity of cases Like-sexed Unlike-sexed 
Anencephaly 
Yen and MacMahon -l 19 8 
1,525 24 6 
Stevenson et al, 447 9 2 
Total (1,972) 52 (33) 16 (8) 
Spina bifida 
Yen and MacMahon —- IR 8 
1,286 18 4 
Stevenson et al, 349 6* 3 
Total (1,635) 42 (24) 15 (7) 
Grand total (3,607) 94 (57) 31 (15) 


* One female pair was concordant for spina bifida. In no other pair was 
the co-twin affected either with anencephaly or spina bifida, Subtotals 
for those series in which complete data were available are given in parentheses. 


foetuses. In either case, a high concordance rate might 
be expected among identical twins. 

In Table 1, the results of the twin studies reviewed by 
Yen and MacMahon are pooled and presented with com- 
parable observations from the large prospective study of 
Stevenson et alt. In only one of the 125 twin pairs 
observed in these consecutive case studies were both 
members affected. It might be argued that the deficiency 
of concordant twins results from prenatal loss of doubly 
affected pairs, but the data of Stevenson et al.1 were 
drawn from a population sample of 421,781 pregnancies 
which meluded 4,847 sets of twins. Even if it is assumed 
that each twin has an independent risk of being affected, 
the expected number of affected twins is eighteen, whereas 
twenty-one were observed (y?=0-5, 1 df, P > 0-25). 

If it is assumed that anencephaly and spina bifida are 
discontinuous polygenic traits, the heritability may be 
estimated®.* to be 65-2 per cent from the data of Carter, 
David and Laurence on the recurrence risk among full 
siblings (5:2 per cent) and the prevalence of the abnor- 
malities in a population in South Wales (0-77 per cent)’. 
When this estimate is applied to identical twins, where 
the proportion of common genes is 100 per cent instead of 
50 per cent, the predicted concordance rate is 26-5 per 
cent. This projection must be conservative because it 
attributes the similarity among twins entirely to the 
additive component of the total genetic variance; but 
monozygotic twms are also identical with respect to 
nuclear genes with dominance and epistatic effects and 
share a similar pre and postnatal environment as well, 

The number of monozygotic twin pairs in Table 1, 
estimated from the sex distribution by Weinberg’s 
method’, is sixty-three. If a concordance rate of 26-5 
per cent is assumed, sixteen of the monozygotic co-twins 
would be expected to be affected and forty-seven normal. 
As noted previously, however, only one concordant pair 
was observed (y*= 18-85, 1 df, P< 0-0001). These findings 
indicate that the tendency of twin pairs to be discordant 
for anencephaly and spina bifida is a distinctive biological 
phenomenon which cannot readily be explamed by 


RELATIVES OF PROBANDS WITH ANENCEPHALY OR SPINA BIFIDA™ 1°34 
Mothers’ relatives Fathers’ relatives 


Table 2, 


Authors Siblings Sisters’ Brothers’ Siblings Sisters’ Brothers 
children children children children: 
Williamson $11(3) 207 (8) 146 285 132 96 (1) 
Carter and | 
Fraser Roberts — 266 (4) 216 (iI) — 321 (1) 263 
Carter et al. noon 1,143 (10) 1,006 (9) =~ 1,311 (7) 918 (2) 


1,764 (8) 





yudrinantvseutnnnnweneasesnan: 


311 (3) 1,616 (22) 1,368 (10) 285 (0) 
Total of all other 





Total 1,277 (3) 


Total matrilineal 


relatives 1,927 (25) relatives 4,694 (21) 
Frequency of affected Frequency of 
{x 10°) 13-0 affected ( x 107%) 4+% 
Adjusted frequency 
( x10} 6-1 


z? = 7-84, 1 df, P< 0-01 


Number of affected individuals given in parentheses, 
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chromosomal inheritance, environmental causation or pre- 
natal loss of concordant pairs. One way that monozygotic 
twins can differ, however, is in the quantity or quality of 
their cytoplasmic endowment. 

To test the hypothesis that anencephaly and spina 
bifida may be caused by cytoplasmic abnormalities, I 
examined the available data on the occurrence of the 
deformities among relatives of affected probands. To the 
extent that the female contributes disproportionately to 
the cytoplasm of the zygote’, matrilineal transmission of 
cytoplasmic traits would be expected in man. The equal 
recurrence risk among full and maternal half-siblings 
mentioned previously is, of course, consistent with this 
pattern of inheritance. In Table 2, data from three studies 
on the frequency cf anencephaly and spina bifida in aunts, 
uncles and cousins of affected probands are presented 
and pooled to permit a comparison of the frequency of the 
deformities among matrilineal relatives with that ob- 
served among family members related through at least 
one male. In a study of 277 control families reported by 
Carter, David and Laurence’, the mcidence of anencephaly 
and spina bifida among matrilineal relatives of normal 
probands exceeded that m other relatives by a factor of 
1-34, a difference that was assumed to reflect under- 
reporting of affected subjects among paternal relatives. 
When the observed frequencies in the pooled data were 
corrected for this effect, the increased frequency among 
matrilineal relatives remained significant. A similar 
tendency has also been noted by Emery'?. Although the 
data are admittedly heterogeneous, it appears likely that 
the increased risk of deformity may be confined to matri- 
lineal relatives, and that the frequency of the deformities 
among other relatives may be no higher than the incidence 
in the general population. The findings, however, are 
compatible with either a cytoplasmic or a maternal effect. 
To distinguish between these two alternatives one would 
need to compare the risks among maternal and paternal 
relatives of the mothers of affected probands. 

Another observation my hypothesis may explain is the 
remarkable positive correlation among populations in the 
rate of dizygotic twinning and the incidence of neural 
tube defects!. This correlation was not altered by adjust- 
ment for maternal age (r= +0-6511, P<0-001), so that 
there seems to be at least one factor other than maternal 
age which influences dizygotic twimning rates. It is only 
with this second factor, which may arise from genetic or 
environmental differences among populations, that the 
incidence of neural tube defects is correlated. Second 
polar body twins'®14, or twins arising from binucleate 
oval’, could differ in sex and other aspects of their nuclear 
genotype and yet have the same opportunity as mono- 
zygotic twins to share a common cytoplasm unequally. 
Genetic or environmental variation im the frequency of 
irregularities in oogenesis of this type could be responsible 
both for an increased dizygotic twinning rate in certain 
populations and for a concomitant increase m the 
frequency of ova that are defective or deficient in their 
cytoplasmic endowment, thereby potentiating the cyto- 
plasmic abnormality that I believe may be responsible 
for anencephaly and spina bifida. In this way, the puzzling 
association between the frequency of dizygotic twinning 
and the incidence of a group of malformations which, in 
the vast majority of cases, affect the offspring of single 
births can be explained. 

The suggestion that cytoplasmic abnormalities may be 
the cause of certain traits in man®:?*, and higher animals!’, 
including anencephaly and spina bifida'’, is not new, and 
the types of cytoplasmic “‘mutations”’ that can lead to 
heritable phenotypic traits are clearly not limited to 
alterations of the base pair sequences of cytoplasmic 
genes. In Paramecrum, for example, experimental altera- 
tions in the orientation of the cilia can be transmitted 
unchanged through as many as 800 cell generations, a 
degree of phenotypic stability that rivals that of con- 
ventional mutations involving nucleic acids'®. Similar 
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mechanisms may account for cortical inheritance in 
higher organisms*®. 

Implantational, gestational and circulatory asym- 
metries, along with somatic mutation and chromosome 
aberrations, are undoubtedly important causes of dif- 
ferences in monozygotic twins. Nevertheless, cytoplasmic 
abnormalities should be considered as an alternative 
explanation for discordant malformations in twins. Where 
there is in addition a definite recurrence risk and evidence 
for maternal transmission, as is the case with anencephaly 
and spina bifida, conventional cytoplasmic inheritance 
or cortical inheritance of non-genetic mutations becomes 
a distinct possibility. 
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Proliferative Potential of Out-of-cycle 
Leukaemic Cells 


THe proliferative activity of an acute leukaemic blast 
cell population will depend on the respective sizes of its 
proliferating and non-proliferating compartments. Pro- 
liferating blasts have no self-maintaining kinetic pattern', 
but after one or two divisions become much smaller and 
enter the non-proliferating compartment?-*. An important 
question raised by this new evidence is, what is the fate of 
these small, non-proliferating blasts ? Are they end cells, 
destined to die as such, or are they only apparently 
mature, retaining a latent potential for division? The 
experiment reported here was done to test whether the 
small blasts forming part of the non-proliferating com- 
partment retained the potential to proliferate. 

A cohort of large, proliferating blasts in a patient with 
acute lymphoblastic leukaemia (ALL), was labelled in 
vivo by an injection of tritiated thymidine; sufficient 
time was allowed for these labelled cells to enter the 
non-proliferating compartment. Then two large doses of 
methotrexate were administered to eliminate as many of 
the proliferating blasts as possible, and the kinetic 
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Fig. 1. 
behaviour of the labelled small blasts, in response to this 
marked perturbation of leukaemic cell population, was 
studied. 

The patient (untreated for 2 months) had 40,000 white 
blood cells per mm? (76 per cent blasts) in the peripheral 
blood and the bone marrow was very cellular with 88 per 
cent blast cells. 17 mCi *H-TdR (specific activity 
9 Ci/mmole) was injected and bone marrow samples 
were taken after 1, 17, 66 and 100 h; 15 and 10 mg 
methotrexate were given intravenously at the sixty- 
seventh and ninetieth h respectively. The peripheral 
leucocyte count fell rapidly to 14,500/mm* and the 
number of cells in the marrow decreased. Fixed smears 
were coated with Ilford K, emulsion and exposed for 
300 days at 4° C. After developing and staining. labelling 
indices (LI) were determined for blasts of different sizes 
at each experimental time. The position of the labelled 
cells observed in the 66 h and 100 h samples were recorded 
on a photographic map of the slide, and their diameters 
measured. The stain was then leached out and the shde 
treated with 0-1 per cent trypsin to digest the emulsion, 
It was then stained by the Feulgen method and cell DNA 
content was measured microdensitometrically®. On 
taking each bone marrow sample an aliquot was incubated 
in vitro with 1 uCi/ml. *H-TAR for 1 h. 

Fig. 1 shows the change in the labelling indices of large, 
medium and small blast cells during the course of the 
experiment. There was a decrease of the small blast LI 
and an increase of the large blast LI between the 66h 
and 100h. The distribution of DNA content was deter- 
mined in 100 labelled blast cells. The 66 h sample showed 
that the majority of the labelled cells had diploid DNA 
contents with only 2 per cent at the tetraploid mode, and 
consisted of 1 per cent large, 21 per cent medium, and 
78 per cent small blasts. 2 
doses of methotrexate) a considerable proportion (28 per 
cent) of large and medium labelled cells appeared with a 
DNA content between 2¢ to 4e. The distribution of 
sizes was 18 per cent large, 27 per cent medium and 
55 per cent small blasts. 

These changes in DNA content were accompanied by s 
clear-cut increase in the LI of the marrows ineubated 
in vitro from 8-5 per cent (66 h) to 22 per cent (100 h). 
Direct evidence of the reeycling of small blasts, mutially 
part of the non-proliferating compartment, is thus shown 
by the simultaneous increase in the large and decrease im 
the small LI values in vivo between 66 h and 100 h, and 


in bone marrow following extra-corporeal irradiation of 
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the circulating blood in acute myeloid leukaemia in man’, 
and in Ehrlich ascites tumours?:’, 





patterns of cell proliferation kinetics and probably a 
different stem cell origin!®1!, 
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Increased Oncogenic Effect of 
Methylcholanthrene after Treatment 
with Anti-lymphocyte Serum 


In the past few years a disconcerting incidence of malig- 
nancies has been reported for transplant patients receiving 
inununosuppressive therapy. Such reports draw atten- 
tion to the question of whether chronic immunosuppres- 
sion enhances the susceptibility to carcinogenic or leukae- 
mogenic agents. 

In animal experiments the issue has been approached 
from several angles. Initially, neonatal or early thymec- 
tomy was used to obtain chronic immune deficiency; an 
increased susceptibility to oncogenic viruses was indeed 
found?-§, While higher susceptibility of immune-depressed 
animals to infectious agents is to be expected, Miller’s 
report that early thymectomy also increased the sus- 
ceptibihty to a chemical carcinogen was more provoca- 
tive’. He attributed this effect to a decreased allograft 
reactivity which would make possible the growth of these 
usually antigenic tumours. In carefully controlled mouse 
experiments, however, we were unable to show a direct 
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Fig. 1. Design of experiments to study the influence of chronic immuno- 
suppression with ann-ivmphocytic serum (ALS) on the susceptibility of 
mice to the carcinogenic effect of methyicholanthrene. 


y and 
increased susceptibility to tumour induction with methyl- 
cholanthrene’; ib was possible, though, to demonstrate 
that sarcomas arising in thymectomized mice were of 
stronger tumour-specific antigenicity than those of control 
animals, a finding which has since been supported’. 

More recently. extreme depression of allograft reactivity 
with relatively minor effects on resistance to infections 
can be readily obtained with anti-lymphoeyte serum 
(ALS). The use of ALS is of particular interest because 
the question has been raised whether the hi gh tumour 
incidence in transplant patients might be causally related 
to the ALS treatment which several of these patients had 
received in conjunction with conventional immuno- 
suppressive therapy?. 

The experimental design of our studies is depicted in 
Fig. 1. Female (CBA x CS7BI)F, mice were 12-14 weeks 
of age when ALS treatment was started. The ALS for 
experiment 1 was prepared in a horse (HAMLS) by chronie 
immunization with lymph node and thymus cells: after 
purification (‘Sephadex’) it contained approximately 95 
per cent IgG. An equivalent of 0-5 ml. serum was given 
intraperitoneally once a week, a schedule capable of 
prolonging survival times of RFO skin allografts on (CBA 
x CS7TBIF, mice from 8-9 days to 4 weeks. The ALS 
used in experiment 2 was raised in rabbits (RAMLS), 
using Monaco’s method of immunization’; the equivalent 
of ] ml. serum was given twice during the first week, 
then once a week intraperitoneal! y (skin allograft sur- 
vival in the mentioned host/donor combination for more 
than 2 months). Because of toxicity, ALS treatment 
was stopped after 5 weeks in experiment | and after 9 
weeks in experiment 2 (see below). 

Four groups of twenty-five to thirty mice were used 
in each experiment; one group was given imm unosup- 
pressive treatment and received an intracutaneous injec- 
tion of 0-05 mg methyleholanthrene (MC) in 0-1 mi. 
Sesame oil a week after the first ALG injecticn. Another 
group of mice was given MC only, a second control group 
normal horse (NHS) or rabbit (NRS) globulin at identical 
doses and a third control group ALG only and no carcino- 
gen, Finally, an extra experiment used an inactive horse- 
anti-mouse globulin (no immunosuppressive effect) which 
might be regarded as another control for experiment L. 
The mice were checked weekly for tumour development 
(latency period, growth rate, and se on) and general 
condition. Tumours. from histological examination, 
were sarcomas as previously described’; tumour-specifie 
antigenicity was not determined. 

Two forms of ALS toxicity led to severe mortality. In 
experiment l, fourteen of twenty-five ALG treated mice 
died within hours of the third, fourth or fifth ALG injec- 
tion of an acute syndrome best described as an allergic 
shock (splenic and pulmonary vascular congestion) so 
that ALG injections were stopped after the fifth week. 
This “shock” was not, however, observed in mice treated 

9 In experiment 2, fourteen 
of thirty mice died within 2-4 months after stopping ALG 
treatment with a glomerulo-nephritis, histologically 
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The EM802 combines in one instru- 
ment all the facilities you need, whatever 
your field of research. 

There is no loss of performance and 
no ‘down-time’ when changing from 
one mode of operation to another. The 
EM802 continues the long tradition of 
AEI for simplicity of operation. 

To judge the 802 for yourself, come 
and use one at your leisure in our Con- 
sultant Laboratory. Ring Jay Bailey 
(Harlow 26761), or write, to fix a suit- 
able time. à 
1. Goniometer stage allows 5 A resolu- 
tion even at the highest angle of tilt. 


2. Push-button selected area diffr 
-action at various camera lengths. 
3. Push-button selection of bright 
or dark field images by all-electrical 
beam deflector with independent 
astigmatism correction. 

4. Multi-purpose specimen cham- 
ber to meet a wide range of applica- 
tions at high resolution. 


5. Selected area diffraction facilities. 


6. Anticontaminators. 

7. Automated vacuum system. 
8. Push-button controls. 

9. Space for accessory control 
modules. 


cael. Ln TE oan CS E POBELES o a 


a en — a 


¢ AEI 
SCIENTIFIC 
Sa APPARATUS 


EUROPEAN LEADERS IN ELECTRON OPTICS 


AEI Scientific Apparatus Limited (Dept 202) 
PO Box 1, Harlow, Essex. Tel: Harlow 26761 
And in the USA contact: 

Picker Nuclear, 1275 Mamaroneck Avenue, 
White Plains, New York 10605. 














NATURE VOL. 224 OCTOBER 25 1969 


ya) Pi 100% HAMLS 


A ane A 


S Qeseeewe o B6%a no serum 26/30 
vü a MPa 84% NHS 21/25 


11/11 


nü t 


Pereentage of MC tanmioirs 
(e; 


ath 





{} 
ALS 44844 2 4 | 6 5 10 
Months 
ME 


Fig. 2. Incidence of sarcomas induced with methylcholanthrene (MC) in 

female (CBA x C57)F, mice; the animals were given weekly doses of 

purified horse anti-mouse lymphocyte serum (HAMLS), normal horse 

serum (NHS) or no serum treatment, and received 0-05 mg MC intra- 

cutaneously, on day 7, The final proportion of animals with tumours is 
indicated in each group. 


reminiscent of serum sickness nephritis; once again, 
control mice treated with normal rabbit globulin were not 
affected. 

Fig. 2 depicts the tumour incidence for mice treated with 
HAMLS (experiment 1). Although the number of animals 
surviving five weekly injections was small, the tumour 
incidence during the first 6 months was clearly greater 
than in the controls {P <0-05); the tumour growth rate 
was also greater. The appearance of tumours in the mice 
treated with NHS was, if anything, somewhat delayed; a 
similar delay was observed in an extra group of thirty 
mice treated with an ineffective HAMLS (not shown in 
the illustration). The ultimate tumour incidence, at 
8 months after the first ALG injection and thereafter, was 
not significantly different for the three groups of experi- 
ment 1. 

Fig. 3 depicts the results of experiment 2, in which highly 
immunosuppressive rabbit ALG was used. : 
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Fig. 3. Incidence of sarcomas induced with methyicholanthrene (MC) 

in female (CBA x C57)F, mice; the animals were given weekly doses 

{two injections during first week) of purified rabbit anti-mouse Iympho- 

cyte serum (RAMLS), normal rabbit serum (NES) or no serum treatment. 

and received 0-05 mg MC intracutaneously on day 7, The final proportion 
of animals with tumours is indicated in each group. 
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INFLUENCE OF ALS TREATMENT ON TUMOUR EXDUCTION BY 
METHY LCHOLANTHRENE (MC) IN (OBA © CS7)P, MICK 


Table 1. 


Percentage of animais with tumours 


Treatment Carcinogen (months after ME injection) 
2 4 6 
ALS a MC 30 Ri at} 
MC 40) RO 


Normal serum OF . o D 
ineffective ALS + MC 20 70 


ALS No tumours st any time 
marked than in experiment l. a similar trend co uld be 


discerned, namely, a significantly higher tumour medence 
in the immunosuppressed mice during the first 6 months 
(P<0-05). The difference between the control groups 
was insignificant. 

Results of both experiments were pooled and are 
schematically depicted in Table 1; the approximate 
tumour incidence at 2, 4 and 6 months is indieated for the 
four groups. At 2 and 4 months, tumour incidence in 
immunosuppressed animals was significantly higher than 
in controls. Because tumour-specifie antigenicity 1s 
particularly high in “early” chemically induced tumours”, 
it seems reasonable to assume that their growth potential 
overrides the crippled immunological defences of ALS 
treated mice, whereas control animals are able to reject 
such highly antigenic tumours. In contrast, administra- 
tion of normal globulin (or ineffective antiserum) had a 
slightly delaying effect on the appearance of sarcomas; 
although the evidence from the current experiments is 
only suggestive, such a non-specific delaying effect would 
be in line with work previously published!?}. 

Statistically significant differences between the various 
groups of animals for the ultimate tumour incidence could 
not be observed in our experiments; this may be because 
of the high tumour incidence in the controls and the 
relatively small number of surviving ALG treated animals. 
If, however, the early tumours in the group of ALG 
treated mice were indeed of particularly high antigenicity 
(as they were in the thymectomized mice of our previous 
experiments’), then a difference in the final tumour 
incidence should also be detectable in ALS treated mice. 
Jeejeebhoy, using a similar experimental design, found a 
higher ultimate incidence of MC-induced tumours in his 
ALS treated mice (personal communication, 1969). 

Finally it should be emphasized that mice treated with 
ALG alone did not develop malignancies of any kind, This 
goes for the controls of our experiments and for more 
recent studies in which we treated mice with effective 
rabbit ALS for four months and kept them for observa- 
tion. In these experiments, intended to study the effect 
of chronic immunosuppression on susceptibility to radia- 
tion-induced malignancies, ALS treatment has so far not 
enhanced the leukaemogenic effect of total body iradia- 
tion. 

In conclusion, chronic immunosuppression by ALG 
may, as expected, have a detectable enhancing effect on 
chemical carcinogenesis in mice; this was demonstrated 
for MC-induced tumours that frequently carry tumour- 
specific antigens. Inevitably, the question arises whether 
such results for rodents might have implications for 
chronic immunosuppression in man. Tt has been suggested 
that the disturbingly high incidence of malignancies of 
reticular tissues in transplant patients may be related to 
chronic antigenic stimulation of the reticulo-endothelial 
system by ALS or the allograft’. Results of our animal 
experiments in which thymectomy or ALS was used 
suggest that immune deficiency as such may well be 
responsible for an increased susceptibility to carcinogenic 
influences; it seems reasonable to assume that this might 
also hold true for the clinical situation. If it dees, then 
our results would provide an extra stimulus to develop 
methods for inducing specific tolerance to transplantation 
antigens rather than relying entirely on non-specific 
chronic immunosuppression to prevent the rejection of 
allografts in patients. 
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Theta Isoantigen as a Marker of 
Thymus-derived Lymphocytes in Mice 


THERE is an obvious need for a marker that will differen- 
tiate one type of lymphocyte from another. The need 
has become urgent in view of recent evidence suggesting 
that there are at least two populations of lymphocytes, 
one thymus-derived and one bone marrow-derived, which 
participate in different ways in the immune response’. 
The theta (6) isoantigen (0 is determined by a single 
locus with two alleles: 6AKR found in AKR and RF 
mice and 0C,H present in most other inbred strains of 
mice tested), described by Reif and Allen? ?, which is 
found chiefly in thymus lymphocytes and brain, and to a 
lesser extent in peripheral lymphocytes in mice, seemed a 
possible antigenic marker of thymus-derived lymphocytes. 
To establish that 0 is such a marker, it is necessary to 
demonstrate that there is a discrete population of periph- 
eral lymphocytes which carry the antigen and that these 
cells are thymus-dependent. 

Anti-6C,H_ w as prepared by injecting CBA thymocytes 
into AKR mice®. The cytotoxic activity of the antiserum 
was completely absorbed by adult CBA brain, confirming 
the specificity of the antiserum. “Chromium evtotoxie 
testing, as deseribed by Wigzell* and modified by Bomford 
ei al.®, was used to detect 8 on the surface of lymphocy tes. 
Lymphocyte suspensions free of red blood cells were 
prepared® from adult CBA mice. The cells were labelled 
with Na,®'CrO, and added to serially diluted anti-6 or 
normal AKR serum (NMS). After incubating for 30 min 
at 37° C, the cells were washed to remove the excess anti- 
serum and resuspended in hamster or guinea-pig com- 
plement. A detergent (Triton’) was added to another set 
of tubes to kill all the cells and release their chromium. 
After a further 30 min incubation the reaction was 
stopped with cold saline. The tubes were centrifuged, and 
the supernatants decanted and counted in a well-type 
scintillation counter. 

Fig, 1 shows the results of a representative experiment. 
The plates aux of cytotoxicity seen with high concentrations 
of anti- suggest that there is a discrete population of 
§- bearing lymphocytes. In the case of the thymus, this 
consists of 97-100 per cent of the cells as judged by 
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Fig... Cytotoxic activity of anti-0C,H on CBA thymocytes (Aj, lymph 
node (@) and spleen lymphocytes (W). Tubes 1-12 contained doubling 
dilutions of anti-@, beginning with 1:1 for lymph node and spleen and 
1:10 for thymocytes. Per cent Ivsis= counts released with anti-@/ 
counts released with ‘Triton’, Hamster complement, absorbed with 
mouse liver, spleen and thymus and diluted 1: 7, was used with thymo- 
eytes. Guines-pig complement, absorbed with mouse RBC and diluted 
1:5, was used with lymph node and spleen, 


trypan blue dye exclusion cytotoxic testing. This agr ees 
with the findings of Wigzell? and Sanderson’ that 70-80 
per cent *Cr release from lymphoid cells aaa to 
100 per cent immune lysis. By extrapolation from Cr 
eytotoxie testing and more directly from dye exclusion 
eytotoxic testing, approximately 70-80 per cent of lymph 
node lymphocytes and 30-50 per cent of splenic lympho- 
cytes appear to carry the 9 antigen in CBA mice. 

To determine if this population of 0-bearing lymphocytes 
is thymus-dependent the 0 content of lymph nodes and 
spleen lymphocytes in normal mice was compared with 
that of mice depleted of thymus-derived lymphoevtes by 
chronic treatment with anti-lymphocyte serum (ALS)*?. 
To minimize the effects of infection, CBA mice reared in a 
specifie pathogen-free environment (SPF) were used, 

One group of mice received ALS cee according to 
the method of Levey and Medawar?® beginning on the day 
of birth and given twice weekly until they were killed at 
6-8 weeks old. Another group of mice received normal 
rabbit serum (NRS) according to the same schedule and 
some mice were left untreated. 

EO Oe testing was carried out as before except pe 
cells were incubated with anti-6 or NMS diluted 1: 
and hamster complement was used with all cell types. An 
tests were done in quadruplicate and the average number 
of counts released per tube with anti-9, NMS. and “Triton’ 
was calculated and a cytotoxic index determined for each 
eell type by the following formula: 


x 100 


EEEE NAATA pene ye e me e a: * Sete “ro AARAA V OA A A tl a fed a S A AESA AA de AAAS A NA A a: 


-OR =e Triton’ ZR ik NMS 


The results of three separate experiments are outlined 
in Fable 1. There was an 80-90 per cent reduction in the 
number of ĝ-bearing cells m the lymph nodes and spleens 
of ALS-treated mice when compared with the NRS- 
treated and untreated controls. There was no significant 
difference in the § content of the thymuses in the different, 
groups. Giemsa and methyl green pyronine stained 
smears of the various cell suspensions showed that in all 
cases at least 90 per cent of the cells were lymphocytes, 
mostly of the small variety. All experimental animals 
were autopsied and the only significant finding was a 
mar o of smal ene te in the thymus- 


NATURE VOL. 224 OCTOBER 25 1969 


Table 1. CYTOTOXIC INDICES* (PER CENT) FOR THYMOCYTES, LYMPH NODE 
AND SPLEEN LYMPHOCYTES FROM CBA MICE TREATED WITH ANTI-LYMPHOCYTIC 
SERUM (ALS), NORMAL RABBIT SERUM (¥RS) OR UNTREATED 


Mice Thymus Lymph nodet Spleen 
Experiment 1 NRS-treated BOS plt 16-4 
ALS-treated BUS Til 17 
Per cent reduction t Oo 87 90 
Experiment 2 Untreated S44 ated 26-8 
NRs5-treated S4 52-4 25:4 
ALS-treated 81-2 105 25 
Per cent reduction ġ 3°35 SO 90 
Experiment 3 Untreated 70-4 53-3 
NRS-treated 67-8 50-5 
ALS-treated 76-3 i 
Per cent reduction į — SS 
* Cytotoxic index = 
"Counts released (CR) with anti-@ (1:7) ~ CR with NMS(1:7) ] 199 
7 CR with ‘Triton’ -CR with NMS (1:7) oon 


+ Pooled mesenteric, inguinal, axillary, brachial, deep and superficial 
eervical, 
( NRS cytotoxicindex — ALS?cytotoxic index \ 
j3 


ann a E x 100 
q NRS cytotoxic index / 


$ Percent reduction = 
ALS-treated mice. Both ALS-treated and NRS-treatcd 
mice showed prominent lymph follicles in lymph nodes 
and spleen with moderate numbers of plasma cells and 
ivmphoblasts. 

Thus. in CBA mice, by cytotoxic testing, 70-80 per cent 
of lymph node lymphocytes and 30-50 per cent of splenic 
lymphocytes appear to have the 0 antigen on their surface. 
This population of theta-bearing lymphocytes in lymph 
node and spleen is strikingly reduced in mice which have 
been depleted of thymus-derived lymphocytes by chronic 
treatment with ALS. Preliminary experiments with 
newborn thymectomized mice, adult thymectomized 
lethally irradiated and foetal liver reconstituted mice, and 
mice with congenital absence of the thymus”, have 
demonstrated a similar reduction of the 0 content in 
lymph nodes and spleen’. This suggests that there is a 
discrete population of lymphocytes in the peripheral 
lvmphoid tissues which carries the § antigen and that 
these lymphocytes are thymus-dependent. 4 therefore 
appears to be a useful marker for thymus-derived lympho- 
evtes. 

Since first submitting this report, Sehlesinger and Yron?* 
have reported a fall in the 9 content in the lymph nodes 
of ALS-treated mice. Using dye exclusion cytotoxic 
testing. they were unable to detect -bearing cells in the 
spleen and did not estimate the relative number of @- 
positive cells m the lymph nodes. 

I thank Miss Sandra Nehlsen for supplying the ALS- 
treated and control SPF mice, Mr A. Savill and Miss J. 
Cressey for technical assistance, Dr N. A. Mitchison for 
advice and guidance and Dr E. Simpson for interpreting 
the cell smears. The work was supported by the National 
Multiple Sclerosis Society of the Umted States. 
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Daily Periodicity of Susceptibility of 
Mice to Pneumococcal Infection 


REPORTS of a 24 h rhythm in the susceptibility of muce to 
a toxic dose of ethanol’, to audiogenic stimul’, and to 
E. coli endotoxin? suggest that circadian changes in 
physiological state contribute substantially to the suscep- 
tibility of a host to these fixed insults. We now report a 
daily rhythmicity in the susceptibility of mice to pneumo- 
coceal infection. 

Male, CD-1, 16+ 2 g mice (from Charles River Labora- 
tories, Massachusetts) were used for all experiments. 
Animals were conditioned for six days and kept in a 76° F 


ture Collection, Rockville, Maryland), suspended in 0-5 mi. 
of tryptose phosphate broth (TPB), pH 7-4; or (2) 400-500 
D. pneumoniae, Type 1, A, of modified virulence similarly 
suspended. Groups of twenty mice received fully virulent 
D. pneumoniae, Type I, A, SC in doses of 164, 108, 10° and 
10° organisms at 0800, 1600, 2000 and 0400 h. In each 
study ten control mice were inoculated with sterile 
media at each challenge time. Duplicate studies were 
made in successive weeks. 

Mice were checked and deaths recorded hourly im each 


Fame 


sion of the same organism given SC to mice at 0800 h 
produced a mortality rate of 95 per cent. An organism of 
modified virulence was prepared by carrying the pneumo- 
coccus on maintenance media every three days without 
mouse passage until 75 per cent of mice inoculated SC at 
0800 h succumbed to challenge. 

Serial dilutions of 24 h old pneumococcal cultures were 
used for each challenge. Viable counts before and after 
injection of each group showed a maximum variation of 
5 per cent in the numbers of organisms received by the 
animals. 

Statistical analysis (for which we thank Drs S. Choi and 
R. Wette) was performed by the Division of Biostatistics, 
Washington University School of Medicine. Before 
analysis, the survival data were transformed logarith- 
mieally to facilitate the necessary mathematical assump- 
tions. For experiments using a fully virulent or attenua- 
ted pneumococcus at a single dose, the model was 
Niy=u+tj+ex, where u represents the general mean, 
t; the effect of time and ex the experimental error, For 
experiments in which different doses were given at different 
challenge times, the effects of time and dose were investi- 
gated with the model Nix =u+t+dj+/ij+ ein, where u 
represents the general mean, f the effect of time, d; the 
effect of dose, Jj; the interaction effeet, and eix the experi- 
mental error. Individual differences between groups 
within each experimental model were investigated by the 
multiple range test. Animals surviving challenge were 
analysed separately by chi-square statisties and, in 
particular, the significance of differences in the number of 
survivors within each experimental group was analysed by 
the method of Kimball‘, 

Results representing each type of challenge are shown 
here. Data from successive challenges have not been 
pooled, to avoid any error from environmental factors. 

Results of challenge using 10! fully virwent pneumo- 
cocci are presented in Table 1. Analysis of variance 
showed a significant effect of time on survival (P < 0-012). 
This difference was attributable entirely to the prolonged 
survival of the animals challenged at 0400 h. Animals 
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Table 1. SURVIVAL TIME AFTER CHALLENGE WITH 16' FULLY VIRULENT 
TYPE J, A; PNEUMOCOCCE 
Challenge No. Mean +1 S.D. 
time challenged survival time (h) Survivors 
0800 40 Ddl + 24-84 1 
1200 40 63°28 + 32-48 Q 
1600 40 50-75 + 15-44 0) 
2000 40 51-09 + 12-56 4 
2400 46 58-89 + 17-04 2 
0400 40 65-87 + 23°01 2 


Table 2. SURVIVAL TIME AFTER CHALLENGE WITH 10° ATTENUATED TYPE I, A; 


PNEU MOCOCCL 


Challenge No, Mean +1 S.D. 
time challenged survival time (h) Survivors 
0800 40 RT ZR + 37-42 il 
1200 40 66-89 + 34-45 4 
1600 40) 53°62 + 25:99 0 
2000 40) 87:65 + 39-25 15 
2400 40 47°95 + 24-44 0 
0400 40 130-00 + 65-06 33 


Table 3. TABLE GF STGNIFICANCE AFTER CHALLENGE WITH 10° ATTENUATED 


TYPE J, A, PNECMOCOCCI 


Challenge time Mean survival time Significance 
0400 vs, 1200, 1600, 2400 P<0-01 
0400 PER. 0800, 2000 P< 005 
OSOO Hs, 1200, 1600, 2400 P<@-01 
1200) rs, 1600. P< O05 
1200 rs, 2400 P<0-01 
2000 PR, 1600, 2000 P<005 
2000 #8, 2400 P<@01 

Number of survivors 
O400 PR, All other times P< 001 
0800 vs, 1206, 1600, 2400 P «iol 
2000 EN, OKOD, 1200, 1600, 2400 P< GOL 


inoculated at this time survived longer than animals 
challenged at 1600 or 2000 h (P<0-01), or at 0800 h 
(P<: 05). No other statistically significant differences 
were apparent. 

Results after challenge with the pneumococci of modificd 
virulence are pre esented in Table 2. Analysis of variance 
showed a significant time dependent survival effect 
(P<0-01). In this ease many statistically significant 
differences were noted and are de 'picted in Table 3. 

Analysis of results after challenge with fully virulent 
pneumococci at different times and doses, presented in 
Table 4, showed a significant effect of changes in challenge 
time on survival (P < 0-002); a significant dose effect on 
survival (P<0-001); and showed that the interaction 
effect of time and dose was not significant. The survival 
time of animals inoculated at 0400 h was greater (P < 0-01) 
than that of animals infected at any other time of day. 
The effect was increasingly significant at lower challenge 
doses. No other st atistically significant differences 
between challenge times were apparent. The number of 
survivors from groups challenged with 10} organisms at 
0400 and 2000 h was greater (P< 0-005) than that for 
animals challenged at 0800 or 1600 h with the same dose. 

Periodicity in the susceptibility of mice to pneumococcal 
infection is apparent. Regardless of the dose used for 
challenge or virulence of the organism, mice challenged 
at 0400 h survived longer than aama moculated at any 
other time. Statistical analysis of the effects of time, dose 


Table 4. SURVIVAL TIME AFTER CHALLENGE WITH FULLY VIRULENT TYPE 


T, A, PNECMOCOCCL VARYING TIME OF CHALLENGE ANT DOSE 
Challenge . No. Mean +1 S.D. ; 
time Dose challenged survival time (h) 9 Survivors 
GAG 164 20 23-95 + 3-95 (E) 
1600 106 20 25-75% 4-85 $ 
2 OOO 103 2i} 23°60 + 3-27 9 
O400 10" 20 33°20 + 10- 45 Q 
QSHÜ 10* ?tt 40-50 + 80-52 0} 
1600 1h 24} 35°25 + 12:12 0 
2000 164 20 33-55 + 12-46 £) 
0400 164 d) 391041051 {} 
O8O0 10 20 41-80 + 12-61 $ 
1806 10 2(} 46-10 +9152 0 
P OOD 14 2i) 4535 +25 ($; 
0400 iP Of} 67°45 + 32:14 0 
0S gü? 2() 61-00 + 30-55 0 
1606 1G 20) 89-70 + 51-98 1 
2000 HP OG 94:65 + 71-43 3 


O40G 103 20 RER +57-48 5 
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and the interaction effect between the two revealed no 
significant interaction, and demonstrated that challenge 
time may affect survival as significantly as challenge dose. 

Challenge with a pneumococcus of modified virulence 
made possible a more detailed assessment of survival 
periodicity. The mean survival time was longest and the 
number of survivors greatest following 0400 h ‘inoculation, 
with the shortest survival times recorded at 1600 and 
2400 h. This pattern of survival is similar to that reported. 
by Triyanond et al. after challenge of mice with 10%? 
pneumococci TP. 

We do not yet know what causes the periodicity of 
mouse susceptibility to the pneumococcus, — Bacterio- 
logical studies of separate groups of mice inoculated with 
10! virulent pneumococci at 0400 or 1600 h showed the 
same biphasic bacteraemic pattern. Although differences 
in doubling time of D. pneumoniae may account for small 
differences in mean survival times®, the large differences 
observed in our studies including the presence of numerous 
animals which survived infection mean that other factors 
are involved, such as rhythmic changes in the host’s 
enzyme or hormonal function after infections? 

This work was financed by a US Public Hes alth S 
Medical School general research support grant. 
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Bacterial Iron Metabolism and 
Immunity to Pasteurella septica 
and Escherichia coli 


Tron is essential for bacterial growth', and there is now 
sufficient evidence to suggest that the ability to eg uie 
iron may be an essential feature of pathogenic ity? 

Conversely, the ability of the host to prevent the uptake 
of iron by bacteria may constitute an important means of 
defence against certain infections?-*. Tron compounds 
can greatly reduce host resistance. The protection nor- 
mally provided against Clostridium welchit type A by 
specific antiserum is abolished by injection of iron im- 
mediately before infection?. Similar results were obtained 
with a highly virulent strain of Pasteurella septica where a 
variety of iron compounds completely abolished the 
protective power of specific antiserum®. In both cases the 
ability of antiserum to suppress bacterial growth was 
removed, with the result that bacterial growth in iron- 
treated animals given antiserum was identical to that 
seen in unimmunized controls?'®. Tron compounds greatly 
enhance the virulence of Escherichia coli for guinea-pigs, 
the lethal dose being reduced by approximately 100,000- 
fold. In this case the normal ability to suppress bacterial 
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growth is lost, the animals dying from an overwhelming 
infeetion with doses of bacteria that are normally harm- 
less*. 

In seeking an explanation for these results we have 
drawn on experience obtained with Cl. welehii type A. 
In vitro it has been shown that the bacteriostatic effect of 
both normal and immune sera can be abolished by 
saturating the serum transferrin with iron. While the 
exact mechanism is not yet fully understood it appears that 
bacteriostasis arises from the combined effect of transferrin 
and the 82 and y globulin on the iron metabolism of the 
organism’. Sera can inhibit the growth of both P. septica 
and E. coli in circumstances that strongly implicate an 
interference with bacterial iron metabolism. A relatively 
high Eh and pH is essential for bacteriostatic reactions 
against Cl. welchii®. In the experiments with P. septica 
and E. coli the O, tension of the medium was controlled 
instead of the Eh. 

A virulent strain of P. septica® grew rapidly in fresh 
normal rabbit serum (Po, 80-90 mm Hg; pH 7-5) (Fig. 1). 
The addition of 15 per cent horse P. septica antiserum, 
shown. to be highly protective in mice*, had a well marked 
bacteriostatic effect, although the inhibition of bacterial 
growth was invariably preceded by a rapid fall in the 
viable count at the start of the experiment, followed by an 
equally rapid recovery (Fig. 1). A heat labile factor, 
which may be complement, was alsc essential because no 
bacteriostasis occurred when the serum was heated to 
56° C for 30 min beforehand. The bacteriostatic effect of 
fresh serum containing specific antibody was abolished by 
the addition of sufficient ferric iron to saturate the serum 
transferrin, although the regrowth of the bacteria was 
delayed for 6 h (Fig. 1). Further experiments showed 
the importance of controlling the local environment. 
Reduction of the O, tension to zero had no effect on the 
bacteriostatic power, but the response to iron was im- 
mediate instead of being delayed. The control of pH was 
equally important. Bacteriostasis with 10 to 15 per cent 
antiserum occurred at pH 7-5 (Po, 80-90 mm Hg) but was 
lost completely at pH 6-8. 

The two strains of E. colt used in these experiments were 
0111/B4/H2 and 0141/K85/H4. Experiments i vivo 
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Fig. 1. Growth of P, septica in normal rabbit serum under controlled 
conditions. Po, 80-90 mm Hg, pH 7-5. A, No antiserum present: 


©, with 15 per cent specific antiserum; 


@. with 15 per cent antiserum 
plus Fe. 
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Fig. 2. Growth of E. coli 0111 in normal rabbit serum under controlled 


conditions. Po, 80-90 mm He. pH 7-5. ©, In normal rabbit serum: 


@, in normal rabbit serum pius Fe; DI, in heated rabbit serum. 


with 0111 already reported? have been confirmed with strain 
0141, the lethal dose of this strain being reduced by 
approximately 100,000-fold by the injection of iron 
compounds. The two strains behaved somewhat differ- 
ently in vitro. In fresh normal rabbit serum (Po, 80-90 mm 
Hg; pH 7-5) strain 0111 was rapidly destroyed, even when 
large inocula were added to the serum (Fig. 2). The 
bactericidal power of serum was abolished by adding 
sufficient iron to saturate the transferrin (Fig. 2). Heating 
the serum to 56° C for 30 min also abolished the bacteriei- 
dal effect. Nevertheless heated serum was still capable of 
inhibiting bacterial growth, the bacteriostatic effect 
(Fig. 2) being very similar to that seen against Cl. welch’. 
In fresh normal serum strain 0141 grew rapidly when 
large inocula (about 10t organisms per mi.) were added 
(Fig. 3), but small inocula (about 10? organisms per ml.) 
gave rise to a typical bacteriostatic reaction which 
resembled very closely the result produced by strain 0111 
in heated serum (Fig. 3). This effect was also abolished 
by adding sufficient ferric iron to saturate the serum 
transferrin (Fig. 3). 

These experiments, together with those done in vivo **, 
suggest that bacterial iron metabolism is of real importance 
in P. septica and E. colt infections, and that the bacterio- 
static power of sera may constitute an important 
mechanism of defence. The serum factors involved in 
bacteriostasis have not yet been fully explored but it 
appears that the iron binding protein transferrin probably 
plays an important part, and that complement and specific 
antibody may also be involved. The role of specific 
antibody is particularly interesting, and it seems quite 
possible that it may interfere directly with the iron 
chelating ability of the bacteria. 

There are considerable differences of opinion on the 
relative importance of cellular and serum factors in 
resistance to bacterial infection. In the case of Pasteurella 
pestis the importance of phagocytosis has been stressed by 
a number of authors (see ref. 9) who consider the ability to 
resist phagocytosis a major factor in determining the viru- 
lence of P. pestis. Janssen and Surgalla® disagree with this 
view. Among other things, they point out that there is no 
correlation between the ability to resist phagocytosis and 
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Fig. 3. Growth of Æ. coli 0141 in normal rabbit serum. Po, 80-90 mm 
Hg, pH 75. A, Largeinoculum; ai mal inoculum; @, small inoculurn 
plus Fe, 


virulence; that resistance to phagocytosis applies only to 
free phagocytes and not to fixed macrophages, and that these 
organisms appear to be able to survive for at least 42 h after 
ingestion by tissue cells. 

Resistance to P. pestis may be more closely associated 
with iron metabolism than with phagocytosis. Jackson 
and Burrows? found that some non-pigmented mutants of 
P. pestis were relatively avirulent for mice but that 
virulence was greatly enhanced when the animals were 
treated with iron compounds. Burrows! states that the 
P. pestis mutant M7 which is normally of low virulence for 
mice has the ability to develop resistance to phagocytosis 
and to inhibit polymorphonuclear leucocytes in a way 
similar to that shown by virulent strains; yet this is one 
of the non-pigmented mutants the virulence of which is 
greatly enhanced by iron compounds’. 

Jackson and Morris" found that iron greatly stimulated 
the growth of P. pestis in human serum. Brubaker 
et al. found that ferrous iron enhanced the virulence of 
one strain of P. pestis and one strain of Pasteurella 
pseudotuberculosis if the organisms were injected by the 
intraperitoneal or subcutaneous routes. 

Much of the work on cellular aspects of resistance to 
enteric pathogenic organisms has been reviewed by 
Mackaness!®. Virulent strains of Salmonella typhimurium, 
are relatively resistant to phagocytosis in vitro and 
correspondingly slow to disappear from the circulation 
after intravenous injection. Previous opsonization of 
virulent strains increases the rate of phagocytosis in vitro 
and the clearance rate in vivo making them indistinguish- 
able from avirulent strains in this particular respect. The 
rapid clearance that results from opsonization of a virulent 
organism, however, does not lead to any significant 
increase in the survival rate of challenged animals, 
except with very small doses of bacteria. If phagocytosis 
is an important feature of resistance, why does increased 
susceptibility to phagocytosis not lead to increased 
resistance ? Medearis and Kenny working with two 
strains of Æ. coli found that the more virulent strain had 
a greater resistance to phagocytosis by macrophages 
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wm vivo and polymorphonuclear leucocytes in vitro. The 
more virulent stram, however, was less susceptible to the 
bactericidal and opsonie effect of immune serum. 

There is no evidence, so far, that iron compounds 
interfere with phagocytosis. Burrows found that iron 
compounds had no effect on the mobilization of poly- 
morphs, or on their ingestive capacity, or on the formation 
of antibodies, and did not enhance the toxicity of killed 
P., pestis. Iron did not appear to inhibit the phagocytic 
power of polymorphonuelear leucocytes in Cl. welehdi 
infections*. 

Apart from our own experiments, and those already 
mentioned with P. pestis®, many other workers have shown 
that iron compounds can enhance the virulence of a 
number of different organisms. Sword!* found that iron 
compounds enhanced the virulence of Listeria mono- 
cytogenes for mice. The bacteria grew faster in iron 
treated mice, and mice suffering from haemolytic anaemia 
were more susceptible to infection, while treatment with 
an iron chelating agent led to a reduction in virulence. 
Tron, however, did not appear to have any effect in 
actively immunized animals. Iron compounds are 
reported to enhance the virulence of Klebsiella pneu- 
moniae’™ 8 and S. typhimurium)’, but not Pseudomonas 
aeruginosa’, or Salmonella typhi'®, The work of Bornside!® 
on the ability of haemoglobin to enhance intraperitoneal 
infection with Æ. cold in mice closely agrees with our 
results. 

We thank Miss C. Goffin for technical assistance. 


J. J. BeLLEN 
HENRY J. ROGERS 
National Institute for Medical Research, 
Mall HHI, 
London NW7. 


Received June 3; revised August 26, 1969. 


‘Stephenson, M., Bacterial Metabolism, third ed., 179 (Longmans, Green, 
London, 1949), 

2 Weinberg, E. D., Bact. Rev., 30, 186 (1966). 

è? Ballen, J. J., Leigh, L. C, and Rogers, H. J., Immunology, 15, 551 (1968). 

t Bullen, J. J., Cushnie, G. H., and Rogers. H, J., Immunology, 12. 303 (1987). 

5 Jackson, S., and Burrows, P. W., Brit. J. Exp. Path., 87. 577 (1956). 

t Bullen, J.J.. Wilson, A. B., Cushnie, G. H., and Rogers, H. J., Dynmenologys 
14, 889 (1968). 

? Rogers, H. J., Immunology, 12. 285 (19673. 


3 A $ J., Dobson, A., and Wilson, A, D., J. Gen. Alierobiol., 35, 175 

> Janssen, W. A.. and Surgalla, M. J., Science, 163, 950 (1969). 

? Burrows, T. W., Fifth Sump. Soe. Gen. Microbiel., 152 (Cambridge Uni- 
versity Press, 1955). 

in Jackson, S., and Morris, B. C., Brit, J. Exp. Path., 42, 363 (1961), 

42 Brubaker, R. R., Beesley, FE. Do and Surgalla, M. F, Science, 149, 422 
(1965). 

'3 Mackaness, G., B.. Fourteenth Symposium Soc. Gen. Mierobiol., 218 (Cam- 
bridge University Press, 1964). 

i4 Medearis, D. N., and Kenny, J. J., J. Immunol, 101, 534 (1968). 

5 Burrows, T. W., Brit. Afed. Bull., 18, 69 (1962). 

‘6 Sword, ©. P., J. Bact., 92., 536 (1966). 

17 Martin, ©. J., Jandi, J. H., and Finland, M., J. Inject. Dis., 112, 158 (19633, 

18 Chandlee, G. C., and Fukui, G. M., Bact. Proc,, A33, 45 (1965). 

1 Bornside, G. H., Bouis, P. Fa’ and Cohn, 1., J. Baret., 95, 1567 (1968), 


Drug-induced Relief of the Tremor 
in Monkeys with Mesencephalic Lesions 


MODEL syndromes of extrapyramidal dysfunction have 
been induced in monkeys by introduction of unilateral 
lesions into the ventromedial area of the brain stemt, 
In such cases the destruction of the pars compacta of the 
substantia nigra is associated with low concentrations of 
dopamine and serotonin in the corresponding basal 
ganglia!. The reduction of the biogenic amines in the 
striatum is concomitant with an impairment im the 
storage of dopamine and serotonin (5-HT) and with a 
decrease in tyrosine hydroxylase and DOPA decarboxylase 
activity?-*. Thus the ventromedial tegmental lesion 
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Fig.1. Tremor recorded from the upper limbs of a monkey with a mesencephalic lesion. Record on the left tuken before the administration 
of DL-5-HTP. Record on the right taken following administration of DL-5-HTP (25 mg/kg). 


affects the storage and biosynthesis of dopamine and 5-HT 
in the ipsilateral striatum. 

Because patients with Parkinson's disease respond to 
treatment with L-DOPA it was of interest to see whether 
L-DOPA alone or in combination with other drugs relieved 
the tremor of monkeys with mesencephalic lesions. 

Green monkeys (Cercopithecus sabaeus) were used 
throughout and unilateral radiofrequency lesions were 
placed in the ventromedial tegmental region of the brain 
stem as previously deseribed™*. Hypokinesia of the con- 
tralateral extremities appeared immediately after place- 
ment of a radiofrequency lesion in the ventromedial 
tegmental area. Five to ten days after the radiofrequency 
lesion was placed in the left medial tegmental area the 
monkeys usually developed postural tremor of their con- 
tralateral extremities at the rate of 4-6 Hz. Tremograms 
were obtained using a Grass designed transducer attached 
to the extremities and recorded on an electroencephalo- 
graph. ‘The tremograms were quantitatively analysed 
by integration of the amplitudes per unit time and by 
determining the frequency. 

Localization of the lesion in each brain was verified by 
gross examination and by histological study. The locus 
and extent of the lesion were similar to those previously 
reported! and did not differ significantly in each brain. 
The gross examination revealed that the lesion site 
involved the medial substantia nigra, the dorsomedial 
region of the cerebral peduncle and an area adjacent to 
the midline encroaching on the ventral aspect of the red 
nucleus. The microscopic examination revealed an 
extensive loss of cells in both the pars compacta and reticu- 
laris of the ipsilateral substantia nigra and an extensive 
loss of cells in the ipsilateral third nerve nucleus as well as 
some degeneration of neurones in the magnocellular portion 
of the ipsilateral red nucleus. 

The effects of various drugs on tremor in monkeys with 
mesencephalic lesions are summarized in Table 1. The 
intravenous administration of pDL-DOPA at a dose of 30 


Table 1. THE EFFRCT OF DRUGS ON POSTURAL TREMOR IN MONKEYS WITH 
MESENCEPHALIC LESIONS 
Drug* Pharmacological responses on the activities of the 
(dose in mg/kg) contralateral limbs t 
None Sustained hypokinesia and postural tremor 


DL-DOPA (30) or 


Diminished tremor or completely absent for 30 min- 
DL-5-H'TP (25) s 


2h 
No effect 


MK-485 (10) No effect 
DL-DOPA (10) or Diminished tremor or completely absent for 30 min- 
pDL-5-HTP (10) + 2h 
MK-485 (10 
Atropine (0°15) Slightly diminished tremor 
DL-DOPA (15) or Tremor absent for 30 min-2 h 
DL-5-HTP (15) + 
atropine (0-18) 
DIL-DOPA (7-5) or Tremor absent for 30 min-2 h 
DL-5-HTP (7-5) + 
atropine (0:18) + 
MK-485 (10) 


* MK-485 was given intraperitoneally and atropine was given intravenously 
1 h before the administration of the amino-acids. bL-DOPA and pL-5-HTP 
were given intravenously. The drugs were tested six times in three monkeys, 
for a period of 3 months. 

+ tremor is described as diminished when the amplitude of the tremor 
was decreased by at least 50 per cent and the tremor was absent for a time 
period of at least 5-10 min 


mg/kg or of pt-5-HTP at a dose of 25 mg/kg resulted in a 
disappearance or relief of the tremor. The administration 
of smaller doses of pL-DOPA or pi-5-HTP did not produce 
any marked effect on the intensity of the tremor. The 
combined administration of pL-DOPA and pL-5-HTP 
had an additive but not a synergistic effect. A typical 
tremogram obtained from a monkey with a tegmental 
lesion before and after the administration of pL-5-HTP is 
shown in Fig. 1. 

Because peripherally acting inhibitors of DOPA 
decarboxylase increase the dopamine concentrations in 
the brain®, pL-DOPA or pL-5-HTP was given in combina- 
tion with DL-alpha-methyl-DOPA-hydrazine (MK-485). a 
known peripherally acting decarboxylase inhibitor. It is 
clear from the results in Table 1 that the effective dose of 
pL-DOPA and of pL-5-HTP could be reduced to 10 
mg/kg when given in combination with MK-485. 

Anticholinergic drugs are widely used in the treatment 
of the symptomatology of Parkinson’s disease. We have 
therefore investigated the effects of atropine alone and in 
combination with pxt-DOPA or with pL-5-HTP on the 
tremor intensity. The data in Table 1 show that atropine 
alone only slightly relieves the tremor. Atropine with 
pL-DOPA or with p1i-5-HTP, however, has a much more 
pronounced effect on the relief of the tremor than the 
administration of either of these drugs alone. When 
pDL-DOPA or pL-5-HTP was given in combination with 
atropine plus MK-485 the effective dose of the amino- 
acids could be further reduced. 

The present findings illustrate, at least in one primate 
species, an apparent role of serotonin and dopamine 
deficit in experimental Parkinsonism. Although both 
DOPA and 5-HTP were effective in the relief of the tremor 
it still remains to be established whether the tremor 
production is associated with lower striatal concentrations 
of dopamine or of serotonin or of both. It is perhaps 
noteworthy that pL-5-HTP was effective at a slightly 
lower dose than pt-DOPA. The clinical observations 
indicate that DOPA mainly affects rigidity and to a lesser 
extent the tremor in Parkinson’s patients”. Some 
preliminary observations in our laboratory have shown 
that DOPA relieves the rigidity and posture changes 
produced in the monkeys by administration of Haloperidal 
in combination with the tyrosine hydroxylase inhibitor 
x-methyl-p-tyrosine, 

The reduction of the effective dose of pL-DOPA or 
pL-5-HTP when given in combination with the decarboxyl- 
ase inhibitor MK-485 shows that the relief of the tremor 
is associated with the increase of the corresponding 
amine concentrations in the extrapyramidal brain centres. 
The synergistie effect of atropine and DOPA or atropine 
and 5-HTP treatment on tremor suggests an imbalance 
between the cholinergic and adrenergic—serotonergic 
systems in experimental Parkinsonism. In view of the 
reported various toxic side effects produced by prolonged 
treatment with DOPA®’ our findings that the effective 
dose of the amino-acids can be lowered by a combination 
of DOPA or 5-HTP with atropine or MK-485 might be of 
clinical significance. 
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Acetylcholine Binding by Isolated 
Synaptic Vesicles in vitro 


IsoLaTED synaptic vesicles have been clearly shown to 
bind transmitters of the catecholamine typet. The 
binding of acetylcholine (ACh) by isolated vesicles has 
not been substantiated. The report by Burton? that 
preparations of synaptic vesicles took up radioactive 
ACh has been criticized on methodological grounds by 
Marchbanks*, who demonstrated that 4C-ACh exchanges 
with nerve ending ACh but not vesicular ACh. Kuriyama 
ef al.4, on the other hand, showed that @C~ACh binds to a 
purified vesicle fraction from whole mouse brain. This 
binding may be considered non-specific m that several 
organic and inorganic ions could prevent or reverse it. 

In the work cited, binding was defined by the associa- 
tion of @C~ACh with vesicles after centrifugal’ or gel 
chromatographic? separation of the vesicles from super- 
natant. For the purpose of this study I define bound 
ACh as that which is insusceptible to hydrolysis by acetyl- 
cholinesterase (AChE), so that changes in free and bound 
ACh over very short time periods may be studied; during 
brief exposure to AChE, free ACh is hydrolysed while 
bound ACh remains intact. Following AChE exposure 
the enzymatic activity is eliminated by adjusting the 
pH to 4-0 (ref, 5). 

Synaptic vesicles were isolated from gumea-pig cortex 
by the simplified method of Whittaker et al., as modified 
by Barker et al.5. Electron microscopic examination of 
the vesicle fraction demonstrated its relative homogeneity. 
The vesicle fraction was incubated at 37° C in a medium 
containing 0-4 M sucrose, 10-5 M eserine sulphate and 
3x 10-3 M sodium hydroxide-maleate buffer (pH 6-9). 
ACh, acetate, choline and acetyl-coenzyme A were added 
as indicated. The incubation was terminated by AChE 
addition (150 units/ml.) followed in 10 s by enough HCl 
to adjust the pH to 4:0. The unhydrolysed, bound ACh 
was then released by heating in a boiling water bath for 
10 min. The AChE concentration used was shown to 
hydrolyse 97-99 per cent of added ACh in concentrations 
up to 1,000 ng/ml, in 10s. ACh activity was determined 
by bioassay using the guinea-pig ileum, meorporating 
procedures ensuring the authenticity of the assayed 
activity >. 

Fig. 1 demonstrates the uptake of ACh by vesicles in 
the absence and presence of exogenous ACh and when 
choline and acetyl-coenzyme A equimolar to the concentra- 
tion of exogenous ACh were added. 

The initial bound (zero time) concentration was of the 
order of 24+2 (S.E.) ng ACh per ml. incubation medium 
ont of a total (free and bound) of 7244 ng/ml. The 
vesicle space was estimated to represent less than 10 
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Fig. 1. Bound ACh content of vesicle suspensions expressed as per- 
meinen of the ZETO tirne or initial bound concentrations demonstrating 
binding of ACh in varying conditions. Control (14 experi- 
ments); ‘—~—~, added acetyl-coenzyme A and choline (6 experi- 
ments); -c-c cc: , added ACh (50 ng/ml, 5 experiments}: significantly 
different from the control curve af all points (P <G@-01); —~ =e m, added 
ACh (100 ng/ml, 3 experiments), significantly different from the 
control curve at all points (P<0-01). Vertical arrows Indicate S.E. 
(Half-arrows are used for some values to avoid overlap.) 


per cent of the total volume of the incubation medium so 
that the intravesicular concentration of ACh is at least 
240 ng/ml. From this, the concentration of bound ACh 
may be estimated to be three times that of the super- 
natant. ACh uptake therefore appears to occur against 
a concentration gradient which may indicate either that 
an energy requiring process occurs or that the vesicular 
ACh exists in a form (out of solution, adsorbed, or other- 
wise complexed) different from the free. In fact the diffu- 
sion of ACh from the soluble free to the soluble vesicular 
condition may be downhill. 

Previously? only the release of ACh from the bound 
state was noted: no uptake was mentioned because the 
very critical first 2 min of incubation were not examined. 
Only the currently used method of distinguishing free 
and bound ACh is useful over such a short time period. 
It may be that the ACh-loading process is only viable for 
short periods at 37° C following the long isolation procedure 
and without a maintained supply of cofactors. In fact 
the release of ACh from vesicles noted earlier’ may be 
simply a breakdown of the loading and retention 
mechanisms. 

The failure of Marchbanks? to detect exchange of 
uC-ACh with isolated synaptic vesicles may be related 
not only to the difficulty im early sampling imposed by the 
gel filtration method but also to the fact that he incubated 
at 5° C, not 37° ©. The greater kinetic activity of the 
ACh molecules at the higher temperature may be required 
to move the ACh past or through membrane barriers. 
The uptake reported by Kuriyama et al.4, however, 
occurred at 0° C. 

One alternative hypothesis concerning the loading of 
vesicles suggests that synthesis of ACh at vesicular sites 
is required and that added ACh is hydrolysed and then 
resynthesized before being bound. To test this possibility, 
acetyl- -coenzyme A and choline were added to the vesicle 
suspension in amounts equimolar with the added ACh. 
Fig. 1 seems to indicate that some synthesis may occur 
in the vesicle suspension and that the newly synthesized 
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ACh then becomes bound. Were synthesis of ACh an 
obligatory prerequisite for binding, however, one would 
expect the situation favouring optimal synthesis (added 
acetyl-coenzyme A and choline) to have resulted in the 
greatest binding. Instead. the binding appears to be 
a funetion of the external concentration of ACh (r= 0-67 
P< 0-001), 

This work was supported by grants from the American 


Heart Association and US Public Health Service. I 
thank Mrs Marion Stockwell for assistance. 


PauL 5. GUTH 

Department of Pharmacology. 

Tulene Medieal Sehool. 

1430 Tulane Avenue. 

New Orleans. Louisiana 

Received June 0: revised August 12, 1060, 

t Kirshner, Na, J. Biol, Chem., 287, 234 (1982). 

2 Burton, R. M., Jatern. J. N europharmacc! . o. 13 (1062). 

® Marchbanks, R, M., Biochem, d., 106. &7 (1968). 

3 Kuriyama, K.o Roberts. E and Vos. f.. Brain Ree, 8, 331 (1968) 

è Barker, P. A. Amaro, J., and Guth, P. S., Biochem. Phormacul., 16. 2151 
CEQ), 

* Whittaker, Y. P. 
Ob C1864). 


TOLLE, 


Michaelson. P A. and Kirkland, J.. Biochem, J, QE, 


Hyposensitivity of Smooth Muscle to 
Noradrenaline caused by Sympathetic 
Hyperinnervation 


Mecuecn research has been carried out on the effects of 
nerve growth factor (NGF) 3, a polypeptide substance‘? 
which ‘enhances the proliferation and ripening of neuro- 
blasts in spinal and sympathetic neurons®.’. After injec- 
tion of NGF into a newborn animal, a considerable 
increase occurs in the number and size of nerve cell 


bodies in sympathetic ganglia®’? as well as the number of 


centrifugal sympathetic axons and the density of endings 
in numerous effector organs® ®t, 

According to Edwards et a/.}°, the intestinal smooth 
muscle of animals with a hypertrophied sympathetic 
system contains seven times as much noradrenaline as 
normal, 

We obtained NGF from a homogenate of salivary glands 
by the method of Cohen??? and used the CM-I fraction. 
As well as NGF, this fraction contains certain other 
proteins causing side effects’. Young mice were injected 
daily from birth with up to 300 NGF units per gram 
body weight. Ten animals 13-16 days old were used 
for histological studies of ganglia, determination of the 
noradrenaline content of intestinal tissue, and investiga- 
tion of the intestinal smooth muscle sensitivity to nor- 
adrenaline. The histological changes found in our experi- 
ments were the same as those already described*:’: the 
size of ganglia increased, ripening was speedier, and the 
sympathetic neurones enlarged'?4. The catecholamine 
content of intestinal tissue increased to 3-4 times the 
normal. Despite certain discrepancies between these 
results and earlier work’, they do eonfirm the increase in 

catecholamine in animals with sympathetic hypertrophy 
Seca with an inerease in the number of endings in 
the effector organ. 

How does the effector organ react to stimulation of a 
nerve. the number of endings of which has been increased 


Table 1 


Threshold doses 


RESPONSES IN NORMAL AND HYPERINNERVATED 


Doses causing S40 per cent of maximum response 
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by a few times above the normal? The amount of nor- 
adrenaline liberated might be a few times higher, but it 
seemed to us unlikely ‘that he effector organ response 
would be propor tionately larger than normal. work- 
img hypothesis was that the « “ffectiveness of the nerve 
influence on the organ was decreased. Ac jase! observa- 
tion is the “denervation law’’-—an increase in the effector 
sensitivity brought about by nerve degeneration or 
depletion of mediator from the nerve endings'®-**, Certain 
observations suggest that the sensitivity ‘of the effector 
can be not only enhaneed but also diminished. For 
example, in phaeochromocytoma, the intravenous injec: 
tion of noradrenaline yields a lower pressor effect than m 
the normal}, 

We have investigated smooth muscle sensitivity to 
noradrenaline. The first 4-5 em of intestine distal to the 
pylorus was used. An intestinal segment was mounted in 
a bath containing Krebs solution!® bubbled with oxygen. 
The volume in the bath was 24 ml. and there was a 
eontinuous flow of Krebs solution which gradually re- 
moved the drug from the bath. Longitudinal contractions 
were a jsometrically using an initial tension of 
500 mg. Responses were recorded on segments from 
fifteen normal animals and eight animals with syrnpa- 
thetic hyperinnervation, In each experiment the threshold 
dose of noradrenaline, the response to increasing amounts 
of the agent, and the maximum dose were determined. 
Table 1 records values for the threshold doses causing 
50 per cent of maximal response and maximum doses are 
shown for normal animals and those with sympathetic 
hyperinnervation. Threshold doses are 7:7 the 50 per 
cent doses: nine times higher than ae in normal 
animals, while maximum doses are found to be 7-2 times 
higher than normal. Fig. 1 idlustrates the dose-effect 
dependence for various concentrations of stimulant. 

These results give substance to the belef that the 
sensitivity of intestinal smooth muscle to noradrenalme 
is lowered in hyperinnervation. Evidently the effector is 
not only capable of increasing its sensitivity (as is the 
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case for denervation) but also of lowering it if the number 
of nerve endings is very high. 
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Early Hominidae and Cranial Capacity 


Wotrorr? has recently argued that the cranial capacity of 
the type specimen of Homo habilis? from Olduvai Gorge, 
Tanzania (Olduvai hominid 7), is not sufficiently different 
from those of South African Australopithecus africanus to 
warrant placement in a separate species, He arrives at 
this conclusion by pooling the sets of observations from 
Olduvai and South Africa, calculating the mean and 
standard deviation of this “sample”, and showing that the 
sample coefficient of variation is not unduly high. He also 
shows that Olduvai hominid 7 falls only 2:03 standard 
deviations from the sample mean. 

I beleve this procedure to be incorrect. A careful 
reading of the statistical references cited by Wolpoff 
indicates that this method should be applied only to a 
sample drawn from one statistical population or universe. 
This is not applicable here. 

Let us assume first that the six South African A. 
africanus specimens for which cranial capacities can be 
estimated are indeed drawn from a more or less homo- 
geneous population, which once hved in a moderately 
restricted part of South Africa over a period of perhaps 
0-5 million vears*. (Four of the skulls are from Sterk- 
fontein, one from Makapansgat, and there is a child’s skull 
from Taung?. The Sterkfontein and Makapansgat sub- 
samples are very similar, and are probably fairly close 
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together in time. The dating of Taung and its exact 
taxonomic placement are more doubtful.) This South 
African population should almost certainly be treated as 
a single subspecies of a primitive hominid species which 
would at that time have been much more widely distribu- 
ted, at least in Africa’, 

The Olduvai hominid 7 skull is sampled from a hominid 
population which was living in East Africa, some seventeen 
hundred miles to the north?. From what is known of widely 
distributed extant primates (man, baboons, chimpanzees) 
these East and South African early hominid populations 
very hkely represent different subspecies, assuming for 
the moment that they are drawn from the same species. 
It is quite probable that these two subspecies will differ 
in @ variety of features; for example, cranial capacity. 

The East and South African specimens also constitute 
two distinct samples for statistical purposes®. The South 
African sample size is six, with a mean cranial capacity of 
430 cm’; the East African sample as discussed by Wolpoff 
consists of only one specimen, cranial capacity 657 em®. 
The latter value is the only available estimate of the East 
African population mean. Clearly, the sample mean and 
the single estimate are different. The difference could 


differed, or chance. A simple statistical test, the t-test, 
can evaluate the significance of the differences between 
sample estimates®. I have calculated a value for t of 4:06; 
with 5 degrees of freedom, the probability that the differ- 
ence between 430 cem? and 657 cm? is not the result of 
chance is between 0-99 and 0-999. Almost certainly, then, 
the East and South African populations from which these 
seven skulls were sampled did not have the same mean 
cranial capacities. 

The conclusions to be drawn from these data are unclear, 
for the differences could be the result of a variety of 


factors. Subspecies of Homo sapiens differ in cranial 
capacity®. So do subspecies of H. erectus (for example. 


H. erectus from Java’ has a mean capacity of 848 cmè, 
while H. erectus from China (Choukoutien)’ has a mean 
volume of 1,043 cm‘). Possible variation caused by 
sampling at different time levels from populations of a 
single species lineage in which brain volume is increasing 
overall must be considered’. It is also possible that the 
estimate for Olduvai hominid 7 might be in error’. 
Finally, the samples might be drawn from two distinct, 
though similar, species lineages. 

Unfortunately, exact ages for the South African sub- 
samples are unavailable, and even the relative ages of the 
South and East African specimens are uncertain. Before 
making taxonomic statements, we need to build a variety 
of models of polytypie species evolving through time, with 
variation within and between subspecific lineages being 
similar to that observed in extant higher primates, and 
then test the fossil data against such models. Only then 
will we be able to state, with appropriate levels of confi- 
dence, whether or not A. africanus and H. habilis are 
likely to represent subspecies, or closely related species. 

Such procedures were not followed in the initial deserip- 
tion of Homo habilis?, Until the statistical arguments have 
been more fully resolved, and until all relevant charac- 
ters—not just cranial capacity--have been considered, it 
would seem unwise to draw firm taxonomic conclusions. 
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Book Reviews 


ONE MAN’S VIEW OF CANCER 


Neoplastic Development 
Vol. 1. By Leslie Foulds. Pp. xi+439. (Academic Press: 
London and New York, May 1969.) 1108; $16.50. 


AS cancer research becomes more complex and fragmented, 
it becomes more and more difficult to comprehend the 
significance of results which may be obtained using highly 
specialized techniques and to appreciate their significance 
in relation to cancer in general. For this reason, one man’s 
view on the nature of cancer and its origins is of great 
value, particularly when the author has been concerned 
with cancer research for much of his working life in many 
of the most active cancer research centres in Europe and 
America. His main aim is to organize a mass of facts into 
a comprehensive theory of neoplasia and to provide a 
unifying concept which can be used as a basis for ex- 
periment. Another object is educational and seems to 
have two objectives. The first is to provide a simple 
historical introduction to cancer research, a review of 
theories of neoplasia and a survey of the biological charac- 
teristics of tumours. The second, and perhaps the more 
important, is to discuss recent views and discoveries in 
molecular biology and cybernetics and to consider how 
they may help to throw some light on tumour biology. 
According to the publishers, the book ‘‘contains an 
assessment of the extent to which recent ideas about 
biological organization may provide a useful termino- 
logical and conceptual machinery for the discussion and 
synthesis of information” already available. A second 
volume is to deal with special cases of tumour develop- 
ment in man and in animals. 

The author's thesis is that neoplasia is a developmental 
process akin to normal development in some respects, but 
differing from it in important particulars which are not 
yet well defined. In the first volume the author achieves 
his aims with admirable clarity. The sections on general 
and experimental pathology summarize most of the basie 
theories on aetiology, tumour development and tumour 
characteristics, although the chapter on biochemical 
characters is brief. Foulds suggests that the development 
of neoplasia after the action of extrinsic or intrinsic 
inducing agents takes the form of a step-wise progression. 
Initiation of neoplasia takes place rapidly, is long lasting 
and probably irreversible and is not necessarily accom- 
panied by any distinctive changes in the affected cells, 
It probably affects a whole “field” rather than single 
cells. The change is a change in reactivity and compar- 
able to “determination” in embryonic development; 
it establishes a developmental bias without overt signs. 
Initiation is followed by tumour promotion which pro- 
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gresses through the stage of “conditional”? tumour 
formation (‘conditional tumours regress when the 


promoting stimulus is withdrawn) to the development of 
autonomous tumours. These autonomous tumours then 
progress, developing new and usually, but not always, 
more malignant characters. The structure and behaviour 
of the tumours are “determined by numerous characters 
that, within wide limits, are independently variable, 
capable of highly varied combinations and assortments 
and hable to independent progression’. The likelihood 
of progression depends on the competence (in its embryonic 
sense) of the tumour cells. Their further development. 
may take place as a response to a specific inductive stimulus 
or if their competence has reached a high peak (develop- 
mental immunence) induction may take place in response 
to non-specific stimuli. The future characters of the fully 
autonomous tumour may depend on the developmental 
“programme” of the tumour cells, but their expression may 
be influenced by the reactions of the host. 

The evidence for these suggestions is discussed in some 
detail and in addition the author gives extensive summar- 
ies of his views on tumour progression, normal and tumour 
growth and regression, tumour invasion, and the histologi- 
cal analysis of tumours. As a final tour de force there is a 
large section on biological organization and the develop- 
mental biology of unicellular and multicellular organisms 
which gives the general biological basis for the author's 
theories. This book is an admirable introduction to the 
general biology of cancer and pmpoints those areas which 
might profitably be studied in depth by cell and molecular 
biologists. L. M. Franxs 


EARLY MEDICINE 


Galen on the Usefulness of the Parts of the Body 
Translated from the Greek with an Introduction and 


Commentary by Margaret Tallmadge May. Vol. 1: 
Pp. xv+461. Vol. 2: Pp. vii+463-802. (Cornell 


PSRs, 


In spite of the enormous importance of Galen, the Greek 
physician who practised in Rome in the second century 
AD, few of his writings have so far appeared in the vernacu- 
lar. His influence on Western medicine was still evident 
even at the beginning of the last century, and it is therefore 
remarkable that historians and classicists have not 
prepared for wider audiences more editions of the works 
of such an influential person. Translations into English 
of even the more important of Galen’s writings are still 
awaited and so the appearance of an English version of 
one of his greatest works, the De Usu Partium (“On the 
Usefulness of Parts”), is a significant event for medical 
historians. 

Galen’s book basically deals with anatomy and physio- 
logy, but it is also an elaborate consideration of the 
teleological relationships between them, argued from 
Aristotle’s contention that “Nature does nothing in 
vain’; with unerring precision, structure is intimately 
aligned with intended function. Having studied the 
animal body carefully and having marvelled at its com- 
plexity, there was for Galen only one conclusion—that 
each part had been created for a specific funetion. With 
this bias, which must always be recognized when reading 
the De Usu Partium, he gives a remarkably detailed 
account of the body, basing his descriptions on animal 
dissections and experiments. There are seventeen books 
or chapters, and the reading of any one of them im- 
mediately induces considerable respeet for Galen and a 


University Press: New York, 1968.) 


realization that Greek medical science was not as 
primitive as might perhaps be imagined. It is“... a 
classic fundamental to an understanding of Galen and of 
the anatomy and physiology of his time” (page ix}, and 


its mfluence im the Medieval and Renaissance periods 
was no less extensive. 
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An excellent French translation was published by 
Charles Daremberg (1854-56), but it has been known 
for several years that Mrs M. T. May was preparing an 
English version. This wait has now been handsomely 
rewarded. Mrs May has used the critical edition of the 
Greek text of De Usu Partium made by Georg Helmreich 
and published as a Teubner text in 1907. She has tried 
to avoid being too literal or too free in her translation and 
in this she has achieved commendable success. It is 
accurate, readily comprehensible, emimently readable, 
and fully documented with footnotes, both explanatory 
and philological. 

In the introductory chapters contained in the first 
volume, Mrs May first describes the history of the Latin 
text and then discusses in general the contents and 
purpose of the treatise. There are also excellent chapters 
dealing with the knowledge of anatomy before the time 
of Galen, with Galen’s contribution to anatomy and, 
finally, with his system of physiology. These alone are 
scholarly and important contributions to Galenic studies. 
They are brief and well documented (251 footnotes) and 
they can be strongly recommended as introductions to 
Galen as a medical scientist for students; the only 
criticism is that the references are at the end of volume 
two. Together with these references there is an excellent 
index and, as Daremberg’s edition has none, this will be a 
boon to readers. 

Mrs May has spent many years working on this out- 
standing book, but her extended labours will without 
doubt be rewarded by the praise and gratitude of 
generations of scholars and students. EDWIN CLARKE 


RELICS OF ANCIENT MAN 


The Archaeology of Early Man 

By J. M. Coles and E. S. Higgs. 
(Faber: London, July 1969.) 150s. 
THE purpose of this book is “to describe the evidence for 
some aspects of human behaviour over the greater part 
of the past three million years”. It seeks to do so on a 
regional basis, with nine chapters devoted to parts of 
Africa, three to Europe, five to Asia (including Russia 
and the Middle East), and three to the Americas, Australia 
and New Zealand. The last are so abbreviated as to be 
quite useless. In each chapter the treatment is initially 
general and along broadly chronological lines, followed by 
a brief synopsis of the successions and artefactual inven- 
tories of selected sites. These chapters are preceded by 
brief, often very provincial chapters on Pleistocene 
chronology, flora and fauna, and by a chapter, which is 
essentially illustrated, on the technological and typological 
aspects of stone artefacts. 

The aim of the book is laudable, but unfortunately 
every chapter is a disappointment. There are innumerable 
errors. A specialist vocabulary is used throughout with no 
attempt at a glossary nor even a measure of explanation. 
There is a lamentable absence of tables or charts (although 
there is no shortage of text figures) to assist the reader 
with regional successions or site stratigraphies. There is 
rank confusion in the use and application of terms for 
palaeocultural phenomena. There is nearly complete 
lack of discussion and illustration of the ecological 
approach to studies of early man. There is no explication 
nor adequate illustration of schemes designed to system- 
atize the technological and typological aspects of artefacts 
in stone and other raw materials. And there is no informa- 
tion on analytical approaches and procedures. 

Studies of early man have changed markedly in the past 
decade or so, in relationships with other disciplines, m 
their procedures, in their intent, and in their theoretical 
aspects. None of these advances 1s reflected here, where 
human behaviour is searcely evident behind the dry relics 
of ancient man’s restless hands. F. CLARK HOWELL 


Pp. 4544+12 plates. 
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MEMBRANE PHENOMENA 


Biological Interfaces 
Flows and Exchanges. (Proceedings of a Symposium 
sponsored by the New York Heart Association.) Pp. 326. 
(Little and Brown: Boston; Churchill: London, 1968.) 65s. 
ALTHOUGH without too much contrivance much of modern 
biology could be meluded under the title of this book, most 
of the symposium it records is devoted to membrane 
phenomena in a narrower sense. The symposium falls into 
four sections, three concerned with the properties of 
membranes at a subeellular level and one with a higher 
level of complexity, namely exchanges across the capillary 
wall. 

The section on blood capillaries opens the book and 
includes chapters on transcapillary exchange by Wieder- 
hielm and Renkin and one on the ultrastructural basis of 


lipid membranes, their formation, optical, electrical and 
permeability properties (Tien, Finkelstein and Cass) and, 
as a foil to these chapters stressing the similarity of the 
models with membranes, it is well to be reminded of one 
of the chief differences between them and cell membranes 
in an account by Rand of the viscoelastic properties of the 
red cell surface. In the following section on monolayers, 
a chapter by Miller deals with the physical aspects of ion 
movement across monolayers; Blank draws attention to 
the value of monolayers as biological models, and their 
biological relevance is further illustrated in Salton’s 
discussion of the effeets of lytic agents on cells. The 
closing section, which in common with other sections 
includes both structural and functional aspects, returns 
from models to cells. Korn briefly reviews current 
concepts of membrane structure, various aspects of the 
recent biochemical analysis of transport in bacteria are 


into mammalian cells. 

Speakers at such symposia are faced with the dilemma 
of whether to direct their remarks towards those partici- 
pants already familiar with their particular aspect of the 
symposium or whether to address the meeting as a whole 
at the possible risk of boring their immediate colleagues. 
The choice the speaker makes is not irremediable at the 
meeting, for personal contact is easy. The reader of the 
published proceedings does not have this advantage, 
however, and the speaker’s attitude becomes more critical. 
In the present instance the balance is on the whole a happy 
one and readers can glean some insight into the present 
status of four aspects of membrane study. 

The book is well produced and reasonably priced, yet 
private buyers may be deterred from buying it as the 
subject matter is necessarily ephemeral and, in the nature 
of a general symposium, no aspect is comprehensively 
covered. It could be a valuable addition to libraries, but 


ment to Volume 62. 


DRUG DETOXICATION 


Microsomes and Drug Oxidations 

Edited by James R. Gillette, Allan H. Conney, George J. 
Cosmides, Ronald W. Estabrook, James R. Fouts and 
Gilbert J. Mannering. (Symposium on Microsomes and 
Drug Oxidations held at Bethesda, Maryland, February 
16-17, 1968.) Pp. xiv+547. (Academic Press: London 
and New York, May 1969.) 112s. 


TuE six editors of Microsomes and Drug Oxidations 
represent a fair cross-section of the fifty-two experts 
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whose contributions make this book an authoritative 
pubheation and not merely one more printed proceedings 
of a conference. 

The book, which is an account of a symposium held in 
February 1968, is divided into four parts. Hepatic micro- 
somes, which represent the isolated form of the endoplas- 
mic reticulum, are the most important sites of oxidative 
detoxication of many drugs and the first part deseribes 
the morphological and biochemical characteristics of these 
organelles. It contains a historical account of the isola- 
tion of microsomes by one of the pioneers, Albert Claude, 
along with a more detailed description of their charac- 
teristics and sub-fractionation. The second part covers 
the system of microsomal election transport, beginning 
with excellent accounts by Estabrook and Sato of the 
properties of microsomal haemoproteins, cytochrome b; 
and cytochrome P-450. They are followed by a series of 
papers which emphasize the key part played by these 
haemoproteis, as well as the flavoprotein NADPH- 
cytochrome ¢ reductase, in the oxidation of an ever- 
growing list of insecticides, carcinogens, steroid hormones, 
narcotics, analgesics, tranquillizers and antihistamines. 
After reading this account, there is no doubt left that 
NADP-dependent processes such as N-demethylation 
of amines and hydroxylation of steroids endow the 
hepatic endoplasmic reticulum with the most important 
site of drug detoxication. 

The third and fourth parts of the book, which largely 
deal with the modification and induction of detoxication 
enzymes and of microsomal protein synthesis, have much 
in common. Since the discovery by Remmer and Merker 
in 1953 of the phenobarbital-induced proliferation of the 
smooth endoplasmic reticulum, the drug detoxication 
response has been successfully exploited in studying the 
regulation of hepatic protein synthesis and biogenesis 
of membranes. There is much information provided here, 
both in the formal presentations and in the discussions, 
on the effects of carcinogens and barbiturates on transcrip- 
tional and translational processes and on the intriguing 
problem of assembly and turnover of microsomal mem- 
brane components. Orrenius also describes how intoxica- 
tion with phenobarbital affects the hydroxylation of 
steroids which, according to Conney, exhibits a high degree 
of specificity in the selective hydroxylation of testosterone. 
Mannering and Hildebrandt, using different approaches, 
provide convineing evidence that phenobarbital and the 
carcinogenic polycyclic hydrocarbon, 3-methyleholan- 
threne, induce detoxication enzymes via different 
mechanisms. In the last part of the book, Casida gives 
an interesting account of how insects also depend on their 
microsomes to cope with survival in an insecticide-laden 
environment. 

Among the salient features that emerge from this 
symposium are the firm establishment of a function for 
extramitochondrial electron transport, and the concept 
that cellular membranes are a dynamic entity with 
different components turning over independently of one 
another. It is therefore fortunate that work from the 
laboratories of Fouts, Palade and Schimke (although 
these workers do not agree on every detail) on the hetero- 
geneity, synthesis and breakdown of drug metabolizing 
enzymes, and of microsomal membranes in general, is 
included in this volume. 

The book will give greater satisfaction to the reader 
looking for solid facts than to the one interested in 
speculations and sweeping hypotheses. It has two main 
shortcomings: the unfortunate delay of more than a year 
between the time of the symposium and its publication, 
and the lack of any sustained discussion of the clinically 
important problem of synergistic or potentiating effects 
of simultaneous use of different drugs. But if the clinical 
pharmacologist may be dissatisfied, there is a wealth of 
information and thought in this book for the cell biologist, 
biochemist and experimental toxicologist. 

J. R. Tata 
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HOW INSECTS PERCEIVE 


Insect Vision 

By G. A. Mazokhin~Porshnyakov. Translated from the 
Russian by Roberto and Liliana Mastroni. Translation 
edited by Timothy H. Goldsmith, Pp. xiv + 306. (Plenum 
Press: New York, 1969.) $22.50. 


MONOGRAPHIC reviews devoted to some aspect of sensory 
physiology are so rarely compiled that the appeal of this 
book should extend beyond specialists working on insect 
vision. Rarely, also, are imitiative scientific works by 
Soviet authors available to readers outside Communist 
countries. It is therefore all the mere disappointing 
that the publishers of the work were not better able to 
correct in proof many elementary errors of spelling of 
scientific terms and of the Latin names of insects, and to 
attain more consistent translation of words such as moth 
and butterfly. 

The translation is dryly and sometimes confusedly 
worded, excepting those descriptive passages where 
reassurance is available in the form of diagrams, which are 
usually of a high standard of clarity. The opening chapter 
provides a description of ommatidial organization, and 
the nervous connexions between ommatidia, optic 
ganglia and the central nervous system, There are ocea- | 
sional serious errors, such as the implicit equation of 
compound eyes and ocelli mentioned in the very first line, 
and I would have expected a more extensive discussion of 
the embryology of the compound eye to have been 
included. The author rightly stresses the interest attach- 
ing to Exner’s work, late in the 19th century, on the 
refractive properties of the separate dioptric elements 
of the ommatidium, and image formation, and fortunately 
distinguishes clearly between apposition and super- 
position eyes. 

There is a good review of the electroretinogram (ERG). 
Cumulative measurements of ERGs can tell us little of 
the operation of individual photoreceptors, but an attempt 
has been made to analyse the mass response into com- 
ponents which can be associated with various portions 
of the visual apparatus. More attention should, however, 
have been given to the work of Autrum and his collabora- 
tors. Further, the inclusion in a work concerning insect 
vision of a discussion of the electrical responses of the 
eye of Limulus, the horseshoe crab, is hardly justified on 
the grounds that it represents the only eleetrophysio- 
logically investigated example of lateral inhibition. 
Russian work has not improved our understanding of 
the transduction of light into electrical energy. . 

The book summarizes evidence drawn from the results of 
behavioural experiments in an attempt to explain the resolv- 
ing power of the compound eye and its ability to estimate 
absolute dimensions of two and three-dimensional patterns, 
and to distinguish plane-polarized from non-polarized 
light. It appears that the discovery of this latter phe- 
nomenon is attributable to the Russian Verkhovskaya 
eight years before the publication of Frisch’s work on 
honeybee orientation. Further chapters are concerned 
with colour vision and how insects pereeive the colours 
of components of their environment, and with orientation 
to a light source. The presentation of the author’s and 
Daumer’s experimental verification of trichromatie vision 
in bees ig unconvincing, and inadequate mention is made 
of the spectral response characteristics of individual 
photoreceptors. The implications of ultraviolet visualiza- 
tion by insects in their recognition of certain flowers 
reflecting It in patterns invisible to us are well discussed. 
The review of effectiveness of different insect light traps 
wil interest many applied entomologists. l 

Ocelli are considered, in an entracte chapter, but ab no 
point in the work is the concept of a dermal light sense 
discussed, which is a pity. 

The book is expensive and seems to have suffered the 
inclusion of many careless errors in translation and 


"a 
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editing. As a unique review it should have been published 
with more consideration for the travails of its Russian 
author. CHRISTOPHER dJ. C. REES 


BIRD LIFE 
Book of British Birds 


Pp. 472. (Drive Publications: London. Published for 
the Reader’s Digest Association, Ltd, and the Automobile 
Association, July 1969.) 75s. 

Tars is an excellent work of reference, both for the 
instruction of the inexpert and as an aide-mémoire for the 
knowledgeable. It is a large book (more than 3 pounds), 
handsomely produced, and from its narrow oblong shape 
(as well as its provenance) it seems intended for the glove 
compartment of a car. It will be useful there for field 
identification, but much of it deserves more deliberate 
reading. The text is curiously anonymous; Richard 
Fitter 1s named as consulting editor, with several other 
well known ornithologists as contributors, but no particu- 
lar items seem to be attributed to them and the whole 
bears the stamp of skilled professional editing. A long 
list is appended of published sources that have been drawn 
on, Raymond Ching Harris painted the striking portraits 
of 217 British species; most of the numerous other 
illustrations, in colour or line, are by Robert Gillmor and 
Hermann Heinzel. 

The information provided is partly specific and partly 
general, the former occupying rather more than half of 
the book. After a short introduction on the past, present 
and future of bird life in the British Isles, there are two 
useful series of keys, with small coloured illustrations, 
to the identification of species. One series deals with 
birds at rest, grouped by habitat and colour; the other 
deals with birds in flight, the grouping in this case being 
taxonomic. 

The largest part of the book gives information about 
individual species, a page being devoted to each, With 
a few exceptions, the treatment follows a standard pattern, 
beginning with a general account of three or four para- 
graphs and leading on to notes in small type on recogni- 
tion, nesting and feeding. At the head is the colour 
portrait of the bird; when there are marked sexual, 
seasonal or age differences in plumage, more than one bird 
is commonly, but one regrets not invariably, depicted. 
In the margin, there is a map showing British distribution, 
a map showing world distribution, and a line drawing 
either of the bird in flight or illustrating some characteris- 
tic trait; and each of these has an explanatory caption. 
There is a separate short guide to the rarer birds and to 
introduced species. 

The more general part of the work discusses various 
aspects of bird life, under such main heads as the conquest 
of air, land and sea; bird society; birds and man. This 
is in effect a short review of ornithology and, although the 
treatment is inevitably rather superficial in places, it is 
adequate as an introduction to the subject. Skilful use 
is made of graphic methods of presenting information in 
an interesting way. 

Finally, apart from short sections on numbers and 
classification, there is a region-by-region guide, with 
maps and calendars, to the best places and times for bird 
watching in the British Isles. 

LANDSBOROUGH THOMSON 


TOPICAL ECOLOGY 


Molecular Approaches to Ecology 

By Marcel Florkin and Ernest Schoffeniels. Pp. x + 203. 
(Academic Press: London and New York, April 1969.) 
938 4d. 

EcoLoay today does not have quite the same image that 
it had. The study of the relations of animals and plants 
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to their environment is now taken to include sophisticated 
laboratory experimentation as well as field observation 
and collection. Advances in instrumentation, in tech- 
niques of biochemical and biophysical analysis which 
allow the detection and recognition of the chemical con- 
stituents and components of cells, have brought about 
this change. Consequently, the title of the book by 
Florkin and Schoffeniels is attractive and topieal. The 
prospective buyer, however, is advised to read the intro- 
duction, the first chapter entitled “Adaptation and Natural 
Selection”, and the final chapter to find out what the book 
is about. All are short and informative and indicate the 
scope of the textual material. 

The authors’ thesis is that the most constructive 
approach to the study of adaptation to environment is to 
begin with consideration of the interaction at the level of 
the community or of the organism and proceed from this 
point to the underlying molecular aspects. The authors 
are fully appreciative of the great contribution to phylo- 
geny which has come from the study of the composition 
and structure of cellular macromolecules, in particular 
proteins, but their principal aim is to substantiate the 
view that adaptation is frequently a polygenic pheno- 
menon, and that several molecular species are involved 
in the change. Rarely can the adaptation be associated 
with the properties of a single molecule. 

The earlier chapters in the book deal with basic concepts 
of biochemistry and the evolution and effects of the large 
array of relatively simple and complex molecules which 
circulate through the biosphere. Two chapters are 
devoted to the manner in which chemical properties of 
organisms are related to the chemical and physical 
properties of the environment, The remainder of the 
book accounts for rather more than half the text and con- 
sists of two chapters on osmotic regulation in animals 
and one chapter on cocoon production by the silkworm. 
These are the areas in which the authors have made a 
substantial research contribution. They have studied 
particularly the adaptation of euryhaline invertebrates 
to media more dilute than seawater. An anisosmotic 
regulation of the body fluids towards the medium and an 
isosmotic intracellular regulation towards the body fluids 
are involved. For both processes, the authors find evid- 
ence for a number of biochemical adaptations. From their 
studies of cocoon formation they conclude that this 
adaptation also has polygenic characteristics. 

The authors have assembled and documented abundant 
information for thought and speculation. As a micro- 
biologist, I am disappointed that little attention is paid 
to microbial systems. Aspects of the behaviour of 
halophilic, psychrophilic and thermophilic microorganisms, 
of the biochemical events in sporulation and slime mould 
development could all come within the ambit of this title. 
The authors know what they have in mind by the title, 
however, and perhaps my plea should be that the title 
should give a clearer indication of content. 

J. W. Hopron 


TWIN COASTS 


Coasts and Beaches 

By J. A. Steers. (Contemporary Science Paperbacks, 
No. 34.) Pp. vit1364+12 plates. (Oliver and Boyd: 
Edinburgh, September 1969.) 7s 6d. 


Coasts 

By E. C. F. Bird. 
morphology, Vol. 4.) 
Press: 
1969.) 70s. 

THESE two books are concerned with virtually the same 
subject and cover the same ground, though they have 
differing aims. Both books, but particularly Bird’s, are 
much more restricted than their general titles suggest— 


(An Introduction to Systematic Geo- 
Pp. xv +2464 34 plates. (MIT 
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they cover aspects of coastal geomorphology, but only 
include features of vegetation, human activity, and the 
like, where they directly affect coastal landforms. Bird 
writes for “high school and university students and in- 
terested laymen’, whereas Steers’s book is “for the general 
reader as well as for the people whose work is . . . vitally 
concerned with the coast’. Steers, as becomes a veteran 
writing generally about a subject he knows imside out. 
writes in a relaxed yet provocative manner and his 
punctuation uses almost as many question marks as 
commas. Bird's style is much more staid, but at the same 
time the evidence put before the reader is much more 


The chapter headings of the two books are strikingly 
similar. The examples used, however, are antipodean to 
one another. Steers’s book, given its terms of reference, 
is much the more adventurous of the two, even if after 
rather rapid surveys of whole ocean shorelines the reader 
often finds himself standing on the familiar north Norfolk 
coast for several pages. In spite of the author’s prefator- 
ial apologies, I feel that the preponderance of Australian 
examples in Bird's book at times verges on the parochial. 
While Steers’s book. inevitably at the price, has too few 
lno diagrams, Bird’s, whose price is exorbitant. has ex- 
cellent ones and lots of them. On the other hand, Steers’s 
photographs are superb. while Bird's are patchy and at 
times poorly reproduced. Neither student nor general 
reader will find Steers’s collected bibliography of ten works 
adequate and will be only frustrated by the partial 
references scattered through the text. Bird lists over 
260 references, yet manages to omit 30 per cent of those 
mentioned by Steers. 

Coastal geomorphologists might well buy Coasts; 
geographers should certainly consult it in their library. 
Steers’s book is less excellent than others he has produced 
for the general audience, but is none the less stimulating as 
ever; in a comparison of prices it is by far the better 
value. R. T. Jackson 


HISTORY AND USE 


The Microscope 

Past and Present. By 8. Bradbury. (Pergamon Inter- 
national Popular Science Series.) Pp. x +272. (Pergamon 
Press; Oxford and London, December 1968.) 30s; $1.50. 


The Microscope 

A Practical Guide. By George Herbert Needham. Pp. 
xi+115. (Thomas: Springfield, Illinois, September 1968.) 
$6.50. 

Tne first book is an abridged and revised version of one 
on the Evolution of the Microscope, written by Dr Bradbury 
a few years ago, and provides a faseinating story of an 
instrument which has been the valued tool of the scientist 
and especially of the biologist for more than three hundred 
years, The very early history of the microscope is not 
quite clear—in the late sixteenth and the seventeenth 
centuries microscopes were made in Holland and Italy. 
Galileo was concerned in the matter, but his contribution 
was probably a functionally possible but practically 
inconvenient adaptation of his telesecpe system. Micro- 
scopes appeared in England by importation, and in 
1665 Robert Hooke in his Micrographia illustrated the 
minute detail of many interesting and eommon structures, 
and established the need for a scientific analysis for the 
interpretation of microscopic appearances which might 
vary according to the incident light. 

For a hundred years or more microscopes were made by 
craftsmen using most often the “compound” system of 
an object glass and a separate eyepiece lens system, 
but at times such instruments were less esteemed than 
“simple” microscopes consisting of a single lens of high 
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power, because in the seventeenth century such lenses 
were less affected than contemporary compound systems 
by chromatic and spherical aberration. The instruments 
were developed entirely empirically, though later im the 


chromatic aberration could be removed by using doublet 
lenses made of two different glasses. The actual designs 
owed nothing to systematic optical theory, however, 
until 1830 when Lister, the father of the famous surgeon, 
showed by theory and by systematic experiment that a 
doublet lens could be freed from both chromatic and what 
is now called primary spherical aberration for a particular 
position of object and image, and further that two such 
lenses could be combined to produce an image free from 
both aberrations. An achromatic microscope based on 
these principles was immediately successful. In 1873, 
Ernst Abbe, technical adviser to the optical firm of Zeiss, 
applied the wave theory of optics to explain microscopic 
resolution in an entirely revolutionary way. He showed 
that an illuminated periodic structure sends out diffracted 
bearns at angles dependent on its periodic interval and on 
the wavelength of the light. and that resolution depends 
on the acceptance of a sufficient number of these bearns 
by the microscope objective. The resolution achieved 
by the microscope had therefore an inescapable limit set 
by the wavelength of light and the acceptance angle of 
the objective, conveniently quantified by a number ealled 
the “numerical aperture” which could not exceed 1-5 for 
any ordinary objective. This number, not the magnifica- 
tion, measures the ultimate capacity of the microscope to 
deal with fine structures, and further development of the 
theory leads to choosing particular systems for iluminas- 
tion and to employing the “homogeneous” immersion 
in which the space between object and the front lens of 
the objective is filled with a medium of refractive index 
comparable with that of the lens. 

Abbe designed objectives to suit these conditions; 
he also achieved entirely new standards of correction of 
the aberrations by using novel materials of construction, 
the mineral fluorite and optical glasses specially developed. 
Abbe’s ideas are now used for the fundamental under- 
standing of all microscopic imagery, and still underlie 
the phase-contrast microscopy of Zernicke which is 
specially valuable in examining unstained biological 
material which differs only in refractive index from its 
surroundings. 

The Abbe theory indicates a quite fundamental limit 
to optical resolution, and modern workers have devoted 
much effort to surpassing them by using. instead of light, 
electrons which can easily have a much shorter wave- 
length and which can be deflected in a suitably shaped 
electromagnetic field according to laws very comparable 
with the refraction laws for light. In the years sinee 
Knoll and Ruska’s first electron microscope of 1931, this 
instrument has developed to resolve macromolecular 
dimensions of a few angstrém units (compared with a 
few thousand or so angstrém units possible under the 
optical limit), and further methods of using these principles 
and of preparing material for examination by them are in 
active course of development. 

Bradbury's book fascinates by giving a perspective view 
of this extensive and important tract of scientifie country. 

The second book, a posthumous work by a very eminent 
American microscopist, is, according to its preface, 
intended to help medical and other users of the miero- 
scope and their technical assistants. It is essentially 
descriptive in its treatment of the elements of a miero- 
scope, their functions, capabilities, and handling in prae- 
tice. In these respects, the book is comprehensive and 
should be valuable in choosing equipment and keeping it 
working effectively. It describes such special methods as 
fluorescence microscopy and phase-contrast microscopy, 
and such auxiliary devices as micrometers and finders 
for recording the position of interesting phenomena on a 
slide for re-examination. There is a good glossary, an 
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adequate index and explanatory diagrams. As seen by a 
physicist, the book skirts the general principles of micro- 
scopic illumination and imagery with undesirable timidity : 
the nature of the diffraction phenomena could have been 
disclosed without too much mathematical labour and 
would have produced the confidence which goes with 
understanding. H. J. J. BRADDICK 


ANALYTICAL METHOD 


The Determination of Epoxide Groups 


By B. Dobinson, W. Hofmann and B. P. Stark. (Mono. 


Pp. vit+79. (Pergamon Press; 
New York, February 1969.) 42%; $6. 

In present day technology compounds containing epoxide 
groups have achieved many widespread uses. Naturally, 
the determination of the epoxide group is therefore an 
analysis which is much in demand. This small monograph 
surveys methods which are commonly in use and serves a 
very valuable purpose in doing so because of its critical 
approach. The authors refer extensively throughout the 
text to their own practical experience of the methods 
whieh they recommend and only give working details for 
those procedures which they themselves have used or 
feel to be really worth while. They are also always con- 
cerned to give details of interferences with the methods 
recommended and to indicate the other limitations and 
potential shortcomings. In these respects, I have nothing 
but praise for this sim monograph, which is the first in 
the series on “Organic Funetional Group Analysis”, 
edited by Anderson and Belcher. The monograph is, of 
course, for the practitioner of this type of analysis, but 
I de feel that the text would have gained some increase of 
clarity for the non-expert if the principles of the methods 
had been more clearly defined in a few brief sentences 
before the detailed consideration. 

The introductory chapter surveys the chemical reactiv- 
ity of many types of epoxide compound under a variety of 
conditions and stresses the influence of these factors on 
the choice of the analytical method. The second chapter 
discusses ring opening methods in which the halohydrin 
is formed quantitatively by attack from hydrochloric acid 
or hydrobremic acid. Usually the excess of hydrochloric 
acid is determined by titration with a standard solution 
of alkali or the ionic halide is determined by argento- 
metric titration. The two hydrobromie acid methods 
are, however, direct. Chapter three surveys the non- 
acidic methods which use amines, thiosulphate, sul- 
phites or the like, and also some oxidative and esterifi- 
cation procedures. Methods based on the absorption of 
infrared radiation are also discussed, but rather briefly 
and only in relation to their potential usage. The final 
chapter summarizes the authors’ conclusicns end assess- 
ments of the various methods in the space of four pages. 

For those who have the special responsibility for this 
and related analysis, this is a useful and worthwhile little 
monograph. T. S. WEST 


LEAD CHEMISTRY 
The Organic Compounds of Lead 


By Hymin Shapiro and F. W. Frey. (The Chemistry of 
Organometallic Compounds: A Series of Monographs.) 
Pp. xii+486. (Interscience (Wiley): New York and 
London, July 1969.) 170s. 

Tris volume is the second to appear in the series of mono- 
graphs “The Chemistry of Organometallic Compounds’. 
As the first ever monograph on such a seale devoted 
solely to organolead chemistry, it is a weleome addition 
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to my bookshelf; and few authors could be more quah- 
fied than Shapiro and Frey to write such a book, 

There is a coverage of all possible topies in the field 
of organolead chemistry. Many chapters contain valuable 
comprehensive tables of compounds along with their 
physical propertics and hterature references. Each 
chapter has most adequate hterature citations, and 
there are more than 2,200 references to the journal and 
patent literature. 


The style of writing is very readable; and the book is, 
of course, a “must” for anyone associated with lead ehem- 
istry. Ut should also find extensive readership among 


organometallic chemists, and others associated with the 
petroleum. plasties and pamts industries. 
EDWARD ABEL 


HARMONIC ANALYSIS 


Distributions and Fourier Transforms 

By Wilham F. Donoghue Jr. (Pure and Appled Mathe- 
maties, Vol. 32.) Pp. vin4+315. (Academic Press: New 
York and London, June 1969.) 149s. 

THis is a textbook of modern analysis, with an eniphasis 
on analysis in n-dimensional Euclidean space X» rather 
than in an abstract topological space. The book reflects 
a current revival of interest in the more classical aspects 
of harmonie analysis, which has coincided with the 
development of tools capable of dealing with the more 
sophisticated properties of functions of z variables. 
One of these tools is the theory of distributions on Ae 
and in particular the theory of tempered or temperate 
distributions, whieh provides an elegant and unified 
treatment of the Fourier transform. 

In this book, the author gives a very readable intro- 
duction to the theory of distributions, with particular 
reference to Fourier transforms, and apphes this theory 
to various topics in harmonic analysis. The first quarter 
of the book reviews the material the reader is expected 
to know, and develops some topics in advanced calculus 
and analytic function theory which are required. later. 
According to the author’s preface. the reader is supposed 
to be familiar with the elernents of real variable theory 
and Lebesgue integration, and to have some knowledge 
of analytic functions, but the final section of the book 
requires a wider background than this. The second part 
of the book, some 90 pages, covers the theory of distri- 
butions and Fourier transforms, and includes a proof 


functions. 

The remainder of the book is devoted to harmonic 
analysis. The topics covered in this last section are fune- 
tions of positive type, the Paley-Wiener theorem, the 
Titehmarsh ecenvolution theorem, the spectrum of a distri- 
bution and the Wiener Tauberian theorem, the Riesz cen- 
vexity theerem, a theorem of Hérmander cn translation 
invariant operators, Sobolev’s theorem on the Riesz poten- 
tial, and Bessel potentials. As an application of the Wiener 
Tauberian theorem. the author includes a proof of the 
prime number theorem, and he also includes the theorem of 
Beurling which shows that the Riemann hypothesis is 
equivalent to a completeness problem in £2(0,1). 

The book provides a good introduction to a field of 
mathematical analysis that is of considerable interest 
at present, and it illustrates well the techniques involved. 
The book may also be useful to physicists and others as 
a source of information on the modern treatment of the 
Fourier transform. On the other hand, the usefulness 
of the book is considerably reduced by a very inadequate 
index and by a total absence of references. © Only the 
names of the authors of some of the principal theorems 
are given, and there are no su ggestions for further reading 
in any form. T. M. FLETT 
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Professor Harry Hammond Hess 


Tue death of Harry Hess from a heart attack on August 
25 was a sad loss to the earth and planetary sciences. 
Hess was born in New York City on May 24, 1906. He 
took his first degree at Yale in 1927 and his PhD at 
Princeton. After a year as a geologist in Northern 
Rhodesia, a year at Rutgers and a year at the Carnegie 
Geophysical Laboratory m Washington he returned to 
Princeton in 1934 where he was tc remain (apart from 
war service) for the rest of his life. He was promoted 
professor in 1948, elected to the Blair Professorship of 
Geology in 1964 and was department chairman from 1950 
to 1966. He marked his return to Princeton in 1934 by 
marrying Annette Burns; they had two sons, one of whom 
is a physicist and the other an exploration geophysicist. 

Like Holmes and Vening Meimesz, Hess was both 
geologist and geophysicist, and a man of ideas. Much of 
his early work was concerned with the petrology of the 
mafic and ultramafic magmas. He was especially in- 
terested in the problems of primary peridotite magmas and 
serpentization. He made important contributions to the 
understanding of the pyroxenes and their role in the 
erystallization of basaltic magmas. One of his major 
works is a 230-page Geological Society of America memoir 
on the Stillwater igneous complex of Montana completed 
in 1960. Several of his ideas in petrology were contro- 
versial and served to stimulate a great deal of research. 

Hess was one of the first to recognize the rich rewards 
to be gained from exploring the oceans. His first paper 
(1932) was on the interpretation of gravity anomalies 
and sounding profiles in the West Indies. Although his 
general interest in the sea floor ranged from submerged 
valleys to the origin of mid-ocean ridges, his special topic 
was the structure of island ares. After the Second World 
War he led the Princeton Caribbean Research project. 
which produced a series of papers on the interpretation 
of geophysical data from the Caribbean, on the geological 
mapping of the Caribbean islands and on the petrology 
and mineralogy of the Caribbean rocks, all with the goal 
of understanding the structure and evolution of this island 
are. The project is still in progress. 

Hess's name probably recurs most in connexion with 
sea floor spreading. In the 1950s he became interested in 
the mid-ocean ridges and presented an enlightened paper 
at Bullard’s Royal Society discussion on the floor of the 
Atlantic. In England, there was a revival of interest in 
continental drift due to the results of palaeomagnetism 
studies. Hess. one of the few to be impressed, was quick 
to set up a palaeomagnetic laboratory at Princeton. 
Simultaneously, work at sea was showing that the sedi- 
ments on the deep ocean floor are undisturbed. This was 
a powerful weapon for the anti-drifters who argued that 
drift would cause chaos in the sea floor. In the early 
1960s, Hess proposed that new sea floor is being generated 
along the axes of the oceanic ridges and that the whole of 
the sea floor on either side is being carried along on mantle 
convection cur rents. He yeevoee ve oceanic crust to 


to be mov ing ee ne ocean a ea 
the sediments thus remaining undisturbed. 

This idea was strangely unpopular. especially in his 
own country. It gained support at the Department of 
Geophysics in Cambridge when Vine and Matthews argued 
that if the new crust were being added along the axis and 
spreading outwards it should record the reversal history 
of the Earth’s magnetic field rather like a tape recorder. 
A careful interpretation of the total intensity magnetic 
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field reeords suggested this was so. The next step was to 
apply the reversal time scale from the K--Ar dating of 
rocks on land and, knowing the distances of the anomalies 
from the axes of the ridges, it was possible ta caleulate 
the velocities. The ocean floors were Tome to be Moving 
at speeds varying from 1 to 56 em yeh Happily , Harry 
Hess lived to see a most remarkable re in the attitude 
of earth scientists during the past two or three years. At 
the last two meetings of the American Ge ophysic al Union 
dozens of papers on sea floor spreading were read. The 
predictions of the theory have recently been superbly 
verified by the results of the JOIDES deep sea drilling 
project. 

Sea floor spreading paved the way for the highly 
successful plate theory. In this, the Earth's surface is 
considered to be covered by about ten rigid plates, which 
are continuously created at the oceanic rifts and devoured 
nt the mantien near the ee ares ene dee p sea vee 5, 
most of ion have’ wor kad at Pri inceton or ay e in some 
way been associated with Hess and his colleagues. 

During the Second World War Hess served in the US 
Navy in both the Atlantic and Pacific. His prowess in 
hunting U boats is legendary, and he was equally success. 
ful in hunting seamounts and guyots. He never missed 
an opportunity of running the echo sounder and his 
course a hae served the dual i daa of eis: the 


as is 


Tou l of Serene on A ahe islands: of aie 
Pacific Basin. In 1961 he was promoted to the rank of 
Rear Admiral in the US Naval Reserve. 

After the war, he served on more than two dozen 
national committees, several of which he chaired, These 
included the American Miscellaneous Society Committee 
concerned with the ill fated Mohole project and several 
NASA committees including those concerned with manned 
space flight missions and lunar and planetary missions. 
He also served many learned societies, being President 
of the Geological Society of America, the Mineralogical 
Society of America and two sections of the American 
Geophysical Union, to mention but a few. 


Correspondence 


“Anomalous” Water 

Sir,—Dr Donahoe’s unduly alarmist and misleacing 
letter concerning anomalous water (Nature, 224, 198; 1969) 
has come to our attention. As one of the groups currently 
trying to sort cut the chaos surrounding this phenornenon, 
we feel a reply is ealed for, especially considering the 
alarming newspaper reports to which the letter has given 
rise. 

Contrary to the data which Dr Donahoe quotes as fact, 
remarkably little is still known about the precise proper- 
ties of the substance, and it is still not certaim that it even 
exists. Lippincott’s polymeric structure, together with 
his binding energy figures, are still speculative and, in 
fact, contradictory stability figures have recently core 
from an independent theoretical inv pee suggesting 
the energy difference is not nearly so grea 

One of the main reasons for there still bei ing no coherent, 
self-consistent picture of anomalous water is the extreme 
difficulty of making it in quantities other than mucrolitres 
—-and there is some suspicion that larger quantities are 
unstable. In the laboratory——where extreme care is taken 
—there is no evidence of its ability to grow at the expense 
cf the normal phase (with which it is partially miscible) 
and in the absence of a quartz-like surface and without 
passing through the vapour phase; indeed, there is evid- 


394 


ence of its gradual breakdown, especially upon heating 
and upon even small amounts of mechanical shearing. 
Although definite figures are impossible to give because 
of the quantities available, we are sure that not a single 
worker in the field shares Dr Donahoe’s science fiction 
WOTTIOS. 

There is still no adequate explanation of the pheno- 
menon, and no coherent picture of its properties. One 
of the greatest difficulties in even accepting the existence 
of a more stable phase is its apparent absence in nature. 
Indeed, this is the most persuasive evidence of its inability 
to grow at ordinary water’s expense, for it has stood the 
test of bilhons of years. The classic conditions for its 
formation—a quartz surface and greater than 95 per cent 
humidity—are very widespread in nature, yet no anom- 
alous water has been detected. If it can grow at the 
expense of ordinary water, we should already be a com- 
pletely dead planet. 

Yet we are not, and totally unlikely to become sc from 
this source. By all means draw the attention of scientists 
to the dangers of their work, but make sure it is a real 
danger before alarming everybody else. 


Yours faithfully, 


J. D. BERNAL 
P. BARNES 
J. A. CHERRY 
J. L. FINNEY 
Department of Crystallography, 
Birkbeck College, 
(University of London), 
Malet Street, 
London, WCH. 


Srr,—Donahoe’s recent letter (Nature, 224, 198; 1969) 
prompts us to draw attention to the present uncertainty 
concerning the nature and properties of “anomalous” 
water. First, it must be emphasized that, whatever the 
correct interpretation may be, several of Derjaguin’s 
experimental observations have been confirmed by recent 
work in several laboratories including our own. Anomal- 
ous properties are readily observed when saturated water 
vapour is allowed to condense in silica (or *Pyrex’) capil- 
laries with diameters less than 50 micrometres, and the 
bulk of the ordinary water removed by lowering the 
vapour pressure by about five per cent. This is true even 
when the experiment is done in the presence of air and 
atmospheric pressure. 

Because of the difficulty of making precise measure- 
ments on such small samples, some of the physical 
properties of “anomalous” water are still subject to some 
uncertainty. In particular, those listed by Donahoe 
cannot all be accepted without question. “Anomalous” 
water does not have negligible vapour pressure for it 
can be distilled; and although a density of 1-4 g/cm? has 
been reported, this value has been challenged recently 
by Mansficld!. Nor is there yet any conclusive evidence 
that “anomalous” water is more stable than ordinary 
water, The decreased vapour pressure of mixtures of 
“anomalous” and ordinary water is certainly no evidence 
for the greater stability of the anomalous species. 

The mechanism by which “anomalous” water is formed 
is still not understood. The available evidence suggests 
that it forms only at the silica surface at the onset of 
condensation; subsequent condensation forms ordinary 
water which dilutes the anomalous species. ‘There seems 
to be no evidence at all that, in solution in ordinary water, 
further “anomalous” water is formed spontaneously . 

In view of the comparative ease with which “anomal- 
ous” water can be produced in the laboratory, it seems 
highly probable that it is also formed under terrestrial 
conditions, where suitable media and appropriate humidity 
fluctuations occur. Indeed, some of the earliest suspicions 
of the existence of an anomalous form of water are to 
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be found in work done thirty-five vears ago on natural 
materials?. Ordinary and “anomalous” water must then 
surely have coexisted on Earth throughout geological time, 
without the kind of catastrophe envisaged by Donahoe. 
While, therefore, we respect Donahoe’s concern that 
proper vigilance should be maintained in any research 
involving the preparation of new materials, we consider 
that none of the existing evidence warrants the pessimistic 
conclusions he reaches. 

Robert Burns’s affections were guaranteed to remain 
constant “till all the seas run dry”. While he may not 
have envisaged the possibility that the oceans might 
instead become anomalous, we feel that his shade may 
derive some consolation from the fact that they have not 
already done so. 

Yours faithfully, 


D. H. EVERETT 
J. M. HAYNES 
P. J. MCELROY 


Department of Physical Chemistry, 
University of Bristol. 


* Mansfield, W. W., Absi. IUPAC Cony. (Sydney, Australia, 1969). 
? Wilson, B. H., J. Soc. Chem. Ind., 53, 397 (D (1934). 


Teaching and Scientific Research 


Sik,-—-Professor M. C. R. Symons, in his excellent article 
“Teaching and Scientific Research” (Nature, 223. 
1969), reports his experience with the scientific literature 
as follows: ‘The routine coverage of current literature is 
a task of very considerable magnitude, which gets pro- 
gressively worse. Unfortunately. .. . one can spend beurs 
trying to understand one paper. There may be hundreds 
of papers each month that need to be read carefully. and 
so this is clearly a dominant aspect of our work”. 

Professor Symens’s experience aceords with my own 
and, I believe, with that of most other scientists. Conse- 
quently, I suggest that we scientists study our method of 
reporting research and thereby try to find a way of 
designing the research report. for rapid reading and quick 
comprehension. 

From my own brief studies, I predict that on the average 
we can at least double the rate at which research re ports 
can be read understandingly and that we can simul- 
taneously decrease, by at least one-half, the accompanying 
reader fatigue. 

Should we succeed in designing reports for extremely 
rapid comprehension and ease cf reading, the benefits to 
sence would be incaleulable. 


Yours faithfully, 
F. Bruce SANFORD 


US Bureau of Commercial Fisheries, 
Division of Publications, 
Seattle, Washington 98101. 


University News 


Dr L. Rotherham, Central Electricity Generating Board, 
has been appointed Vice-Chancellor of Bath University 
of Technology from September 1, 1969. 


Professor D. K. Britton, University of Nottingham. has 
been appointed to the chair of agrieultural economics 
tenable at Wye College, University of London. 


Professor C. P. Whittingham, Imperial College of 
Science and Technology, University of London, has been 
elected Dean of the Royal College of Science. 


Mr B. Shackel, EMI Electronics Ltd, has been appointed 
a professor of ergonomics in the department of ergonomics 
and cybernetics, Loughborough University of Tech- 
nology. 
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Dr. J. L. Hamerton, Guy’s Hospital Medical School, 
< University of London, has been appointed director of the 
Genetics Laboratory, the Children’s Hospital of Winni- 
peg. and associate professor, department of paediatrics, 
University of Manitoba. 


Appointments 


Professor E. F. Scowen, St Bartholomew's Hospital, 
London, has been appointed chairman of the Committee 
on Safety of Drugs, in succession to Sir Derrick Dunlop. 
Dr A. C. Frazer had accepted an invitation to succeed him, 
but died unexpectedly before the committee met in June. 


Dr A. Kelly has been appointed a deputy director at the 
Ministry of Technology's National Physical Laboratory, 
and will have executive responsibility for the Materials 
Group. Since October 1967 Dr Kelly has been superinten- 
dent of the Division of Inorganic and Metallic Structure. 


Dr J. M. Lock, Royal Radar Establishment, has been 
appointed director of the United Kingdom Scientific 
Mission in Washington, DC, and Counsellor (Scientific) 
at the British Embassy there. He replaces Mr R. G. 
Voysey who has returned to the UK. 

Professor A. H. Chilver, University College, London, 
has been appointed principal of Cranfield College of 
Aeronautics, in succession to Professor A. J. Murphy, 
who retires at the end of this year. 


Mr J. G. N. Brown (Oxford University Press}, Dr J. 
Howlett (Atlas Computer Laboratory of the Science 
Research Council) and Professor G. D. Sims (University 
of Southampton) have been appointed to the Advisory 
Committee for Scientific and Technical Information 
as from October 1, 1969. 


Mr J. M. Ferguson (GEC Power Engineering, Ltd), 
Mr D. H. Lewis (Manchester and Salford Equitable 
Society, Ltd) and Mr D. H. Darbishire (a farmer of 
Leamington Spa) have been appointed to be members of 
the Metrication Board. 


Dr H. A. Gebbie has been appointed a National Bureau 
of Standards Senior Research Fellow. 


Announcements 


The Trustees of the British Museum (Natural History) 
have elected Dr J. E. Smith, Marine Biological Associa- 
tion Laboratory, Plymouth, as their chairman from Octo- 
ber 1, 1969, in succession to Sir Landsborough Thomson. 


Professor M. Eigen, Max-Planck-Institute for Physical 
Chemistry, has been made an Honorary Fellow of the 
Weizmann Institute of Science. 


The Medical Research Council has awarded a grant of 
£10,000 for capital equipment and £3,600 per annum for 
scientific and technical assistance and running expenses 
(for three years) to Professor S. Rose, professor of biology in 
The Open University. This grant is in support of re- 
search on environmental factors in regulation of amino- 
acid and protein synthesis in the brain. 


The 1969 Arches of Science Award of the Pacific 
Science Center in Seattle, Washington, will be presented 
to Gerard Piel of New York, publisher of Scientific 
American, in recognition of his contributions to the public 
understanding of the meaning of science to contemporary 
man. 


The Royal Society Mullard Award for 1969 has been 
awarded to Mr R. M. Clarkson, until recently director 
of research, Hawker Siddeley Aviation, Hatfield, for the 
advances in aircraft project conception which he has made, 
and, in particular, the initiation of the HS 125 aircraft. 
The 1969 A. A. Benedetti-Pichler Award, sponsored 
by the American Microchemical Society, has been granted 
to Professor B. B. Cunningham, University of Califor- 
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nia (Berkeley), in recognition of his contributions to the 
development and use of mucrotechniques, especially for 
the study of transuranium elements. 


ErratruM.—In the article “Bremsstrahling Radiation in 


Intense Magnetic Fields” by Simon and Strange (Nature, 
224,49; 1969), equation (2) should read : 


Sze cosOn(8) e df. 
Q? ny? ens dp: 


and five lines below read “Assuming that Qeipr:= + œ) 
flt o)=0”. 


ERRATUM. In the article ““Mascons, Marid and Sinucus 
Rilles—-A Postulated Igneous Origin” by Kane, Carucci, 
Turner and McEntee (Nature, 224, 164; 1969), the second 
word of the title should be “Maria’’: the last word on line 
27, “eraterlets’’; the last word on line 37. “or’:; and the 
first word on line 41, “streams”. 

CORRIGENDUM. In the article “Petrological, Magnetic and 
Chemical Properties of Basalt dredged from an Abyssal 
Hill m the North-east Pacific”? by B. P. Luyendyk and 
C. G. Engel (Nature, 223, 1049; 1969), several lines were 
omitted from the text. The first few sentences of the 
second paragraph on page 1050 should read: ““The mag- 
netic properties of the basalts were measured on the 
Scripps Institution’s astatic magnetometer and low-field 
susceptibility bridge. Replicate measurements were done 
on three 2:5 by 2-5 em cores, They were not demagnetized 
for the measurements. The mean NRM of the samples is 
(2-69 + 0-28) x 10 emu cm~? and the mean susceptibility is 
{2-39 + 0-003) x 10-4 EMU oersted cem, giving a Koninmgs- 
berger ratio, Q, of approximately 20 at 0-5 oersted field 
strength”. 

Erratum. In the article “Identification in Cleaving 
Embryos of Three RNA Species serving as Templates for 
the Synthesis of Nuclear Proteins” by L. H. Kedes and 
P. R. Gross (Nature, 223, 1335; 1969), the second sentence 


division cycles (making about a thousand cells) in the 
first 6-8 h after fertilization”. On page 1339, the first line 
should be “Spirin'’), this does not happen with 95 


RNA...” 


International Meetings 


November 12-14, Petrology of Igneous and Metamor- 
phic Rocks from the Ocean Floor, London (Executive 
Secretary, The Royal Society, 6 Carlton House Terrace, 
London SW1). 

November 13-14, Meeting of the Biochemical Society, 
Coventry (Executive Secretary, 7 Warwick Court, 
Holborn, London WC1). 


November 17-20, British Insecticide and Fungicide 
Conference, Brighton (Mr P. A. Gooch, Room 303, 
Alembic House, 93 Albert Embankment, London SEI). 
November 21-23, Chemical and Biological Warfare, 
London (International CBW Conference, Organizing 
Comrnittee, c/o WILPF, 29 Great James Street. London 
WC). 


Algae, Madras (Professor T. V. Desikachary, University 
Botany Laboratory, Madras-5, India). 


January 9-10, Blood Constituents and Arterial Dis- 
ease, Cambridge (Secretary, Cambridge University Med- 
ical School, Hills Road, Cambridge, UK). 

January 19-23, Gordon Research Conference—Elec- 
trochemistry, Santa Barbara (Office of the Director, 
Gordon Research Conferences, Pastore Chemical Labora- 
tory, University of Rhode Island, Kingston, Rhode Island 
02881, USA). 
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Monday, October 27 


A Basis for a Mathematical Theory of Direction~Defining Radio Beacons 
(5.30 pam.) Mr © W., Earp, Institution of Electrical Engineers, at 
Savoy Plate, London WCR. i 
Scientific Aspects of Margarine (10 a.m.) Society of Chemical Industry: 
Royal Society.of Health; and IFST, at the Zoological Society, 
Regent’s Park, London NWL 
Some Thoughts on the Processing of Vinyl and Synthetic Rubber 
: Sheetings (7.30 p.m.) Plastics Institute, at NE Technical College, 
Liverpool. x 
Student Participation in the University (5.30 p.m.) Mr T. Fisk, University 
of London, at the lustitute of Education, Malet Street, London WC1, 
Water Reinforced Resins (7.30 p.m.) Mr D. A. Lawlor, Plastics Institute, 
at the Coachmaker’s Arms, 88 Marylebone Lane, Landon WHE 


Tuesday, October 28 


Constructional Practice for Computer Equipment (5.50 p.m. colloquium) 
Joint IEE/IERE Computer Group, at the Institution of Electrical 
Engineers, Savoy Place, London WER. 





Gas Lasers (5.30 p.m. discussion meeting) Institution of Electrical Engincers, 
at Savoy Place, Londen WC2. 

Man and Environment (S p.m.) Mr Alan Wilson, British Society for Social 
Se in Science, at the Black Horse, Rathbone Place, London 

NY. 

Recent Advances in Solid State Infra-red Detectors (5.50 p.m. discussion 
meeting} Institution of Electrical Engineers, at Savoy Place, Lendon 
WC2. 

The Biochemical Basis of Compensation in Haemolytic Anaemias 
(5.30 p.m.) Dr E. R. Huehns, University of London, at the Institute 
of Child Health, 30 Guilford Street, London WCL 

The Study of Polymer Structure by High Resolution NMR (6 p.m.) 


Dr P, A. Curnuck, Society of Chemical Industry, at 14 Belgrave 
Square, Landon SW1. 


Wednesday, October 29 


Navigation and Education (4.30 p.m.) Mr E. W. Anderson, Institute of 
Navigation, at the Royal Geographical Society, 1 Kensington Gore, 
London SW7. 

Spinning a Yarn (5.30 p.m.) Mr C. F. Freeman, Institution of Electrical 
Engineers, at Savoy Place, Londen WC2. 

The Haslegrave Report on Technical Courses and Examination (6 p.m.) 
Dr H L. Haslegrave, Mr F. R. J. Langridge and Dr G. S. Brosan, 
Institution of Electronic and Radio Engineers; and the Institution of 
Electrical Engineers, at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London WC1. 

The Library: Reservoir or Pump? (1 p.m.) Mr Jeremy Weston, Royal 
Institution, History of Science Discussion Group, at 21 Albemarle 
Street, London Wi. 


E Thursday, October 30 


Electronics in Ship to Shore Interface Along the Kent Coast (7 p.m.) 
_Lt Cdr R. B. Richardson and Mr J. E. Rees, Institute of Electronic 
and Radio Engineers, at the Medway College of Technology, Maid- 

stone Road, Chatham, Kent. 


Grassland Productivity and World Food Problems (10 a.m.) Liverpool 
Regional College of Technology, Byrom Street, Liverpool L3 3AF. 


Immunity in Human Malignant Disease (5.30 p.m.) Dr G. Hamilton 
Fairly, University of Loudon, at the Institute of Child Health, 30 
Guilford Street, London WC1. 


Lesser Used Essential Oils (7.30 p.m. demonstration meeting) _ British 
Society of Perfumers, at the Tropical Products Institute, 127 Clerken- 
well Road, London ECH 


New Statistical Laws of Scientific Literature and their Exploitation 
(1.20 pan.) Mr B. ©. Brooks, University of London, at University 
College London, Gower Street, London WC). 


Numerically Controlled Machines (two-day conference) Tnstitution of 
Mechanical Engineers, at 1 Birdcage Walk, London SWL 


Plastics and Human Protection (two-day review symposium) Borough 
Polytechnic, Londen SE1. 


Resource Allocation (10 a.m. colloquium) Institution of Etectrical Engineers, 
at Savoy Place, London WC2. 


HOW TO BUY NATURE 


Volumes start in January, April, July and October, but subscriptions 
may begin with any issue. 
The direct postal price per subscription for one copy of NATURE 
each week is : 

*42 MONTHS (52 issues and 4 indexes) 
Great Britain and Etre.......... bite ie ee ee £14.0.0 each 
$48 each 


United States of America...... (by air freight) 
Canada eiae ili tor aneswa eee ee’ (by air freight) 


Elsewhere overseas by surface mail 
(Charge for delivery by air mail on application) 


*Shorter periods pro rata. (Minimum three months.) 
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The Influence of British Rail Modernization on Paints and Painting 
(6.30 p.m.) Mr F. D. Timmins, Oi and Colour Chemists’ Association, 


at the British Rail School of Transport, London Read, 


Friday, October 31 | f 

Survey of the Moon (9 p.m.) Mr Patrick Moore, OBE, Royal Institution, 
at 21 Albemarle Street, London W1, rin 

Upper Excited States in Spectroscopy and Photochemistry {1 pam: 


Dr P. Suppan, Royal Institution, Photochemistry Discussion Group, 
at 21 Albemarle Street, London WH. i l 








2i 


Saturday, November | 


Man and Land in the Hindu Kush (3.30 p.m.) Dr John Staley, at the 
Horniman Museum, London Road, Forest Hill, London SE23. 





Monday, November 3 

Advances in Composite Materials 6.30 p.m.) Professor J. E. Gordon, 
Society of Chemical Industry, at 14 Belgrave Square, London SW4y 

Atomic Power and the Future (6 p.m.) Mr D. Jones, Society of Engineers, 
at Terminal House (BOAC) Buckingham Palace Road, Londen’ 
SW ` wa! Ye 

Relationships between Organization Tasks and Organization Structure 
(5.30 p-m} Miss J. Woodward, Institution of Electrical Engineers, 
at Savoy Place, London WC2. . 

Student Participation in Colleges and Colleges of Education (5.36 p.m.) 
Mr R. J. Harvey, University of London, at the Institute of Education, 
Malet Street, London WC. 


Reports and Publications 


(not included in the monthiy Books Supplement) a 





Great Britain and Ireland 


Ministry of Technology. Water Pollution Research 1968: The Report 
of the Water Pollution Research Laboratory Stecring Committee with the 
Report of the Director of Water Pollution Research, Pp. vi +195. (London: 
H.M. Stationery Office, 1969.) 17s 6d net. [SO 

Annual Report on the Meteorological Office 1968. Pp. xi +9647 plates, 
(London: H.M. Stationery Office, 1969.) 11s net. {89 

Ministry of Overseas Development, Anti-Locust Research Centre. Anti- 
Locust Bulletin No. 45: Experiments on the Incubation and Hopper 
Development Periods of the Desert Locust (Schistocerca gregaria Forskal) in 
Saudi Arabia. By K. Wardhaugh, Y. Ashour, A. O. Ibrahim, A. M. Khan 
and M. Bassonbol. Pp. 38. lås 6d. Anti-Locust Bulletin No. 46: The 
Germination and Growth of Schouwia purpurea (Forsk) Schweinf, and its 
Role as a Habitat of the Desert Locust. By C. F. Hemming and P. M. 


AET Pp. 38. 10s 6d. (London: Anti-Locust Research me ce 
1969. GE 
SLEE Clean Rooms Design Manual. Pp. i6. (London: South London 
Electrical Equipment Co., Ltd., 1969.) {89 


Department of Education and Science, List of Special Schools for Handi- 
capped Pupils in England and Wales (including Boarding Homes maintained 
by Local Edueation Authorities for Handicapped Pupils, and Establishments 
for Further Education and Training for Disabled Persons), Pp. v + 8%. 


(London: H.M. Stationery Office, 1959.) 15s net. £109 
Other Countries 
Berichte des Deutschen Wetterdienstes. Nr. 118 (Band 15): Katalog 


der Grosswetterlagen Europas, Bearbeitet von Paul Hess und Helmuth 
Brezowsky. Pp. 14456 (7 tafeln). (Offenbach a.M.: Selbstverlag dee 
Deutschen Wetterdienstes, 1969.) (39 

Cold Spring Harbor Laboratory of Quantitative Biology. Abstracts ol 
Papers presented at the Tumor Virus Meeting, Angust 7-9, 1969. Arranged 
by ©. Mulder, J. Sambrook and J. D. Watson. Pp. 42. $3. Abstracts ol 
Papers presented at the Bacteriophage Meeting, August 24-30, 1969. Arran 
aed by M. Gottesam and R. Crouch. Pp. 128. $3. Abstracts of Papert 
presented at the Lactose Operon Meeting, September 1-5. 1969, Arranged 
by D. Zipser and Jonathan Beckwith. Pp. 48. $8. (Cold Spring Harbor 
NY: Cold Spring Harbor Laboratory of Quantitative Biology, 1969.) [3% 

Report on Investigations made into Aspects of the Current Acanthaste: 
planei (Crown of Thorns) Infestations of Certain Reefs of the Great Barrie: 


Reef. Dr Endean-~ Project Leader. Pp. 39. (Brisbane: Fisheries Branch. 
Queensland Department of Primary Industries, 1969.) [st 


Transactions of the Royal Society of New Zealand. Biological Sciences 
Vol. 11, No. 7 (July 15, 1969): New Species of Limnesia and Tryssaturit: 
(Acari, Hydrachnellae) from New Zealand. By ©. L. Hopkins. Pp. 88-02 
(Wellington, NZ: Royal Society of New Zealand, c/o Vietoria University o 
Wellington, 1969.) ft 
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| Department of Education and Science 
First Secretary (Scientific) Moscow 


The Department of Education and Science invites applications for the newly 
created post of First Secretary (Scientific), graded Principal Scientific Officer in 
the British Embassy, Moscow. 


The man appointed will be responsible to the Scientific Counsellor and will assist, 
under the instructions of H.M, Ambassador, in promoting scientific contacts 
between the United Kingdom and the Soviet Union, keeping in touch with trends 

and developments in science and technology, and advising H.M. Ambassador on 
scientific and technological matters. This will require him to visit Soviet universities 
and research institutes, to assist in conducting negotiations with Government 
departments and organisations, and to deputise when necessary for the Scientific 
Counsellor. 


Candidates should have a first or second class honours degree in engineering or 
science, or an equivalent or higher qualification, and should have had experience of 
working in a research laboratory. Preference will be given to suitably qualified 
technologists or scientists with a wide interest in science and its application, 
particularly those with experience of industry. A good working knowledge of 
Russian. or an ability to become fluent, is essential. 


This will be a temporary appointment for two years in the first instance on a salary 


scale £2.724-£3,721, plus allowances to cover the increased cost of living in 
Moscow. Superannuation will be under F.S.S.U. 


Application forms from Miss M. E. Gummer, Department of Education 
and Science, Curzon Street, London W1Y 8AA (01-493 7070 ext 311). Clos- 
ing date for receipt of completed application forms 14 November 1969. 
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University of Queensland 
UNIVERSITY COLLEGE OF TOWNSVILLE 


The University College of Townsville will become autonomous in 1970. 


Applications are invited for the following positions. 


DEPARTMENT OF BIOLOGICAL SCIENCES 


READER IN BOTANY: Applicants should have experience of postdoctoral research and 
the supervision of M.Sc. and Ph.D. students. Preference will be given to applicants whose 
research interests are suited to a tropical environment, 

READER/SENIOR LECTURER IN FISHERIES BIOLOGY: Applicants should have a 
Ph.D. or higher degree. preferably with experience in some aspect of Tropical Fisheries and 
their development. 

LECTURER IN ENTOMOLOGY: Applcants should have experience in same aspect of 
Tropical Entomology. 


DEPARTMENT OF CHEMISTRY 


SENIOR DEMONSTRATOR: Applicants should have at least an honours degree, prefer- 
ably with major interests in Organic Chemistry. 


DEPARTMENT OF ENGINEERING 


SENIOR LECTURER IN ELECTRICAL ENGINEERING: Applicants should have a 
higher degree with research and teaching experience, preferably in a light current field. The 
appointee will be responsible for designing advanced undergraduate courses leading up to a 
degree in Electrical Engineering to be provided in 1970 at third year level. 

SENIOR DEMONSTRATOR IN ELECTRICAL ENGINEERING: Applicants should have 
an Honours degree and have some postgraduate or professional experience. 


DEPARTMENT OF GEOGRAPHY 


LECTURER: It is desirable, but not essential that applicants have a higher degree, prefer- 
ably with qualifications and interests in Social and Urban Geography or in any one aspect 
of Physical Geography. 


DEPARTMENT OF PHYSICS 


LECTURER: Applicants should have postdoctoral experience in Theoretical Physics. 


DEPARTMENT OF TROPICAL VETERINARY SCIENCE 


SENIOR LECTURER/READER IN MICROBIOLOGY: The person appointed will be 
expected to develop research programmes on the aetiology, immunology and control of ine 
fectious diseases of Livestock with special reference to viral and bacterial agents. 

LECTURER IN PATHOLOGY: Applicants should be experienced in veterinary pathology 
and preferably in immunopathology and will be expected to take part in a range of projects 
including the Pathogenesis and Pathology of Infectious Diseases of livestock. 

LECTURER IN MICROBIOLOGY: The person appointed will be expected to take part 
in research programmes on the aetiology, immunology and control of infectious diseases of 
livestock with special reference to viral and bacterial agents. 

Saff members will also be required to supervise graduate students engaged in research 
projects directed towards M.Sc. and Ph.D. Degrees and to design and present course-work 
programmes for students of Tropical Veterinary Science proceeding to an M.Sc. degree. 

Salaries: Reader: $A9,180 to $A9,900 per annum. 

Senior Lecturer: $A7,400 to $AS8.750 per annum. 
Lecturers: SA5,400 to $A7,300 per annum. 

Senior Demonstrator/Tutor: PA4.275 to $4,840 per annum, 
Demonstrator/ Tutor: $43,375 to $A3,825 per annum. 


In addition, a Northern Allowance of S$A60 per annum is paid in each case, 


Additional information and application forms may be obtained from the Secretary-General, 
Association of Commonwealth Universities (Appts... 36 Gordon Square, London. W.C.1. 


Applications close on November 17, 1969. . (1383) 


For further Classified advertisements see page vi 
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(RE-ADVERTISEMENT) 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 


LECTURESHIP IN THE 
DEPARTMENT OF CHEMICAL 
ENGINEERING 


Applications are invited from graduates 
in pure or applied science for the post of 
Lecturer in the Department of Chemical 
Engineering, Preference will be given to 
candidates who express an interest in pro- 
cess control, instrumentation, or analogue 
and digital computing. The Department 
has its awn EAL Hybrid/48 and terminal 
facilities to the main University IBM 360/ 
67. In addition there is a large research 
school and the Lecturer will have every 
opportunity to pursue research in his own 
field of study. 

Salary will be within the scale £1,240 to 
£2,850 depending upon age, qualifications 
and experience. Membership of ESSU. 
required. 

Further particulars may be obtained 
from the Registrar, the University, New- 
castle upon Tyne NEL 7RU, with whom 
applications (three copies), together with 
the names and addresses of three persons 
to whom reference may be made, should 
be lodged not later than November 2%, 
1969. Please quote reference N. 


(1378) 





UNIVERSITY OF MANCHESTER 
INSTITUTE OF 
SCIENCE AND TECHNOLOGY 


LECTURERS IN CHEMISTRY 


Applications are invited for the posts of LEC- 
TURERS in the DEPARTMENT OF CHEM- 
ISTRY. The Department, which recently moved 
into a new building, has close contacts with 
chemical industry, and has an active research 
school. 

1. The Department wishes to strengthen its 
teaching and research in the fields of 
PETROLEUM CHEMISTRY, HYDROCARBON 
CHEMISTRY, PETROCHEMICALS, and the 
Lecturer would be expected to participate in the 
teaching involved in the new M.Sc. course in 
Hydrocarbon Chemistry, as well as in other 
teaching in the Department. 

Candidates with active interests in fa) basic re- 
search in relevant physical-organic chemistry, or 
(p development and applied aspects of petro- 
chemicals, are invited to apply. Industrial experi- 
ence would be an advantage. 

2. Applications are also invited for the 
chaHenging post of LECTURER OR ASSIST- 
ANT LECTURER with special interests in 
CHEMICAL TECHNOLOGY. The = successful 
applicant would be expected to play a part in 
the control and operation of the new Chenncal 
Technology laboratory area recently constructed 
as part of the new Chemistry Building. Experi- 
ence in scaling-up chemical processes. and pro- 
cess development, with particular reference to 
flow processes, petrochemicals, catalysis, gas 
reactions, etc., is preferred. and it is expected 
that research would be carried out in these 
aspects. 

Commencing salary according to quailifica- 
tions, ètc., in the scales: Assistant Lecturer, 
£1,240 by £115 to £1,470 per annum. Lecturer, 
£1,585 by £115 to £2,850 per annum. Superan- 
nuation under the Federated Superannuation 
System for Universities. 


Application forms and conditions of appoint- 
ment may be obtained from the Registrar, The 
University of Manchester Institute of Science and 
Technology, P.O. Box 88, Sackville Street, Man- 
chester, M60 10D., to whom completed applica- 
tions should be forwarded as soon as possible 
after the appearance of this advertisement. 

(1354) 


UNIVERSITY OF BELFAST 
DIRECTORSHIP OF THE COMPUTER 
LABORATORY 


The Senate of The Queen’s University of Bel- 
fast invites applications for the Directorship af 
the Computer Laboratory from January 1, 1970, 
sr such other date as may be arranged. ‘The 
salary will be within the range £3,780 to £5,306 
plus contributory pension rights ander the 
FSS.U. Applications should be received by 
November 22, 1969. 

Further particulars may be obtained from the 
Secretary, The Queen's University of Belfast 
Belfast BT? INN, Northern ireland. (i371) 
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Overseas | 
Development 


The provision of skilled manpower is a vital 
element in Britain's aid to the developing 
countries, We have vacancies in nearly alf 
professions and in many lands. Your proles- 
sional skills are needed overseas and you will 
have the satisfaction of doing a challenging, 
responsible and worthwhile job. 

Terms of service usually include substantial 
extra benefits including family passages, paid 
leave, educational grants and free or subsidized 
accommodation. Salaries are assessed in 


accordance with qualifications and experience. 
- ‘fn most cases the emoluments shown are based 


on focal salary scales pius basic allowances. 
Appointments are on contract for 2-3 years in 
the first instance, unless otherwise stared. 
Candidates should be citizens of, and perma- 
nently resident in, the United Kingdom. 


AGRONOMIST 
£1,758-3,154/B.S.1.P. 


To take charge of the joint coconut research 
scheme in the British Solomon Islands Protec- 
torate, to design layout and analyse trials on all 
aspects of coconut agronomy and to carry out 
an approved programme of coconut breeding 
He should have a 
degree in agriculture with experience of tropical 
crops, particularly coconuts, and a knowledge 
of statistical techniques. Emoluments quoted 
above include an inducement alowance, nor- 
mally tax free, of £716-1,160. A gratuity of 25% 
of total emoluments is also payable. Contract 
2 years. 


AGRICULTURAL CHEMIST 
£1,785-3,383/Zambia 


To assist entomological research in stored 
products problems, investigating problems of 
food in rural areas, including the investigation 
and application of pest control measures. He 
must have a degree in chemistry with post- 
graduate experience in the analysis of insecti- 
cidal residues, Emoluments quoted above 
include a supplement, normally tax free, of 
£233~350, A gratuity, normally tax free, of 25°; 
of emoluments (excluding supplement) is also 
payable, 


SOIL SURVEYOR 
£1,520-3,316/Swaziland 


To undertake detailed soil surveys of irrigation 
projects, rural development areas, farms or 
estates and land capability studies of specific 
farming systems. He will work in close liaison 
with the Land Planning Officer and extension 
staff. He must have a degree in ane of the 
natural sciences or in agriculture and post- 
graduate experience in soil surveying. Emolu- 
ments quoted above include an inducement 
allowance, normally tax free, of £204-516 p.a. 
A gratuity of 255% of total emoluments is also 
payable, 


MINISTRY OF OVERSEAS DEVELOPMENT 


Further information about any of these vacancies or about opportunities 
in specific professions may be obtained by writing briefly to 

The Appointments Officer, Room 301 N, Ministry of Overseas Development, 
Eland House, Stag Place, London, S.W. 1. or by ringing 01-834 2377, extension 500. 


RESEARCH OFFICER 
(Horticulture) 
£1,737-3,316/Swaziland 


To undertake a research programme on horti- 
culture crops to determine optimum varieties 
and cultural techniques, with emphasis on 
vegetables suitable for processing and the fresh 
market. He should have a degree in agriculture, 
horticulture or natural science with experience 
or qualifications in field experimentation and 
experience in sub-tropical and temperate horti- 
cultural crops. Emoluments quoted above 
include an inducement allowance, normally 
tax free, of £288-516, A gratuity of 25°, of total 
emoluments is also payable, Contract 3 years. 


SENIOR AGRICULTURAL 
ECONOMIST 
£2,871-2,931/Malawi 


For supervision of work of agricultural and 
planning economists within the Flanning Unit of 
the Malawi Ministry of Agriculture. To assume 
responsibility for agro-economic studies, includ- 
ing the supervision of field surveys and the 
interpretation of their findings for use in formu- 
lating agricultural policy. He must have a good 
degree in agricultural economics with a bias 
towards micro-economic aspects of agriculture 
and experience of farm management studies or 
the planning of agricultural development 
projects in developing countries. Emoluments 
quoted above include a supplement, normally 
tax free of 216-276. A gratuity, normally tax 
free, of 25°2 of emoluments {excluding supple- 
ment) is payable on completion of tour of not 
tess than 30 months. 


LECTURERS IN ANIMAL 
PHYSIOLOGY AND ANIMAL 
NUTRITION 
£3,185-5,025/Argentina 


To lecture at the Catholic University of Buenos 
Aires, in English and later in Spanish, and to 
carry Out practical research work at the 
University’s farm at Baradero and possibly to 
build up a post-graduate school. They should be 
33-38, approaching senior lecturer level with a 
M.Sc. and at least five years’ teaching and 
research experiance at university farm level. 
A Ph.D. and a working knowledge of Spanish is 
desirable. Emoluments quoted above include a 
variable tax free overseas allowance of £685- 
1,525. Contract | year with possibility of 
extension for a second year. 


CHIEF AGRICULTURAL 
RESEARCH OFFICER 
£3,818/Uganda 


To take full charge of all agricultural research 
work in Uganda, including the operation of two 
main research centres, the co-ordination of 
work between these centres and the regions 
they serve and the maintenance of contact with 
other agricultural research work throughout 
East Africa and other parts of the world. He 
must have an honours degree with appropriate 
postgraduate training and experience in 
research, Emoluments quoted above include 
an inducement allowance, normally tax free, of 
£1,018 p.a. A gratuity of 25%, of total emolus 
ments is also payable. Contract 21-27 months. 


FORESTRY OFFICER (Research) 
£2,179-3,946/Hong Kong 


To take charge of a small team investigating soi! 
conservation problems and particularly the 
rehabilitation of badly degraded Adis and 
unstable slopes principally within reservoir 
catchment areas. He must have an honours 
degree in forestry or Ecological Science and 2 
years experience in research and sail conserva~ 
tion. A gratuity of 17%, of total emoluments is 
also payabie. 


BIOMETRICIAN 
£1,610-3,403/Zambia 


For duties at the Forestry Research Station, 
Kitwe, he must have a degree in statistics or 
mathematical statistics. Experience of agricul- 
tural or forestry work and/or a knowledge of 
agricultural variants, regression techniques, 
multivariant methods and computer applications 
an advantage, Emoluments guated aboye 
include a supplement, normally tax free, of 
£233~350. <A gratuity, normally tax free, of 
25%, of emoluments {excluding supplement) is 
also payable. 


SILVICULTURALIST 
£1,888-2,916/Fiji 


To take charge of, and develop, the Silvicuitural 
Research Division. He must have a recognized 
degree in forestry with 5 years post graduare 
experience. Emoluments quoted above inchide 
an inducement allowance, normally tax free, of 
£596-829. A gratuity of 25°) of coral emolu- 
ments is aiso payable. 
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UNIVERSITY OF DURHAM 
DEPARTMENT OF GEOLOGY 


MARINE GEOPHYSICAL 
RESEARCH IN THE 
CARIBBEAN 


Applications are invited for the post of 
RESEARCH ASSISTANT to take part is 
a programme of marine geophysical in- 
vestigations in the Caribbean region. The 
project forms part of the Breish contribu. 
fon to the international programme °° Cp- 
operative Invesuigations of the Caribbean 
and Adjacent Regions’ and will be car- 
ried out in co-operation with the Hydro- 
Department of the Royal Navy. 
should preferably have some 
The appointment 


graphic 
Applicants 
geophysical background. 
may be made at post-doctoral level if sujt- 
able candidates present themseives. 

The appointment will be for two years 
in the first instance with possible renewal 


for a third year and will date from as 
soon aher the closing date as possib‘e. 
Placement wil be af an appropriate 
place, not necessarily near the base within 
the salary range £950 by £80 to £1,200 by 
£85 to £1,455 per annum plus FSS. 
Applications (hree copies), with curri- 
culum vitae and the names of three 
referees, should be sent by November 3, 
1969, 40 the Registrar and Secretary, id 
Shire Hall, Durham, from whom further 
particulars may be obtained, (1349) 





Scientific 
Officer 


H.N.C~M.LBIOL. 


We are currently wishing to employ a Scientific Officer 
relevant qualifications or 
experience in parasitology or toxicology. 

The person appointed will be responsible for 
the conducting of experiments designed to assess the 
efficacy of biologically active compounds in the field of 


Please write with ful 
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considerable 


Conditions of service are first class and include 
free life assurance and pension scheme and an attractive 


| details, quoting ref. A6694], 


l A. S. Napier, Personnel Officer, 
Smith Kline and French Laboratories Limited, 
Mundells, Welwyn Garden City, Herts. 
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AGRICULTURAL RESEARCH 


COUNCIL 
UNIT OF DEVELOPMENTAL BOTANY. 
CAMBRIDGE 


Applications are invited for two posts graded 
Assistant Experimental Officer. One post is for 
a person to assist in research on the physiology 
of obtigate fungal parasites: tne other is for a 
persos to assist in a study of the physiology and 
biochemistry of growth and development in 
plant tissue cultures. Preference will be given 
ta applicants having experience in one of the 
following fields: microbiology, mycology, plant 
or animal tissue culture. Minimum  qgualifica- 
tions: GCE. in five subjects, including 
two scientific subjects at A level for equiva- 
lent). Candidates at age 22 (or aver) should 
have H.N.. or a Pass Degree (or equiva- 
lent}. Salary according to age, qualifications 
and experience in seale: Assistant Experi- 
mental Officer £809 at age 20 to £1,208 (at 26 
or over} to £1,454. These posts will be in a 
newly established research unit located in Hant- 
ingdon Road, Cambridge. 

Applications, with full details and names of 
two referees, to the Professor of Botany, Botany 


School, Downing Street, Cambridge CB2 3EA 
{1392} 


by November 3, 1969. 


LONDON ZOO REQUIRES A RECORDER? 
for the Zoological Record. Duties include the 
production of abstracts from foreign scientific 
Hterature. Applicants should possess a working 
knowledge of Russian and an acquaintance with 
Zoological terminology. Salary on scale £4 408 
to £1,454 per annum pus £125 Loncon Weighi- 
ing. Staff canteen.  Non-contributory pension 
scheme.—Apply in writing (to Establishment 
Officer. Zoological Society of London, Regent's 
Park. N.W.4. 14013 


UNIVERSITY OF MALAYA 
FACULTY OF AGRICULTURE 


Applications are invited for the posts af 
LECTURER / ASSISTANT 
LECTURER 


‘ny the following fields: 
1. Plan: Breeding 


” 


2. Agricultural Biochemistry 
3 Agricultural Econontics 

Qualifications and Duties : 

For 1 candidates should possess either a 
basic degree in Agriculiure with specializa- 
tion in Genetics and Plant Breeding or at 
feast a good Honours degree in Genetics or 
Plant Breeding with a gocd grounding in 
quantitative genetics and experience in 
tropical crops. Duties will inclade teaching 
Plant Breeding at undergraduate and gradu- 


ate levels: supervision of postgraduate 
gtudenia’ research; participation in crop 


breeding programmes. 

For 2 candidates should possess a mini- 
mum qualification of an Honours degree 
in Biochemistry. Preference will be given 
to candidates whose research inmteresis are 
in the field of Agricultural Biochemistry. 
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Dutics will include teaching at undergradu- | 


ate and graduate levels and supervision ofe 


graduate projects. 


For 3 candidates should possess a mni-’ 


mum qualification of an Honours degrec 
in Agricultural Economics. Preference wil 
be given to candidates with an interest in 


agricultural extension and farm manage~- 
ment. Duties will inchide teaching at 


undergraduate and graduate levels and the 
supervision of postgraduate students” re- 
search. Successful candidates will be ex- 
pected to undertake applied research in 
the above-mentioned fields. 


Emoluments (approxumate sterling 

equivalents) i 
(D Salary Scale 

Lecturers: £1.498 by £465 ta £1.859- 

£1,944 by £71 to £2,320 per annum, 

Assistant Lecturers: £1.303 by £65 

to £1,433 per ancum, : 

GÐ In addition the following allowances 
are payable : 

Variable Allowance: 35 per cent of 


basic salary subject to certain 
maxima depending on marital 


status j minimum £244 per annum, 
maximum £651 per annum. 

inducement Allowance GF awarded): 
yaries- 

ta) For Lecturers: up to £488 per 
annum, 

fb} For Assistant Lecturers 
£336 per annum. 

Gip Housing: H avaiable, 
provided for which a rental of £163 to 
£204 per annum will be charged. Staff 
members may opt for a supplementary 
housing allowance in Heu of University 
housing. 

(iv) Medical benefits are provided under 
the Medical Services Scheme of the Uni- 
versiiy. 

iv} Superannuation: Staff members are 
required to join the Academic Staff Provi 


up to 


housing is 


dent Scheme io which the staff member 
contributes 5 per cent and the University 


15 per cent of basic salary. 

Further particulars and application forms 
are obtainable from the Secretary-General, 
Association of Commonwealth Universes 
(Appis.), 36 Gordon Square. London, 
W.C., or the Registrar, University of 
Hong Korg. 

The closing date for the receipt of appli- 
cations is November 22, 1969. {13863 


TRENT UNIVERSITY 


PETERBOROUGH, ONTARIO, CANADA 
DEPARTMENT OF CHEMISTRY 


invites applications for a senior appoint- 


ment in Physical Chemistry to commence 
july 1. 1970. Salary minima for i969) 
%0: Associate Professor, $13.100; Pro- 
fessor, 817.200. 
For further details apply to: 

Professor G. ©. Aspinall, 

Chairman, 

Chemistry Denartiment, 

(13903 
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‘When you think 

of spectrophotometers, 
think of Unicam’ 
says Dick Fearn 






Because so many of Dick's customers still think 
of Unicam as synonymous with good, reliable, 
up-to-date spectrophotometers, Dick is naturally 
proud of this name. 

‘Unicam traditions of first-class workmanship and 
advanced design live on in Pye Unicam’, says Dick. 
‘In fact, the same team which established the Unicam 
reputation now functions in the rationalised structure 
of the new, larger company’. 

Dick manages all U.K. sales of Unicam 
spectrophotometers, but he is willing to admit that 
Pye Unicam manufactures and markets other 
products as well. Like chromatographs and pH 
meters from Pye, or measuring instruments, X-ray 
analysers and electron microscopes from Philips 
Dick would like you to write to him for more 
information about Unicam spectrophotometers. You 
can also write to anyone at Pye Unicam and get an 
interesting booklet on the whole range of products. 
Please do. 
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High Accuracy Abbe 60 
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The normal Abbe Refractometer which reads by 
estimation to 0-0002, has this limit set by its non-linear 
scale and the use of compensating prisms to enable 
measurements to be made with white light. To 
overcome these restrictions the High Accuracy Abbe 
60 has a linear scale capable of accurate sub-division 
and uses spectral sources thus eliminating the need 
for compensation prisms. Of course there are snags ! 
Conversion tables have to be used to arrive at the 
refractive index, but these are made as simple as 
possible and have the additional advantage that they 
can be supplied for a wide variety of wavelengths. 
The important feature is that measurements may be 
made to an aecuracy of 0-00004 over the range of 
1-30-1-74. 
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More Confusion about Higher Education 


Tur Select Committee on Education and Science, 
which reported last week on student relations, has 
been congratulated too warmly for its proposal that 
there should be a commission on higher education 
to superintend universities, polytechnics, colleges of 
education and such other higher educational institu- 


tions as future British governments may invent. The 
committee’s argument was simple enough. Indeed, 


its fault is that it was too simple. Everybody knows 
the creation of the binary system of education, by 
which is meant the attempt now being made to set up 
twenty-six polytechnics in parallel with the universi- 
ties but to cater for people with vocational rather than 
academic inclinations, has set up all kinds of strains. 
The Select Committee was particularly concerned at 
the way students at the polytechnics have been made 
to feel that they are somehow second class citizens, 
less favoured than those at universities. But it is not 
sensible to think that this sense of inferiority could 
be done away with simply by financing and regulating 
both polytechnics and universities through the same 
agency of the Commission on Higher Education. At 
the best, that would simply be a recipe for concealing 
the anomalies which have grown up. The committee’s 
instinct was right when it stumbled on the relationship 
between polytechnics and universities as one of the 
central problems in British education, but its solution 
is quite ineffectual. 

The first thing to be said is that the present arrange- 
ments cannot last for very long. For one thing, the 
polytechnics embody a great many internal contradic- 
tions. How, for example, is it possible to attract good 
teaching staff to institutions at which it is assumed that 
research may be the exception, not the rule? By the 
same test, how will it be possible to persuade good 
teaching staffs that they should stick narrowly to the 
vocational or near-vocational lasts which the govern- 
ment wishes to encourage, when all their instincts will 
be working to make the curriculum broader and more 
stimulating ? > But even if the polytechnics are able to 
recruit the kinds of teachers that they need, how will 
they be able to persuade their students that a course 
at a polytechnic is as demanding and as educative 
as one at a certified university ? Most polytechnic 
students, after all, are people who have failed, some- 
times through no fault of their own, to win a place at a 
university. It is perhaps no wonder that the govern- 
ment has been making heavy weather of the plan to 
establish twenty-six of the polytechnies—problems of 
finance (which rests at present with local authorities 
with some help from the central government) are unim- 
portant compared with the difficulties of arranging 
that the polytechnics shall be ecucationally viable. 





What is to be done ? The objective, of course, should 
be such a degree of collaboration between the poly - 
technics and the universities that their separate identi- 
ties will a Bluntly, t TN re IS & case for say ing that 
It is 
pale an to a aa. that in seve eral ae GR ‘there 
have been moves in this direction in the past few 
months. Sometimes a university will find it conveni- 
ent to work closely with a near by polytechnic, particu- 
larly in the use of common facilities such as theatres 
or even students’ unions. Sometimes, it seems, indivi- 
dual departments have found it advantageous to work 
together. Paradoxical though it may seem, universi- 
ties are often glad to share in the benefits which come 
from the still comparatively generous allowances for 
higher education which liberal local authorities provide. 
But these are only makeshift arrangemerts. In the 
nature of things, a great many deserving polytechnics 
are left out of them, possibly fer simple geographical 
reasons. And no amount of friendly collaboration will 
make sure that those who attend these institutions as 
students are enabled to work and study in the fields 
which suit them best. 

What this implies is that there must be common 
procedures for entry to both kinds of institutions. 
Because the present system, administered by the 
Universities Centra] Council for Admissions (UCCA), 
is designed largely for academic purposes, it would make 
sense if it were replaced by a system in which individual 
universities and polytechnics associated with them 
were to design their own methods for selecting people. 
That done, it would be reasonable to ask that courses 
should be planned in common. It would be, for 
example, entirely feasible that polytechnics should 
provide the kinds of teaching in, for example, engin- 
eering subjects, for which universities are frequently 
ill provided. But common entrance and common 
planning would quickly create a need for common 
government. With only a little optimism it is easy to 
see how some well matched universities and poly- 
technics could be encouraged to coalesce. 

Most of the difficulties are financial and this is where 
the Select Committee’s proposal for a Commission on 
Higher Education seems a little like a magic wand, 
The committee had it in mind that its commission 
would take over the function? of the University Grants 
Committee, but that local authorities would continue 
to supply funds for the polytechnics. That at least 
is the simplest reading of some of the most obscure 
passages in the report. Evidently the members of the 
committee were unwilling to believe that there would 
ever be a British government willing to carry on its 
annual budget the total cost not merely of the universi- 
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ties but of the polytechnics which it has wished into 
existence, as well. But is there not another way in 
which the finances might be shared without embarrass- 
ing the government? One possibility, for example, 
would be to recognize more openly the central govern- 
ment’s willingness to shoulder the capital cost of higher 
education and the tradition that local authorities 
should be responsible for supporting students. With 
a little step towards realism on university fees, it 
would be possible to arrange that the cost to local 
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authorities of supporting students included not merely 
what it spends at present but the costs of running 
polytechnics as well. It would then be sensible that 
some central body should channel public support to 
all kinds of institutions in much the way in which the 
UGC operates. The result would be an integrated 
svstem of higher education in which universities were 
That in itself is a desirable objective to which the 
government should strive. 


How McPherson's Rule sank Cyciamates 


THE cyclamate bandwagon has made farcical progress 
in the past week, though it is hard to say whether 
scientific advisers or the politicians who manipulated 
them look the more ridiculous. Within a week of the 
United States ban on the artificial sweetener. at least 
five other countries had followed suit, in several 
instances before their advisers had seen the new 
evidence. From the precipitate unction with which 
politicians in Sweden, Finland, Japan, Canada and 
the United Kingdom proclaimed their renunciation 
of the artificial sweetener, it might have been supposed 
that cyclamates presented some kind of hazard to 
health. If the new evidence had shown that they 
transmuted into arsenic at the drop of a hat, the 
substances could not have been banned more quickly. 
The truth is that cyclamates have been banned because 
they are easy to ban. and the new evidence provides 
the slenderest possible scientific plank on which it is 
feasible for politicians to stand and claim easy credit 
for a blow against pollution. 

In the United States, it is true, the Delaney Amend- 
ment of 1958 stipulates that any food additive must be 
removed from the market if it has been shown to cause 
cancer when fed to humans or animals. The new 
evidence can be made to bear this construction 
emotively at least, though not logically. In Britain, 
however, this clearcut rule does not exist and the 
march of the evelamate bandwagon was less con- 
vincingly scripted. The background to the British 
contribution to the farce was that the Food and Drugs 
Administration (FDA) had not bothered to let the 
Ministry of Food and Agriculture have an early copy 
of the new evidence (which would indeed have been an 
embarrassment to the banning lobby) and by Tuesday 
both Sweden and Finland had claimed political credit 
for anathematizing the obnoxious sweetener. 

On Tuesday, October 14, two days after the United 
States ban had been detlared, the Ministry of Food 
and Agriculture dispatched urgent telegrams asking 
for copies of the new evidence. The ministry’s food 
additives and contaminants committee and its 
pharmacology sub-comntfittee stood by in London to 
assess the new indictment. 

But, cruel fate, fog invested London airport and the 
aircraft carrying the vital document was diverted to 


Prestwick. Gnawing on their collective lip, the Food 
Additives and Contaminants Committee and its 
Pharmacology sub-committee sweated it out till late 
evening while the news was brought at breakneck speed 
from Aix to Ghent. Sitting separately until late in 
the night, and holding all-day jomt sessions on the 
Wednesday, the members of the two committees 
chewed over the sickly sweet charge sheet. They 
faced an agonizing decision. Did a nation’s health 
rest on their verdict ? Hardly that; apart from a rare 
skin sensitivity, ¢vclamates have caused no recorded 
hurt to human beings in at least fifteen years use in 
the United States and five years use in Britain. But 
when the United States, Sweden and Finland had 
banned the chemical, would the Minister of Agriculture 
accept a verdict that Britain should stick by the 
committees’ two previous reports on cyclamates ? 
Clearly he would not, but given the nature of the new 
evidence it is little wonder the committees burnt the 
midnight oil in considering it. 

The evidence was about as solid as candy-floss. 
The dilemma it posed was starkly obvious. Not only 
had the rats been fed on doses of cyclamates which 
would sate the sweet tooth of a horse, but they had 
not even been fed on cyclamate alone; it was a mixed 
daily diet of evclamates and saccharin that the animals 
had received. So was it the evclamates or the saccharin, 
or synergism between the two, that had raised the 
malignant-looking cells in the animals’ bladders ? Then 
again, the rats had been fed 2,500 milligrams of cycla- 
mates per kilogram of body weight throughout their 
adult lives (the maximum permitted dose for human 
daily consumption is 50 mg per kg); at this dosage 
it might even be surprising if the rats had failed to 
develop tumours. An independent pharmacologist 
has described these results as “‘crashingly disappoint- 
ing”, words which the committees themselves must 
surely have mouthed as they wondered how to arrive 
at a balanced verdict of guilty. 

After a hard day’s night and a doubtless terrible 
Wednesday, the committees at last attained safe 
harbour in MePherson’s rule, an ancient tenet of 
Scottish law which holds that when two men have 
been drinking, one of them a known drunkard, and 
the other man starts a fight, it is always the drunkard 
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that gets the blame. Applying this dictum to the 
bladder tumours, the committees found that since 
saccharin has been used for longer than cyclamates 
without apparently harmful effects, it must have been 
the cyclamate which caused the tumours. They 
therefore recommended to the minister that it would 
be prudent to stop further addition of cyclamates to 
food until the research programme half completed 
by the British Industrial Biologieal Research Associa- 
tion (BIBRA) has been brought to a conclusion. 
Searcely twenty-four hours later, on October 24, a 
happy Mr Cledwyn Hughes was able to announce that 
the vicious sweetener was to be phased out. 

The postscript to this seven day wonder has been 
afforded by a spokesman at the Mimistry of Agriculture. 
Asked why such terrible speed was necessary, he 


Herod in Camberley 


Ir the Ministry of Agriculture finds itself finally com- 
mitted to a programme for the extermination of all 
wildlife in the part of England around Camberley, 
where a dog died of rabies ten days ago, its most 
serious problem will be to know just what has got 

away. There is historica] evidenee to show how diffi- 
cult is a programme of complete eradication. Wildlife 
on an open common is particularly hard to control and 
exterminate. It may be possible to get rid of the foxes 
but nobody will be sure, perhaps for a year or so, that 
other forms of wildlife are not affected. 

The problem of rabies in developed countries is 
peculiar. For one thing, the disease itself has a 
mediaeval quality. The horrific tales of how people 
used to die from it m the Middle Ages are too vivid to 
be forgotten. But rabies is also almost mediaeval in 
the way in which it persists in wildlife and in the way 
in which it can so easily be transferred from an animal 
population to human beings. In Britain, rabies was 
common in the nineteenth century but for practical 
purposes was eradicated by the beginning of this 
century. Since then there has been an apparently 
successful programme of quarantine—domestic animals 
must spend six months m quarantine before being 
allowed to mix with their fellows already well estab- 
lished. The dog that died in Camberley seems to have 
been infected with rabies at a quarantine kennel at 
which another animal had died of the disease. 

Several questions must be asked about the manage- 
ment of the disease. To begin with, there seems no 
prospect that it would be possible to substitute im- 
munization for quarantine. In the past few months, 
there has been a tendency to suggest that preferential 
treatment might be given to imported animals which 
had been vaccinated or that the quarantine regulations 
must be relaxed now that the rabies virus has been 
identified and purified and human vaccines made more 
effective as a result. Unfortunately, however, as two 
recent articles in Nature demonstrate (224, 244 and 246; 
1969), the use of a human vaccine, like the immuniza- 
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admitted that “Public opinion wanted an answer 
straight away. Wed have been caught very much 
with our head in the sand if we didn’t do anything 
about the cyclamates. We had either to ban them 
or prove them harmless”. Ostrich-like or not, even 
the fleet footed Ministry of Agriculture could not prove 
cyclamates harmless at seven days’ notice and, discre- 
tion being the better part of Valour, it only remained 
for housewives to be soothed with advice as to what 
foods and beverages were likely to contam the deadly 
substance before a grateful public could sink back, 
probably to soothe itself with a well carned cigarette, 
confident in the knowledge that its political and scienti- 
fic guardians would leave no stone unturned to protect 
the nation’s health, save any such as might be incon- 
veniently heavy to uproot. 


tion of domestie animals, is an uncertain safeguard. It 
seems now to be well established that a dog that died in 
quarantine in 1968 had been vaccinated on several 
occasions. The use of the human vaccine is hazardous, 
In brief, the World Health Organization is right to 
insist that the countries which are now free from rabies 
should persist with their quarantine PNE If 


anything, there is a case for asking that the length of 
the period of quarantine should be increased. If the 


regulations are given their full meaning, there is also a 
ease for thinking they should apply to imported 
monkeys as well as dogs, which in turn implies that 
animals for medical research would have to be obtained 
by breeding artificially within a quarantine fence. This 
would add substantially to the cost. There is also a 
strong case for asking that quarantine kennels such as 
that in which the Camberley dog picked up its infection 
should be more strictly managed. 

Dogs are the chief hazard to be sure, and for this 
reason there is even a case for asking whether it would 
be wise to ban the import of dogs. After all, it is not 
as if there were a shortage of these animals, and a ban 
or imports might do no damage to the commercial 
interests of the British dog breeding industry. 


NOBEL PRIZES 


Honouring Founding Fathers 


Tue sociology of the Nobel Prize is a fascinating subject 
and a source of endless gossip. What significance, for 
example, can be attached to the delay between the time 
when an eventual Nobel laureate is at the peak of his 
experimental career and when he reaps his reward in 
Stockholm ? Lately the prize committee has to its 
credit given the prize to comparatively young molecu- 
lar biologists who were clearly destined to be honoured 
eventually. But this year, at least as far as the mole- 
cular biologists are concerned. the committee seems 
to have gone back over its lists and correeted an over- 
sight. Max Delbriick, Salvador Luria and Al Hershey 
who have won this year’s Nobel Prize for Medicine are 
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in their fifties and sixties: it is inconceivable that. their 
names Fak not Tp o up in the prize committee’s 
or So. Tt i is now some thirt y years since they recognized 
that bacteriophage held the answer to the key question 
of biology, the mechanism of inheritance. The bacterio- 
phages are the experimental material for running the 
genetic code to earth, arid Delbriick, Luria and Hershey 
are the three men who, more than others, realized this 
and laid the foundations of molecular genetics. 

Their influence on many of the younger men who 
have already won Nobel prizes for work in molecular 
biology has been subtle but none the less profound. 
The collected papers of Delbriick, Luria and Hershey 
would form only slim volumes compared with those of 
many of their peers; it has been not so much what they 
have published but what they have said in private and 
at meetings, especially those at Cold Spring Harbor, 
which has changed the face of genetics. The mythology 
of molecular biology and the festschrift Phage and the 
Origins of Molecular Biology, celebrating Delbriick’s 
sixtieth birthday in 1966, abound with stories of 
Delbriick’s insistence on rigorous evidence for any 
claim. When Marmur and Doty published their first 
paper on nucleic acid hy bridization, for example, 
Delbriick wrote a ten page critique. And on receiving 
the umpteenth paper from Seymour Benzer on T-phage 
genetics for communication to the Proceedings of the 
JS National A cademy of Sciences, his comment was 
“Not another’: soon afterwards. Benzer took the hint 
and began working on the nervous system. 

Max Delbriick, a postdoctoral student of Niels Bohr, 
left Germany in 1935 and at Caltech started work in 
genetics, not with Drosophila as a less perspicacious 
man would have done, but with bacteriophage. Steeped 
in quantum theory, a bacteriophage was as close to a 
quantum of genetic information as anyone could get. 
A bacterium infected with a bacteriophage contained 
all the key elements of biological self-replication but 
lacked all the trimmings which then and now bedevil 
experiments with nucleated cells. 

Luria, another refugee from Europe, met Delbriick 
in Philadelphia in 1940 and from the meeting they 
emerged as a team devoted to phage genetics. In 
1943 “they published an epoch-making paper proving 
that in populations of bacteria sensitive to bacterio- 
phage. bacterial cells resistant to the phage appear as a 
result of natural selection of spontaneous mutations 
conferring phage resistance. It was the manuscript 
of this paper that brought Luria and Delbrück in 
touch with Hershey. The three men were instrumental 
in establishing the American Phage Group and estab- 
lishing the Cold Spring Harbor Laboratory and the 
symposia held there as the Mecca of molecular biology. 
Hershev, a retiring man poles apart from the ebullient 
Luria, has remained at Cold Spring Harbor ever since, 
sailing or gardening when the summer migrants are at 
their peak ‘and returning each autumn with a new idea. 

In 1945 both Hershey and Luria demonstrated 
spontaneous phage mutation and in 1946 Delbrück 
and Hershey independently showed genetie recombina- 
tion in phage. Hershey’s most famous experiment, 
however, was yet to come. In 1952, with Martha 
Chase, he proved that® phage DNA is the only com- 
ponent of a*phage particle injected into a bacterium on 
infection. Readers of The Double Helix—J. D. 
Watson was one of Luria’s postgraduate students— 
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need no reminding of the impact of the Hershey~Chase 
experiment on Watson and Crick in their search for 
the structure of DNA. 

Since those pioneer days Hershey has done a series 
of experiments, with the analytical centrifuge as his 
chief tool, which have not only led to the realization 
that many phage and bacterial genomes are circular 
DNA molecules but have also set the universal standard 
for accuracy of measurement. When Hershey cites a 
fact or figure in his papers it is never challenged. 
As one of his closest colleagues at Cold Spring Harbor 
is wont to say, “Al is always right”. Unlike Hershey, 
Delbriick and Luria have not hidden themselves away 
but have become heavily involved in teaching. Del- 
briick, for example, whenever he changes his field of 
research, subjects himself to the mental discipline of 
teaching a course on his new interest. He also spent 
two years in Germany trying to alter the hierarchical 
structure of the German university. Luria, now at 
MIT, finds time not only to teach large undergraduate 
classes but also to sculpt, collect art and play a leading 
part in the anti-Vietnam War movement, which has 
not won him friends in Washington. 

All three men, however different in character, have 
repeatedly put modern biology on the right tracks in 
the past thirty vears, and the Nobel Prize committee 
deserves credit for recognizing that. 


SOCIETIES 


Another Anniversary 


Ox November 2, 1819, a Philosophical Society was 
founded in Cambridge “for the purpose of promoting 
scientific enquiries and of facilitating the communica- 
tion of facts connected with the advancement of 
Philosophy and Natural History”. This was the third 
attempt at organizing a scientific group among the 
members of the university at a time when it was far 
from being a centre of British intellectual progress. 
It was also a successful attempt, largely because 
enough people were convinced that something had to 
be done at last: it united and revived the efforts of 
the individual scientists, published their work and 
transformed the attitude of the university to advances 
in what was then known as the Natural Philosophy. 
And it is still flourishing. 

From the start the Cambridge Philosophical Society 
concerned itself with all aspects of science—its creators 
were Adam Sedgwick, the geologist, and John Henslow, 
who became well known for his influence on Darwin. 
Perhaps it won greater renown on the physical side 
during the nineteenth century, with the mathematician 
Charles Babbage and the astronomer George Airy 
making important contributions to meetings, but it 
was certainly well involved with the rantings that 
followed the publication of Darwin’s theory of evolu. 
tion in 1859. Sedgwick, who was president in 1860 
launched an attack on this theory which prompted the 
author to label him as one of “the old fogies at Cam 
bridge”. 

This was fortunately not a symptom of the society’: 
general outlook. After the establishment of thi 
Cavendish Laboratory, it published much of the nev 
physies that was being developed there, and this clos 
association continued into the era of the quantum 
a crucial paper by Dirac on “The Quantum Theory o 
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the Electron” appeared in the Proceedings in 1928. In 
the same decade, the Biological Reviews were first pub- 
lished, and this has since become one of the society's 
most important enterprises. 

Among Cambridge people, the Philosophical Library 
is probably the best known contribution to the life 
of the university—its provision of periodicals for all 
members of the university, as well as Fellows of the 
society, has filled a valuable service throughout its 
existence, and since 1967 it has been known as the 
Scientific Periodicals Library. It now obtains about 
1,100 journals in exchange for its own publications. 

Celebrations of what the society is calling its sesqui- 
centenary are to include the presentation of honorary 
degrees by the university, a series of specia] lectures 
and a dinner in St Catherine’s College on November 3. 
Some time during the festivities, new plans will be 
announced to expand the activities of the society. 
With a financial situation that is better than ever 
before and the continuation of widely respected meet- 
ings and publications, the next 150 years are likely to 
be as fruitful as the last. 


RESEARCH PLANNING 


What is it Worth? 


Tue fourth of the science policy studies produced 
under the aegis of the Council for Scientific Policy is 
the most obscure yet. The subject is An Attempt to 
Quantify the Economic Benefits of Scientific Research 
(HMSO, 4s). Professor Harry Johnson of the London 
School of Economics, the member of the council who 
has superintended the study, acknowledges in his 
introduction that “it is by no means the case that the 
sole justification for fundamental research is utilitar- 
ian”. What the authors of the study, Mr I. C. R. Byatt 
and Dr A. V. Cohen, have done is to suggest a number 
of studies which could be made of the ways in which 
the economic success of what are called “science-based 
industries” might be traced back to certain discoveries 
in fundamental science. According to Professor John- 
son, the notion that a part of this “ambitious” plan 
should be undertaken has been accepted by the Council 
for Scientific Policy, although there is as yet no news 
of the industries likely first of all to be favoured by 
the study. 

The study starts with a long and somewhat wooden 
list of the potential benefits of what the authors call 
“euriosity-oriented research”. Trained manpower is 
at one end of the scale, and culture at the other, but 
the study is mainly concerned to quantify the possible 
value of delayed industrial applications of scientific 
research, “the absorption into the infrastructure of 
science, and the subsequent industrial application, of 
a whole host of apparently minor discoveries’, the 
awareness of developments in other countries which 
research programmes can provide and the way in 
which scientific research equips people to “look for 
the possible commercial developments of scientific 
discoveries’. In passing, however, the study does 
trample on the feelings of those who argue that science 
is culturally important—the authors say that because 
the British government spends only £24 million a 
year on the support of the Arts, it would be “difficult to 
justify” the spending of more than £5 million a year 
on the cultural objectives of science “in view of the 
smaller number of people able to enjoy science as a 
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cultural activity”. Whether it will be possible to 
throw more light on this problem by comparing the 
audiences for broadcasts of musical concerts and 
science programmes, as the study somewhat wistfully 
suggests, is another matter. 

The chief preoccupation of the study is to put a 
numerical value on the benefits of research to industry 
in general and individual industries in particular. 
Quite properly, it works entirely in terms of costs and 
cash benefits discounted to some standard date, The 
argument is that the value of the scientific discoveries 
underlying a particular industry can be measured by 
the difference between the discounted sum of world 
sales in the industry and the discounted sum of all the 
associated costs—running costs, capital investment, 
market research and applied research. The object 
of the formalism is to make it possible to write down 
the partial differential coefficients by means of which 
are caleulated the marginal changes brought about by 
variations of the level of expenditure on scientific 
research, but the usefulness of the procedure is to a 
very large extent undermined by casual references such 
as that to the need for including social costs and bene- 
fits—thin ice for most people. If it is also reckoned 
that a properly discounted estimate of the value of 
scientific research is likely often to be the difference 
between two very large numbers, it seems most probable 
that the Council for Scientific Policy will have to spon- 
sor a great many of the retrospective studies specified 
in outline before the Treasury would allow it to use 
the generalizations which emerged as argument in an 
annual scramble for the research budget. 


ENGINEERING 


Cooperation in Electronics 


THe annual report of the Institution of Electronic 
and Radio Engineers (Proc. IERE, October 1969) 
reflects the growing cooperation between institutions 
and other organizations concerned to make the best 
use of British potential in electronic engineering. 

One of the main problems is establishing common 
qualifications for different grades of engineer, and the 
Council for Engineering Institutions has succeeded in 
doing this for professional engineers. From next year 
individual institutions will stop setting their own 
examinations and all chartered engineers will be 
registered by the Council for Engineering Institutions. 

The next step is to establish a register for other 
grades of engineers—possibly technician engineers and 
engineering technicians—and the CEI has a working 
party looking into this now. 

In line with its policy of wide-ranging cooperation 
the IERE has joined with the Institute of Physics and 
the Physical Society, the Institute of Mathematics and 
its Applications, and the Institution of Electrical 
Engineers in forming a Standing Committee of Kindred 
Societies. Its chief function seems to be to organize 
common meetings and conferences and to focus atten- 
tion on borderline subjects. The IERE and the IEE 
have been closely cooperating for some years in fields 
such as medical and biological engineering, computers 
and a project to develop a British information retrieval 
system. Both institutions have, however, decided 
firmly in favour of remaining separate organizations. 

In research and development, the National Elec- 
tronics Council is responsible for ensuring efficient 
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communication between the government, the univer- 
sities and the electronics industries. But in his inaugural 
speech last week, the new president of the IERE, 
Mr Harvey Schwarz, said he thought the NEC should 
also advise on education, manpower and exports. Mr 
Schwarz, the managing director of Decca Navigator 
Co., Ltd, and a director of Decca Ltd and Decca 
Records Ltd, also spokein favour of private enterprise 
for stimulating developments in electronics and against 
large scale mergers which he called “gadarene swine- 
manship’’. 

The LERE spent £6,000 more than its income of 
£130,000 last year, chiefly because of increased ex- 
penditure on computer services, postage and telephone 
and the institution publications. This may mean 
increases in the fees for conferences, the price of the 
journals and perhaps subscriptions next year. 


WILD LIFE 


Dead Birds and Hot Air 


A REPORT that some of the dead seabirds from the Frish 
Sea contained “possibly significant’ quantities of poly- 
chlorinated biphenyls was one of the few positive results 
to emerge from a meeting to discuss progress in In- 
vestigating the 10,000 deaths held at the Natural 
Environment Research Council in London on October 
24. No single cause, however, will yet account for the 
situation. Much of the meeting’s value lay in stopping 
paths of speculation—apparent false alarms of dead 
seals or effects on fish and plankton—and emphasizing 
instead the continuing search for infection or pollution. 

The evidence for the biphenyls, which are industrial 
wastes, came from the Nature Conservancy's Monks 
Wood Experimental Station. One of the difficulties in 
assessing whether the materials may be involved is 
the lack of information about their distribution and 
toxicity, but it so happens that Monks Wood conducts 
routine monitorings of concentrations in guillemot eggs 
from the Irish Sea area. These measurements provided 
a background against which the amounts (of the order 
of hundreds ef parts per million) in dead guillemots 
have stood out sharply, and so have justified the 
ascription of significance. 

There is, however, controversy over the question of 
just what is signified. It is clearly not possible to draw 
general conclusions, because only nine birds have been 
analysed. The issue is whether the concentration that 
has been found could be regarded as toxic. One in- 
vestigator thinks that biphenyls may be merely a 
fashion-~a new compound has turned up, so everybody 
is making a fuss, although, given sufficiently sensitive 
measurements, practically any industrial compound 
could be found. Certainly no direct link has been 
identified between biphenyls and the present deaths, 
but, on the other hand, there is evidence from else- 
where that may point at least towards a correlation. 

This concerns measurements reported in Nature (224, 
247: 1969) of biphenyls in white tailed eagles from the 
Baltic. The population of this species is falling, the 
birds analysed were dead and the biphenyl concentra- 
tion was of the same order as that in the samples from 
the Irish Sea. What is not clear, however, is the 
relationship between toxic concentrations for eagles 
and guillemots, and there are still no grounds for anti- 
pollutionists to proclaim a new scapegoat. 
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In the United States the Monsanto Company, which 
manufactures products containing PCBs, has investi- 
gated their toxice effect on rats, and during 90 day 
studies a concentration of 100 parts per million appar- 
ently gave no adverse results. This, of course, need 
imply nothing about what happened to guillemots with 
a similar dose. Present work at Monks Wood on the 
toxicology of these compounds to birds may give some 
of the answers. The pathologists, however, have yet 
to come up with details of possible infections among 
the birds, and the London meeting also pointed to the 
likely role of severe gales coinciding with the auks’ 
moulting period, so that PCBs may turn out to be 
another dead end. 

The lack of organization surrounding the whole 
affair, reflected in the slowness of getting results (first 
reports of deaths were in mid-September), does raise 
the question of whether there should have been some 
kind of emergency service to coordinate investigations, 
which have been mainly voluntary. For example, 
should NERC itself employ someone to be responsible 
for linking suitable establishments to look into any 
large-scale natural disaster as soon as the first evidence 
appears ? This time, much of the initiative originated 
with the Royal Society for the Protection of Birds, 
and only after work was well under way of its own 
accord were the participants officially brought together. 


ELECTRICITY 


Responding to Change 


from our Special Correspondent 

Capenhurst, Cheshire, October 24 
THE sagging fortunes of the electric-arc furnace 
should revive if the trials bemg mounted by the 
Electricity Council and the British Steel Corperation 
with pre-reduced iron bear out their initial promise. 
The critical shortage of scrap steel which is jeopardizing 
the industrial future of the electric-arc furnace has 
led to a determined effort to find an alternative charge, 
and pre-reduced iron, produced by concentrating iron 
ore and heating it in the presence of a reducing agent, 
seems to be a promising alternative. It can be produced 
cheaply as pellets or briquettes and then can be fed 
continuously to the furnace once the required tempera- 
ture has been reached. Adjustments to the quality 
of the steel can be made during the feed, thereby 
eliminating the refining process. Plant trials with both 
pellets and briquettes are said to have been encourag- 
ing, and the Electricity Council and the BSC are now 
studying the economics of a complete furnace system. 

A new high capacity storage heater has also been 
developed at the Electricity Council’s research labora- 
tories here. It is based on a two layer concept first 
demonstrated two vears ago and consists of an inner 
core of feolite, a sintered iron ore with a thermal capa- 
city near that of cast iron, and an outer layer of barytes, 
which is a good insulator with a high thermal capacity. 
The idea is that the heat will be delayed by the barytes, 
so that the storage heater will radiate over a longer 
period. The Electricity Council claims that the system 
is thirty per cent more efficient than storage heaters 
now in use and that it should be capable of releasing 
heat even during the long English afternoon. The 
first batch of 350 feolite—barytes heaters is now being 
produced and should be available to the public within 
the next two years. 
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Heat by the wall. 


More advanced ideas for domestic heating are also 
being fostered. Thus a system is being designed to 
capitalize on people’s apparent ability to feel com- 
fortable in a low ambient temperature provided there 
is plenty of radiant heat. The system requires highly 
reflecting walls containing aluminium with some pig- 
ment to remove the sheen, together with a series of 
carefully placed heaters that can be switched on when 
entering a room much in the way that electric lights 
are operated. It seems that a wall “paper” consisting 
of aluminium, polythene and rutile provides the best 
combination of high infrared reflectivity and low visual 
lustre. A variety of physical and psychological tests 
are also being carried out to gain a better understand- 
ing of what are the important ingredients of comfort. 

The Electricity Council ’s preoccupation with ways of 
using off-peak electricity, now even cheaper, has also 
found outlets in the industrial sector. One of the more 
advanced projects at Capenhurst is the design of a pro- 
cess heater for the production of synthetic resins. This 
is apparently operational now, with a storage capacity 
of 520 kW and a charging time of eight hours. 

A new way of cutting cloth using a plasma jet is 
also being investigated. The system uses a plasma 
torch in which the are is struck between a central 
cathode and the interior of the nozzle, and the cutting 
is performed by a stream of argon which emerges from 
the nozzle at a very high temperature. The effects of 
varying several parameters such as the flame position 
are being studied, and it is felt that the technique 
could well prove valuable for materials such as lino- 
leum, wallpaper and carpets as well as textiles. The 
chief advantage over oxyacetylene cutting is the lack 
of oxygen in the flame, so reducing the area of burning. 


QUANTUM THEORY 


Tuae sport of trying to knock down quantum mechanics 
has been hanging on the periphery of physics ever since 
1935 when A. Einstein, B. Podolsky and N. Rosen 
first put forward a paradox which led them to infer 
that quantum mechanics may not be a complete theory. 
Several theoretical physicists have latched on to the 
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need for so-called “hidden variables” in the intervening 
years and a team from three universities in the-United 
States has now suggested an experiment to gettle one 
way or the other whether hidden variable theories are 
logically necessary or just a flight of fancy, 

The experiment proposed by J. Clauser et al. (Phys. 
Rev. Lett., 23, 880; 1969) is an extension of an earlier 
experiment by Kocher and Commins on the correlation 
of polarizations between a pair of optical photons. In 
the earlier experiment, two optical photons emitted 
in a cascade process in calcium impinged normally on 
a pair of polarizers the planes of which were parallel, 
and the correlation of polarization was measured by 
standard coincidence techniques. Clauser et al. claim, 
however, that this arrangement cannot provide a 
proper test of a crucial inequality in the hidden variable 
theory. They suggest that a decisive test would be 
to modify the Kocher-Commins experiment to include 
observations at two appropriate relative orientations 
of the polarizers, and also with first one and then 
the other polarizer removed. On the assumption of 
using practical calcite polarizers, they have worked 
out what they consider the critical inequality to be 
verified in such an experiment, and they give a descrip- 
tion of how this experiment should proceed. 

There is some doubt as to whether it is really possible 
to design an experiment to substantiate a hidden 
variable theory which lacks any clear formulation, but 
it may nevertheless be possible to design an experiment 
which does extract the essential information to place 
quantum mechanics in jeopardy (or to be its salvation). 
Clauser et al. believe that their version of the two 
photon experiment will provide this opportunity. 


REACTOR FUELS 


GOVERNMENT organizations and private industry in 
eight European countries have set up a company, 
Société de Fluoration de I’'Uranium (SFU), to exploit 
a new process in the nuclear fuel cycle. SFU will 
convert uranyl nitrate into uranium tetrafluoride by 
electrolytic reduction, followed by precipitation of UF, 
with hydrofluoric acid. More established methods of 
producing uranium tetrafluoride, that used by the 
UK Atomic Energy Authority at Windscale and Spring- 
fields for example, employ a three stage process which 
is obviously more costly, and the countries participat- 
ing in SFU are probably looking towards the market 
for enriched fuels which should be expanded when the 
advanced gas-cooled reactor comes into service. 

The company, set up on the initiative of Eurochemic 
(the European Company for the Chemical Processing 
of Irradiated Fuels), will operate at the Eurochemic 
reprocessing plant at Mol in Belgium. Eurochemie 
reprocesses fuel from reactors in thirteen European 
countries, separating plutonium and converting the 
depleted uranium to uranyl nitrate, which is then 
fabricated into uranium fuel elements. Enrichment of 
the uranium is carried out by recycling uranium hexa- 
fluoride in a gaseous diffusion plant. To produce the 
hexafluoride, uranyl nitrate must first be converted to 
uranium tetrafluoride. SFU” will therefore provide an 
important link in this chain. , 

The new company will have a capital of 9 million 
Belgian francs (£75,000), one-third being supplied by 
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the Ugine Kuhlmann Group in France, about one-fifth 
by each of Steinkohlen-Elektrizitat AG (STEAG) of 
Germany and Société Metallurgie Hoboken of Belgium. 
Companies in the Netherlands, Sweden, Norway and 
Denmark will supply under ten per cent each. The 
president of the Company will be Mr J. E. Leger of 
Ugine Kuhlmann, the secretary Mr de Roubaix 
(Metallurgie Hoboken) and the chairman of the man- 
agement board Dr Volcker (STEAG). Ugine Kuhlmann 
and the Société Industrielle des Minerals de l'Ouest 
(SIMO) jointly developed and patented the process. 

The UK Atomic Energy Authority may not be too 
alarmed by this news. The conversion of uranyl nitrate 
into uranium tetrafluoride is an important but small 
part of the reprocessing operation, and a drastic 
reduction in the cost of this process may not have 
much effect on the total cost of the operation. Further, 
reprocessing shows considerable economics of scale, 
and the Windscale plant is apparently much larger 
than the Eurochemic plant. It follows that, although 
the SFU plant will be able to handle all the uranium 
leaving the Mol reprocessor, the difference in scale 
may maintain the economic balance in favour of 
Windscale. It is also important that reprocessing 
capacity in the western world is considerably greater 
than the amount of fuel requiring reprocessing; 
although the advent of the fast breeder reactor may 
go some way to redress this balance, the immediate 
economics of fuel reprocessing do not seem very 
exciting. 


ELECTRICITY 


New Use for Old Tunnel 


A RAILWAY tunnel beneath the Pennines which is 
remembered as a major scandal of the Victorian era 
because of the loss of life involved in its construction 
is being used by the Central Electricity Generating 
Board for a section of the 400 kV supergrid. Until 
1954. the tunnel carried the Manchester to Sheftield 
railway under Bleaklow Moor between Woodhead and 
Dunford Bridge. Its use by the CEGB means that a 
length of overhead cable across Bleaklow Moor, part 
of the Peak National Park, can be dismantled. This 
will be left until after the winter, and in the meantime 
the three-mile length of overhead cable will be available 
for research purposes. The overhead cable and its 
supporting pylons were allowed by the Ministry of 
Power after a public inquiry in 1963 on condition that 
it would be a temporary measure until the tunnel link 
was completed. The pylons are particularly objection- 
able in this part of the national park because they 
run along the skyline. At a cost of £2°75 million, the 
project represents quite a saving for the CEGB— 
although a similar length of overhead cabling costs 
£250,000, it could easily have taken £4 million to place 
the cables in a trench across the inhospitable environ- 
ment of Bleaklow Moor. ° 

The tunnel being used by the CEGB is in fact one of 
a pair of single-line tunnels which became obsolete in 
1954 when the Manchester to Sheffield line was electri- 
fied and a third twin-track tunnel was opened. The 
old tunnels were becoming too expensive to maintain, 
and in anv case they would have needed extensive 
modification to accommodate the pantographs of 
electric trains. Despite the age of the tunnels—the 
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tunnel which carries the cables was finished in 1852 
and the parallel tunnel seven years earlier—the 
engineers of the CEGB were impressed by their good 
condition and the precision with which they were 
built. The maximum departure from linearity along 
the length of three miles twenty-two yards is only one 
foot, for example. But the tunnels were built at 
appalling cost. Thirty-two labourers died during the 
construction of the first tunnel—not only because of 
accidents and illness but also through riots among the 
work force—while twenty-five died from cholera alone 
during the construction of the second tunnel. 





Inside Woodhead tunnel today. 


The civil engineers of the CEGB found the construe- 
tion of the tunnel link had unexpected problems. 
Because the tunnel falls within the collecting area for 
one of Manchester's reservoirs they were not able to 
hose away the two-inch crust of soot which lined the 
tunnel and which would have found its way into the 
water supply. Instead, the soot was removed by jets 
of compressed air and carted away. They also had to 
consider the possibility of a cable failure releasing oil 
into the cooling water, so a closed circuit cooling 
system is used. 

At present the tunnel is carrying 2,000 MW, but there 

is room to double this by adding more cables. There 
are two cables each laid in a concrete trough through 
which water is flowing at 132 gallons per minute down 
the 1 in 200 gradient to the Woodhead portal, where 
it is pumped back to Dunford Bridge for cooling. The 
total loss in the tunnel when the two cables are on full 
load is 1-6 MW. 

Although the CEGB had to give in to the pressure of 
public feeling on this occasion, the construction of the 
supergrid across the national park was made easy by 
the existence of the obsolete tunvel. The only case 
of a tunnel being purpose-built for the grid is im 
Hampshire where the CEGB has dug a tunnel under 
Southampton Water. Considering the difficulties 
involved in laying cables in a trench across Bleaklow 
Moor it seems likely that if the railway tunnel had 
not existed the overhead cables would have become a 
permanent feature. 


TRAFFIC PLANNING 


Are London Roads Viable? 


Serious criticisms of the Greater London Council’s 
proposed network of motorways in London are made 
in a recent report by an independent working party 


NATURE VOL. 224 NOVEMBER 1 1969 


led by Mr Michael Thomson, a transport economist at 
the London School of Economics (Motorways in 
London, Duckworth: London, 50s). The team of ten 
specialists was asked last January by the London 
Amenity and Transport Association—an, organization 
representing many civic and amenity groups—-to 
appraise the council’s plans and to “make such assess- 
ment as is possible taking account of the wider trans- 
port implications and the effects on environment, 
housing, town planning and other relevant matters”. 
It is on these wider issues that the team largely takes 
issue with the GLC. 

The network proposed by the GLC consists broadly 
of four ring roads (the innermost being Ringway 1, 
formerly known as the Motorway Box) and twelve 
radial roads all of motorway standard or thereabouts. 
Understandably, the scheme has already led to howls 
of protest on the grounds of its expense, its disruption 
of housing and its effect on the character of life in 
London. The working party says that the GLC has 
considered London's transport problem only as a road 
building operation, and has consequently ignored the 
effects of more roads on public transport users, on the 
environment and on accidents. [t complains that the 
GLC has done no more than mention proposals for 
solving the transport problem by devices such as 
parking control, parking charges, traffic restrictions 
or road pricing; the staggering of shopping and work- 
ing hours; simultaneous improvements in the public 
transport system and facilities for pedestrians; and 
creation of environmental areas protected from traffic 
nuisance-—all factors that the team believes must 
accompany any programme for new roads. According 
to the team, the motorways will “generate a volume 
of traffic some 70 to 100 per cent greater than would 
otherwise materialize. The existing roads would in 
general be more congested than they are today, and 
the levels of traffic in most residential and shopping 
streets would be greatly increased; there would be 
widespread deterioration in the environment, higher 
fares and falling quality of service on the buses ‘and the 
underground, and a serious rise in road accidents”. 
Except for the minority of long-distance traffic, the 
team believes that the traffic “would not lead to large 
savings in overall time for motorists, especially in 
Inner London where the projected motorways appear 
to be out of balance with the secondary road pro- 
gramme’. 

When the motorw ays are built, the report says that 
about 1 million people could find themselves living 
within 200 yards of a motorway, and a quarter of these 
could be within 200 yards of Ringway 1. 

On the cost of the whole scheme, the team says that 
the GLC has under-estimated the cost of its programme 
for 1972-83, which it puts at £1,106 million; according 
to the report, this sum excludes expenditure on many 
additional works, and the final cost of the primary 
road network as envisaged by the GLC for the whole of 
London will instead be | more than £2,000 million, most 
of which would be sought from the Ministry of Transport. 
The report also says that the council has exaggerated 
the economic benefits of the network. Ringway 3 and 
some of the radial roads could give good value for 
money, but the inner roads, and particularly Ringway 
l, would give returns on capital less than the 10 per 
cent usually considered to be the minimum acceptable 
by the Ministry of Transport. 
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Parliament in Britain 


Nuclear Power 

Mr Antuoxny Wepawoop Benn, Minister of Tech- 
nology and Minister of Power, has now estimated the 
cost of the delays to the steam generating heavy water 

reactor at Winfrith and to the Dragon high temperature 
gas cooled reactor, first mentioned a few weeks ago in 
the report of the Atomic Energy Authority for 1968-69. 
The cost of rectifying the Winfrith plant, he said, was 
about £6,000, but the costs arising from the fuel failure 
could not easily be assessed and, in addition, the 
estimated loss in revenue amounted to about £20,000. 

He did, however, assure Mr Clifford Williams that the 
45 per cent load factor achieved at Winfrith is satis- 
factory. The cost of replacing a complete set of fuel 
elements in the Dragon reactor was about £60,000, 
but because this reactor is not being used to produce 
electricity, there was no loss in revenue. 

Mr Harold Lever, Paymaster General, also said that 
the prototype fast breeder reactor at Dounreay is 
expected to be completed at the end of 1972, and that a 
commercial fast reactor could be ordered to come into 
operation at the end of the 1970s. Mr G. Elfed Davies 
had drawn attention to the report of the Atomic 
Energy Authority which had mentioned delays at 
Dounreay, but Mr Lever said that these were caused 
by difficulties in welding the biological shield roof, 
and were not connected with the fast reactor system. 

Mr Lever also refused to give an undertaking that 
the government would withhold permission to build 
any more nuclear power stations until the advanced 
gas cooled reactor system had been operated long 
enough for its running costs to be determined. He 
said that the government is already satisfied that the 
AGR will generate base load electricity at lower cost 
than conventional stations and if permission were 
withheld for the construction of further AGRs this 
would delay both the reduction of electricity costs 
and the further development of nuclear power. 
(Written answers, October 17 and 20.) 


Sodium Fluoride 

A number of questions about the addition of sodium 
fluoride to drinking water provoked heated exchanges 
between Mr Richard Crossman, Secretary of State for 
Social Services, and some members of parliament. 
Mr J. Rankin asked why those who have no teeth 
should be made to drink fluoridated water, and Mr 
John Biggs Davison said that because conscientious 
objection to vaccination has been respected, is it right 
that individuals should be subjected unwillingly to 
this form of compulsory medication? Mr Crossman 
said that he strongly supports adjusting the level of 
fluoride in drinking water as a safe and effective w ay 
of reducing the incidence of dental decay. He said 
that he does not regard fluoridation of drinking water 
as medication because it would prevent hundreds of 
thousands of cases of dental decay, and that it is simply 
a case of adding a little more where water is deficient 
in fluoride to get the content exactly right. He 
hopes that local authorities will take action, “but it is 
disconcerting to see how a very small group can 
deliberately “spread misinformation and lies to deter 
an important social reform. ‘Mr Rankin said that he 
was not satisfied with Mr Crossman’s replies, and gave 
notice that he would raise the matter again at the 
earliest possible moment. (Oral answers, October 20.) 
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The EMBO Question Debatet om -u sp corresponden 


A discussion of the proposed European Molecular Biology Laboratory 


was held at the Royal Society on October 21. Although it was the 
intention of the organizers that the discussion should be private, 


the occasion has been widely talked of in the past few days. What 
follows is an account of some of the proceedings which has been 
pieced together from several sources. Nature apologizes to those 
among the participants who may be surprised to see their opinions 
appear in print—they have been widely talked of—and to its readers 
for being unable to provide a fuller account of what went on. 


BritIsH participation in the proposed laboratory of 
the European Molecular Biology Organization (EMBO) 
was discussed last week at a meeting of molecular 
biologists and others at the Royal Society. The purpose 
of the meeting was to assist the working party set up 
by the Council for Scientifie Policy to decide whether 
Britain, already a member of EMBO, should be com- 
mitted to supporting the EMBO laboratory, the annual 
running costs of which are expected to run to £700,000. 
The question at issue was whether such funds, if made 
available from the British science budget, should be 
devoted to expanding molecular biology in Britain or 
to supporting the EMBO laboratory. 

The background to the meeting was set out by Dr 
John Kendrew, Secretary-General of EMBO. The chief 
motives for founding the EMBO laboratory are that 
Europe has not kept pace with the United States and 
many molecular biologists have emigrated. The nature 
of the subject, which stretches across disciplines and 
nations, is such that it is best advanced by establishing 
large focal centres of research but only three such 
centres exist in Europe today. An international labora- 
tory would help in three ways; first, it would inject 
the molecular biological approach into European uni- 
versities both at the teaching and research levels; 
second, it could provide a natural meeting place for 
European. biologists (equivalent to Woods Hole and 
Cold Spring Harbor in the United States): and, third, 
it would provide services that are difficult to secure at 
a national level such as the large scale production of 
rare enzymes and specialized facilities. Although the 
argument for the laboratory rests chiefly on efficiency 
in research and training, political considerations of 
European harmony add considerable weight to the 
proposals. 

The scientific programme of the laboratory, Dr 
Kendrew said, is to be discussed anew in November, 
but it will certainly include work on cell differentiation 
and the central nervous system. An EMBO laboratory 
must certainly have a core of high grade research in 
frontier areas of the subject; there must also be groups 
working in better established fields to provide advanced 
teaching in the basic essentials of biology at the molecu- 
lar level. ‘Fhe EMBO laboratory “would make an 
important contribution to the development of European 
universities and research institutions, both by produ- 


cing a constant stream of trained research workers and 
by providing a iorum where established members of 
university staff could Interact with one another and 
bring up to date their own skills and interests. Such 
contributions have been an important reason for the 
success of CERN and there is every prospect that an 
EMBO laboratory could exert a similar influence”. 

Dr Kendrew estimated that the building costs would 
by £2-1 million (assuming that the site is donated by 
the host government) and the equipment costs also 
£2-1 million. With a staff of 567 persons (257 staff 
and visitors, 310 technicians and others) the annual 
running costs would be £3-5 million. 

Dr M. G. P. Stoker, a member of the working party 
on the EMBO laboratory set up by the Couneil for 
Scientific Policy, said that Britain’s expected share in 
supporting the laboratory would amount to £700,000 
of the annual running costs and £1-3 million of the 
capital expenditure for planning and building, spread 
over 8 years. The CSP working party has been study- 
ing an alternative to the EMBO laboratory, a federa- 
tion of two or three laboratories run by EMBO in 
different countries. These might contain up to 100 
scientists each and be closely linked with large univer- 
sities. Though a federation would be less economical 
than a single laboratory, it might prove more flexible 
and give better contact with subjects at present outside 
the scope of molecular biology. 

The chief arguments against British participation 
in the EMBO laboratory were presented by Professor 
Henry Harris (University of Oxford). Professor Harris 
made it clear that, although an erstwhile antipodean, 
he was as good a European as any particularly where 
scientific cooperation was concerned. Nonetheless he 
was opposed to the EMBO laboratory for three reasons. 
First, the research programme drawn up for the 
EMBO laboratory is highly unoriginal, consisting 
largely of research already being carried out in the 
United Kingdom and elsewhere. In all the proposed 
fields of study, Britain has leading workers, in many 
eases the leading workers, who are already producing 
successful results. It is unlikely that the proposed 
laboratory will attract a more distinguished galaxy of 
talent than already exists in Britain. (Speaking earlier, 
Dr Sydney Brenner (MRC Laboratory of Molecular 
Biology) had said that, although his own laboratory 
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already does much of what the EMBO laboratory 
would do, a European laboratory would be able to 
draw on a wider range of talent.) 

There are two speculative items in the proposed 
research programme, Professor Harris said, which he 
excepted from the general charge of unoriginality. 
These are the study of the nervous system and of the 
differentiation of higher cells. Neither of these is likely 
to be crowned with great success in an EMBO labora- 
tory. Some molecular biologists have recently turned 
to study of the nervous system, but Professor Harris 
could not say that the field of neurology had been 
transformed by their attention. It is not the want of 
facilities that impedes progress in these two fields, but 
the want of new ideas. In the differentiation of higher 
cells, some recent progress has been made—for example, 
in cloning and cell hybridization—but the workers in 
these fields would not dream of calling themselves 
molecular biologists. 

Even if an original research programme were to be 
formulated for the laboratory, Professor Harris could 
not see that a large international laboratory was 
necessary. Such institutions are needed only in fields 
such as nuclear physics, where the costs are too great 
for individual countries. But molecular biology is 
little science, not big science. With the possible 
exception of computers, there is no single item needed 
for a molecular biology laboratory that costs more 
than £40,000. Most of the items needed are now 
standard equipment in universities. As for the produc- 
tion of rare enzymes, cited as a facility which the 
EMBO laboratory could proffer, Britain is well served 
by the facilities already existing at the Microbiological 
Research Establishment at Porton. 

Dr Kendrew answered that Europeans tend to 
think more naturally (than Britons) in terms of coopera- 
tion with each other. It is true that since the 1930s 
Britain has been scientifically self-sufficient (except in 
regard to projects such as the CERN machine) as far as 
other European countries are concerned. Archaic uni- 
versity systems in Europe and the brain drain have 
helped to make European science dominated by the 
United States; nonetheless, standards in France and 
Germany have been rising so rapidly that within 
another generation Britain may no longer be self- 
sufficient and would then stand to gain rather more 
from European cooperation. 

The strength of CERN, apart from the big machine, 
is that it has acted as a centre and meeting ground for 
senior scientists from European institutions. Unlike 
the nuclear physicists, molecular biologists in Europe 
have no meeting place equivalent to Woods Hole or 
Cold Spring Harbor; it is this that an EMBO laboratory 
would provide. 

The research programme to which Professor Harris 
referred, Dr Kendrew said, had been drawn up in 1966; 
a new programme is to be devised this winter. In any 
case, an advantage of the laboratory would be that it is 
easier to update ‘the research programme of a labora- 
tory that is not tied to any university syllabus. 

Professor H. L. Kornberg (Leicester University) 
described the laboratory project as chimaera, a glitter- 
ing idealistic concept to which he was asked to subscribe 
without knowing its cost or its purpose. He himself 
was innocent of this passion for real estate. The Max 
Planck Institutes in Germany and the CNRS in France 
are similar foundations to the proposed EMBO labora- 
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tory; what more or different could the EMBO labora- 
tory do? People go to Woods Hole and Cold Spring 
Harbor because they are educational meeting places. 
Is it necessary to build a large laboratory “for this 
purpose ? 

Professor Kornberg said he was disarmed by the 
fact that the EMBO Shorey had prepared no 
scientific programme to talk dbout. As for Dr Ken- 
drew’s belief that the research programme at the 
EMBO laboratory would be easy to update, he 
suspected that arteries might harden in a large insti- 
tution and EMBO would soon lose its fle xibility. 
The way to foster molecular biology in Europe is 
to bring about a close association between institu- 
tions and universities. Instead of creatmg more 
elitist groups, the elitist groups should be joined to 
leaven the existing groups. The laboratory project 
is the thin end of a white elephant, Professor Kornberg 
said. 

The general tone of the discussion that followed the 
main speeches was one of hostility to the proposed 
laboratory. For instance, Sir Harold Himsworth, the 
previous secretary of the Medical Research Council, 
said that the laboratory would be a disaster for 
molecular biology because it would funnel the subject 
into terms of reference that were too narrow; more- 
over, the laboratory would be too large, exceeding in 
membership the MRC Laboratory of Molecular Biology 
at Cambridge which Sir Harold regarded as the largest 
desirable size. 

Supporters of the EMBO laboratory included Dr 


Mark Bretscher (MRC Laboratory of Molecular 
Biology), who lamented that, although molecular 


biology had been born in Cambridge and Paris and a 
bit in California, all the most serious work was now 
being done in the United States, crystallography 
excepted. The reason, he suspected, was that the 
structure of universities in Europe is too inflexible; 
this and the shortage of good people in Europe were 
cogent reasons for setting up an international labora- 
tory, not tied to a university system. 

Professor M. R. Pollock (University of Edinburgh) 
said he felt too much emphasis had been placed, both 
by the opponents and proponents of the laborator y, 
on the grandiose research projects which the laboratory 
was expected to undertake. Certainly the laboratory 
must have something to offer that Britain could not 
produce alone; but the part the proposed EMBO 
laboratory has to play lies not in big research projects 
but in teaching and in infiltrating molecular biology 
into other disciplines. To do this the laboratory needs 
to be neither large nor international. The two ways in 
which it could help are, first, in being a centre for the 
organization of postgraduate summer schools and tech- 
nical courses and, second, in providing a meeting ground 
where teams of workers could get together for a joint 
project. Both these facilities are extremely hard to set 
up on a sufficient scale even in a large department. If 
the grandiose research projects were whittled back, 
the EMBO laboratory could pertorm a uniquely useful 
function without being large or expensive. 

Also among the supporters of the project was Sir 
Bernard Katz (University College, London), who felt 
that the molecular biologists*were being used by the 
Seen in a design to secure another foothold in 
Europe; Sir Bernard, however, believed that his col- 
leagues should allow themselves to be used in this way. 
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NORTH AMERICA 


Cold Winter Ahead 


Nopoby is cheerful about the prospects for publicly 
supported science in the year ahead, and the discovery 
that the National Institutes of Health have for the 
past twenty years or so maintained a private blacklist 
of people who are never invited to belong to review 
committees has only helped to make it seem that the 
fifties are back again. It is a fine piece of irony that 
Professor S. Luria of MIT should have been discovered 
on the blacklist only a few davs after the President had 
sent him a fulsome telegram to celebrate his Nobel 
Prize (see page 399). In the long run, however, it 
matters more that there is still no prospect that public 
spending on university research will climb off the 
plateau to which it has been bound since 1966. 

As always, the National Science Foundation’s 
budget is the litmus paper for judging everything else, 
and one sign of the way the wind is blowing is that the 
emasculated budget for the current financial year has 
not yet emerged from Congress. (The chances are that 
the Senate will be a little more generous than the 
House of Representatives, and that the foundation 
will have a little more than $413 million to spend up to 
the end of June next year, but this is still a long way 
below the $500 million at which the Administration 
seemed to be aiming at the beginning of this year.) 
Already, however, it is clear that the fight for money for 
the year which begins in July, 1970, is going to be 
just as hard. This is the stage at which the Adminis- 
tration makes its first internal estimates of what it can 
reasonably expect to carry through Congress with the 
new budget in February next vear, and there seems to 
be very little optimism about the way that things will 
go. The reluctance of the congressional committees to 
sanction even the modest sums now nearly agrecd for 
the NSF has cast a long shadow over the coming year. 
For several reasons, Congress has fallen out of love 
with the universities. Perhaps the best that could 
happen now is a long period of calm and quiet at the 
university campuses, and it should help that the 
Moratorium passed off quietly a week ago. 


In Washington, however, the problem remains of 


how best to map a strategy for the vears ahead. The 
signs that tended to suggest, a year ago, that there 
would be some change in the present pattern of finan- 
cing research and development have wilted away again. 
The report of the National Science Board which, in 
January this year, proposed a scheme under which 
university research would be supported by a delicate 
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network of institutional grants seems to have become 
a dead letter. Hindsight suggests that it could hardly 
have been more inappropriately timed—too early in 
the new Administration to escape the odium of the 
past. The Miller Bill, which would distribute a total 
of $400 million among universities in a way that would 
increase the funds available to less successful colleges, 
is still alive, if only just. Mr E. Daddario has been 
saying that he will take the Bill to Congress in Novem- 
ber—it already has the approval of the House Com- 
mittee on Science and Astronautics—but that seems 
merely a recipe for strangulation. Certainly there is 
no sign that the Administration will support the 
measure—the sponsors of the Bill have found it 
necessary to increase the scale of their activities so as 
to win the support of interested parties, with the result 
that the Administration is unlikely ever to sign the 
cheque. But the prospects of a shift of pattern are 
made still more remote by the appointment of yet 
another committee to inquire into the pattern of 
higher education, the task force under Mr R. Finch, 


the new and enlightened secretary at Health, Education 
and Welfare. Something good may come of this, but 


time will first march on. 

That there should be some shift in the distribution 
of influence on research and development between the 
several agencies In Washington does, however, seem 
to be more widely accepted now than even a year ago. 
The case for making the National Science Foundation 
stronger, even at the expense of mission-oriented 
agencies, has growing support. The reason is not far 
to seek. In the past vear, both the Department of 
Defense and the National Aeronautics and Space 
Administration have been forced by external restraints 
to be less lavish with what they can spend on basic 
research, with the result that the impact of the penury 
at the NSF on the universities has been magnified. 
When everything is booming, both the sponsors of 
the agencies and those who look for research money 
are tempted by the benefits of a diversity of sources for 
university support but this has. always been a fair- 
weather recipe. It has also had the defect that some 
kinds of research are harder to support than others. 
It is thus an unpleasant irony that expenditure on high 
energy physics in the United States, channelled through 
the Atomic Energy Commission, should stil] be buoyant 
when the radio astronomers are erying to the NSF 
for better support. Im short, the proper coordination 
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of a research pattern which is made up of the inclina- 
tions of several agencies, and which in Washington 
must be the responsibility of the Office of Science and 
Technology, is bound to be imperfect. Much depends 
on the historical accident of whether the President 
is in the mood to listen to his science adviser. The 
democratic processes with which, within the NSF or 
the National Institutes of Health, the scientific com- 
munity shares out the funds available apply to small 
decisions but not to big ones. 

What is the solution? There is no reason why 
Congress should not consider seriously proposals to 
transfer from other agencies to the NSF and NIH 
responsibility for certain kinds of basic research. To 
be sure, this will fly in the face of what has become 
the American equivalent of the British Haldane doc- 
trine—the belief that agencies of government with 
missions to accomplish can only do their job effectively 
if they are able to support the basic research on which 
their future will depend. As a general principle, this 
sounds well, but is there really a “good reason why the 
Department. of Defense, with this rubric to guide it, 
should be providing direct institutional support for 
universities under the label of Project Themis? By 
the same test, is it proper, let alone wise, that NASA 
should be the chief source of funds for the kind of basic 
research that has in the past ten years demonstrated 
the intricacy of the relationship between the Sun and 
the Earth ? Is it sensible that support for oceanography 
should come from a host of agencies, ranging from the 
US Navy tothe NSF? The advantages of a more tidy 
pattern would be not merely that the strategy would 
be better coordinated but that the quality of the work 
supported would often be improved. To be sure, it 
would make no sense to ask that the NSF should 
promptly become the custodian of all the basic research 
at present supported by other agencies. Obviously 
it would be better that obligations already undertaken 
should stay with the agencies concerned. But there 
is the strongest possible case for asking that new 
spending on basic research, even at the instance of a 
mission oriented agency, should be channelled through 
the NSF. 

But will not this incur the opposition of the powerful 
comunittees of Congress ? Certainly it is hard to think 
that the Joint Committee on Atomic Energy would 
willingly give up its long association with the support 
for high energy physics. Moreover, the AEC has 
proved to be an efficient and liberal protector of this 
cause. But is there any reason why these links should 
not be preserved if high energy physics became a 
pensioner of the NSF? The Congressional committees 
and the agencies at present responsible for large slices 
of basic research like this could surely continue to 
have a say in the long-term planning of these projects 
without being involved in providing money for them. 
Indeed, they would under such a system usually find 
that detailed questions about the rightness or wrong- 
ness of particular proposals would be answered a 
advance by the internal processes of assessment for 
which the research agencies have won confidence in the 
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past few years. It follows that in what seems almost 
certain to be a prolonged period without growth in the 
scientific budget, Dr L. DuBridge’s most useful role 
would be not so much that of a cheerleader on behalf 
of the principle that all research is worthwhile as that 
of a tactician concerned to create the mechanism for 
support that will function best when times are more 
favourable for spending. 


SATELLITE ASTRONOMY 


Orbiting 120-inch Urged 


from our Astronomy Correspondent 


THE Space Science Board of the National Academy of 
Sciences and the National Research Council has come 
out strongly if belatedly for a 120-inch optical telescope 
in Earth orbit in its latest report, Scientific Uses of the 
Large Space Telescope, published last week. The report 
is the work of an ad hoe committee set up as a continua- 
tion of the board’s working group on optical astronomy, 

which put forward the case for a 120-inch space tele. 

scope in a 1965 study of priorities in space research 
(Space Research, Directions for the Future, National 
Academy of Sciences; 1966). Since then, the committee 
has organized three meetings during 1966 and 1967 
devoted to astronomical questions which would benefit 
from the telescope, and the present report is a distilla- 
tion of what was said. Although the last of the meetings 
was in March 1967, no oxplanation i is given for the delay 
in publication. One likely possibility is that the 
Space Science Board has been pr ompted to broadcast 
the committee’s recommendations now to coincide 
with the discussions going on in the United States on 
the future of the space programme. Only two months 
ago the board staked a powerful claim on behalf of 
the scientific community for greater participation in 
the space programme with the report The Outer Solar 
System, a Program for Exploration (see Nature, 228, 
661; 1969). 

The 120-inch telescope which the board would like 
to see would be able to observe objects down to visual 
magnitude 29, a hundred times fainter than anything 
which can be seen from the ground, producing images 
less than 0-1 seconds of arc in diameter compared with 
about 0-5 seconds of are for the 200-inch telescope on 
Palomar Mountain. By choosing the right kind of 
coating for the mirror, it ought to be possible to 
operate at wavelengths from 900 A to about 1 mm, 
while from the Earth anything between 10,000 A 
and 1 mm, and less than 3000 A, is inaccessible. To 
obtain the maximum benefit from the resolution of the 
telescope, it will have to be held steady during exposures 
to better than 0-004 seconds of arc, but, ac cording to 
the report, experience with balloon-borne tele escopes 
suggests that this ought to be feasible. 

The bulk of the report is devoted to a discussion of 
the areas in astronomy where such a telescope would 
be most useful. The authors are particularly taken 

with the impact which the telescope would have on 
cosmology. For example, detailed studies of the 
structure of galaxies which the high resolution would 
make possible should throw light on the way galaxies 
evolve, And the observation of reall y distant galaxies 
should provide values for the scale and curvature of 
the universe. 
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The report emphasizes that a range of supporting 
facilities would be needed to get the best out of the 
space telescope. Smaller orbitmg instruments with 
mirrors between 30 and 60 inches, as well as rocket- 
borne telescopes, would not only make good test-beds 
before the 120-inch telescope is launched, but would 
also carry out programmes where the full 120 inches is 
not necessary. Like astronomers everywhere, the 
authors of the report cannot help asking for more 
ground-based instruments, which they say are neces- 
sary if time on the space telescope is not to be wasted 
on research which could equally well be done from the 
ground if only the telescopes were available. It seems, 
for example, that if the 120-inch telescope were orbiting 


course, by the time the orbiting telescope could be 
launched—and four vears ago the date was put at 
1979, based on an immediate start—-the situation in 
the southern hemisphere will be much improved. 

The report makes the orbiting telescope seem a 
suitable project for US space funds, because it combines 
a fair amount of scientific merit with the necessity for 
some prestigious manned space flight. There are three 
reasons why an astronaut would be necessary: to 
check the telescope once it has been launched, to carry 
out repairs and to modify the system as the pro- 
gramme progresses. Otherwise there is no reason for 
permanent manning and the telescope could be con- 
trolled from the ground. 


COMMUNICATIONS 


Satellite Manoeuvres 


SoME action is to be expected on the dusty question 
of a domestic communications satellite system in the 
United States. For several years, the Federal Com- 
munications Commission has been labouring to decide 
which organization under what circumstances would 
be allowed to have the profitable licence to operate 
such a system. Two Presidents have stayed the 
commission’s hand, apparently realizing the size of the 
empire at stake. Now the last delaying tactic seems 
to be ending; Mr Nixon’s own communications study 
group has been looking at the proposals framed by the 
various hopefuls for several months, and with Canada 
far ahead of the United States in the eminently sensible 
plan to link far-flung regions by satellite, Americans 
feel the pressure of competition from the north. 
Somebody is going to get the American licence soon. 

This is why the recent moves by the Columbia 
Broadcasting System and the American Telephone and 
Telegraph Company should not be taken at face value. 
CBS, the largest American television network, has 
proposed that it and the other two networks combine 
and put up their own satellites so as to transmit their 
own programmes. In thts way, the networks would 
between, them save the $45 million a year they now 
pay AT&T to transmit television programmes over 
its land lines—not to mention the $20 million more 
they would be paying if the AT&T is allowed to raise 
its rates, as it wants to do. 

If the past’ were any guide, AT&T should have 
ereeted this proposal with horror, reminding all con- 
cerned of its own plan, on the FCC’s desk, to incor- 
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porate a domestic satellite system into the national 
communications network which it already offers most 
of the United States. Instead, the big telephone com- 
pany had put out a disarming statement to say that 
wise public policy might be to permit any organization 
to apply for a satellite licence. AT&T did not claim 
any monopoly for itself. 

Both manoeuvres play into the hands of Comsat, 
the half-public, half-commercial corporation that runs 
American interests in the international communica- 
tions satellite network. Comsat has been begging the 
FCC for years to be allowed to put up a domestic 
network, at least on a demonstration basis. But every 
time the FCC has seemed on the verge of giving per- 
mission, another applicant has intervened. AT&T has, 
so far, been a strong opponent of Comsat (even though 
it is also the largest shareholder) out of obvious fear of 
the day when much of its transcontinental business 
would be shunted to the newer corporation, with its 
equipment in the sky. But AT&T, like many others, 
is now wiser about communications economics than it 
was a few years ago. Satellites are certain to be a 
headache and AT&T is having a hard enough time 
meeting the growing demand for telephones and for 
the transmission of computer data to fight very hard 
for an entirely new business. And both AT&T and the 
television networks seem to agree that it will be better 
if Comsat runs an American satellite system than some 
total outsider. 

Who would be left out? The Ford Foundation, for 
example, or the General Electric Company ? GE has 
put forth a plan which would devote a national satellite 
network entirely to the transmission of computer data 
and business mail. There is no point, GE’s engineers 
argue, putting up satellites and receiving stations only 
to save 20 or 30 per cent of the cost of transmitting 
messages over the ground. Satellites must offer really 
big reductions—something like 90 per cent—-and the 
way to do this is to let them offer radical new services: 
instantaneous delivery of business mail (defined as 
that which does not require a personal handwritten 
signature) to offices by teleprinter, for example. That 
is the kind of use of satellite which could shatter the 
whole rigid structure of American communications, 
and one that presumably the television networks and 
AT&T hope to avoid. 

The same could be said of the Ford Foundation’s 
plan, put out several years ago, to have a national 
satellite network publicly owned, with the fees charged 
to the commercial television companies being used to 
provide free transmission for a national educational 
television service. (Both Comsat and CBS now have 
incorporated similar philanthropic offers in their 
satellite plans. Although these would give non-com- 
mercial television a free ride, they would not allow its 
governors much voice in the running of the system.) 

The latest manoeuvres by CBS and AT&T, therefore, 
strengthen Comsat’s bid and rule out the possibility 
that any further novelties will be suggested for an 
American domestic satellite system. It is probably 
just as well—so long as the FCC lets Comsat have a go 
on a purely temporary basis. Action has been post- 
poned ridiculously long. Places like Alaska, with little 
in the way of land-lme communication, need satellites. 
It is positively un-American to leave a new technology 
mouldering on the shelf while musing about the many 
possible uses to which it might be put. 
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NEWS AND VIEWS 


How Real are Gravitational Waves? 


Ix June this vear, there was great excitement at the 
report in Physical Review Letters (22, 1320; 1969) that 
Professor J. Weber had finally succeeded in the detec- 
tion of gravitational waves (see Nature, 222, 1117; 
1969). For one thing, people were delighted that 
Professor Weber’s long-standing devotion to the cause 
of gravitational waves had finally been rewarded. It 
was also pleasurable to be able to admire the elegance 
of his experimental design—two groups of detectors 
separated by the distance of 1,000 km between the 
Argonne National Laboratory and the University of 
Maryland in the hope of eliminating spurious co- 
incidences caused by local disturbances. Finally, it 
was understandable that outsiders should have been 
enormously excited by what seemed to be the demon- 
stration of the reality of gravitational waves, well on 
the way to being the Holy Grail of General Relativity. 
With the feasibility of detection apparently assured, 
it was possible to think of the experiments which 
might be carried out to turn this new development to 
good account. The cosmologists were understandably 
poised on the edges of their armchairs, devising schemes 
for the detection of gravitational waves from pulsars 
and other such phenomena. 

This is why it is a pity that enthusiasm is now abat- 
ing. A part of the trouble is that there has not vet 
been confirmation of the original result. It is true that 
equipment like that installed at the Argonne Labora- 
tory and the University of Maryland does not lie about 
like scrap iron, but there have presumably been further 
measurements since the last week in March this year, 
when the original series of observations was carried 
out. There is no doubt that the technique which must 
be used for the detection of gravitational waves is 
exceedingly exacting. The detecting instruments con- 
sist of massive cylinders of metal tuned so as to have 
a natural frequency of vibration at ahout 1,660 Hz. 
The immediate task is to tell when the cylinders, 
carefully isolated from adventitious sources of disturb- 
ance, are set in vibration, which can be accomplished 
by piezoelectric instruments of various kinds. The 
next step is to send a continuous record of the condition 
of the Argonne cylinders by radio for comparison with 
the records at the University of Maryland. In June, 
it seemed as if there had been seventeen occasions 
during a period of 81 days on which the cylinders at 
the two sites were oscillating in unison, and the 


estimates that were made of the length of time for 
which it would be necessary to wait for these co- 
incidences to arise by chance were almost staggering 
by their size. On March 20, 1969, three sets of detectors 
on two occasions separated from each other by two 
and a half minutes. At the time, the frequency of 
such a happening was estimated to be once m 70 
million years, convincing enough, it may be thought. 

But is the interpretation as straightforward as it 
seems? These multiple correlations are not by them- 
selves compelling tests of the reality of the coincidences. 
Because local disturbances may set groups of cylinders 
in motion, it is only coincidence at a distance that 
really matters. Unhappily, there is good reason to 
wonder whether these coincidences are as remarkable 
as they seemed to be at first. It is possible to work ont 
from the figures which have been provided an estimate 
of the frequency of occurrence of coimcidences like 
those recorded in the 81 days for which the observations 
were continued. The chance that purely random pro- 
cesses can account for what seems to be the most 
remarkable coincidence, that of January | this year, 
seems to work out at about one in 250. The other 
coincidences are most easily accounted for by chance— 
what seems to have been the weakest of the coincidences 
could have been expected to occur roughly thirty 
times in the course of 81 days, and may have stood 
out from the ruck only because it followed half a 
minute after a more pronounced event. 

The difficulty, of course, is that it is exceedingly 
difficult to know just what weight to give to these 
coincidences without knowing more about the sustained 
pattern of noise in the experimental apparatus. In 
the long run, it will be interesting to see what can be 
winnowed away from the seventeen comcidences which 
new experimental science. There is no doubt, of 
course, that the experiment has been entirely worth- 
while, and that it has won’ unalloyed admiration for 
elegance and ingenuity. People must necessarily look 
to the University of Maryland for such confirmation 
as may be forthcoming, at least for the time being. If 
the experimenters feel people breathing down their 
necks in the weeks ahead, that is a measure of the 
importance which is attached to the new ground they 
are breaking. 


412 ‘ 


NATURE VOL. 224 NOVEMBER i 1969 


Is DNA Polymerase for Repair or Replication 


To molecular biologists Kornberg is more or less a 
synonym for the DNA polymerase from Æ. coli which 
in the test-tube catalyses the polymerization of deoxy- 
nucleotide triphosphateseinto DNA—in other words, 
which replicates DNA in vitro. And as Goulian, Korn- 
berg and Sinsheimer showed in an epic experiment, 
which drew applause even from ex-President Johnson, 
bacteriophage DNA made in vitro by the Kornberg 


enzyme supplemented with DNA ligase is fully infec- 
tious. DNA polymerase is not, however, just a DNA 


polymerizing machine; it has been known for several 
years that the enzyme can work in the reverse direc- 
tion, as an exonuclease, degrading DNA by removing 
single nucleotides one by one from one end of each 
chain in a DNA double helix. And that apparently is 
not the limit to the versatility of the enzyme. On 
page 495 of this issue of Nature, Kelly, Atkinson, 
Huberman and Kornberg report that DNA polymerase 
can sometimes degrade DNA in another way. Instead 
of clipping single nucleotides from the end of a DNA 
chain it can, in some circumstances, excise short 
oligonucleotide runs of up to at least eight nucleo- 
tides.. 

This newly discovered property strongly suggests 
that, in the cell, the Kornberg DNA polymerase is 
involved in DNA repair mechanisms which enable a 
cell to excise mismatched regions in a DNA molecule 
and replace them with new segments with the correct 
sequence for Watson-Crick base pairing. Indeed, it is 
still very much an open question whether DNA repair 
and not DNA replication is the chief or possibly even 
the sole function of the Kornberg polymerase. Undeni- 
ably the enzyme has the capacity to replicate DNA, but 
that does not prove that replication is its function in this 
cell, 

DNA molecules have a chemical polarity arismg 
from the directional properties of the sugar-phosphate- 
sugar bonds whieh join the nucleotide subunits to- 
gether and give the molecule its backbone. As a 
result, the two ends of a linear single DNA chain are 
chemically distinct and labelled as 5° and 3’. In a 
double stranded DNA, the 5’ end of one chain forms a 
base pair with the 3’ end of its partner, so that the two 
chains are anti-parallel or run in opposite directions. 
DNA polymerase is specifically a 5° terminus enzyme. 
It will only synthesize DNA in the direction from 5° to 
3’, and the topological problems that result from this 
specificity when it comes to replicating a DNA duplex 
have led some people to doubt whether the Kornberg 
polymerase is responsible for DNA replication in vivo. 
Moreover, when acting ag an potas the enzyme will 
only degrade DNA in the same 5’ to 3’ direction, start- 
ing by removing the 5’ terminal nucleotide and proceed- 
ing one nucleotide at a time towards the other end. 

In theory, degradationtot DNA by DNA polymerase 
should clearly produce only the four species of mono- 
nucleotides. In practice, however, Kornberg’s group 
find that the degradation products include dinucleo- 


tides, trinucleotides and oligonucleotides as well as 
mononucleotides. The enzyme must therefore be 
capable of leap-frogging one or more bases at the 5’ end 
of a chain and then cutting into a DNA chain internally 
to yield oligonucleotides instead of mononucleotides. 
Even though the polymerase chiefly acts as an exonuc- 
lease removing the ends of a DNA chain, it can some- 
times behave as an endonuclease attacking a DNA 
chain internally. 

Kornberg and his colleagues suspected that this 
endonucleolytic attack occurs when the base sequences 
at the ends of the two chains of a double helix are mis- 
matched and not held together by Watson-—Crick base 
pairs. To prove the point, they presented the enzyme 
with a synthetic DNA with precisely this feature. The 
DNA had one chain made only of deoxyadenine 
nucleotides while the complementary strand was made 
of deoxythymidine residues with a run of four deoxy- 
eytidines at its 5 terminus. The two chains were 
linked by hydrogen bonds between complementary 
adenylate and thymidylate residues, but at one end 
there was no base pairing because adenine does not 
base pair with cytidine. 

If DNA polymerase acts as an endonuclease when the 
5’ end of the chain which is being degraded is not 
linked by a base pair with its complementary strand, 
the degradation products of this synthetic DNA should 
include an oligonucleotide comprising the run of four 
cytidylate residues with one or more adenylate residues. 
The enzyme should leapfrog the first four bases and 
attack the chain at the first Watson—Crick base pair it 
encounters, As Kelly ef al. report on page 495, this is 
precisely the result which had been obtained. The 
experiment was then repeated, using a natural DNA 

that had been irradiated with ultraviolet light which is 

known to induce the formation of regions of mismatch 
in DNA. Sure enough, DNA polymerase can excise the 
regions of mismatch as short oligonucleotides rather 
than single nucleotides. 

The great versatility of the Kornberg DNA poly- 
merase is, needless to say, of more than passing interest 
to the enzyme chemist. But apart from that, the 
discovery that the enzyme can act as a subterminal 
endonuclease suggests that current models of DNA 
repair, the mechanism whereby regions of mismatch are 
eliminated from DNA, are unnecessarily complicated. 
Four enzymes are usually supposed to be necessary for 
DNA repair. The first enzyme can recognize the region 
of mismatch, presumably because it loops out from the 
double helix, and ent the mismatched chain on one side 
of the loop. The second and putative enzyme is then 
supposed to excise the damaged region, which projects 
from the molecule because it cannot hydrogen bond 
with the complementary strand. The third enzyme, 
DNA polymerase, then polymerizes a new piece of DNA 
with the correct sequence, and finally DNA ligase 
covalently bonds this new DNA to the rest of the chain. 

The latest work of Kornberg’s group eliminates the 
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need for the second enzyme in this sequence; DNA 
polymerase in its endonuclease capacity could do its 
job as well as synthesize the new segment of DNA. 
Once the first enzyme had located the mismatch and 
cut the chain on the 5’ side, DNA polymerase could 
polymerize the correct nucleotides, adding them on to 
the newly exposed end working in the 5’ to 3’ direction. 
When the polymerase reached the first Watson—Crick 
base pair of the original double helix—in other words, 
when it has filled the mismatched gap—it could excise 
the original segment of mismatched DNA. After that, 
DNA ligase could sooner or later displace DNA poly- 
merase and covalently bond the last of the newly 
added nucleotide to the remainder of the chain and 
complete repair. 


RADIO BACKGROUND 


Astronomy in Earth Orbit 


from our.Astronomy Correspondent 


REsULTs are beginning to appear from the first satellite 
designed with radio astronomy in mind—Radio 
Astronomy Explorer I launched on US Independence 
Day last year. The advantage of satellite radio 
astronomy is, of course, that signals can be picked 
up in space which would never penetrate the Earth’s 
ionosphere. Roughly speaking, anything below about 
10 MHz cannot reach the ground, and ground-based 
observations at frequencies up to several tens of MHz 
are likely to suffer from interference reflected by the 
ionosphere. RAE-I orbits at 5,850 km, well above the 
ionosphere, and its receivers are tuned to nine different 
frequencies between 9-2 MHz and 450 kHz. To pick 
up signals it has three aerials—two V-shaped aerials 
with the open end of one V pointing radially outwards 
and the other V pointed at the Earth, so that the two 
aerials form an X with the body of the spacecraft at 
the centre, and a dipole aerial which is always at a 
tangent to the orbit. The aerials are not small, Each 
limb of the two V aerials is 229 m long, and the dipole 
is 37 m, 

Only results from the dipole are used in a paper 
from the Goddard Space Flight Center which describes 
the cosmic radio background between 0-4 and 6-5 MHz 
(J. K. Alexander et al., Astrophys. J. Lett., 157, L163: 
1969). The authors have found that the spectrum 
peaks at about 3 MHz, and this is interpreted in terms 
of absorption by ionized hydrogen in the Galaxy. 
Their data refer to the northern part of the orbit, 
which has an inclination of 59°, when the dipole is 
receiving signals from near the galactic north pole. 
This part of the sky is not prominent at higher fre- 
quencies, and it seems to have been chosen because in 
the northern part of the orbit the electron density in 
the vicinity of the satellite is lowest, which means 
that the data here are most reliable. Alexander et al. 
say that the errors in their intensity measurements are 
about +18 per cent. 

Because of the way the spectrum falls off, especially 
below 1 MHz, Alexander et al. think that an absorbing 
screen between the Earth and the sources of radiation 
cannot be responsible. Rather it seems that the 
sources must be immersed in the ionized hydrogen 
absorber. In particular, the results can be inter- 
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preted in terms of two sources of radio background- 
one is the galactice plane and the second, weaker, 
component is isotropic. Below 1 MHz the isotropic 
component is negligible because of absorption. The 
picture of the interstellar gas which has been deduced 
in the past few months from pulsar observations is 
apparently consistent with the RAE-I data. People 
will be looking forward to premised analyses for other 
parts of the sky, and to the low frequency maps which 
the more directional V aerials will produce. 


PLATE TECTONICS, 


Support from Lead Analysis 


from our Geomagnetism Correspondent 
Newton has demonstrated (Nature, 224, 314; 1969) 
that the interdisciplinary approach to geophysics is 
most important. Geochemical and petrological evid- 
ence, In particular, has played an increasing part in 
recent geophysical theory-—-even in areas, such as 
geomagnetism, where it might be least expected. 
Geologists, of course, have long recognized the useful- 
ness of geochemical and petrological indicators, just as 
geophysicists are beginning to appreciate this sort of 
evidence in connexion with their tectonic theories. 

A good recent example is the support that lead 
isotope analysis has given to the theory of plate 
tectonics—in particular, the underthrusting of the 
Pacific Ocean rigid plate beneath the Japanese island 
arc. Kuno (J. Petrol..1, 121; 1960; and other refs.) 
recognized that the volcanic rocks of the Japanese 
islands comprise three distinct petrographic provinces. 
The Pacific side of the islands is a tholeiitic province, 
the Japan Sea side is an alkalic province, and there is 
a high-alumina basalt province between the two. 
Kuno’s explanation of this distribution was based on 
the gradual change from oceanic mantle to continental 
mantle in the east-west direction beneath Japan. 
Specifically, he concluded that the different magmas 
were derived from different depths—tholeiitic magma 
from the upper 150 km, high-alumina basalt from 
150 km to 200 km and alkalic magma from below 
200 km. 

Tatsumoto (Earth Planet. Sci. Lett., 6, 369: | 969) 
now offers a rather different explanation, based on an 
east-west survey of the isotopic composition of the 
Japanese volcanics. What he finds is that the propor- 
tion of radiogenic lead decreases along an east-west 
traverse while the ratios of 8U to Pp and 22Th to 
“Pb increase in the same direction. The radiogenic 
lead data alone could be taken to support Kuno’s 
hypothesis. If, when the mantle differentiated, a 
vertical zonation resulted such that uranium was 
concentrated relative to lead in the upper parts of the 
mantle, the trend of the surface radiogenic lead could 
indicate that alkali basalt is derived from deeper than 
the tholeiite. But the variation of the ratio of 2U to 
#0 Pb does not correspond tothe radiogenic lead trend 
—the ratio is too low to support the proportion of 
radiogenic lead in tholeiite and too high to support it 
in alkali basalt. There are several possible explana- 
tions for this discrepancy, all, based on the preferential 
extraction of various elements at various depths: but 
it is difficult to decide between them’ Tatsumoto, 
however, points out that Japanese tholeiite contains 
significantly more lead than abyssal tholeiite, which 
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shifts the balance in favour of a mechanism whereby 
lead is supplied from some outside source. 

He suggests that the external source of lead is oceanic 
sediment. Japanese tholeiite contains three times 
more lead than abyssal tholeiite; oceanic sediment 
contains more than a hundred times as much. A few 
per cent of oceanic sediment mixed with abyssal 
tholeiite would thus be snfficient to simulate Japanese 
tholeiite and would, furthermore, produce the correct 
proportions of uranium, thorium, sodium, potasstum 
and other elements. This is where the tectonics comes 
in. As the oceanic lithosphere with sediment cover 
sinks below the Japanese island arp, partial melting 
could cause some of it to enter the tholetitic basalt 
magma, thereby increasing its content of lead. As 
thrusting gets deeper in the eastward direction, the 
amount of partial melting of the underthrust plate 
near the operative magma reservoir would decrease 
and with it the quantity of lead entering the magma. 
The east-west variation of isotopic composition would 
be a consequence of different mixing ratios of the thrust 
lithosphere and the original upper mantle material 
beneath the island arc. This explanation is not unique, 
but is compatible with the underthrusting of the Pacific 
plete. Conversely, the underthrusting theory may be 
regarded as the factor which preferentially favours 
Tatsumoto’s hypothesis at the expense of many other 
possibilities. 


INVERTEBRATES 


Cyclops in Full 


THESE two creatures, members of a group commonly 
known as cyclops, are the male (2) and female (b) of 
the copepod species Kelleria pectinata, which, together 
with the similar species K. regalis, has recently been 
fully described for the first time. A. G. Humes and 


Ju-Shey Ho, who describe the two species in the 
Museum (Natural History), 


Bulletin of the British 
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Zoology, 18, No. 17; 1969, found their specimens in 
water pumped from intertidal burrows in north-western 
Madagascar. This is the first time that the male of 
K. pectinata has been found. 


MAGNETISM 


Helium-3 Explored 


from our Solid State Physics Correspondent 


It seems clear now that the predictions of L. H. 
Nosanow and W. J. Mullin and others on the magnetic 
properties of solid helium-3 were well founded. Two 
independent: experiments in the United States have 
produced firm evidence that solid helium-3 is indeed 
an antiferromagnet, with a Weiss temperature up to 
3 mK. J. R. Sites, D. D. Osheroff, R. ©. Richardson 
and D. M. Lee of Cornell University have cooled a 
sample of helium-3 to about 2 mK using helium-4 
and a system of bellows (Phys. Rev. Lett., 28, 836; 
1969) and have measured the temperature dependence 
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Brookhaven National Laboratory in New York, who 
used the more conventional method of cooling by 
demagnetization to study the magnetic susceptibility 
between 53 and 800 mK (Phys. Rev. Lett., 28. 833; 
1969). 

Solid helium-3 is exceedingly compressible, and so 
the exchange integral J must be a function of the 
molar volume. Kirk et al. measured the susceptibility 
at various molar volumes and found that the Weiss 
constant was always negative and varied between 
about 0-5 and 3 mK for the volumes considered. This 
was taken to correspond to Neel temperatures between 
0:3 and 2 mK. Sites ef al. took their measurements at 
a pressure of 34 atmospheres and obtained a Weiss 
constant of 3 mK. 

The important features of both experiments are the 
methods used to reach these extremely low tempera- 
tures—the lowest non-nuclear temperature ever reached 
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is about 1 mK—and the assumptions made in extract- 
ing a value of the exchange integral J. The experi- 
mental technique of Sites et al. was first demonstrated 
earlier this year. A system of three chambers is formed 
by two concentric bellows and helium-3 is placed in 
the innermost chamber: the outer two contain 
helium-4. The sample cell is cooled with a dilution 
refrigerator to about 25 mK, and the helium-4 is then 
bled out of the intermediate chamber generating a 
sufficient force on the helium-3 to solidify it. The 
temperature is monitored by nuclear magnetic reson- 
ance measurements on copper-63. The sample was 
found to contain less than one part in 10,000 of 
helium-4, and a similar purity was claimed by Kirk 
et al. for the experiment. 

Kirk et al. followed custom by plotting the inverse 
susceptibility against temperature, and obtained inter- 
cepts on the negative temperature axis symptomatic 
of an antiferromagnet. They point out that it is 
difficult to interpret the data otherwise, for helium-3 
has no electronic structure to produce internal electric 
and magnetic fields, as in other solids. Sites et al. 
draw attention to the view expressed some years ago 
that the inverse susceptibility plot may lead to an 
overestimate of the Weiss constant, and they elected 
to use a different representation of the results to avoid 
this. In both experiments there is some room for 
manoeuvre in interpreting the results, but the negative 
sign of the exchange integral now seems to be beyond 
serious dispute. 


VIRUSES 


Trouble for Asparagus 


from our Botany Correspondent 


GROWERS of asparagus may not be getting ful) value 
trom their crops because, although they do not know 
it, the plants are infected with various viruses. A. F. 
Posnette of East Malling Research Station reports 
in the latest issue of the Journal of Horticultural Science 
(44, 403; 1969) that several well known viruses have 
been isolated from weak and stunted asparagus plants. 
These are clearly different from any viruses previously 
found in asparagus, and furthermore, some affected 
plants seem to harbour yet other viruses that have still 
to be identified. It could be that virus infection is 
depressing yields unknown to the growers. 

Research at East Malling is, of course, chiefly 
concerned with fruit, but asparagus was planted during 
ecological studies of infection with arabis mosaic virus 
because root extracts of asparagus are known to be 
toxic to the vector of this virus, the nematode worm 
Xiphinema diwwersicaudatum. After growing for two 
years in soil where strawberry plants had previously 
been infected with arabis mosaic virus and strawberry 
latent ringspot virus, some asparagus plants became 
stunted and their Jeaves turned yellow prematurely. 
More and more plants began to show symptoms, until 
six years after planting there were two large patches 
of affected plants. 

This situation was investigated by testing for the 
presence of viruses in samples of leaf and stem taken 
from plants with and without symptoms. An inoculum 
prepared by grinding samples with phosphate buffer 
was applied to the leaves of various test plants, includ- 
ing Chenopodium amaranticolor and C. quinoa, which 
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were watched for symptoms of virus disease. Viruses 
were identifed by gel diffusion tests with appropriate 
antisera. Stunted asparagus yielded strawberry leaf 
roll, arabis mosaic and tobacco black ring viruses, 
which may have been causing the stunting. All plants, 
whether stunted or not, carried a virus which under the 
electron microscope resembled the asparagus v Irus 
described by Hein m 1960. , 

About half of the stunted plants were not appar- 
ently infected with any of these viruses, although 
their symptoms were strongly suggestive of a viral- 
origin. Posnette suggests that these plants were 
infected with a virus or viruses not transmitted In 
sap to C. amaranticolor or C. quinoa, so that the tests 
carried out in this case would not have revealed them. 

There have been two previous reports of viruses m 
asparagus, but those found by Posnette are clearly 
not the same, being transmitted in the field by nema- 
tode worms. Those viruses yet to be identified from 
asparagus could add considerably to the tally so far. 
Some may be carried unnoticed and all could be 
preventing the plants from giving the highest potential 
yield as a consequence of their effects on metabolism. 
A thorough virological investigation of asparagus crops 
might show that there is much room for improvement. 


CELLULAR PARTICLES 


The Phantom Monosomes 


from our Molecular Biology Correspondent 


It seems that anyone who is prepared to comment on 
the in vivo distribution of polysomes, ribosomes and 
their subunits must always be made to fee! like the 
man who applauds after the first movement of a 
symphony. If one forbears to cloud the issue by con- 
sidering also eukaryotic cells, one may believe with 
Mangiarotti and Schlesinger that 705 ribosomes from 
E. coli arise from degradation of polysomes, or with 
Davis and his co-workers and Varricchio that they are 
ribosomes which have attached to a messenger (poly- 
somes of one, so to speak), or since this week, with 
Phillips, Hotham-Iglewski and Franklin (J. Mol. Biol., 
45, 23; 1969) that they do not exist at all. 

Phillips et al. had already observed (/. Mot. Biol., 
40, 279: 1969) that different polysome profiles were 
obtained on sedimentation of E. coli lysates, ac cording 


to the cationic species that were present. Thus in 
solutions of sodium, lithium, caesium or tetraalky!- 


ammonium ions, 505 and 308 subunits were found in 
addition to polysomes, but 70S particles were absent 
or almost absent. With potassium, ammonium or 
rubidium ions, on the other hand, there was a large 
70S component. One of these distributions, ere 
et al. argue, must reflect the situation im vivo, and the 
other therefore represents an artefact of some kind. 
The second pattern does not vary with the endo- 
genous nuclease content of the Æ. coli strain, and it 
therefor e seems unlikely that the monosomes are a 
consequence of polysome degradation. There is no 
satisfactory strain deficient in ribonuclease H, but 
the augmentation of this enzyme from an extraneous 
source does not lead to the breakdown of the 
polysomes. The kev to thé problem lies in the use 
of antibiotics, which interfere at different junctures in 
the protein synthesis evele: tetracycline, which blocks 
the formation of an initiation complex by the 305 
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subunit, causes a 40 per cent reduction of the 708 
fraction in the presence of potassium. Other antibiotics, 
on the other hand, which are not involved in the 
initiation process, do not disturb the pattern, 

It seems therefore that the 70S ribosomes are pro- 
duced in the presence of potassium by association of 
508 and 30S subunits. This apparently involves an 
aminoacyl-tRNA or an N-aeylated form, for trimetho- 
prim, which brings about a depletion of formyl- 
methionyl-tRNA, causes a diminution in the proportion 
both of polysomes and of subunits, and a corresponding 
increase in monosomes. Finally, a pulse-label mtro- 
duced into the messenger is incorporated into the 70S 
fraction in the potassium-containing lysate as a poly- 
disperse material sedimenting at up to 14S. It is 
well known that nuclease degradation of polvsomes 
leaves only a messenger fraction of about 45 on the 
resulting 708 particles, and so it seems that one is 
indeed dealing here with a new complex, formed with 
intact messenger. The moral of this work is that the 
distribution produced on lysis of bacterial cells may 
by no means necessarily reflect the im vivo state, 
depending on the nature of the medium. In the 
presence of sodium in place of potassium, Phillips et al. 
imply that the in vivo pattern is frozen and that in 
these circumstances the truth is vouchsafed. 


POLYSACCHARIDES 


Seaweed Double Helix 


from our Biochemistry Correspondent 


Any carbohydrate chemist who feels that his chosen 
sphere is being ignored in the march of biophysics will 
be gladdened. to find—among the numberless studies 
on nucleic acids and proteins—an article describing the 
tertiary structure of a polysaccharide. In a recent issue 
of the Journal of Molecular Biology (45, 85; 1969), 
N.S. Anderson, J. W. Campbell, M. M. Harding, D. A. 
Rees and J. W. B. Samuel describe X-ray diffraction 
work and model building which leads them to propose 
a double helical structure for the sulphated poly- 
saccharide carrageenan. Helical forms are not un- 
known in polysaccharides—indeed a triple helix has 
been put forward for an algal xylan (E. D. T. Atkins, 
K. D. Parker, and R. D. Preston, Proc. Roy. Soc., B, 
178, 209; 1969)—but a double helix has not previously 
been confirmed. 

Why have we heard so little about the spatial form 
of polysaccharides, which are so much less complex than 
proteins or nucleic acids? It is true, of course, that a 
simple repeating sequence is no indication that tertiary 
structural elucidation will be easy: after all, the ‘‘sim- 
plicity” of insulin concealed difficulties for the bio- 
physicist which have only recently been resolved (see 
page 491 this week). The problem with polysaccharides 
is that of obtaining a sufficiently “structured” prepa- 
ration for X-ray diffraction analysis. Carbohydrates 
are characteristically gummy, even though a more 
defined and rigid form may exist in the natural environ- 
ment, such as the cell wall. Away from this environ- 
ment, the structure must be maintained artificially. 
The molecules studied by Anderson et al., x and t-carra- 
geenans, are regularly alternating polymers of the 
type (—A B—4, in which B is a residue of £-p-galactose- 
4 sulphate and A is 3,6-anhydro-%-p-galactose (x form) 
or its 2-sulphate (¢ form); the glycosidic linkages are 
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Al-3B and B\-4A. Before any interpretable diffrac- 
tion pattern could be obtained for these molecules, some 
chemical modification was required, and the cation was 
sought which promoted the most rigid orientation. 

Fibres were drawn from concentrated solutions of 
the freeze-dried derivatives and mounted for diffraction 
analysis with a tilt of 10°. Intensity distributions 
were correlated with possible molecular conformations, 
in the usual way, and found to correspond with a 
helical arrangement of three disaccharides in one turn 
of helix, with a repeating distance of 26-0 A (iota) or 
24-4 A (kappa). Systematic exploration of models 
which would be at once stereochemically acceptable 
and in accordance with the diffraction lines, resulted in 
the postulation of a double helix, a diagram of which is 
reproduced here. An important feature of this struc- 
ture is a hydrogen bond between O6 of one galactose 
ring and O2 of its partner; support for this is adduced 
from the infrared spectrum and the resistance to deuter- 
ation of a bond buried in the interior of the helix. 

It is likely that many polysaccharides containing 1-3 
links will be found to have a double helical structure. 
The 1-3 link confers spiralitv on the chain of mono- 
saccharides for the simple reason that the units are 
tilted with respect to each other. In 1-4 linked mole- 
cules like starch and cellulose the planes of the mono- 
saccharide units are parallel, and there is only a low 
potential barrier to twisting around the glycosidic 
bond. In 1-3 linked molecules (or, for that matter, 
molecules like carrageenan which contain alternating 
1-3 and 1-4 linkages) steric restraint and hydrogen 
bonding stabilize the helical form, and promote a 
degree of crystallinity sufficient for the purposes of 
X-ray diffraction. 

With a knowledge of tertiary structure one can see 
how the texture of polysaccharide gels is determined in 
the natural state. The degree of sulphation and the 
ability to form regions of double helical structure are 
clearly factors of relevance to the way in which these 
gels melt and set and perform their biological function. 
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Arrangement of polysaccharide chains, showing hydrogen 
bonds, in the double helix model for «-carrageenan. 
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ILLUSTRATED JOURNAL OF SCIENCE, 


“ To the solid ground 
Or Nature trusts the mind which builds Jor aye.” —WoORDSWORTH, 


is it Safe to Look Back? 


CENTENARIES are awesome occasions; the tendency 
to rush for the champagne bottle is probably as much 
a sign of anxiety as of untrammelled joy. With 
Nature, a turning point like this is especially haunting. 
Science has been transformed beyond recognition in the 
past hundred years. Those closely associated with the 
periodical are as surprised as anybody that a recipe 
which won the affections of the dedicated unprofes- 
sionals of the 1880s, with their passion for natural 
history, eclipses of the Sun and good causes such as 
the education of women, should still be interesting when 
the pace of discovery has been enormously accelerated 
and when the directions of scientific advance are no 
longer left to chance but, rather, are charted almost 
deliberately in advance. What is the explanation ? 
How can the same old format—two columns to the page 
and a front cover laden with advertisements—still 
serve as a means of communication in science ? Im- 
modest introspection like this may be offensive and 
boring, but on an occasion like this, it may also be 
useful. 

The first thing to decide is why Nature managed even 
to survive. When it began, there were plenty of gloomy 
prophets, Sir Joseph Hooker among them (see page 
438), and with some reason. The enthusiasm of the 
founders of the journal could not in the circumstances 
have been matched by clarity in their conception of 
the function that Nature would perform. In 1869 
nobody had heard of market research. To be sure, 
there had been a rapie growth of the public interest in 
literate pursuits. The fruits of the Industrial Revolu- 
tion were still unmixed with the anxieties of competi- 
tion from abroad, The Great Exhibition of 1851 had 
left behind a warm glow of pleasure at the potential 
beneficence of technology, and the seeds had been 
sown in Britain of the curious blend of optimism and 
reforming zeal that blossomed in Edwardian England. 


Among scientists, the 1860s were Darwin's decade. 
when it was more possible than ever to believe that 
there could be no inherent restriction of the depth of 
understanding of the real world. At 
scientists were excited by the prospect that each 
discovery would throw up new problems to be solved. 
This, at least, is the most charitable interpretation of 
the gushing prose translation of Goethe’s pantheistic 
rhapsody on Nature with which T. H. Huxley launched 
Nature on its way. It was only natural that a restless 
fellow like Norman Lockyer, egged on by the whole 
of the South Kensington school, not just by Huxley, 
should chance his arm (and Alexander Macmillan’s 
money) with yet another periodical. 

Fair winds do not guarantee successful journeys, 
however, and the last half of the nineteenth century 
was littered with dead and dying journals. Where is 
the Academy now? What has become of Chemical 
News? Even the Penny Mechanic has disappeared. 
What made Nature different? There to be 
two simple explanations. In the first place, the early 
Nature was buoyed up by the great passion of its 
contributors for great causes which are still close 
to the heart of the scientific community. But 
Lockyer, the first editor, had a flair for journalism at 


the same time. 


Seen 


i Is j 


CENTENARY REVIEW 1869-1969 


The following pages include some extracts from early 
issues of Nature and historical articles by Dr Roy M. Mac- 
leod, Churchill College, Cambridge (pp. 423, 428, 431, 


435, 437, 440, 441, 445, 450, 453, 457), and Paul Gary Wers- 
key, University of Edinburgh (p. 462). The letters of Sir 
Norman Lockyer (p. 473) were supplied by Dr W. G. V. 
Rosser, University of Exeter. 
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its best. It is no accident that late-Victorian Nature 
helped te set the pattern of modern communication in 
science. 

The public advertisement of the objectives of the 
new journal (see page 424) is a sufficient illustration of 
what the founders had in mind. They wanted to “place 
before the general publi¢ the grand results of scientific 
work and scientific discovery; and to urge the claims of 
science to a more general recognition in education and 
daily life” as well as to create a means of rapid com- 
munication among scientists. With such ambitious 
marching orders, it is understandable that Nature 
behaved as if it had a licence to comment on anything 
and everything. In this spirit, the importance of 
education, for example, has been for the whole of a 
century one of the most sustained streams of comment. 
(The unwillingness of the British government of the 
day to give this cause a sufficiently generous recogni- 
tion has been a constant accompaniment.) Early 
on, Nature was influential in persuading the British 
government to appoint a commission on the sub- 
ject, and it kept up a running battle with the 
universities, especially the ancient universities, for 
their puny efforts to teach science. At the beginning, 
education of the underprivileged—artisans and women, 
for example—was at the centre of the stage, and there 
was a fierce row with A. R. Wallace (“the public mind 
seems now to be going mad on the subject of education”, 
Nature, 1, 288; 1869) on egalitarian principles. 


rt 





R. A. Gregory. 


But education was merely the most conspicuous of 
the themes which struck sparks from Lockyer and his 
contributors. The dispogal of garbage, pollution of the 
air and the management of the Royal Society are some 
of the issues which occupied as prominent a place in 
the 1860s as they do now. Cementing this torrent of 
opinion together, however, was a robust view of the 
rationality of science. For all of Huxley's echo of 
Goethe’s pantheism, Nature has stoutly upheld the 
belief that if science is really like an endless nest of 
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Russian dolls inside each other, it requires merely 
logic, hard work, ingenuity and patience to remove 
them one by one. 

As everybody knows, opinion by itself does not make 
a newspaper. Even if there may have been some 
humbug in C. P. Scott’s dictum that “comment is 
free but facts are sacred”, the plain truth is that the 
essential service which a journal of any kind performs 
for its readers is to create among them a sense of be- 
longing to a common society. To this end, information 
is usually more important than argument, however 
persuasive or beguiling. Even now, the early volumes 
of Nature convey a sense of the richess and variety of 
late-Vietorian science. Look at the diligence of the 
Imperial Geographical Society of Russia, which devoted 
December 3, 1869, to a paper on the export trade in 
tea from China ! Then science is tinged with adventure, 
and the rapt attention given to the whereabouts of 
Dr Livingstone is only the most conspicuous of a small 
army of explorers marching through the pages of 
Nature—there is one Herr Nightingale for whom, 
“poor Miss Tinne’s death having proved the danger of 
the way beyond Mursuk, the Prussian Government has 
consented to send a guard of fifty soldiers (volunteers 
for the duty) to escort him in safety through the 
Touaregs to Kuka”. Then science is international, 
which explains why the proceedings of the Meteoro- 
logical Society of Mauritius on April 28, 1871, should 
have occupied two columns of Nature in the interest of 
“seamen and cyclonists” (Nature, 4, 254; 1871). 

Miscellaneous news of science was Lockyer’s most 
valuable stock-in-trade. Even now, his pages make 
compulsive reading, but twentieth-century journalists 
will marvel that so much was possible a century ago. 
They will also admire in the true Latin sense the way 
in which the intrepid and shameless Lockyer rode his 
own hobby-horses from one year to the next. From 
the beginning, he was out to win converts to the view 
that the solar corona is the outer atmosphere of the 
Sun; in the process, a whole succession of Treasury 
officials was shamed by his denunciation of niggardliness 
in the support of expeditions to the eclipses. Later 
on, his passion was the design of Stonehenge as a device 
for the maintenance of the calendar. He was not a 
pretty stylist, but he managed to inflict these passions 
on his readers without boring them. That was a great 
achievement (as was the way in which the repeated 
advocacy of Darwinism by a host of Nature's contribu- 
tors never seems to have appeared repetitive). The 
truth is that he had a splendid sense of timing, with a 
facility for mingling long statements of opinion or 
expository articles with small pieces of news. The 
integrity of Lockyer’s passion for his causes shines 
through his treatment of them. His readers must have 
known where they stood with him. In time, they must 
have found that readership of Nature resembled mem- 
bership of a warm and idiosyncratic club. 

Nature was lucky to have begun precisely when it 
seems as if the whole world of science was bursting to 
get things off its chest. There has not yet been an 
issue without “Letters to the Editor”. In the first 
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issue, T. Login, “late of the Ganges Canal”, describes 
his fears that the Suez Canal, then being dug, would be 
quickly rendered useless by debris carried from the Nile 
Delta by the prevailing current along the coast. For 
the first few decades of Nature, Letters to the Editor 
are either argumentative or anecdotal in character— 
with accounts of the observations of freak storms, or 
of aurorae and eclipses. During this period, the corre- 
spondence was also deeply concerned with the recurrent 
theme of education and science, with matters such as 
geological nomenclature and with the doings (and 
wrongdoings) of the learned societies. Much of the 
success of the correspondence seems to have stemmed 
directly from the way in which offended readers could 
hope to fling their opinions in the teeth of a contribu- 
tor between one issue and the next. 

How did Lockyer manage to satisfy the interests of 
both scientists and laymen / It is only half an answer 
to say that the rigours of modern professional science 
had not then made their appearance. At the beginning, 
Nature spoke with two voices, one of them clearly 
directed at the interested bystanders. The column 
originally headed NOTES, and which has become 
NEWS AND VIEWS, was the chief vehicle for this 
general enlightenment. Writing in very much of this 
spirit, Lockyer himself referred to a report of an 
impending collision “as our American friends would 
say” between a comet and the Earth. 

We fear there is no foundation whatever for the 
rumour. In the present state of science nothing could 
be more acceptable than the appearance of a good 
large comet, and the nearer it comes to us the better, 
for the spectroscope has a long account to settle with 


the whole genus, which up to the present time has 
fairly eluded our grasp. 


This is an uncomfortable formula, and the patronizing 
chattiness is only excused by the passion for the subject 
and by the sharp wit. more a needle than a razor, 
running through the “Notes”. 

The short answer, then, is that Nature survived its 
first years by sheer journalism. So honest was its 
concern for the mutual interests of contributors and 
readers that its gaucheries were not offences but, 
rather, proofs of vigour. It goes without saying, but 
it is important to say, that none of this would have 
been possible if Nature had not from the beginning 
been free to follow the inclinations of its contributors. 
Everybody pays homage to the doctrine of editorial 
independence, and it is a historical truth that nothing 
good in journalism ever came out of handcuffed editors, 
but the precept of independence is more easily followed 
in prosperity than in periods such as that during 
which Nature made a loss for its publishers each year. 
Macmillan and Co. can therefore take more than ordin- 
ary credit for this past hundred years. 

However accurately Nature may have been launched 
on its way, inertial momentum cannot explain how it 
has lasted for a century. Those who work for Nature 
are conscious not merely of a debt to Sir Norman Lock- 
yer but also to Sir Richard Gregory, who succeeded 
him in 1919 but who had then been working continu- 
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ously for Nature for twenty-six years. Gregory was 
already the custodian of the paper’s conseience on 
education and on the relationship between science as a — 
profession and society at large. With the tide running 
that way, he turned Nature into an international 
institution. 

The tale of Sir Richard Gregory is a legend. He was 
five when Nature first appeared, and was apprenticed 
to a Bristol bootmaker ten years later. Luck made 
him a schoolmaster at Clifton College and eventually 
Lockyer’s assistant at South Kensington and a chum 
of H. G. Wells. By the turn of the century. Gregory 
had put his stamp on the British Association, helping 
to form the Education Section (still quaintly called 
Section L) in 1901. Like others since, Gregory failed 
to convince the British Association that it must take 
up cudgels in the real world if it is to attain its objective 
of “the advancement of science’, with the result that 
Gregory became one of the first moving spirits in the 
British Science Guild (see page 458). One way and 
another, this powerful pressure group helped to per- 
suade or shame the British Government into providing 
for institutions such as the National Physical Labora- 
tory, the Department of Scientific and Industrial 
Research and even the Agricultural Research Council, 
It is no wonder that a nod from Nature seemed to many 
to be a kind of thunderbolt. 

It is understandable that the social relations of science 
should have been prominent among the contents of 
Nature for the first half of this century. To those who 
read back, it is a breathtaking surprise that the journal 
should have become the powerful vehicle for original 
communication which it has been. The transition is 
so gradual as to be almost imperceptible. Long before 
the beginning of the twentieth century, the corre- 
spondence contained first-hand accounts of important 
observations or experiments, but these were still 
embedded in more anecdotal material (although it 
seems that those who sent news of the first cuckoo each 
year to The Times were not tempted to send it to 
Nature instead). The growth of the profession of 
science, in number and in character, made the natura! 
history increasingly anachronistic. The foundation 
was laid for the convention by which a “Letter to 
Nature’ became one of the respectable ways of 
announcing important discoveries in science. Speed was 
important, but less important than the supposed 
accolade of success in the competition for limited 
space and the real benefit of publication in a journal 
widely read within the scientific community, By the 
end of the thirties, and the end of Sir Richard Gregory’s 
spell of duty (he died only in 1952), Nature had become 
not merely a means of communication among scientists 
but a learned journal as well. Almost by magic, it 
also remained a means of placing “before the general 
public the grand results of scientific work and scien- 
tific discovery”, even if the geing was at times a little 
hard. i 

Gregory’s skill managed somehow to blunt the 
pressures to which Lockyer’s journal was already 
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exposed. A part of the reason was the urbanity of the 
contributions to Nature. A glance at the letter from 
Cockcroft and Walton on the first artificial disintegra- 
tion of the atomic nucleus (see page 463, this issue), or 
at that from Sir James Chadwick on the discovery 
of the neutron, will show that it was quite recently 
possible for people to communicate important news in 
a few brief paragraphs of simple prose. To be sure, 
these tales are not complete—‘‘full details will be 
published elsewhere” was the standard cry. They are, 
however, and were, widely intelligible to unspecialized 
readers, i 

By resolutely skimming the cream off the top of the 
scientific literature, and by insisting on an economy of 
exposition for which few other journals dared to ask, 
Nature was able somehow to bridge the gap between 
professionals and amateurs. Such signs of strain as 
Gregory allowed to show are in the deficiency of 
theoretical physics in the thirties. There is even an 
apocryphal story that Fermi’s first article on beta- 
decay was sent back on the grounds of too much 
specialism. With the outbreak of war, Gregory 
handed over to L. J. F. Brimble and A. J. V. Gale, 
who ran Nature in harness until the latter’s retirement. 

Much of the period since the Second World War has 
seen a running battle with the growing specialism of 
professional science. There are two matters over which 
Lockyer would shake his head. First, scientific com- 
munications have become harder to understand, partly 
because of the language in which they are written and 
partly because of the conventions, laudable no doubt, 
which seem to require that authors should communi- 
cate not merely news of discoveries but also a tale of 
how they might have been made which is sufficiently 
plausible for somebody else to repeat the work. Second, 
scientific communications tend now to be addressed to 
narrower audiences than in the past. It is an urgent 
question, not merely for scientific journals like Nature 
but for scientists and for their public, to know whether 
these tendencies are avoidable. 

The decline of literary standards in science is con- 
spicuous. The most charitable explanation is that there 
has grown up a convention that authors should not seek 
unfairly to enhance the value of their work by deserib- 
ing it in language that can be followed easily. But even 
if the explanations were mere hamfistedness, the result 
is that communication is less effective than it might be, 
which in turn implies that the scientific community is 
less aware than it should be of its common interests and 
less stimulated than it might be by its corporate 
discoveries. If a centenary is a time for rededications, 
then Nature will in the years ahead seek new and 
ingenious ways of recapturing more of the old direct- 
ness, Contributors (some of whom grumble already) 
should interpret this not as a warning but as a promise. 

But is clarity comparable with specialization ? Is it 
possible for ordinary people to follow the great adven- 
tures in science when jargon has become not merely a 
convenience but a necessity? These are legitimate 
questions, and there are many circumstances when 
they must be answered NO. If, for example, an 
astronomer has measured the position of a new super- 
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nova and wishes to let his colleagues know quickly, 
there is no reason why he should describe the 
phenomenon in any but the most technical language; 
those who really need to know will understand the 
jargon. By the same test, a person wishing to put on 
record the positions of a set of X-ray spots in a com- 
plicated diffraction pattern need not bother to say 
precisely how the index numbers are to be imter- 
preted; those who need the information will know 
already. 

These are comparatively trivial illustrations of the 
way in which a great deal of the common currency of 
scientific communication consists of the exchange of 
undigested data between people with a direct interest. 
It would be foolish to suggest that this traffic is illegiti- 
mate, or that the information-mongers should trans- 
late their information into ordinary language so that 
everybody can appreciate its importance. But it is 
also fair to raise the question whether information of 
some new development which is only communicabie 
from one specialist to a colleague with similar restric- 
tions can be a discovery in the broader sense of the 
word. For a hundred years, Nature has stuck fast to 
this positivist doctrine that discoveries are only 
discoveries when they are recognized as such outside 
the circle in which they are first made. There are 
many who will protest that this doctrine is at once too 
fierce and too shallow, but that is beside the point. If 
this is what Mr Marshall McLuhan means with “the 
medium is the message”, it is one of the few occasions 
on which he may be right. Discoveries count only 
when they are insinuated into the minds of others. 

There is a variety of reasons why this principle has 
too often been neglected in the past few years. In 
many fields of science, data-collecting has become 
casier than interpretation. There is a tendency some- 
times to equate measurement with understanding. And 
there are some who even hold that interpretation and 
gencralization, always chancy, are best avoided when a 
more laconic statement will suffice. To be sure, rash 
speculation can be as serious a misdemeanour as 
cowardice. Unhappily, however, there is no escape 
from the everlasting dilemma of scholarship-—that 
success entails the choosing of a narrow path between 
fantasy and banality. Nature is proud to have been a 
means of helping to proclaim the meaning of discovery, 
but it is an uphill task. If there should seem to be a 
danger that the battle may be lost, this centenary is the 
time to promise greater effort. 

This is another way of saying that Nature will carry 
on as it has done for a hundred years——but more so. 
The most immediate need is to find better ways of 
interpreting the rapid shifts of interest in the ori ginal 
contributions which take up the greater part of each 
week’s issue. Last year, pulsarstwere the rage. This 
year, so far, has provided so much understanding of 
the mechanism by means of which the molecular 
structure of genes is translated into the usable infor- 
mation within a cell that it cannot be long before some 
of those who have abandoned molecular biology for 
neurophysiology will be back with their mutant cul- 
tures once again. And who knows what next year will 
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bring? One way or another, the objective will be to 
provide a continuing account of the changing face of 
discovery for all who work in or with science and 
technology. 

It is also evident that the task of urging “‘the claims 
of science to a more general recognition in Education 
and in Daily Life” has been complicated by the 
changes which have taken place in the past century. 
Science is no longer an autonomous organism, capable of 
transforming the society in which it grows but otherwise 
independent of it. Instead, the pace of discovery 
depends on public policies—government spending in 
universities, for example, or the spin-off from defence 
programmes, So the cause is not merely recognition 
but fair play. 

It is also important that science has grown so as to 
burst national frontiers in a way which even Davy and 
Faraday would not have imagined when they went on 
their Grand Tour at the height of the Napoleonic Wars. 
One striking proof of this is that Nature circulates 
wherever there are laboratories, so that two-thirds of 
the copies which are printed eventually find their 
way outside the United Kingdom. In the years ahead 
there are bound to be important changes in the 
character of the journal’s secular interests. If, for 
example, it is right (as it is) to complain that the British 
government should devise a more sensible policy for 
the relationship between universities and polytechnics, 
is it not also right to protest that the United States 
Congress cannot continue to be beastly to the National 
Science Foundation (and the Administration alter- 
nately angry and pusillanimous in its defence)? Is 
it right that so much of government support for 
research in West Germany should have been channelled 
through the research institutes outside, if sometimes 
only just outside, the universities ? What is it prudent 
to hope for from the European Economic Community 
and from the Aigrain Groups (as they are called)? If 
the principles are what they were in Lockyer’s day, the 
constituency “as our American friends would say” has 
grown to an alarming degree. Nature will never spell 
“sulphur” with an “f”, or “concord” with an “e”, but 
it will energetically seek out ways of repaying more 
adequately than at present the allegiance of the 
scientific community as a whole. 

But is it worth the trouble? Ask a non-scientist, 
and he is as likely to answer with an intended jibe— 
“cyclamates”’, perhaps, or “radioactive fallout”. A 
century ago, when Lockyer and his colleagues em- 
barked on their adventure, there seemed no reason 
to dispute the beneficent potentiality of science and 
technology. If there had been cause for disappoint- 
ment with the Great Exhibition, it can only have been 
that other countries than Great Britain were learning 
how to reap the benefits of diseovery. The validity 
of this optimism deserves to be openly acknowledged. 
For the whole of a century, science and technology have 
been making dreams come true. Prosperity has be- 
come a reality, even if some are still conspicuously 
deprived of it. When Nature first appeared, children 
were still working in the coalmines; the miners last 
week on strike in Britain, adults to a man, were 
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hoping that surface workers would be able to count 
meal-breaks in their forty-hour week. The incidence 
of infant mortality is probably less than one’ per cent 
of what it used to be. The world has shrunk even 
though it may now be more densely occupied. And 
in the long run, the promise of rationality which 
Huxley helped Lockyer to see in Darwinism has been 
magnificently realized. The treatment of mental illness 
is one of the most striking illustrations of this simple 
truth. (Nature has shared with other institutions the 
fault of being less generous to Freud than he deserved.) 
In the language of the asylums, science has helped to 
exorcise the evil spirits. 

So why should gloom have become high fashion ? 
And why recently ? After all, the brittle Pax Britan- 
nica, always something of an illusion, was shattered 
soon after Nature began. There was no unusual sign 
of public disenchantment with science in the thirties, 
when Gregory’s Nature repeatedly and eloquently put 
the view that all would be well if people would but 
trust in science—and keep their powder dry. What 
has happened to make anti-pollution a common 
rallying-point for conservationists and luddites ? Why 
is it assumed that the growing population of the world 
will bring starvation—it will bring other things all 
right-—-even though food production has been increas- 
ing still more quickly ? 

The first thing to be said—and this is the passive 
defence—is that science is well on the way to being 
made a universal scapegoat. Just as the bearers of 
bad news were once executed, so the analysts who 
pose awkward problems are now vilified. If, for 
example, there should be scientists (as there are) trying 
to find out what has happened to cause the deaths of 
10,000 seabirds off the north-west coast of Britain 
two weeks ago, the chances are that the phenomenon 
itself and not the patient investigation will somehow 
be laid at the door of science. 

In the same spirit, if there should be somebody 
working hard (as many groups are) on the use of lasers 
for the detection of atmospheric pollution, the chances 
are high that success will not be counted as a means 
of refining methods for controlling the quality of the 
environment but, rather, the vehicle for yet another 
demonstration that the doings of scientists and engin- 
eers have once more placed disaster just around the 
corner. It has become fashionable for people to ask 
“How is it possible to control technology ?” as if the 
question were entirely novel and as if it were possible 
somehow to distinguish the technology part of the 
problem from the social part. The weak defence, in 
other words, is to protest that science (and technology) 
has been misjudged. 

The strong defence is that which seems to have come 
most easily to Nature in the past hundred years, 
Science and its consequences are not merely inoffensive 
but constructive, valuable and indispensable. The 
old optimism of the people from South Kensington 
may by now have been vindicated, but it is necessary 
continually to insist that the magic retains its potency. 
To this end, imagination must be robust. Mention 
computers to many people. and their minds will fly 
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to Orwell and 1984. The crying need is somehow to 
make them see that the other side of the coin is magni- 
tudes brighter. Two things can help. 

First, there is the common truth that intellectual 
discovery is always subversive and usually beneficial 
if unpredictably so. Darwinism was a fierce assault 
on the established order, and Bishop Wilberforce was 
not the only one to answer back. The outcome, how- 
ever, has been beneficial, not merely in ridding people 
of the old burdens of mystery but in making society 
more free to soldier on. It will be the same with mole- 
cular biology, or control engineering or the cosmology 
for which everybody now is waiting. There is very 
little trouble in writing gloomy prophecies about the 
way in which a little more understanding of genetic 
replication (see page 412) will make endless horrors 
possible, but the plain truth is that the most likely 
practical outcome, distant though it may be, is a 
betterment of medical practice. In the meantime, it 
will assist everybody, not merely professional biologists, 
that there is a means of putting in the objective 
language of molecular biochemistry the important 
truths about living substance. If biology has been 
reduced to physics and chemistry—which is quite a 
lot to claim—those who deny that this constitutes an 
improvement must belong to that iconoclastic part of 
society which holds, much as Mr Kingsley Amis might, 
that Change means Worse. 

Second, there is the safeguard which comes about 
because of the way in which the progress of science 
and technology is moulded by the restraints of the 
society within which it develops. In a sense, it is 
entirely welcome that scientific discovery is no longer 





The following introduction to the translation by T. H. 
Hualey of Goethes panegyric on Nature is reprinted 
from Nature, November 4, 1869. 

f 

Nature! We are surrounded and embraced by her: 
powerless to separate ourselves from her, and powerless 
to penetrate beyond her. 

Without asking, or warning, she snatches us up into 
her circling dance, and whirls us on until we are 
tired, and drop from her arms. 

She is ever shaping new forms: what is, has never 
vet been; what has been, comes not again. Every- 
thing is new, and yet nought but the old. 

We live in her midst and know her not. She is 
incessantly speaking to us, but betrays not her secret. 
We constantly act upon her, and yet have no power 
over her. 

The one thing she seems to aim at is Individuality ; 
yet she cares nothing for individuals. She is always 
building up and destroying; but her workshop is 
inaccessible. 

Her life is in her childgen; but where is the mother ? 
She is the only artist; working-up the most uniform 
material into utter opposites; arriving, without a trace 
of effort, at perfection, at the most exact precision, 
though always veiled under a certain softness. 

Each of her works has an essence of its own; each 
of her phenomena a special characterization: and yet 
their diversity is in unity. 

She performs a play: we know not whether she 
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an autonomous process on which the outside world has 
very little influence. With the enormous growth of 
the scale of scientific enterprises, it is inevitable that 
the directions of discovery should be in part determined 
by the wishes of the taxpayers. This is the spirit in 
which high energy physics has recently become un- 
fashionable both in Britain and im the United States. 
In much the same way, to judge from the doings of 
the US Secretary of Defense in the past few days, it 
seems as if public distaste for chemical and biological 
warfare is beginning to restrict even the development 
of preparedness. This is as it should be, and yet another 
way in which it is possible to hope if not to count on 
the certainty that the potential excesses of science and 
technology will be combated and probably headed 
off by the humane instincts of liberal societies. In 
short, there is no need to pretend that science is always 
safe. It is enough to know that it is what ordinary 
people wish to make of it. 

At this occasion in the domestic history of Nature, 
it is important to say explicitly that it remains an 
honest objective to win for science not merely a “more 
general recognition in education and in daily life” 
but also an opportunity to change the world. Africa 
may be cruelly balkanized, but is there any doubt 
that the eradication of the gulf between rich and 
poor nations will eventually be brought about with 
the help of research now under way in a host of 
laboratories? Immortality is beyond reach, but 
sound health is not. And if omniscience is unattain- 
able—that is half the fun—continuing enlightenment 
is not. That is something to work for in the century 
ahead. 


sees it herself, and yet she acts for us, the lookers-on. 

Incessant life, development, and movement are 
in her, but she advances not. She changes for ever 
and ever, and rests not a moment. Quietude is 
inconceivable to her, and she has laid her curse upon 
rest. She is firm. Her steps are measured, her 
exceptions rare, her laws unchangeable. 

She has always thought and always thinks; though 
not as a man, but as Nature. She broods over an 
all-comprehending idea, which no searching can 
find out. 

Mankind dwell in her and she in them. With all 
men she plays a game for love, and rejoices the more 
they win. With many, her moves are so hidden, that 
the game is over before they know it. 

That which is most unnatural is still Nature; the 
stupidest philistinism has a touch of her genius. 
Whoso cannot see her everywhere, see her nowhere 
rightly. 

She loves herself, and her innumerable cyes and 
affections are fixed upon herself. She has divided 
herself that she may be her own delight. She causes 
an endless succession of new capacities for enjoyment 
to spring up, that her insatiable sympathy may be 
assuaged. 

She rejoices in illusion. Whoso destroys it in him- 
self and others, him she punishes with the sternest 
tyranny. Whoso follows her in faith, him she takes 
as a child to her bosom. 
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ANIMAL ELECTROENCEPHALOGRAPHY 


by W. R. KLEMM 


epore nt of Ri sti P f stituts nf f ife S 


rexas A&M University, College Station, Texas 
i The scope of this work encompasses all aspects oi 
brain electrical activity, ranging from DC to the very 
rapid transients of action potentials. While stress is 
laid on potentials derived from scalp electrodes, atten 
I 





tion is also paid to potentials recorded from electrode 

planted within the brain. The objective is the consol 
dation into a compact single-source reference work ol 

the especially relevant and vital information concer 

~ nim sepnaiogr om ing the essentials of animal electroencephalography 

f Flectr02" with emphasis given to both theory and technique 


1969, 292 pp., over 100 illustrations, 135) $74.50 


MAMMALIAN FERTILIZATION 

AN ATLAS OF ULTRASTRUCTURE 

by ROBERT HADEK 

Stritch School of Medicine, Loyola University of Ch 

This singular work describes the vital changes in 
mammalian gamete morphology before, during, and 
after fertilization, as observed with the electron mi 
croscope. Emphasizing the ultrastructure of sperma 
tozoon and egg morphology, the book advances to 
consideration of the phases of sperm penetration 
through the zona pellucida and its eventual incorpora- 
tion into the egg. Discussed also is the phenomenon 
of the vaginal plug and the possible functions of the 
corona radiata cells, 

1969, 296 pp. 135s. ($14.50) 


THE CHEMISTRY AND BIOLOGY 
OF VIRUSES 


by HEINZ FRAENKEL-CONRAT 


Professor of Molecular Biology and Member of the Virus Lab 
j 1] 


University of California, Berkeley, Califor: 





This monograph covers the chemistry and biochem- 
istry of bacterial plant and animal viruses. The as- 
pects discussed are isolation and preparation of vi 
ruses and their components; analysis and structure of 
the components; modification and mutagenesis: recon- 
struction of viruses from components; replication of 
viruses; and the biology of tumor viruses and temper 
ate phages. The material is handled in the most ele- 
mentary manner, avoiding higher mathematics and 
physics. It also includes a large number of up-to-date 
references that will enable those interested in the 
field to delve deeper into the subject. 

1969, 293 pp.. N4s. ($9.0v 


THE BIOLOGY OF MARINE MAMMALS 


edited by HARALD T. ANDERSEN 
Institute for Nutrition Research 


University of Oslo, Blindern. Norway 





This advanced treatise covers the physiological and 
behavioral functions of marine mammals. Particular 
attention is paid to those adaptive features making 
these animals fit for life in an aquatic environment. 





This work is an authoritative survey of the topic and j 
it encompasses the fields of biology, physiology, and 
oceanography. 
1959, 508 pp.. 200s. 6d. ($21.50) 
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Principles of Statistical 


Techniques 
Second Edition 
P. G. MOORE 


This first course in statistics is intended for 
students who are primarily intereSted in the practical 
applications of the subject. A selection of the more 
widely applicable statistical tools is described 
rather than attempting to provide a complete 
inventory suitable for each and every situation. 
The second edition has been expanded to widen 
its appeal at both school and university level. 455. #et 


Human Motivation 
M. D. VERNON 


An exposition of the psychology of human 

motivation, rather than of motivation of animals, 

on which so many books centre. It covers the 

simpler motivation of hunger, sex, aggression and 

fear, and the more complex motivation involved 

in social interaction. 

Professor Vernon has drawn on her long experience 

as lecturer and teacher, to provide for the student 

a sound basic account of this important topic. 
Cloth 45s. net; paperback 135. net 


Population and Food 
Supply 


Essays on Human Needs and 
Agricultural Prospects 
Edited by SIR JOSEPH HUTCHINSON 


Even the most pessimistic prediction for wold 
population made by the United Nations in 1960 

is already a hopeless under-estimate, Over the same 
period, world agricultural production has done no 
more than keep abreast with the annual increase 
in population. Today this problem is gaining 
rccognition and people are beginning to concede 
that it must be attacked from both ends, food 
supply and fertility? 

This book is based on a series of lectures given in 
the University of Cambridge by specialists of 
various aspects of the problem. 305. net 
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An introduction to 
Abstract Algebra Volume 2 


F. M. HALL 


The second volume of Abstract Algebra 
summarises basic group theory, and discusses 
group-homomorphism, rings, fields and integral 
domains, with a study of invariant subgroups and 
ideals. It also introduces vector spaces (with 
applications to geometry) and Boolean algebra. 
This book is intended for those reading for a 

first degree or similar qualification in mathematics, 
and for students in colleges of education. Though 
continuing from Volume 1, the account is 


self-contained, zos. net 


The Earth 


Its Origin, History and Physical 
Constitution 


Fifth Edition 
SIR HAROLD JEFFREYS, F.R.S. 


The launching of artificial satellites and progress 
in instrumentation over the last decade have 
produced a wealth of new information about the 
interior of the Earth. This has necessitated 
extensive revision of the fourth edition, published 
in 1959 and now out of print. The plan of the book 
remains the same, with some rewriting and the 
addition of a substantial amount of new material 
throughout. Sir Harold has also included sections 
on imperfections of elasticity at small strain in 
view of their relevance to theories of convection, 
£7 net 


Cambridge Monographs on Physics 


Radiotelescopes 
W. N. CHRISTIANSEN & J. A. HOGBOM 


The first attempt in book form to deal explicitly 
with the fundamental principles and features of 
design of radiotelescopes. The authors confine 
themselves to energy-collecting devices and do not 
deal with associated electronic equipment. 905. ve! 
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Science in Grub Street 


By the mid-nineteenth century, biologists found there was no journal 
suited to their needs, but attempts to start one ended in failure. 


For the best part of the past hundred years, Nature has 
held the position, in Europe and elsewhere. of “the 
leading international weekly scientific periodical’ and 
the “main vehicle for the prompt publication of recent. 
advances in science’ ?. For years, it was unquestionably 
the single most comprehensive scientific journal in the 
world. Since the beginning it has had an international 
audience. But to the development of British science it 
has had a special and uniquely instructive relationship. 
It has not only mirrored faithfully the progress of science 
and the growth of seientifie institutions—it has also, to 
a subtle degree, shaped the standards by which science 
is known in Britain and throughout the English-speaking 
world. Its fundamental anti-philistinism, literary integrity 
and editorial candour have presented to a worid watchful 
of British methods and values an image of science in its 
broadest cultural usage. Arising against a vivid mid- 
background of intellectual controversy, political reform 
and social change. Nature crystallized the spirit of empiri- 
cism, of idealism, of imagination and observation and 
breadth of vision which Victorian thought has bequeathed 
to modern science. 

For scientific publishing, Nature has other lessons as well. 
Its greatness hes not so much in its originality as in its 
endurance, The secret of its success has been its constancy 
of purpose. That purpose came to life in the work of a 
small missionary band of men in the decade preceding 
Nature’s birth. In their vision one sees the reasoning 
which in 1869 brought a young scientist to the door 
of a friendly prince in the publishing courts of Covent 
Garden. 

Since the invention of printing and the scientifie revolu- 
tion of the seventeenth century, the publication of scienti- 


fie news and memoirs has been one of the chief objects of 


science and one of the chief functions of scientific societies. 

In Britain scientific hterature followed the patterns 
set by the Philosophical Transactions of the Royal Society 
or the Journal des Siavans. Learned societies found the 
first suitable for the objective publication of experimental 
results; the second became the fashion for “‘scientific 
periodicals”. Both forms of publication had value, but 
it was to the “periodical” rather than the “transaction” 
that Victorian scientists and interested amateurs in- 
creasingly looked. There were many reasons for this. 
By the middle of the nineteenth century the publication 
habits of the learned societies were often like the societies 
themselves, slow-moving and exelusive. Many “publica- 


unorthodox ideas. Finally, learned “transactions” were 
becoming increasingly specialist and incomprehensible 


to all but a few. By the 1840s, the world of science was 
being partitioned from within, and 

betwecn geologists, naturalists, chemists, botanists ane 
astronomers—-each group of whom now had its 
society--~had become unsystematie and unpredictalile. 
The only unifying social force in British science was the 
Royal Society, but it attempted neither to cultivate this 
unity nor to supply the news service that might reduce 
this sense of professional dismtegration. 

This void was partly filled by the “academic” 
papers, like the Athenaeum, the Saturday Review. the 
Spectator and, to a lesser extent. The Times. The informal 
network provided by the quarterlies helped to mask isola- 
tion. but these columns were largely restricted to a handil 
of well known Gf anonymous) contributors. But these 
did not pretend to answer the need of men of science to 


Despite obvions 
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risks, some individuals, with the aid of a few friendly 
publishers, had already experimented with private 
journals appearing quarterly or monthly. The monthly 
g Alexander 
Tullock (later joined by Richard Tavier). was a goed 
example of a reasonably frequent journal that survived. 
Scottish scientists initiated several others. fn Isi9 
David Brewster and Robert Jameson, Professor of 
Natural History at Edinburgh, began the 
Philosophical Journal which left in 
hands in 1826. Jameson was succeeded first by Edward 
Forbes and then by a board of chiefly Edinburgh editors 
who began the Edinburgh New Philosophical Journal in 
1855. This series ended in 1864, 
which lasted from 1802 to 1813. was absorbed by the 
Philosophical Magazine in 1814. Thomas Thomsons 
Annals of Philosophy (1813-24 and 1875-1926), a Londen 
monthly described by Thomas Graham? as “the leading 
scientific journal of the country”. was also absorbed by the 
Philosophical Magazine. Meanwhile, Brewster began huis 
own journal, the Edinburgh Journal, which lasted from 
1824 to 1832, and then joined forces with the Philosophies! 
Magazine to produce the London and Edinburgh Philo- 
sophical Magazine and Journal of Science in 1882. With 
alterations, this journal has survived to the present. 

The Philosophical Magazine served a need for nature! 
philosophers and chemists but naturalists had no sunilar 
periodical for the swift readable treatment of new dis- 
coveries. In 1833, Richard (later Sir Richard) Owen 
began the Zoological Magazine, but this proved teo 
demanding on his time anā and 
after a few months’. In 1838, Richard if aylor of the 
Philosophical Magazine began the Annals and Magazine 
of Natural History with William Francis, Fellow of the 


edinburgh 
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Linnean Society and formerly editor of the Chemical 
Gazette. In 1840, the Annals merged with the Magazine 
of Natural History, begun in 1828, and survived. But most 
naturalist periodicals did not. The Entomological Magazine, 
which lasted from 1833 to 1838, and the Entomologist 
from 1840 to 1842, are cases in point. Despite the risks. 
attempts did not end, and general enthusiasm for the 
idea remained alive. This was particularly true among 
young biologists seeking some sort of corporate identity. 

By 1850 many young naturalists like Huxley and 
Darwin had left medicine to follow science, but the 
few scientific appointments which existed in English 


There were, by and large, no places for bio- 
The Linnean Society, the natural haven for 
biologists in London, was among the poorest of the major 
learned societies and neither it nor the Zoological Society 
wielded great influence. With the exception of marme 


medieine. 
logists. 


Reprinted from Nature, January 20, 1870 
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biology, even the British Association had paid little 
attention to the claims of naturalists. Apart from a few 
government posts, naturalists as a group tacked status 
and position in society. The classic social remedy in 
Victorian Britain lay m association. | 

Isolation at Kew weighed on the young Joseph Hooker, 
who complained* to Huxley that naturalists never met 
“except by pure accident and seldom then as naturalists 
and if we want to introduce a mutual friend it is only by 
cut and thrust into one another’s business bours”, 


... Without some recognized place or resort that will 
fulfill the conditions of being a rendezvous for our- 
selves, an inducement to our friends ... and at the same 
time, a profitable intellectual resort--we shall always 
be ignorant of one another’s whereabouts and writings. 
“My own impression is’. he continued’, 


that we shall make no great advance in teaching 
Natural Science in this country except by some joint 
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Of Nature trusts the Mind that builds for aye,” — WORDSWORTH. 
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THE object which it is proposed 
stated as follows. It is intended: 





to attain by 
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this periodical may be broadly 


FIRST, to place before the general public the grand results of Scientific Work and 


Scientific Discovery, and to 
in Education and in Daily Life; 


And, SECONDLY, to aid Scientific men themselves, 
in any branch of Natural 
by affording them an opportunity of discussing the various Scientific questions 


all advances made 


arise from time. to time. 


urge the claims of Science to a more gencral recognition 


by giving early information of 
throughout the world, and 
which 


knowledge 


To accomplish this twofold object, the following plan is followed as closely as possible. 
Those portions of the Paper more especially devoted to the discussion of matters 


interesting to the public at large contain: 


I. Articles written by men eminent in 
various points of contact of Natural knowledge with 
and on the advancement of 


and material progress ; 
civilizing functions. 
II. Full accounts, 
interest. 
HI. 
our Colleges and Schools, 
IV. Full Reviews 


ground gone over, and the contributions to knowledge, , whether in 
tables, and the like, which they may contain. 
of “NATURE” more especially interesting to Scientific men are 


facts, maps, illustrations, 
In those portions 
given : 
V. Abstracts 
Scientific „societies and periodicals. 
VI. Reports 


Science on subjects connected with the 
practical affairs, the public health, 
Science, and its educational and 


illustrated when necessary, of Scientific Discoveries of general 


Records of all efforts made for the encouragement of Natural knowledge in 
and notices of aids to Science-teaching. ; 
of Scientific Works, especially directed to the exact Scientific 


the shape of new 


af important Papers communicated to British, American, and Continental 


of the Meetings of Scientific bodies at home and abroad. 


In addition to the above, there are columns devoted to Correspondence. 
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effort of Botanists and Zoologists who should pave the 
Way. cu. 


There was a pressing need “to bring about more unity 
in our efforts to advance science”. Despite the Annals, 
there was no unifying medium of scientific communi- 
cation. “Our publications’, Hooker wrote, “are sour 
bread cast upon the barren [wastes] of journals and 
other periodicals, which none of us ean afford to buy 
and then to weed.” Part of Hooker's demands were met 
by the Natural History Society of London, formed in 1858, 
but the second task was much more difficult. The high 
infant mortality of young scientific periodicals was com- 
mon knowledge. Whether Huxley shared Hooker’s sense 
of isolation is not clear. Another motive had already 
stimulated his interest in scientific publishing. 

Where private journals could pay for contributions, 
there was always a willing pool of scientific men to 
write. This was partly the result of the changing economic 
and class structure of British science and partly the 
effect of zealous British amateurs willing to write for a 
popular readership. Hooker’s wealth removed him from 
the need of popular writing. But for any young man of 
science without private means, scientific writing-——more or 
less popular in style--was often a chief means of support. 
“By the powers !’, wrote Thomas Graham to his sister in 
1827. “A very good method of adding two or three 
guineas a month to one’s name.” Sometimes the journals 
paid very well. Chambers Journal, for example, paid six 
guineas a sheet; the quarterlies (for those in the inner 
circle), even more. 

For many years Huxley and Tyndall were greatly 
dependent on journalism and reviewing for a living. Both 
of them. friends since the British Association meeting at 
Ipswich in 1851, began their collaberation with a review 
article on “Contemporary Science” in the Westminster 
for 1854, Chapman the publisher chose the books for 
review and paid six guineas a half sheet. When Tyndall 
pleaded overwork, Huxley urged him to “be a brick and 
split the difference and say you will be ready for the A pril 
number .. But on reflexion he added’, “What idiots 
we are to toil and slave at this rate. I almost repent me of 
tempting you after all”, From time to time, there were 
attempts to interest particular weeklies in science. After 
trymg to launch a Scientific Review. a “delicate flower 
which budded only to fade”, Huxley got wind of a new 
scheme, in early 1858, “to work up the public in science”. 

This scheme was the conception of Nevil Story- 
Maskelyne, professor of mineralogy and chemistry at the 
University of Oxford. and John Dou glas Cook, editor of 
the Saturday Review, Since the Review began in 1855, 
Cook had regularly solicited scientific articles but had not 
been wholly suecessful. He had tried. like the Athenaeum, 
to report the contents of scientific papers given before 
the Royal Society. but this had proved of limited interest. 
Popular reviews of technical books were still well received, 
but men willing to do them were difficult to find. Books 
that could be dealt with briefly gave little excitement. 
brought small fees and, interrupted individual research. 
The most successful part of Cook's plan was his scientific 
“middles”. But few men of science could write lueidly 
regularly for a popular readership. In 1858, therefore, 
Cook asked Maskelyne, a frequent contributor. to form a 
“panel” of seven or eight scientific authors. In return for 
a guaranteed article once a f ortnight, the panel could 
select its own subjects and set its own limits. 

Maskelyne got Huxley, then lecturer at the Royal 
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School of Mines, for biology; J. J. Sylvester. then at 
Woolwich, for mathematics: Edward Frankland. profes- 
sor at the Royal Institution, for chemistry; and Andrew 
gs 


Ramsay and Warrington Smyth from the Royal School of 


Mines and the Geological Survey for geology. AH were to 
form a “corps (d'elite) each member of which should 
pledge himself to supply at least one article in three 
months, the subject to be at the pleasure of the individual 
in his own branch of science”, 

Huxley inevitably asked for Tyndall's hel pi 


The plan seems to me so feasible that I promised at 
once to write to you and Hooker. 


Tyndall accepted and the news went around. “The thing 
seems very feasible in my eyes”, he confided" to Darwin, 
“I think I could promise to perform my share of the 
business. I think it may become a very im portant agency 
and exercise a salutary influence in this quack ridden 
country.” 

Hooker, as Huxley discovered, was less easily convinced, 
The proposals, he feared’, would uncertain ill, 
uncertain good”. He would reviews 


“seek 


nob do hecauge 


little of Maskelyne and had a dim view of the Saturday 
Review, which unhappily acquired* the sobriquet “Pale 
Mall Gazette”. ; 

* “The Review”, he wrote, was “dreadfull ¥ sententious and priggish and 
has lately become so pompous and vapid in style that several of my friends 
have discontinued it. The ignorance of the India articles is astounding, 
and its general politics are amateur and twaddling’’§, i 
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In July and August 1858, their first fortnightly articles 
appeared. But the scheme was not a complete success. 
Only nine articles appeared during 1859 and only nme 
middles and eleven reviews in 1860. Except for a slight 
surge of effort in 1864, science slowly passed from the 
Saturday”. Only reviews continued to come, but these 
Tyndall. Indeed, their energies had turned in a different 
direction. The Saturday had not the measure of inde- 
pendence, consistency and balance of presentation that 
the scientists wished. 

In 1860 Huxley was attracted by the possibility 
of transferring the Dublin Natural History Review to 
London. The Natural History Review had acquired a 
sound reputation but had suffered from a small circulation 
in Ireland. Huxley’s motives were partly economic, partly 
missionary. To Hooker, he wrote, “if I choose to join 
as one of the editors, the effective control would be pretty 
much in my hands”. Once again Hooker was pessimistic. 
From his own sad experience with the short-lived Journal 
of Bo.any at Glasgow and Kew, Hooker warned Huxley 
against adding heavy editorial tasks to his existing acad- 
emic commitments. Private publishing was expensive and 
could not be kept on schedule. It was too much work for 
one man, or even a panel of part-time editors, and relance 
on unpaid contributions was illusory. “I do not believe”, 
Hooker added dryly, “in the prolonged vitality of any 
unpaid review”, 

Moreover, a successful journal needed a sense of accepted 
authority. “You must... be in a position to command 
assistance, not to ask it”, Hooker continued?! and 


Reprinted from Nature, November 4, 1896 


TRIASSIC DINOSAURIA 

ie will probably interest geologists and palzontologists 

to know that a recent examination of the numerous 
remains of ZVhecodontosauria in the Bristol Museum, 
enables me to demonstrate that these Triassic reptiles 
belong to the order Dinosaurta, and are closely allied to 
Mevalosaurus. The vertebra, humerus, and ilium, found 
in the Warwickshire Trias, which have been ascribed 
to Labyrinthodon, also belong to Dinosauria. The two 
skeletons obtained in the German Trias near Stuttgart, 
and described by Prof, Pheninger, some years ago, are 
also unquestionable Dinosagriay and, as Von Meyer is of 
opinion, probably belong the ‘genus Zeratosaurus, from 
the same beds. Von Meyers Plateosaurus, from the 
German Trias, is, plainly, as, ha has indicated it to be, a 
Dinosaurian, 

As Prof. Cope has suggested, it is yery probable that 
Bathyenathus, from the* Triassi& begé"of Prince Edward’s 
Island, is a Dinosaurian ; and*#Mave no hesitation in 
expressing the belief, that the Deuterosaurus, from the 
Ural, which occurs in beds which are called Permian, but 
which appear to be Triassic, is also a Dinosaurian. ft is 
also very probable that*Ahopalodof which occurs in these 
rocks, belongs to the same order. If so, the close resem- 
blance of the South African Galesaurus to Rhopalodon, 
would lead me to expect the former to prove ẹ Dinosaur. 
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without this you cannot do much”, Huxley nonetheless 
persisted. With the agreement of Williams and Norgate, 
the scientific publishers, and in the midst of Darwinian 
controversy, the first number of the new Natural History 
Review, “A Quarterly Journal of Biological Seience”. 
appeared in January 1861. Hooker, typically the last to 
agree, was the first to congratulate!?, “The only fault 
with the Review is its brevity. he wrote, and promised to 
contribute himself. An editorial board was formed of 
eleven distinguished naturalists. including George Busk, 
FRS, secretary of the Linnean Society; Francis Curry, 
FRS and FLS; R. MacDonnell. FLS; P. L. Sclater. FZS 
and FLS; W. B. Carpenter. FRS and FLS; J. R. Greene; 
John Lubbock, FRS and FLS; Daniel Olver, FLS; 
Wyville Thomson, FRSE; E. P. Wright, FLS: and 
Huxley himself, Of these eleven, nine would later con- 
tribute to Nature. 

The need for unity which Hooker and Huxley had 
discussed in 1856 was set out in the preface of the new 
journal, Without interfering with other journals, or with 
other than “scientific” considerations, it offered’? “to all 
whom it mav concern a means of discussing the general 
problems suggested by the progress of biological investiga- 
tion in a seientifie spirit”. It would be as authoritative as 
the “ordinary quarterly”. Its theme Huxley took from 
Goethe—as he was to do again 8 years later- Every- 
thing in science is become too much divide d into com- 
partments’. It would be speeialized’* but not so as to 
“demand a place in the Transactions of a scientific 
society”. 

But the Review did not last. It could not pay authors, 


I have found an indubitable fragment of a Dinosaurian 
among some fossils, not long ago sent to me, from the 
reptiliferous beds of Central India, by Dr. Oldham, the 
Director of the Indian Geological Survey. Further, the 
determination of the ‘Thecodents as Drnosauria, leaves 
hardly any doubt that the little «laéistrodon from these 
Indian rocks, long since described by me, belongs to the 
same group. 

But another discovery in the same batch of fossils from 
India, leaves no question on my mind that the Fauna of 
the beds which yield Labyrinthodonts and Dicynodonts in 
that country, represents the terrestrial Fauna of the Trias 
of Europe. I find, in fact, numerous fragments of a 
crocodilian reptile, so closely allied to the edodon of the 
German Trias, that the determination of the points of 
difference requires close attention, associated with a Hype- 
rodapedon, larger than those discovered in the Elgin Sand- 
stones, but otherwise very similar to it, 

Thus, during the Triassic epoch, extensive dry land seems 
to have existed in North America, Western and Central 
Europe, Eastern Europe, Central India, and South Africa, 
as it does now; and, throughout this vast area, the 
Dinosauria—the links between reptiles and birds—seem 
to have been represented by not fewer, probably by many 
more, than nine or ten distinct genera. 

I hope, shortly, to have the honour of placing the details 
of the researches into the structure and distribution of the 
Dinosauria, in which I have been engaged for the last two 
years, and of which the above notice is one of the results, 
before the Geological Socicty. 

T. H. HUXLEY 


NATURE VOL. 224 NOVEMBER 1 1969 


so it did not get contributors. It was authoritative without 
an audience, and agnostic when most naturalists were still 
persuaded by natural theology. Despite Hooker’s warning. 
Huxley assumed editorial responsibility and wrote most of 
the unsigned articles. Two voluntary assistants came to 
help, but they were undependable and counter-productive. 
“I find, unless I review every page of it, it goes wrong’, 
Huxley finally admitted. When at last he decided to 
appoint a paid editor, the journal’s financial position could 
not bear the expense. The last blow came when American 
journals “pirated” articles without permission and thus 
limited American circulation to about twenty copies. 
The Natural History Review proved, as John Murray 
once remarked’, that “‘quarterlies did not pay”. For 
Huxley and his colleagues, and for natural science, the 
need for an effective means of expression remained abund- 


Reprinted from Nature, November 4, 1869 


PHILADELPHIA 


_ American Philosophical Society. —We select the following 
extracts from the reports of the recent meetings of this Society :— 

Prof. Trego has communicated an extract from a letter from 
Mr. Davidson of the Coast Survey, to Mr. D. B. Smith of 
Germantown, detailing the method employed to obtain the 
recent determination of longitude and the velocity of the electric 
current between Cambridge and San Francisco. 

“I give you the first written news not only of our telegraph 
longitude success, but of the success of my plan for determining 
the time of transmission of clock signals from my clock to Cambridge 
and back, over 7,000 miles of wire, through 13 repeaters and a 
multitude of relays. Through the liberality of the Western 
Union Telegraph Company, I had two trans-continental lines 
placed at my use, and last night I succeeded beautifully. My 
circuit was as follows. My clock breaks the local circuit every 
second, depriving the helix A of its electricity, and the magnet 
of its magnetism. This relieves the armature B, which is drawn 
away by a spring, and the pen C makes its record on the 
revolving cylinders of the chronograph. At the same instant 
the main current to Cambridge and back is broken by the 
insulated prolongation of the armature at D, and the break 
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wire, to my relay E, which relieves the armature F, and the 
local circuit is broken ; the helix G deprived of its electricity and 
the magnet of its magnetism, relieving the armature H, which is 
drawn away by a spring, and the pen I makes th» record on the 
revolving cylinders of the chronograph. These two pens are on 
the same horizontal line. “Our experiments show that it took 
0°87 of a second to traverse the above circuit. I also made 
experiments through to Buffalo, Chicago, Omaha, Cheyenne, 
Salt Lake, and Virginia, and back. All successful. As this 
experiment was not contemplated by the programme of the longi- 
tude experiments, I have the satisfaction of seeing my ingenuity 
successfully proved.” 

Prof. Kirkwood has communicated through Mr. Chase a discus- 
sion of the periodicity of the Sun’s spots. We shall return to 
this communication. 
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antly clear. It was also clear, however, that mast men of 
science had not the time, the expertise or the financial 
resources to get a scheme under way. 

There were a few exceptions. One was the Quarterly 
Journal of Science, begun in 1864 by James Samuelson, a 
barrister, and William Crookes, FRS, the chemist, Crookes 
was a student of Hoffman’s at, the Royal College of 
Chemistry in Oxford Street. After serving in various 
minor scientific posts, Crookes found himself out of work 
but wanting to do science. It is true that. he had an excel- 
lent chemical training, but. as his biographer recalls”, 
“in those days a scientific training was no passport to a 
public appointment...” With the help of Wheatstone, 
Crookes got £20 from the Royal Society to aid his re- 
searches and found odd jobs to support himself. Journal- 
ism beckoned. In 1856, he edited the Liverpool Photo- 
graphic Journal and in the following year he became 
editor for the London Photographie Societv. In 1859, 
making arrangements for printing with William Spottis- 
woode, the scientific house, he began Chemical News. The 
weekly was addressed to chemical manufacturers but 
insisted on including “abstract science”, provision for 
advertising and “weekly summaries of all matters of a 
scientific or practical nature” from eminent correspondents 
abroad’, Its success was daily noted; “with the exception 
of the Phil. Mag. and proceedings of learned societies no 
other English scientific journal enjoys this universal 
diffusion”. Crookes’s earnings went to keep up his labora- 
tory and family, but Chemical News paid him only three 
and a half guineas a week. In 1861, he therefore began to 
contribute to the new Quarterly Review of Popular Seience 
edited by James Samuelson. As he reminded Angus 
Smith, “a stationary income will not do with an increas- 
ing family and domestic necessities are apt to make 
scientific men very mercenary”. In January 1864, 
Crookes, recently elected to the Royal Society, joined 
with Samuelson in the Quarterly Journal of Science. Tt 
was to be" “a review of the progress of science ... and 
a medium of communication between students in various 
branches of Natural and Physieal Science. as well as 
between Scientific Observers and the Reading Public”. 
“We have been told by men in eve ry walk of hfe. 
Crookes announced’, that “the time has come when 
Science may claim for herself a special organ’. The 
journal boasted? the support of fifty-eight listed men of 
science “ready to avail themselves of these pages“. Of 
this list, eighteen were later to write for Nature. Among 
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Macmillan and the Scientists 


. . . Just as we have got to learn what the capacities of Literature 
are as a profession, we still have to realize what publishing may be 


and what an immense power a Publisher might wield for good 


without the least neglect of business conditions’. 


WHILE Huxley, Hooker, 1Y ndall and Crookes pondered the 
plight of scientifie communication, two important events 
were taking place in the London publishing world. Durmg 
the early 1860s, British publishing awakened to the poten- 
tial market for scientific material. Traditionally. John 
Murray, with its proximity to the Royal Institution and, 
after 1857, the Royal Society. had enjoyed an unrivalled 
reputation In the field’, and had published Lyell, Cieikie, 
Murchison, Du Chaillu, Mary 


Cambridge and Longmans also enjoyed a long 


Somerville and much of 
Darwin. 
history of scientific work. But young firms like Williams 
and Norgate began to usurp some of the more likely 
texts and the climate was favourable for expansion. 

In parallel, the 1860s also saw a great expansion in 
periodical publishing, called forth by the character of the 
time—the emphasis on reading for moral importance, 
the spread of literacy, rising prosperity, the custom of 
family reading and the technological opportunities of 
of the 


teenth century’s most characteristic products’. 


mass production. Periodicals became one nine- 


Between 
1821 and 1830, 100 new periodicals began in the United 
Kingdom and the figure increased to a peak in 1861-1870, 
when 170 periodicals were issued. or one new magazine 
three weeks. 


every The abolition of compulsory news- 


paper duty im July 1855 and the quickening pace of 


Victorian life brought new life to the daily press and 
success to weeklies like the Saturday Review. Only the 
great quarterlies did not share in the merease*. 

The idea of science and the attraction of frequent 
publication appealed to the young house of Macmillan. 
Alexander and Daniel Macmillan had moved to Cambridge 
about 1845. where they soon flourished. In eighteen 
years they gathered round their shop in Trinity Street a 
collection of influential and productive scholars who were 
to remain firm friends for life. In 1863, with the success 
of Kingsley’s Westward Ho! (1855) and Thomas Hughes's 
Tom Brown's Schooldays (1857), the brothers moved from 
leaving behind in Cambridge 


Cambridge to London. 


Alexander's nephew. Robert Bowes. (The firm became 
Bowes and Bowes of Trinity Street*.) 
Macmillan in his novels had caught the crest of Victorian 


middle class enthusiasm for adventure and exploration. 


Memories of the hungry forties and the struggle of 
Chartism had passed; movements of “social reform” 
through association and due process had become the 


nation’s salvation from the philosophical death of dismal 


science’ and the horrors of revolution. Competition to 


abolish corruption, industrial progress to erase poverty, 
idealism to invigorate utilitamanism m social thought 
there seemed no end to the moral purpose of “higher 
journalism”. 

Macmillan had considered 


In Cambridge, Alexander 


beginning a journal, more a “magazine” than a newspaper, 
ls Gd which could be 
Todhunter. the 
Trinity mathematician, had mentioned the idea as early 
“Tod- 


hunter says he is determined it shall be done, so if that 1s 


selling at a popular price of ls or 


built up “mto an enormous sale’, lsaac 


His 1855 and Alexander had in principle agreed. 


the case we might as well share in it”, Alexander told his 
brother’. By 1860, the abolition of paper duties, together 
with postal reforms and changes in the law of libel, had 
made the prospect “in some respects More important and 
interesting in the history of journalism than any portion 
of the preceding two hundred and fifty years" 

In London. Alexander soon found himself in contact 
with the men who could best create a journal with him, 
Balham, 


Macmillan’s weekly “evenings” at his home m 


affectionately recalled’ as “Talk, Tobacco and Tipple on 


Thursdays , heeame regular between I858 and 


L564. 


events 


Holding evenings where “science, art and letters 
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John Norman Li ckyer, from a woodcut made about 1875. 
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are fairly represented”. Macmillan forged friendships 
that helped him build his reputation. Kingsley, Huxley. 
Spencer, Holman Hunt and Tennyson all became habitués. 
Maemillan’s integrity and willingness to risk short-run 
commercial losses for good causes (or at least for personal 
satisfaction) won him the fidelity of his “list”. As 
Tyndall once confessed to Huxley. while accepting a 
particularly onerous writing task, “I would do anything 
m reason to oblige Maemillan’?®. Maemillan would also 
do much for his friends. 

The idea of the new pertodical had attractions. Mac- 
millan consulted his old friends John Malcolm Ludlow and 
in the “goodly band” that began the Christian Socialist 
movement between 1848 and the early 1850s. It was 
David Masson, in fact, who had recruited F. D. Maurice 
to the group. Alexander wrote in the first volume of the 
Christian Socialist while Daniel had contributed to 
Ludlow's Politics for the People (1848). After the Mac- 
millans moved to London, in 1855, the strongest ties were 
broken, but Ludlow and Masson remained firm friends. 


_ 429 
John Ludlow had long wished to edit a journal that would 
carry his own message of social reform. For years he had 
also been urging Macmillan to produce a monthly magazine 
modelled on the Revue des Deux Mondes, and calling 
upon the remarkable group of reform-minded contributors 
Ludlow had to hand. Maemillan at first preferred a 
quarterly??. but the competition of Bentley's new political 
quarterly helped to change his mind. In November 1859, 


= A i k e s Le g F i R 
just two months before the rival Cornhill Review, 
Macmillan’s Magazine was issued—the first shilling 


monthly m England. Science. lterature and the arts 
would be unified under one banner and Huxley and 
Tyndall would be well employed. The vision of authorita- 
tive science shared With the public was one step nearer 
realization. 

Much to Ludlow’s disappointment, Alexander appointed 
David Masson editor of the new magazine, However 
sympathetic Maemilan might be, Ludlow’s polities were 
against him. Alexander's strong moral sense was combined 
with a shrewd sense of commercial propriety. His 
method of publishing reflected this. “I beleve”, he once 





find a very different state of things. There can be no doubt 
that throughout England there is a great demand for scientific 
education. This demand exists more or less among all classes, 
and it exists among the working-men of this country to an 
extent which could hardly be believed by those'who have not 
had some experience in the matter. Among these there is a great 
desire for scientific instruction, and there is no one to supply it. 

The case of the University is exactly reversed. There are 
1,500 undergraduates at Cambridge, and there are more men able 
to teach them science than there is any need for. But look to 
the non-university classes of England; there are a. thousand 
times that number eager to learn, and not all the men who 
come forward to teach them unite the qualifications of willing- 
ness and of competency. That there is a great demand for 
scientific education, and that not of a desultory kind, among vast 
numbers of the various uneducated classes of England, is a most 
certain fact. If anyone doubts this, let him go to some of 
our great workshops, and let him give a series of careful lectures 
on some scientific subject, and I will venture to say he will be 
simply astonished at the numbers who will come. I have seen 
crowding to a weekly lecture on Astronomy, or on Light, hundreds 
of workmen who had all been working for at leat ten hours 
that day, and who are so greedy for instruction that on a 
summer evening, instead of playing at some game during their 
only hours of leisure, they will spend one part of it in reading, 
and the other part in listening to a lecturer, the intricacies of 
whose demonstrations require the most unhalting attention. 
Suppose I were to start a lecture on some scientific subject at 
Cambridge, probably none, or at most a score, would come. I 
am not setting this down to their blame, for the truth is that 
they have not the same need, for they have many men able to 
teach them anything they could possibly want to learn. Iam 
not here stating the reasons why there should be so small a demand 
for scientific teaching at the University ; the reasons are various 
and complicated, although we have not to go far to seek them ; but 
the fact is certain. Now all this ought not to beso. There is a 
supply without a demand, and a demand without a supply; and 
the matter calls for the gravest consideration of those scientific 
men who care that the benefits which are to be got from the true 
study of science should be diffused among the people of this 
country. Of all things in the world, this is a demand which, 
wherever it exists, it is right to fostér and encourage, and it can 
only be successfully fostered and encouraged by men whose 
intimate acquaintance with the subjects with which they deal 
renders them competent for a task at once of such magnitude 
and of such importance. It is not any want of teachers at the 
University, but the almost absolute want of teaching and teachers 
for those classes that presses upon us. 


Reprinted from Nature, November 11, 1869 


LETTERS TO THE EDITOR 


[ Zhe Editor does not hold himself responsible for opinions exfressed 
by kis Correspondents. | 


Scientific Education at Cambridge 


I NOTICE a paragraph at page 26 of NATURE, in which, 
while the facts are correct, a wrong inference is drawn from 
them. Two gentlemen at Cambridge have been appointed to 
lecture on subjects in natural science, and one of these has 
been appointed to lecture on electricity, magnetism, and botany. 
These facts are correct, and your informant congratulates the 
University on the increased desire for instruction in these subjects 
manifested among the members of the University, but says, 
‘tis the number of men in the University competent to teach 
them so small, that it has been found necessary to entrust 
electricity and botany to the same lecturer?” But the real state 
of the case is, that in the University there is not a want of 
those able to teach Natural Science, but a want of those 
desiring to learn it. In fact, there are so few who want 
to learn these matters of science, that we cannot afford to 
pay, and have no need to appoint, more than one man to do 
the work. The lectures which we have in these subjects 
are insufficiently attended. The University is not behind the 
age in the power of teaching these matters, but before the age. 
If there had been many people coming here desiring to be taught 
certain subjects, and we had been unable to supply that teaching, 
we should in that have been behind the age. But we are offering 
teaching which those to whom we offer it have not yet learned, 
or do not yet care, to appreciate. J am not saying that we have 
the power of showing all the wonders that the astronomers 
of the present day can watch with their spectroscopes. We are 
not well supplied with apparatus; but our want of it does 
not arise so much from the inefficiency of our teachers as 
from the apathy of those who are taught. We have quantities of 
excellent apparatus exhibited and lectured about daily by several of 
our professors well able to deal with these matters, and yet these lec- 
tures are taken advantage of by only a very few. If these lecture- 
rooms were once crowded, the University would only be too 
happy, and would immediately have at its command abundant 
means to increase the staff of competent teachers. We have in fine 
more than'a sufficient number of people who can teach, and, 
what is more, are willing to teach, natural science, if only there 
are those who care to be taught. 

But it would seem as if the classes, from whom the University 
is recruited, were behind the age in their desire to be taught 


es James STUART 
these matters; for if we turn away from the University we 


Trinity College, Cambridge, Nov, 8 
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wrote in approving some articles, 
besides enabling us to do good’! 
Macmallan's Magazine was quickly enveloped in waves 
of controversy. The publication of Darwin's Origin of 
Species alone threw Macmillan into the raging question 
of man in nature. From the first, Maemillan’s Magazine 
opened its pages to the Darwmians. In December 1859, 
Macmillan’s second number published Huxley's Time and 
Life and asked others fo explicate Darwinism for his 


“it would do us good 


readers. Macmillan could scarcely avoid becoming a 
neutral “middle ground” between his scientific, hterary 


and theological friends. Macmillan’s after all published 
Gladstone. Macmillan described a Thursday in July 
1860 when Huxley came in and “Darwin and conundrums 


and general jollity [were] pleasantly interwmed”. 
Alexander was not blind to its implications: 


That Darwin controversy has awakened interest 
in races 3 and e is to al nr extent: a very original 
for wh keenest, interest. U nae a a sae 
deal of theological asperity has got mixed up with 
the controversy on both sides. But I think a true 
scientific spirit is, on the whole. gaining ground, 


As Wingsley’s Dean told Alton Loeke, Macmillan 
believed “there is no lie in Nature, no discord in the revela- 
tion of science, in the laws of the universe. Infinite, pure. 
unfallen, earth-supporting Titans—-fresh as the morning 
of creation, those great laws endure’, The notion of 
evolution, at least as it involved geological change and the 
uniformity of nature, was D eae to 
him; only the nagg 
theory Be a de uniqueness of man sad ne 
existence of free will caused him real concern. 


The scientific enquiry is too immature for us in any 
way to identify ourselves with that theory. TI feel. 
too, most strongly that the plain, distinct recognition 
and maintenance of the Bible doctrine of the ‘Divine 
origin of the man, moral or spiritual . . . is right for 
us to hold-—-because it is the truth and the only view 
that would deliver us from the ghastly consequences 
of Darwin’s book, whether true or false. 

I quite contentedly and calmly abide the issue of 
physical enquiry even if it should turn out that my 
first physical ancestor was a black slug or a polyp. 
while I have this as a background. But I have no 
hope with any theory of creation or generation if this 
is ever lost sight of, for the progress of my own 
species. With it, F have hope even for the poorest 
polyp that cr rawls or sticks to a stone all its poor little 
existenee heret, 


Macmillan refused to admit what he 
called the “ghastly” logical consequences of Darwinism 
for the nature of man. But, this apart, Alexander re- 
mained responsive to argument on either side. “True”, 
he wrote to Tennyson after reading The Origin, “I 
wish someone would pene out the ne side. oe 


To his death, 


aT. e say ing lias. they find are The facta” 4 
Reading the Athenaeum's account of the famous duel 
between Wilberforce, OWen and Huxley at Oxford in 
1860, Maecmillan??, more in sorrow than anger, wrote: 
“Why will you seientifie men quarrel ? Your little hands 
were never made to tear each other’s eyes, but to dig 
fossils and dissect tadpojes’ tails and suchlike wise and 
harmless objects”? i 

But scientifie men would quarrel and a means of regular 
authoritative and frequent communication was needed. 
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It required, however, a publisher with a world view and 
social purpose that could accommodate debate within the 
intellectual ferment of his day. From the early 1860s, 
Macmillan was moving in this direction, as much a pugrim 
as a commercial traveller, excited, mystified and enchanted 
as any enquiring mind by the intellectual adventure 
of unfolding Nature. 


i Graves, Charles, The Life and Letters uf Sir George Grove, 303 i Landon, 
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Seeds of Competition 
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The failure of the Reader in 1867 after a lifetime of four years 
nevertheless taught a number of important lessons. 


MACMILLAN'S appointment of Masson in 1859 had one 
particularly unexpected result. DLudlow’s self esteem 
had been damaged and Macmillan wanted to keep in close 


contact- I hope you will be one of our contributors”, he 
wrote! to Ludlow, “... like a good fellow as you are—with 


a dash of bogie which requires discrimination and even 
exorcizing now and then”. 

But Ludlow was not content to let matters end with 
Macmuillan’s kindly dismissal. In late 1862, joining forces 
with Thomas Hughes, his elose friend and neighbour in 
Wimbledon, Ludlow began a new weekly review of litera- 
ture, science and art. The enterprise was to be inde- 
pendent of any publishing house. Hughes? wished a free 
hand to “supply the long felt want of a first class literary 
paper equal in literary merit and general ability to the 
polineal press of London“. To be their science editor. 
Ludlow and Hughes asked another Wimbledon neighbour, 
a young amateur astronomer and War Office clerk who 
shared their compartment on the morning train to London. 
The voung clerk’s name was Norman Lockyer. 

The Reader, as the new review was called, promised? 
to be “eandid and impartial and liberal in social affairs”. 
Its first publisher was James Bohm and its first number 
appeared on January 3, 1863. The Reader* brought to a 
focus the weekly belles lettres tradition of the Athenaeum 
and the Saturday Review, the intelligence sections of the 
Chemical News, the controversy of Macmillan’s Magazine, 
the missionary purpose of the Quarterly Journal of Science 
and the moral energy of Christian Socialism. “Its goal 
was to serve men of culture”, It was but one step 
removed from Nature. 

In its first few months, the Reader generated excellent 
reviews. The Annual Register’ classed it with the Athen- 
acum and it is still remembered for its excellence’. All the 
“Young Guard of Science” (as Hooker® called them) were 
represented, including Huxley, Lubbock, Lockyer, Galton, 
Tvndali and Hooker, as well as George Airy, H. C. Bastian, 
W. R. Birt, T. G. Bonney, John Browning, George Busk, 
W. B. Carpenter, Charles Darwin, W. R. Davies, W. H. 
Flower, Edward Frankland, J. P. Gassiot. J. R. Hind, 
W. Huggins, James Hunt, Story-Maskelyne, William Pole. 
Andrew Ramsay, Henry Roscoe. Warren De la Rue, H. C. 
Sorby, Wilham Spottiswoode, George Stokes. Edward B. 
Tylor and James Glaisher. All of the thirty-eight men of 
science who contributed to its reviews later wrote in 
Nature, R 

Macmillan observed Ludlow’s handiwork with obvious 
admiration. “The Reader is doing very well now, I under- 
stand... 7°, he wrote to F. J. Hart?- 


* For a recent literary analysis of the review see Byrne, John F.. The 
Reader: A Review of Literature, Science and the Arts, 1863-1867, unpublished 
PhD thesis, Northwestern University (1964); Dr Byrne's thesis arrived in 


this country just in time to be inehided—its research will repay closer 
study. 





It undoubtedly is the best literary paper we ever 
had in England and will undoubtedly improve. 
You should tell everybody to take it instead of the 
Athenaeum, 

Nevertheless, Ludlow could not organize the paper to 
perform commercially. Dr Kingsley complimented? him 
warmly on getting the review “into first rate fettle in a 


notes, he found his manager, publisher and printer 
“impossible”. Finally, in March 1863, “after having 
gathered a jist of contributors such as was never 
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known for a newspaper”, Ludlow resigned®. Ludlow hence- 
forward confined himself to contributions for Maemillan’s, 
the Spector, the Contemporary and the Fortnightly, and 
to the development of his Working Men’s Colleges. 


Reprinted from Nature, December 9, 1869 


THE PROJFECTER CHANNEL RAILIWAYS 
T HE first question to be asked about a railway 
between England and France would be properly one 
upon its importance, and on the value of such a railway 
to the social and commercial interests of the two countries, 

Let us consider the present situation and the circum- 
stances which would affect, favourably or otherwise, a 
Channel Railway. 

We have no definite plan of the proposed bridge, but we 
have a Channel Bridge Company; we have not even a de- 
finite outline of the main engineering features, but we have 
the assurance of the success of amodel which, in the opinion 
of the projector, might be enlarged to any extent. The 
span. of the bridge is evidently not agreed upon, nor is the 
construction of the piers determined; we are assured 
that we may have any span we like, and that there is no 
difficulty about the piers ; in fact, the only thing wanted 
to complete this great national work in /4ree years, appears 
to be a subscription of eight millions sterling to the credit 
account of the Channel Bridge Company. 

The vagueness of the scheme is the safeguard of its 
promoters. We cannot even describe the propositions 
without running the risk of being contradicted on every 
point ; it is even intimated that it is premature to discuss 
the scientific questions of the Channel Bridge scheme. 

We have a few facts, however, on which we may safely 
enlarge. It is admitted, that from Dover to Blanc Nez, a 
distance of twenty-one miles, a number of piers are in- 
dispensable. In 1868, the distance was to be crossed by 
ten spans, cach over 9,000 feet in the clear, and we have a 
diagram of that monster bridge. In 1869 rumour will 
have it that the number of spans is to be increased from 
ten to thirty, making the reduced span still over 3,0co 
fect in the clear. With the first proposition we should 
have had nine piers, with the latter, twenty-nine, washed 
by the waters of the Channel. 

So much, then, about the piers. It may give the ordinary 
reader an idea of the character of this scheme. Shall we 
say anything about the 9,000 and odd feet clear span? 
At first sight it appears to be a typographical error ; 
surely goo and odd feet were meant; but then we mect 
with the fact of the Channel being divided into fe spans, 
so there is no getting out of it. 

The whole proposition is the offspring of a‘highly 
imaginative mind. Of all the schemes or suggestions to 
cross the Channel by rail, this is the most incoherent. 
There is nothing in it—not one point of merit. It is not 
bold, because it lacks the spirit of boldness, viz. Sense. 
Not a trace of an engineer's mind is to be found in it. 
Our asylums produce innumerable schemes of this kind, 
but they are not permitted to disturb the public mind. 
It is a relief to have done with it. We are glad to say 
there are several projects which do not lack cither 
sense or ability on the part of the originators. Some of 
them appear practicable, and one or two highly pro- 
mising of success, and these will form the subject of our 
next communication. 
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On Ludlow’s resignation, David Masson, new professor 
at University College, assumed control. Since 1859, 
Masson had been a good friend of Huxley’s circle!” (it was 
indeed through the intervention of his seientifie friends, 
Thomas Hirst and William Sharpey, that he was elected to 
the Athenaeum) and it was natural that, following his 
successful work with Macmillan’s Magazine, Huxley 
should turn to him. It is curious that twice in five years 
Masson should assume control over something Ludlow 
wished to start. But even Masson’s presence did not save 
the journal, and its financial position failed to improve. 
In the meantime, its fate was shared by another review 
called the Scientific Record which had appeared briefly 
in April 1864. The Record, published by Frederick Mathie- 
son on Telegraph Street, promised!! to be a “Weekly 
Journal of Scientific Progress” and a record of the pro- 
gress of man in conquest of nature”. As usual, it included 
book reviews, notes of the proceedings of learned societies 
and miscellaneous news and intelligence. It also boasted 
a weekly editorial which could well have been written by 
the Young Guard. “The editors hope”, it proclaimed, 
“to render the Brotherhood of Science a real service, 
and to make their journal ever welcome, not only amongst 
scientific men, but also in those happy English homes 
where the light of Nature prevails’. But its proud hopes 
had no chance. Once again expenses sapped the journal’s 
strength. 

In its second issue, the editors admitted defeat and 
sadly observed that “‘science is not sufficiently advanced 
in England, notwithstanding the labours of our scientific 
men, to ensure for such a paper as the Record at present 
popular appreciation and patronage”. The editors had 
faith “that a weekly seientific journal is much wanted 
and when subscribers are prompt, they will be equally 
prompt in reissuing the Record”. Reviews like the 
Reader would not suffice. As one correspondent ex- 
claimed: ‘Science is too important and its objects are 
too multifarious to be adequately disposed of in what 
I may call the Postscripts of Literary Journals’. ‘This 
letter hailed the Record’s articles in astronomy. It was 
signed “J. R.”, but it embodied the sentiments of Norman 
Lockyer. 

Politics and social questions very properly claim 
priority of place and importance in the daily news- 
papers. A weekly seientifie journal, therefore, in 
which “all important discourse in scienee will be 
faithfully recorded” containing also “Scientific Notes 
and Queries” and “admitting correspondence on 
general scientific topics of interest” was certainly a 
desideratum which your journal will opportunately 
supply. 

In the summer of 1863, the future of the Reader was 
uncertain. Masson left the editorship. Among the sub- 
editors, Norman Lockyer was especially anxious that 
it should not stop, and he asked Herbert Spencer’s advice. 
Spencer canvassed support for “a new weekly paper of 
literature and science” which would “eclipse the existing 
one”, “Ifa few selected men were to combine”, Spencer 
said, “each to write one article weekly on a subject within 
his own province, a periodical might be produced that 
would have great weight and authority.” The paper could 
be published for £2,250, so forty shares of £100 were 
issued*3, Tyndall said. however, that there were only 
thirty-five shares issued altogether. 

All the scientists concerned canvassed their friends. 
“We sadly need a good weekly scientific organ,” Tyndall’ 
wrote to Herschel, “and the Reader . . . promises to supply 
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this want. It is exceedingly well supported. Would you 
object to adding your name to the list of shareholders ? 
... There never was a better opportunity for establishing 
a healthy weekly scientific organ.” But Herschel declined 
to pledge himself. With his best wishes he added: “I wish 
it could be accomplished to write the best matter which 
crops up, not being in the form of memoirs presented to 
the great scientific bodies of the country but into one 
really good monthly or bi-monthly journal of science, 
but that, I fear, is hopeless’. Past experience augured 
ill for the fate of any such enterprise, but by November 
things looked brighter; in the end, about thirty-five 
shares were sold and the Young Guard was strong enough 
to bid £2,000 for the paper and to have working capital 
besides. Mr Huth agreed to invest £500 on condition 
that it be maintained an “organ of free opinion”, 
and Hughes held a meeting to settle questions of policy. 
Octavius Smith, a philosophical correspondent of Spencer 
and proprietor of one of the largest distilleries in England, 
bought several. Henry Huth took five; James Campbell, 
another friend. took two; Huxley, Francis Galton, John 
Cairns, Sir Frederick Pollock and Spencer each took one. 
Bence Jones of the Royal Institution bought another and 
Wiliam Spottiswoode was proposed as printer. “The 
paper is not yet quite paying its expenses,” Spencer wrote 
to Mill, “but it can searcely be doubted that with the 
concentration of faculty now about to be engaged upon it, 
it will soon do so, and may not improbably become a good 
investment.” By December, Mill had promised his support 
and Darwin and Lubbock soon followed?®. 

On November 3, 1864, the reconstituted journal was 
discussed at the first meeting of the X-Club. The nine 
members— Huxley, Tyndall, Spottiswoode, Hooker, Lub- 
boek, Busk, Spencer, Hirst and Frankland-—were among 
the most influential scientists in the country. There was 
still some question about a general editor. On November 
22, Thomas Hughes expressed to Huxley his strongest 
belief that “Lockyer can do the general editing and will 
be the best man for us. He knows the machinery, having 
been there from the first, has been in constant relations 
with such men as Ludlow, ete... . has the science already 
in the right grooves and is not above taking advice, is a 
real good worker and above all has his heart in the 
business. .. . He will do the work too gladly at a lower 
figure than any other competent man, a consideration to 
be regarded at the present until we get more capital and 
know where we are’’?!?, John Dennis, a noted literary 
scholar and eritic, was apparently appointed. But in the 
end Sir Frederick Pollock (whose brother. Walter Herrie. 
edited the Saturday Review was literary editor-in-chief. 
Pollock’s father, George Frederick, was a Trinity mathe- 
maticlan and a close friend of Faraday. The Pollock 
family, in turn, was close to Tyndall and his neighbours 
in Hindhead. Tyndall and Huxley agreed to edit science. 
Huxley specializing in physiology and Tyndall in physics. 
John Llewellyn-Davis did theology and Galton travel, 
ethnology and natural history. Lockyer assisted in 
astronomy, Spottiswoode in physies, and John Cairns 
in political economy. G. H. Lewes did fiction and poetry, 
and Speneer did philosophy and psychology. 

A programme advertising the new Reader was drawn 
up, listing 75 men of science, and, on February 4, 1865, a 
new prospectus was issued. One passage in the new 
prospectus!® was especially significant: 

The very inadequate manner in which THE 
PROGRESS OF SCIENCE AND THE LABOURS 
AND OPINIONS OF OUR SCIENTIFIC MEN are 
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Reprinted from Nature, January 6, 1870 


The Veined Structure of Glaciers 


I THINK there is no one point in connection with glaciers: 
more interesting than their veined structure, or one upon 
which so much has been written that remains equally unsettled, ` 
The difference of opinion about it bttween the authors who have 
published most upon the subject are not less remarkable than 
the phenomenon itself: no two are agreed, except in considering 
it as a constitutional feature. | 

Professor Agassiz maintains (4Mantic Monthly, Dec. 1863) 
that the horizontal layers of pure ice which are formed between 
the beds of snow from which a glacier is born, constitute many 
of the identical veins or plates of pure ice which pervade the 
glacier when it is in full life and activity; and attributes the 
inclination which they make, in the latter case, to their former 
horizontal position, to the contortion, bending, or folding, te 
which they have been subjected on their downward course ; but, 
at the same time, he distinguishes between these veins—the 
result of stratification, and others which he terms bands of 
infiltration, and which he believes to have been formed by the 
infiltration and freezing of water. 

The late Principal J. D. Forbes maintained {' Occasional 
Papers on the Theory of Glaciers,” 13th letter) that the veins 
of stratification were annihilated at a certain point, and. that 
at precisely the same time other veins, approximately at right 
angles to the former ones, were formed. These effects he 
referred to intense pressure. 

Professor Tyndall (‘* Glaciers of the Alps,” pp. 380, 425-6), 
agrees with Professor Forbes ‘‘in ascribing to the structure a 
different origin from stratification,” and, if I understand him 
rightly, does not believe that azy portion of the (approximately) 
vertical veins have such an origin. He divides the veins into 
marginal, transverse, and longitudinal structure, and asserts that 
all are produced by pressure, which causes partial liquefaction of 
the ice, and that the water is refrozen when the pressure is 
relieved. 

If any one cause produced the whole of the veins of pure ice 
that are found in the imperfect ice of glaciers (which all are 
agreed are a constitutional feature of those bodies}, it is obvious 
that that cause would have to be equally generally distributed. 
It is indisputable that all the veins are not veins of stratification, 
because examples have been frequently observed crossing (cutting) 
the strata lines at a larger or smaller angle. But although such 
observations prove conclusively that all the veins must not be 
attributed to stratification, they do not prove any more. I 
believe, with Professor Agassiz, for reasons advanced elsewhere,” 
it can be demonstrated, equally conclusively, that many of the 
veins which are seen in the lower courses of glaciers in the Alps 
are veins originally produced by stratification, and dissent entirely 
from the ‘‘annihilation” of Principal Forbes. But as it is 
proved that some have a different origin, we must look to other 
causes for an explanation. It is probable that the theories 
quoted above offer a practical solution of the difficulty, although 
they are unfortified by direct proofs, But I have seen examples 
which it was difficult to explain by either one or the other. 

There is one means by which the veins might be produced, 
which, if not overlooked, is at least not generally advanced. All 
glaciers have crevasses ; a glacier is known by its crevasses, The 
sides of al] crevasses become more or less weathered and coated 
with a glaze of pure ice. When they close up again, when the 
sides join by virtue of regelation, does this leave no trace? Can 
it be annihilated? Or, do the two coalesced films leave their mark 
as a vein of pure ice throughout the generally whitish mass of the 
glacier? I consider a large number of the veins of pure ice which 
constitute the ‘‘veined structure” of glaciers as nothing more 
than the scars af healed crevasses. 

t is not easy to say whether this was the meaning of the follow- 
ing passage, taken from p. 201 of Porbes’s “ Oceasional Papers :” 
“ Most evidently, also, the icy structure is first induced near the 
sides of the glacier where the pressure and working of the interior 
of the ice, accompanied with intense friction, comes into play, and 
the multitudinous incipient fissures occasioned by the intense strain 
are reunited by the simple effects af time and cohesion.” Judged 
by his preceding pages, itis not, and I am unaware that it has been, 
advanced in any other place. Some of your readers may perhaps 
be able to throw some light upon the subject. 

Dec. 13, 1869 EDWARD WHYMPER 
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recorded in the weekly press and the want of a weekly 
organ which would afford scientific men a means of 
comrhunication between themselves and with the 
public, have long been felt. They have been the 
subject of special consideration lately by some of 
the leaders of Science in London. 


To remedy this, the Reader expanded its science space to 
eight pages out of twenty-five. The new prospectus was 
issued and a new series launched. Spencer told Mull’: 
“Tf this opportunity of establishing on a safe footing an 
organ of scientific thought and of conscientious literary 
criticism is lost, it may be long before this very desirable 
object can be achieved”. p 

In November 1864, Francis Penrose, archaeologist and 
astronomer, enthusiastically told Lockyer”? that he had seen 
Ludlow “from whom I learnt that the Reader was casting 
off its old slimy skin and coming out renewed in better 
stvle. I hope it is for your sake—you were very despon- 
dent about it when I saw you”. For about ten months 
the journal attracted scientific work; Lockyer published 
Crol’s paper on the physical causes of climatological 
changes during geological time®!, and a paper by William 
Huggins on nebulae. 

Unhappily. these good omens were short lived. Un- 
expected difficulties of communication and disagreements 
about agreed commitments arose among the team. More- 
over, according to Spencer, John Bohm, the paid sub- 
editor and the only man with journalistic experience. 
found himself out of sympathy with his scientists. “In 
the end their aims as well as the expectations of our 
subseribers were balked.” In April 1865, Spencer signifi- 
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Reprinted from Nature, December 2, 1869 


The Corona 


IN connexion with Mr. Lockyer’s paper On the Recent Total 
Eclipse of the Sun,” the following observations may be useful. 

I observed the total eclipse of July 1860, in company with my 
friends Professor Chevallier and Mr. B. E. Hammond, at the 
village of Pancorbo, in Spain, We were on the summit of a 
mountain of considerable height, about 5,000 feet above the sea, 
and were therefore under somewhat peculiar atmospheric con- 
ditions. I observed specially four things 1- 

(1) Venus; which was then extremely near the sun, the 
thickness of the crescent being only 1 or 2 seconds, and therefore 
very favourably placed for observing whether it has an atmosphere. 

(2) The extent of the corona, and its form, This Dam sure Was 
very irregular; very nearly, if not quite, permanent during the 
three minutes of totality; was nowhere less than 2 5 in breadth ; 
in one part, the top in an inverting telescope, 40 in breadth ; and 
in another, the right, was more than 60 m breadth, running out 
in a long wavy line like floss silk. I have before me the drawing 
I made at the time, during the totality. 

(3) The amount of light given by the corona, This was 
estimated by a photometer, consisting of a wedge of dark glass, 
with 2 moveable slit, contrived by Mr. Chevallier, and now, I 
believe, in the possession of the Astronomical Society, with the 
place marked through which I saw the corona, It was as bright 
as a small cloud, distant 8° from the sun, 10 minutes after 
reappearance ; or as the moon when 24 days old, as the sun was 
setting. l i 

(4) The colours shown by a variety of coloured ribbons during 
totality. Of these, the only observation that bears on Mr. 
Lockyer’s paper, was that on the extent. of the corona. I 
estimated it twice ; once as reaching, to the right, 2} diameters of 
the sun,’and once, later on, at nearly 24 diameters. I had no 
micrometer, but could not possibly have ‘been wrong by so much 
as 10°. I wrote down at the time, that it underwent no perceptible 
change during the eclipse. , It remained visible for six seconds 
after the reappearance of the sun. E 

I had, and have, little doubt that the corona is in the solar, and 
not terrestrial atmosphere. 


Rugby School, Nov. 1 JAMES M. WILSON 
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cantly tried to arouse wider interest by getting**, “so far as 
possible, occasional brief letters from the leading men of 
science announcing such interesting novelties as admit of 
being understood by the general public and one of fit 
nature to be quoted for our columns”. In August 1865, 
Thomas Bendyshe*. a professional author, editor and 
anthropologist, purchased the paper and the management 
improved a little, but personal relations between the editor 
and the staff remained poor and the journal ran aground 
in stormy literary disputes. 

There were other disappointments. Huxley, struggling 
with the Natural History Review, found the strain of one 
collapsing journal too much and he wrote nothing for the 
Reader. In January 1867, the last issue appeared and the 
Reader died soon afterwards. The paper had suffered, 
according to Galton®*, from continuing inefficiency in 
operation and dullness in style “notwithstanding some 
really good articles”. 


The management was naturally too amateurish ; 
promised articles were delayed and the time of the 
Committee was too much wasted in frequent discus- 
sions about first principles upon which Spencer 
loved to dilate. 


But there were other reasons for its failure. Karl 
Pearson?! noted first that, while its seientifie list “was a 
tremendous force to bring together’, because “there was 
no one man who would devote his whole life to the pro- 
jected task, the Reader came to nought”. Second, the 
powerful scientific guns who had given tacit support 
remained silent when asked for reviews. The great men 


were solicited but did not reply. Lacking this 
appeal, the journal’s circulation could only suffer. Third, 
the journal was dissipated by divided responsibility among 
the editors?4, “The ship had too many first rank com- 
manders aboard and no one whose livelihood depended 
on successful voyages. It is small wonder that it never 
reached port.” As Pearson adds. Pereat lector, Natura 
resurgat. Indeed, at its death the Reader was the closest 
approximation yet to the wishes of the London scientific 
cirele. 

* Thomas Bendyshe, educated Eton and King's College. Cambridg MLA. 
1842 and Fellow of King’s. Called to the Bar. Inner Temple, 1857. Trans- 
lated and edited treatises from Latin, German and French for the Anthro- 
pological Society. Venn. Alumni Cantabrigiensis. 
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Macmillan and the Young Guard 


The search continues for a journal which would be the 


+ 
BS 


advocate 


of the cause of Science and the interests of scientific men in England”. 


In a sense, the Reader had failed. But during the hard 
years between 1863 and 1867, Huxley, Tyndall and 
Lockyer had forged a lasting set of working friendships. 
Equally important, they had kept alive Macmillan’s 
interest. The Reader's effort to combine scientific and 
cultural questions within a weekly news journal was 
exemplary. Only the shortage of capital, the difficulties 
of attracting “great men” and the absence of a single 
responsible editor with commercial experience had brought 
it down. Among the most active in its defence and the 
loudest mourners at its death was Lockyer. 

In December 1866, after ten years as a junior clerk 
with the War Office, Norman Lockyer discovered that 
impending administrative reorganization made future 
promotion impossible. A long and bitter struggle en- 
sued which moulded the attitude towards officialdom 
which was to dominate the next fifty vears of his life. A 
change of job seemed inevitable and desirable; ib was 
only a matter of time. The same year, he delivered his 
first paper to the Royal Society and achieved the first 
important results of his studies on solar prominences and 
sunspots. Scientists turned to Lockyer, and Lockyer 
looked around him. 

Some time during 1866, Lockyer, 
quit the Reader, met Alexander Maemillan. It is unclear 
where or im what circumstances they met, but the close 
contact Lockyer had gained over the past. are years with 
Ludlow, Hughes, Masson, Huxley and the whole Young 
Guard, together with his reputation in the Saturday 
Review and the Athenaeum in his spare moments from the 
War Office, made the prospect likely. Mutual admiration 
n I TOn mugne have o ae aa yst. (In 1866 

: Lockyer 
was pae dene the r eas w hich wou ld a in the dis- 
covery of solar helium and had a telescope in his garden. 
Tennyson, who was at that time interested in astronomy, 
may have visited him.) In any event, some time during 


having essentially 


1866, Macmillan asked Lockyer to write a popular book 
on the Sun. This boek was not completed at the time 
although Loekyer’s book on Solar Physics may have been 
the result. Thar association ripened; as Huxley and 
Tyndall were busily «involved in teaching and research, 
Macmillan, not unnaturally, came to regard Lockyer as 
his “consulting physician” im scientific matters. His place 
in the firm became analogous to that held by George 
(later Sir George) Grove who met Macmillan in 1863, 
succeeded Masson as editor of Macmillan’s Magazine in 
1868 and became literary adviser in 18733. Over the next 
two years, Macmillan and Lockyer became good friends. 


In April | S67, as Lockyer was recovering from what 
appeared to be a nervous breakdown, they travelled to 
France together?. 
Lockyer, however, 
young scientists for a mouthpiece. 
tried to persuade the Daily News to establish a 
column. About the same time, Lockver’s arrangement 
with Macmillan became formal and he was retamed as the 
firm’s chief scientific expert “to encourage sound work 
and to discourage what Macmillan called? the “frippery of 
science”. In the meantime, the search for a satisfactory 
scientific newspaper went on. In November 
Charles Wyman, publisher of Queen Stree: began a 


was stil] looking for a job. and the 
In June 1868, Lockver 


“erro uNe 


weekly called Secrentifie Opinion, inchidime the now 
familar intention to provide a “Weekly Record ef 


broad’, The journal 


Scientific Progress at Home and 4 
strongly reminiscent of the Record of L864 and cr 
of 1865, promused to fill the “want of a weekly ae net 
periodical devoted to discoveries of current tomes of 
interest to the seientifie world’. [ts prospectus surie 
marized the discussions and the experience of the last 


four years: 





> feeder 


At a time when Science enters more and more pata 
ee Corana ae of aiy life, and an an 
CABO OF 
a and. ine TA t ure, “3 t eprops Dunt 
numerous Ser e ne wide 5 





ee ae 
eae ent t tha tt h we 


oy eae “of 


than the 


‘he save: pae er mon 
possessing a journal of more frequent issue 
quarterly or monthly. 


More than this, the journal was going to take the poley 
of the young scientists and the N-Club (which 
largely intertwined) one step further by 
“advocate of the cause of Scienee and the 
scientific men in England, to 
s@ience upon the general public. to secure her 
their proper need of recompense and sot ral distinction aud 
to help them m their daily pursuits .. 27°. 

Screntific Opinion lasted until February 1. 1870. 
carried leading articles that could only have come frorg 
the London reformers. In th@seventh number. in Derce- 
ber 1868, there was a leading article entitled “H Lo OW 
Government deals with Science’; in the twenty-first, om 
April 1869, on “Mr Lowe's Estimates of Science”. The 
journal raised demands for, improved representation, 
increased 5S f 


were 

being fhe 
interesis of 
enforee 2... the charms cf 


folly PAY rR 


vend 





State assistance aid the better or ey ee of 
science through a collective and centralized Academy of 
Science. The mast-head and composition of the journal 
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were to provide a model for Nature. It is highly probable 
that Lockyer found his way into its columns. 

Xevera events in the year 1867 proved decisive to 
scientific publishing, and Maecmuillan’s in general. First, 


Commission reported and gave evidence from Huxley. 
Tyndall, William Sharpey and W. A. Miller to the House 
of Lords on the extent to which physical science might be 
introduced into the Publié Schools. The proposed Bill did 
not pass, but made a great stir. Second, Macmillan 
published two eritical books. The first was Essays on a 
Liberal Education by F. W. Farrar and contributors which 
demonstrated the difference between the “humanities” 
and the “‘elassies’’ and made it clear*that there was no 
longer an mtelectual, aesthetic or practical justification 
for the dominance of the classics. One of its contributors 
was James Wilson, the first science master at Rugby, who 
was in the van of scientific teaching. These arguments set 
forth the main lines of educational development. for the 
latter half of the century. The third event. was a collection 
of essays by twenty-seven leading scientists and scholars, 
edited by E. L. Youmans, and published by Macmillan, 
called Modern Culture: Its True Aims and Require- 
ments. On balance, its authors demanded more space 
for scientific studies in education and in national life. 


Reprinted from Nature, February 10, 1870 


THE ROYAL COMMISSION ON SCIENCE 


HE Council ofthe British Association for the Advance- 

ment of Science was received on Friday last by Earl 

de Grey, Lord President of the Council, as a deputation to 

urge on the Government the issuing of a Royal Commis- 
sion to inquire into the state of Science in England. 

That such a body, representing as it does, not only 
the science but the intellect of the nation, more fully 
than, perhaps, any other association in the kingdom, 
should take so decided a step is sufficient proof that in 
the judgment of those best qualified to guide public 
opinion on the subject, our scientific system needs 
reform. 

The truth is that we have no scientific system, properly 
so called. Nothing can be more distinct than Prof. 
Stokes’s statement to Earl de Grey as to the incomplete- 
ness of our arrangements. We have it on his authority 
that a certain class of Astronomical observations is carried 
on at the Royal Observatory and that natural objects are 
displayed at the British Museum ; but that experimental 
research receives “little or no support” from the State. 
It is not easy to frame a plausible distinction between 
these branches of science, which shall justify support 
in one case and neglect in the other. The existing 
anomaly may be explained by the facts that astronomy and 
natural history have engaged the attention of man from 
the earliest ages and thattheyappeal palpably to his senses ; 
whilst chemistry and physics are comparatively recent 
studies, whose aims and processes and even many of 
their results are understood and appreciated only by the 
few, though ministering to the welfare of all. Chemistry, 
in the modern sense of the word, is not a century old; 
electricity and electro-magnetism are younger still. Mainly 
by private means, these and cognate branches of science 
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Other significant publications appeared at the same 
tune. Matthew Arnold's essay in the Cornhill, later to be 
collected in Culture and Anarchy (1869), presaged a new 
phase in the struggle to extend education, especially 
scientific education, to the level of the working man. 
These events. taken together with the appearance of 
Mark Pattison’s Hssays on Academical Organization at 
Oxford in 1868 and the sensational British Association 
paper by Colonel Alexander Strange on the necessity for 
state support for science, brought the issue to a major 
turning point. Macmillan had the good sense to appreciate 
what was happening. On the one hand, standards of 
education and standards of science were going to change 
and textbooks and lectures were soon to be needed. But, 
more important, the place of the scientist was command- 
ing more public attention than ever before. The publisher 
who, for whatever reason, recognized a vocation in science, 
assumed (however unconsciously) a role of unprecedented 
importance for his own future and for the conduet of 
scientific activity. It was time to begm the journal 
which Lockyer and others had struggled to produce for 
more than eight years. 

t Graves, Charles, The Life and Letters of Sir George Grave, 96. 156, 

(Londen, 1903). 
? Graves, Charles, Life and Leiters of Alerander Maemillan, 266, 206 (London, 


1440), 
*Selentifice Opinion, t (November 4, 1868). 


Pe ry Fa) 
wun 


have been advanced in England to their present stage ; 
“but,” says Prof. Stokes, “it was perfectly obvious that 
there were many investigations which it was desirable 
to carry out and which would require the main part of a 
man’s time ; but which involved appliances on so large a 
scale as to be beyond the power and scope of a private 
establishment.” The plain inference from this pregnant 
statement is that these desirable investigations cannot be 
carried on for want of means. It is notorious, indeed, 
that progress is stayed in many important directions for 
want of those “appliances and establishments ” and that 
“time” which it is hopeless to expect from private 
sources, 

Still, it may be urged that there is not so much need 
for these investigations as to demand that the State 
should undertake them; or, that the help of the State has 
something noxious about it which tends to paralyse the 
Spirit of philosophical inquiry. Let us examine these 
two very different objections. The simple answer to the 
first is given by the very proposal of the deputation. They 
do not, on their sole representation, weighty though that 
must be admitted to be, demand that Government physical 
laboratories shall be established. They say, “ We think 
such things are wanted ; but do not take our word for it. 
Inquire ; constitute a commission composed of persons 
of station, independenec and statescraft, to receive our 
statements and to sift from them our interested en- 
thusiasm, reducing what may be our too soaring aspira- 
tions to practical and business-like proportions. Inquire 
first and then act, if you see fit; but do not persist in 
neglecting, without inquiry, things that ought to be done.” 

With regard to the second objection, namely the para- 
lysing effect of State aid, we can only treat it as a purely 
sentimental notion, Does Mr. Airy’s salary paralyse 
astronomy? Does Sir Henry James's salary paralyse 
Geodesy? Does the money spent on art at South Ken- 
sington, on pictures for the National Gallery and on 


NATURE VOL. 224 NOVEMBER 1 1969 


The New journal 


Macmillan agrees to publish a new scientifictjournal with Lockyer 
as editor, to be called Nature. The first publication date is set. 


In early 1869, Lockver approached Macmillan with a 
proposal to publish a general scientific journal. In the 
three years of their friendship, Macmillan had greatly 
broadened the base of his firm. In 1866, he had begun 
the Journal of Anatomy and Physiology. In 1868, to meet 
growing demands for a general medical journal for 
G.P.s, he had begun the Practitioner. A steady stream 
of works in medicine and surgery was established and new 
scientific books were beginning to appear~—partly in an 
attempt to fight the transatlantic practice of pirating 
English editions. Moreover, in 1869, Macmillan began 


collections at the British Museum, paralyse those estab- 
lishments? Is there something so peculiar in experi- 
mental labours as to place them in a category by them- 
selves, subjecting them to malign influences from 
which the whole of the rest of the business of life is 
exempt? Are such labours so exceptional in their nature 
that whilst a public body like the Royal Institution shall 
purchase apparatus and pay salaries and thus stimulate the 
genius of Davy, Faraday and Tyndall, the same apparatus 
and stipends given to them by the State must have 
reduced these men to torpor ? 

But to return to practical matters. The main points 
fora Royal Commission to throw light upon are these. 
First, is it right that science should be aided at all by the 
state? Secondly, is the aid now given exactly what is 
needed—neither too much nor too little? Thirdly, the 
degree and direction in which science should become a 
State business having been settled, what will be the best 
organisation for the purpose? Not one of these points 
has ever yet been thoroughly considered in England. At 
present all is arbitrary, inconsistent and incomplete: or, 
to use Prof. Huxley’s comprehensive word, “chaotic.” 
The British Association “wishes naturally to reduce 
chaos to order and they wisely begin—not by defi- 
nite requisitions for things which few out of their 
charmed circle know the value of; but by a moderate 
demand for inquiry. This cannot possibly be refused to 
them. The nation is thoroughly awakened to a sense of 
its shortcomings as to education and it will be quite 
prepared to further those ends to which education is 
merely a means. The outlay which it will be called upon 
to provide need not be great; indeed, at first we shall 
have to deal more with the utilisation of what we already 
possess, than with the creation of new means. The great 
point is first to establish a sound principle of working and 
then to apply it by degrees, with caution and economy. 

The word education reminds us of its occurrence in the 


his publishing housen America. “I have good accounts 
from our agents in New York of the prospects of business 
there”, he wrote Henry Roscoe'. Macmillan’s polevy 
became characterized by investment in 
publishing’ in books and journals which at first sold 
slowly but which had the capacity of endurance, Whether 
in medicine, science or literature, “elassics’’ were the 
keystone—classics in any field would command the 
attention for years. In the nature of things. this policy 
was not immediately profitable. It required the ability to 
take initial losses and place complete confidence in the 


“long-term 


course of the proceedings before Lord de Grey. Educa- 
tion and Science so naturally associate themselves in the 
mind that it is hardly possible to discuss the latter as 
independent of the former. Almost all the great conti- 
nental scientific endowments include instruction in some 
form or other. And in this country the greater number 
of our most distinguished men of science are professors 
and teachers. The question of scientific instruction must, 
therefore, necessarily be considered by those who inquire 
into the question of scientific research. This will be by 
no means the easiest part of their labour. The complaint 
now is that men eminently qualified for research have too 
much of their time occupied in teaching. It will be difficult 
so to apportion the two functions that they shall reinforce 
and not obstruct each other. And again, there are some 
departments of science which experience has shown may 
be safely dissociated from instruction. Astronomy furnishes 
an example. Mr. Airy would probably not consider that 
the teaching of a class would aid him much in his peculiar 
duties. 

We have said that this part of the inquiry will be 


difficult. The whole inquiry is indeed fraught with diffi- 
culty. It means nothing less than the constituting of a 


department of the State of which even the nucleus can- 
not be said, as yet, to exist. To do this liberally and 
efficiently and yet, with such regard to economy as shall 
make the result visibly beneficial to the community on 
whom the cost will fall, will be an achievement worthy of any 
statcsman’s ambition; but beyond no real statesman’s reach. 

We do not doubt that the Commission will be granted. 
Lord de Grey and Mr. Forster are too experienced ta 
attach undue importance to the apparent want of harmony 
between some of the opinions expressed, or to suppose 
that all the grounds on which the Commission was asked 
for could be given in an hour's ‘tonversation. They will 
rather be swayed by the representative character of those 
who asked for it. 
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assumption that change and development would only 
bring progress and profit. It was this policy which 
guided Macmillan in assenting to publish another new 
journal, 

The experience of the Reader, the persistence of Huxley 
and Tyndall at the X-Club and the visible demand for a 
professional voice, a growing market for a frequent and 
authoritative review, were catalysed by the presence 
of an ambitious young seientific journalist of intellectual 
distinction who had already won the confidence of an 
aggressive publisher with sufficient capital, an apprecia- 
tion of science, a willingness to take risks and a strong 
sense of social mission. Some time near the middle of 
1869, Macmillan took the initiative, and agreed to produce 
the new periodical, with Lockyer as editor*. The new 
periodical was to combine the critical and literary stand- 
ards of the Reader with the timeliness of Chemical News, 
and the format of the Scientific Record and Scientific 
Opinion, 

The year 1869 was auspicious for Lockyer. In August 
1868 he had observed the solar prominences and had 
discovered helium spectroseopically. In February 1869 
he gave a lecture in a series at University College, London, 
led by Huxley and Ruskin; m April he was elected to 
the Royal Society. In May he gave a Friday evening 
lecture in the Royal Institution and had become a young 
lion in scientific circles. Lockyer, aged 33, had reached a 
crest in his new career. 

The year was also auspicious for a new journal. The 
only real competitor, Scientific Opinion, was losing money 
and would not last long independent of a publishing 
house. There were, however, rumours of plans by John 
Murray to launch a new journal under Charles Appleton, 
to be called The Academy. Having made the decision in 
principle, Maemillan decided to act swiftly. The dead- 
line for the first issue of his new Journal was set for 
October 1869. 

Macmillan and Lockyer began to enlist promuses of 
support ancl subscriptions. Lockyer had the advantage 
of more personal experience than anyone who had preceded 
hin. His list of eighty-six intending contributors was 
virtually ready. It had only to be made up from the 
Quarterly Journal of Science, the Natural History Review. 


the Record, the Opinion and—-the easiest of all---the 
Reader. The prospectus was virtually identical with that 
in the “revised” Reader of 1865. The pitfalls awaiting 


any young scientific Journal were not new. Editorially 
it had to avoid rehgion and politics and an appeal to 
any particular class of research or researchers. It had to 
be a weekly and appear on time. Tor this, it required a 


Reprinted from Nature, November 4, 1869 


MANCHESTER. 


Literary and Philosophical Society, October.—Mr. E. W. 
Binney, F.R.S. in the Chair. The following extract of a letter 
from Dr. Joule, F.R.S., dated Southport, October sth, 1869, 
and addressed tothe Chairman, was read :— I enclose a rou 
drawing of the appearance of the setting sun. Mr. Baxendell 
noticed the fact that at the moment of the departure of the sun 
below the horizon, the last glimpse is coloured bluish green. 
On two or three occasions I have noticed this, and also near 
sunset that just at the upper edge, where bands of the sun’s 
disk are separgted one after the other by refraction, each band 
becomes coloured blue just before it vanishes.” 
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responsible paid editor and paid contributors. It should 
aim to educate as well as inform; it should be suitable 
for science masters in schools throughout the Empire as 
well as for scientific men in the universities, For this it 
required cooperation from the United States, the continent 
and the colonies. For this, in turn, it needed “contacts” 

rg Here. of course, 
Alexander Macmillan was in his element. — 

While Lockyer was offering? free subseriptions to 
foreigners such as Spencer Baird, the director of the 
Smithsonian, if he would allow his name “to eppear 
among the supporters of the journal and inform us from 
time to time of the progress of science in [his] neighbour- 
hood”, Macmillan was cultivating his friends in the schools, 
like James Wilson of Rugby, in the universities of England 
and Scotland, in India-—~in short, wherever Macmillan’s 
books were read. Thus he wrote’ to William Thomson 
(later Lord Kelvin}: 


.. . Lockyer is going to start a weekly journal of 
Science which we are to publish. It is meant to be 
popular in part, but also sound, and part devoted 
specifically to scientific men and their intercourse 
with each other. Balfour, Stewart, Wilkinson, Tyndall, 
Roscoe and almost everyone else who is about London 
have given him their names, and he very greatly 
wishes yours as among those who promise support. 
May I tell him you consent ? 


Similar Jetters went to Sir George Airy, Lyon Playfair 
(who approved but declined to contribute), to Sir 
Benjamin Brodie, William Crookes, Thomas Graham, 
Nevil Story-Maskelyne, Charles Pritchard, P. G. Tait 
and Alexander Williamson, all of whom offered their sup- 
port. Of his scientific friends, only one, Joseph Hooker. was 
outspokenly pessimistic. Ironically, Hooker was among 
the few who had actually tried to run a journal himself. 


periodical”, he wrote to Maemillan, 


I fear, however that scientific support is a broken 
reed and that it will be difficult to supplant the 
Athenaeum as it is, the failure of scientific 
periodicals patronized by men of mark has been 
dismal-—-e.g. the Reader, Natural History herien, 
my father’s Botanical Journal and so forth... 


But the essence of his despair? was this: 


I do not see how a realy scientific man can find 
time to conduct a periodical scientifically; or brains 
to go over the mass of trash that is communicated 
to it and requires expurgation. 


An editor would either sacrifice 
journalism or else ruin the journal by giving it second 
place to science in his life. Loekyer presumably knew 
this but was not. to be put off. After all, Hooker had 
not considered the one possibility remaiming—that a 


his serence for his 


journal eould be so representative of the whole 
community of science that it could actually be run by 
that community. The editor's job was not that of a clerk 
but a clearing house. 

By June, the name of the new journal wes decided. 


Where the decision took place or who made it is not clear. 
The word Nature appeared often enough im Lockyer’s 
own writings. It was in common usage and thus, in the 
Reader, he referred almost instinctively to the “open book 
of Nature’. But the use of the word as a ttle was 
inspired. 

Commercially the word was easily understood and 
translated into every major European language. Philo- 
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sophically, it synthesized the Carlylean image of Nature 


which had profoundly influenced Huxley, Tyndall and 
G. H. Lewes, the Baconian view of scientific method in 


unveiling natural uniformity and the symbolic separa- 
tion of matter from theology. As it gently lifted science 
from threadbare controversies with religion, it offered the 
hope of fuller philosophieal insight into the process of 
creation. Though it stressed the “natura! world” of the 
naturalist, the word also carried a message of unity in 
investigation, of shared understanding between all 
different branches of natural (and potentially social) 
science. Its effect was exhilarating. As J. J. Sylvester 
wrote’: 


What a glorious title, Nature, a veritable stroke 
of genius to have hit upon. It is more than a Cosmos. 
more than universe. It includes the seen as well as 
the unseen, the possible as well as the actual, Nature 
and Nature’s God, mind and matter. I am lost 
in admiration of the effulgent blaze of the ideas it 
calls forth. 


Its immediate application may have arisen from the 
first meeting of the little known but highly important 
Metaphysical Society in April 1869. The society, of twenty- 
six original members. was formed to confront men of science 
with men of faith, to discover what philosophical re- 
conciliation was possible between religion and the principle 
of uniform. evolving Nature. The scientific part of the 
society included Huxley, Tyndall, Pritchard, Lubbock and 
Carpenter—all Maemillan’s men and Lockyer’s friends. 
The society, however, also imeluded R. H. Hutton. 
editor of the Spectator, James Knowles, editor of the 
Contemporary (and later the Nineteenth Century), and 
Wilfred Ward. editor of the Dublin Review. It must have 
been all too clear to the scientific men that they had no 
authoritative medium of opinion in which they could 
present a united front. The chance of a new journal by 


Macmillan, edited by a young, successful and (so far) 
uncontroversial man, was too good to miss. At the first 


meeting of the society in April 1869, Tennysen’s new 
poem “The Higher Pantheism™ was read. Tennyson had 
been on the eontinent recovering from iness and depres- 
sion and had turned to Wordsworth. In some sense his 
strange abstract poem was a reconeiliatory reply to the 
fear. despair and the materialism he saw in Tyndall and 
revealed in Lucretius, published in 1868. Whatever may 
be the mysteries of matter there was promise of recon- 
enhation?: 

God is law, say the wise; O Soul, and let us rejoice, 

For if He thunder by law the thunder is yet His voice. 
Where to look for the new natural theology---the “higher 
pantheism™ ? Perhaps to Wordsworth’: 


.. To the solid ground 

Of nature trusts the Mind that builds for ave; 

Convinced that there, there only, she can lay 

Secure foundations. . | 
These lines from the revised version of an obscure sonnet 
became the new journel’s motto*. Significantly, in the 
journal, the capitalization of “nature” and “mind” are 
interchanged and remain thus until 1920. It is unlikely 
that this reflects a mere typographical error. A mast-head 
was chosen, perhaps under Huxley’s or Tyndall’s influence, 
with a cosmical representation of the Earth m the context 
of the universe-—a striking and unique reflexion of natur- 

* The original text, published in 1823, does not contain these lines. The 
influences which brought Wordsworth to make the revision are surely most 


intriguing. I thank Professor John Hollander fer his tlumination of this 
point. 
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philosophie, even of Goethe, in British scientific thought, 
and perhaps also a wishful plan for the journal’s distribu- 
tion. . 

On November 3. Macmillan innocently betrayed to 
James Maclehose the thrill of first night anticipations”: 
Nature is to be published in London at 7.30... . 
Lockyer was preemptory that our publication day 
should indicate the point qo which our information 
is brought up. The fallacy of a Saturday publication 
with a Thursday actual information he doesn’t think 
right... . We start with 10 pages of advertisement. 
.... [ think we will look nice. 


t Macmillan Archives, 17, Alexander Macmillan to Henry Reseoe, September 
. * 


14, 1869. 

* Morgan, Charles, The House of Macmillan, 34 (London, 1245). 

* Smithsonian MSS. 46283, Lockyer for Macmillan to Director, Siuthaontan, 
August 2, 1869. 

t Graves, Charles, Life and Lettera of Aleranier Macmillan, 200, Macmillan 
to Thomson, duly 20. 18690 (London, 1910). 

? Lockyer Papers, Hooker to Macmillan, July 22, 1869, 

* Quoted in Lockyer, T. Mary, and Lockyer, Winifred La Life and Work of 
Sir Norman Lockyer, 48 (London, 1923}. 

t The Works of Alfred, Lard Tennyson, 239 (London, 1003) 

s Wordsworth, W., Miscellaneous Sonnets, 21, 5-8 (London, 1827). 

* Graves, Charles. Life and Letters of Alerander Macmillan, 302, Macmillan 
to Maclehoss, November 3, 1869 (Londen, 1910). 
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JHE GOVERNMENT OF THE KO YAL SOCIETY 


E have so often maintained in these columns that 
Science cannot now be propelled on its onward 
course by the efforts of unassisted individuals only, and 
that the State must itself, sooner or later, put its shoulder 
vigorously to the wheel, that there is some danger lcst we 
should be thought to undervaluc the force of private 
enterprise. We, on the contrary, attach very high im- 
portance to such enterprise, which exists amongst us in 
England more abundantly than perhaps in any other 
country in the world. It exists in two forms—in that of 
detached individual effort, and in that of voluntarily 
associated bodies, the Scientific Societies. To the latter 
only we propose now to address ourselves. 

The system of internal government by which the affairs 
of a body like this are regulated becomes a matter of the 
deepest moment, not only to the Society, but to the nation 
and to civilisation itself. 

The governing body, the Council, is composed of a 
President, five Vice-presidents, and twelve ordinary mem- 
bers. These are all honorary posts. Two ordinary Secre- 
taries and one Foreign Secretary, members of the Council 
with votes, are paid, the first two 300/., and the last 100/. 
per annum, out of the funds of the Society, There is 
also a Treasurer, a member of Council, but unpaid. An 
Assistant Secretary and a Librarian, not members of the 
Council, and of course both salaried, perform all the neces- 


sary routine duties. | 
There is a wide-spread feeling that this form of govern- 


ment admits of improvement, and as the actual occupants 
of the posts in which an alteration is thought desirable 
stand deservedly very high in the estimation, not of the 
scientific world only, but in that of the community genc- 
rally, the reform of which we are about to speak can 
fortunately now be discussed without personality, and 
without any fear of the acrimony to which, under less 
auspicious circumstances, such a discussién would inevi- 
ably lead. 


440 


The -First Issue 
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“First, to place before the general public the results of Scientific 
Work and Scientific Discovery and to urge the claims of science to 
a more general recognition in Education and in Daily Life...” 


s 
Tue journal did, in fact, look nice as it appeared on 
November 4, 1869. Beneath the conservative dress it 
shared with the Athenaeum and the Academy, it conveyed 
a dynamic view of science m human affairs. The stated 
objects of Nature were 


First, to place before the general public the results 
of Scientific Work and Scientific Discovery and to urge 
the claims of science to a more general recognition in 
Education and in Daily Lite; and secondly, to aid 
Scientific Men themselves by giving early information 
of all advances made m any branch of natural know- 
opportunity of discussing the various 
questions which arise from time to time. 


scientifie 


These two objects really embodied four distinct activities: 
the announcement of fresh results, the publie promotion 
of science, the diffusion of scientific information and the 
airing of controversy. Part professional and research; 
part educational and amateur. 

The first issue beautifully blended the London scientists’ 
fascination with German vnaturphilosophie, Carlylean 
idealism, British empiricism and English romanticism. 
The first article was Huxley’s translation of Goethe’s rhap- 
sody on Nature, a fitting introduction for a journal which 
proposed “to mirror the progress of that fashioning by 


etre dre 
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THURSDAY, MARCH 24, 1870 > 


THE TRANSITS OF VENUS IN 1874 AND 1882 


PARLIAMENTARY paper issued at the close of 

last session gives some information on what Is 
intended to be done in the matter of the great ap- 
proaching astronomical events of 1874 and 1882, which 
will interest many readers of NATURE. The corre- 
spondence on this subject between the Astronomer Royal 
and the Hydrographer of the Admiralty, and between 
the Hydrographer and the Secretary to the Admiralty, 
is given at full length, and together with the appended 
remarks of Captain Toynbee, Admiral Ommaney, Com- 
mander Davis, Mr. Stone, and Mr. Warren De la Rue, 
well merits careful perusal, On the whole it seems to 
be at least doubtful whether the requisite Antarctic 
station for the observation of the transit, which in the 
opinion of the Astronomer Royal should, if possible, 
‘be in the neighbourhood of Mounts Erebus and Terror, 
can be attained, or if, when attained, it is likely to 
‘be -possible to make observations from it. But this 
Antarctic station is only required for the transit of 
1882, and there is ample time to make a preparatory 
Antarctic expedition to ascertain the doubtful point. 


nature of a picture of herself in the mind of man”. Some 
thought that Huxley, “im an interval of lunacy’. had 
written the rhapsody himself!. But it was, he said, “the 
best expression of the modern aspect of Nature known to 
me’, Other articles attacked the view of science as dry 
calculating Benthamism—~“‘the Dullness of Science” and 
appealed to flights of creative imagination. Soon followed 
such diverse contributions as accounts of winter-flowering 
plants, reports of the German scientists’ meeting at 
Innsbruck and a note of the recent solar eclipse. i 
The appearance of a new weekly paper, as the Saturday 
Review remarked, was not generally a rare or remarkable 
event. But there was peculiar importance in this one. At 
last science, as such, had received “representation im the 
fourth estate by a journal promising depth, “universality 


and promptitude”. To suceeed, it would need to encourage 
cooperation and to avoid specialization. But it was vit ally 
important that it should succeed. “To includ» within its 
territory every separate class of the great domain of 
science fand] to have intimate relations with the little 
band... of nature's servants in every eivilized region of 
our planet...” Nature promised to be as universal as its 
title. 


* Maemillan Archies, Huxley Correspondence, f. 134, Huxiey fo Macmillan, 
October 30, 1892, 
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In the meantime, however, let us see what has been 
settled about the transit of 1874. For the proper ob- 
servation of this event the Astronomer Royal informs 
us that it will be necessary, after making allowance for all 
the aid that may be expected from foreign and colonial 
observatories, to organise expeditions to the following five 
stations :—(1) Oahu (Sandwich Islands), (2) Kerguelen’s 
Island, (3) Rodriguez, (4) Auckland (New Zealand’, (5) 
Alexandria. At the first three of these stations—namely 
Oahu, Kerguelen’s Island, and Rodriguez—it will be 
necessary to make preparatory observations for twelve 
months, in order to ascertain the absolute longitudes of 
these places, which are not exactly known. The total cost 
ofthese proposed observing expeditions forthe transit of 1874 
is estimated by the Hydrographer at 10,404/, a sum which, 
it must be admitted, is moderate for work of such sur- 
passing importance, and, as the Lords of the Treasury 
state that they have “no objection to offer” to the pro- 
posed expenditure, we may take it for granted it will be 
so far carried out. But what I wish to call attention to at 
the present moment is the valuable opportunity thus 
offered for still further augmenting the importance of this 
event to the progress of science generally, by converting 
these proposed astronomical expeditions into expeditions 
for general scientific observation. At three of the spots 
to be visited it will be necessary to keep up an observing 
party, more or less extensive, for upwards of twelve 
months. Now, it so happens that the three spots thus 
selected for astronomical observatories are also of very 
great interest for biological studies. The Sandwich 
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Securing the Foundations 


AAY 


Nature soon became the recognized forum for scientific debate in 


Britain. 


Few of the competitors of Nature from the nineteenth 


century have survived, but for many years Nature's finances left 
much to be desired. 


In Nature’s first fifty years. Lockyer and his assistants 
produced 2,600 weekly numbers in 103 volumes. Between 
1869 and 1909 there were two volumes per year and six 
months per volume (November—April and May—October). 
For sheer endurance, it set a record. But it had a good 
deal of help, even from those who might have been set 
against it. The Academy was among the few who threat- 
ened at first to steal Natures thunder. This weekly, 
published at sixpence, was begun by the house of Murray, 
printed by Williams and Norgate and edited by Charles 
Edward Appleton. Appleton was a leading Oxford 
reformer in the 1850s and 1860s who probably coimed the 
“endowment of research” as it became recognized m 
‘Research’, in his sense however, was not the 
sole preserve of natural science but the well-spring of 
every ‘science’ of “wissenschaft. Thus the Academy 
earned work, not only by Tyndall and Huxley. but also 
by Arnold, Morris and Rossetti.. 

In the Academy appeared the only negative review of 
Nature’s first issue. This exquisitely observed that the 
new journal was not the “Zeitschnft’’ Appleton had 
expected®, 


term ` 
England. 


The eminence of the names attached to the prelimin- 
ary notice of its appearance naturally led to the con- 
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Islands are well known to be the seat of a most peculiar 
indigenous flora and fauna, which has been hitherto very 
incompletely explored, all ing perhaps even that of the 
Galapagos in eccentricity. They are likewise the seat 
of some of the most stupendous volcanic phenemnena 
known on the globe. Who can doubt that one or more 
zoologists, botanists, and geologists would find ample 
work during a twelvemonth’s soiourn in these islands, 
and would reap a rich harvest of results? The little 
island of Rodriguez was formerly the residence of a bird 
allied to the Dodo, and probably of other extinct forms o 
life. Professor Newton and his brother have, it is true, 
already made us tolerably well acquainted with the oste- 
ology of Peszophaps, as this gigantic ground-pigeon is 
termed. But there is no doubt that a careful exploration 
of the bone-caves of Rodriguez will lead to still further 


discoveries as regards Pesephaps, and most pro- 
bably result in bringing to light other unknown extinct 


inhabitants of the submerged continent, which was the 
ancient focus of Didine life. Kerguelen’s Island, the 
third point selected for a temporary astronomical ob- 
servatory, is also in many points worthy of renewed 
investigation, Although we may probably believe Dr. 
Hooker, who visited it during Sir James Ross’s Antarctic 
Expedition, left but few plants for future botanists to 
discover, the seals and whales that frequent its shores, 
together with the sea-fowl and other inhabitants of the 
coast, would well occupy the attention of zoologists. It 
is, moreover, of especial importance that the “abundant 
fossil remains” of its now extinct forests should be 
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clusion that the work would be a great contribution 
to science, as containing original essays on subjects 
of scientific interest, as a guide to the student as 
to the value of recent publications and as a record of 
scientific investigation; but it does not, in its 
present form, supply the want of those interested im 
‘Nature’, 


A few days after the review, however, Appleton’ 
cordially reassured Lockyer that “some of my friends had 
upbraided me for the notice of Nature in the Academy, 
thinking it severe. I hope you won't think so.” 


It is, in fact, the opinion of one of the very best scien- 
tife workers we have up here into whose hands 1 put 
the first number. In pointing out deficiencies, 1 hope in 
no unfriendly way we have done very much what the 
French Revue Critique has done for us--in an article 
which I, for one, value much above all the foolish and 
indiscriminate laudation that we, like you, receaved 


from the English press. I wish vou all possible 
SUCCESS. 


Appleton’s blessing reflected the kinship and sympathy 
which the new paper had almost by birthright. It was not 
only the culmination of years of experimentation and the 
embodiment of Macmillan’s ideas of journalistic timova- 


thoroughly investigated, in order to obtain more know- 
ledge of the former distribution of land and water in the 
South Pacific. I have mentioned only some of the prin- 
cipal and most noticeable points for biological inquiry in 
each of these three localities. But, as every naturalist 
knows, in the case of such isolated land-areas as these 
marine islands, it is of especial importance to the progress 
of our knowledge of general geographical distribution to 
have a complete account of every branch of their faunas 
and floras, both recent and extinct. I beg leave, there- 
fore, to urge upon all who are interested in the progress 
of science, the importance of not losing the opportunity 
that now presents itself. The additional expense al at- 
taching two or three qualifed Natural History observers 
(or at any rate collectors) to these three expeditions could 
not be very great. The numerous American and Russian 
exploring expeditions are invariably accompanied by 
zoological and botanical collectors, nor is the money 
required to publish the results obtained by them grudged 
by the Governments of these countries. Even poverty- 
stricken Austria did not send the Novara round the 
world without a competent corps of naturalists, and 
we are now reaping the fruits of the abundant bar- 
vest which they gathered in. Far from lagging behind, 
wealthy England ought to take the lead in such cases, 
and instead of its being necessary, when an opportunity of 
the sort occurs, to take all kinds of extraordinary steps 
in order to induce the Government to take advantage of 
it, such things should be done as matters of course. 
Pedi, Be 
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tion; Nature was also the favourite god-child of the scien- 
tific community. While Lockyer guided it and Macmillan 
gave the*help of an indulgent uncle, its development was 
anxiously watched and recorded by the country’s most 
important men of science. “Iam so glad you like Nature”, 
Macmillan proudly exclaimed! to Roscoe in mid- 
November, “Number three will be the best, I hope, and we 
mean to go on improving. Thanks for your article. You 
will give us more.” “I will be very glad to do what I can”, 
wrote William Thomson’ from Glasgow, “and I have no 
doubt that we shall supply papers almost continuously”, 
Macmillan spread the good news wherever British 
journals were read‘. 

Early sales were promising. “I have been told 18,000", 
Ray Lankester wrote to Macmillan enthusiastically. “If 
that keeps on, or near it—it must be a great success”. He 
must have been wildly optimistic, but the spirit of hope 
was with Nature. 

The price had been set purposely low at fourpence (most 
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SCIENTIFIC WORTHIES 


I,—FARADAY 
Michael Faraday, born September 22,1791, died 
August 25, 1867. 
ITH this number of NATURE we present to our 
subscribers the first of what we hope will be a long 
series of Portraits of Eminent Men of Science. 
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weeklies were sixpence) to attract subscribers. Advertising 
revenue was expected to help meet costs, and much of this 
came from scientific instrument makers and publishers. 


Special rates were offered for institutional advertisements, 


which made Nature a profitable instrument for the 
acdemic profession. 

There was certainly, both for the sake of economy and 
the interests of general readability, a need to keep the 
journal “popular”. The unsigned biographical sketches 
under the title “Scientific Worthies”, together with the 
space devoted occasionally to regular obituaries, were 
attempts of this kind. The engraved portraits accompany- 
ing them seem to have been an idea of Macmillan, who 
waited until a set was ready and then launched the series 
with a sketch of Faraday by Tyndall’, in September 
1873. 

In the absence of printing records, it ıs difficult to 
calculate production costs or distribution figures for 
Nature's early years. Some clues can, however, be found 


This first portrait is one of Faraday, engraved on steel, 
by Jeens, from a photograph by Watkins. Those who 
had the happiness of knowing Faraday best will best ap- 
preciate the artist’s skill—he has indeed surpassed himself; 
for the engraving is more life-like than the photograph. We 
could ill spare such a memorial of such a man, one in 
which all the beautiful simplicity of his life beams upon 
us. There is no posturing here ! 

The high place which we assign to Faraday in electro- 
magnetic science may appear to some inconsistent with 
the fact that electromagnetic science is an exact science, 
and that in some of its branches it had alrcady assumed 
a mathematical form before the time of Faraday, whereas 
Faraday was not a professed mathematician, and in his 
writings we find none of those integrations of differential 
equations which are supposed to be of the very essence of an 
exact science. Open Poisson and Ampère, who went before 
him, or Weber and Neumann, who came after him, and 
you will find their pages full of symbols, not one of which 
Faraday would have understood. It is admitted that 
Faraday made some great discoveries, but if we put these 
aside, how can we rank his scientific method so high 
without disparaging the mathematics of these eminent 
men? 

It is true that no one can essentially cultivate any 
exact science without understanding the mathematics of 
that science. But we are not to suppose that the calcu- 
lations and equations which mathematicians find so usc- 
ful constitute the whole of mathematics. The calculus is 
but a part of mathematics. 

From the straight line of Euclid to the lines of force of 
Faraday this has been the character of the.ideas by 
which science has been advanced, and by the free use 
of dynamical as well as geometrical ideas we may hope for 
a further advance. The use of mathematical calcula- 
tions is to compare the results of the application of 
these ideas with our measurements of the quantitics con- 
cerned in our experiments. Electrical science is now in the 
stage in which such measurements and calculations are 
of the greatest importance. 

We are probably ignorant even of the name of the 
science which will be developed out of the materials we 
are now collecting, when the great philosopher next after 
Faraday makes his appearance. 
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in the experience of Nature’s contemporary—Chemical 
News. According to William Crookes, its average cost in 
the 1860s, excluding editorial and contributors’ fees, was 
about £14 13s Od per issue, or about £730 p.a. Nature was 
typographically similar to Chemical News but had more 
illustrations, which would probably have cost at least £200 
more. Lockyer’s salary as an editor? is not certain, but it 
was perhaps £400. (His successor’s salary was £500 p.a. 
and his assistant’s £200 p.a.°) Assuming there were at 
least two (and probably three) assistants at a hkely 
salary of £100 p.a., this suggests that Nature's editorial 
costs alone reached at least £600 p.. If Chemical News 
is a good guide, the annual cost of producing Nature would 
have come to £1,530 before fees to contributors. But these 
amounted to about ten shillings per column in 1921 and 
were probably near seven shillings in the nineteenth 
century. Calculating on the basis of 15 pages of text at 
fourteen shillings each, contributors’ fees would approach 
£11 per issue, or £572 per year. Assuming that Macmillan 
met the overhead costs of stationery and clerical help. 
this gives a hypothetical budget along the following lines: 


£930 
£600 


£572 


£2,102 p.a. 


Estimated production costs 

editorial costs 

contributors’ fees 
Total 


3? 
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Nature’s income is obscure, but in 1869-70 each issue 
averaged about four pages of advertisements which, at 
the rate of 5 guineas per page, must have amounted to 
£1,092 per year (one guinea=21 shillings), By 1876, 
the number of pages of advertisements had doubled to 
about 400 per year, which must have been worth about 
£2,000 per year. This figure seems to have remained 
nearly constant until the turn of the century, which helps 
to explain Nature’s precarious balance and nagging deficit. 

It is difficult to calculate Nature's circulation for its 
first forty years. In 1870, Lockyer boasted that there 
were nearly 5,000 subscribers, and 15,000 readers, but this 

ae Subseriptions must have been much 
lower. As late as 1913, according to house records", there 
were only 970 subscribers. of whom 241 were Americans 
and 494 were colonial or foreign*. Only 24:3 per cent 
of the circulation was British. There is no way to estimate 
“counter sales”, but Macmillan staff suspect that they, 
too, were quite small. Circulation reached a peak in 1913, 
but. during the First World War. subscriptions fell off and 
began to recover only in the 1920s, Total subscriptions 
rose from 1,072 in 1920 to 2,660 in 1930, and 2.780 in 
1939. British subscriptions were 376 (35 per cent) in 
1920, 847 (32-6 per cent) in 1930 and 807 (29 per cent) in 
1939. At least until the beginning of the Second World 
War, British readers accounted for no more than 35 per 
cent of Nature's regular circulation, although probably for 
most of its advertising revenue. Projecting backwards 
from 1913, and assuming an acquisition rate of at least 


twenty subscriptions a year, there were probably no more 


One has the impression there were “practical” journals 
which would have sauffed out Nature if they had the 
chance. Such a journal was the penny weekly, English 
Mechanic, which advertised itself as a “hterary Aaron's 
rod” and which by 1870 had swallowed the Mirror of 
Science, the World of Science and the Penny Mechanic, and 
soon acquired Scientific Opinion and The British and 


*Mr A. Clark, of Macmillan (Journals) Ltd, kindly supplied the twentieth 
century figures. The estimates for the ninetesnth century are highly specu- 
lative, and subject to correction. 
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Foreign Mechanic as well. This journal addressed itself 
with laudable catholicity to the entire “working and 
scientific community not only among those who peak the 
English tongue but foreigners”. It claimed a circulation 
of 10,000, “wider than all the English scientific papers 
combined”, but there is no evidence that it dampened 
Maemillan’s enthusiasm. 

On the contrary, Nature's scientific competitors (see 
Table 1), including the Philosopkical Magazine, the Chemi- 
cal News, the Journal of Science (both edited by Wilharm 
Crookes) and the Quarterly Journal of Microscopical Science 
(edited after 1868 by Ray Lankester) offered active 
cooperation and the means of entry for new Nature 
recruits*. Williams Crookes. a friend of Lockyer since 
the eclipse expedition of 1870, welcomed Lockyer's sup- 
port in the struggle for the advancement of scence. 
There was often a certain deference to Nature. When, 
for example, in 1895, Crookes sent a proof of his own 
account of the helium speetrum for insertion in Nature soon 
after Ramsay evolved helium gas, he added revealing!y": 


_.. it will appear in the Chemical News on Friday, but 
my circulation is not to the same class of researchers 
as that of Nature and having taken a great deal of 
trouble about it I want the results to get to the nght 
people. 


Other journals bore, if not as happy, at least a vital 
relationship to Nature. Although Nature was not. tor 
example, closed to the mathematical biologists. and 
Macmillan certainly cultivated Galton, there was some 
feeling that it did not meet the needs of the new fieidt. 
In 1901, after an angry struggle with Bateson and other 
British biologists, Karl Pearson, Francis Galton and 
W. F. R. Weldon began Biometrica, The statistical chances 
against its survival were overwhelming. but Brometrica 
finally crossed the £200 income threshold required by its 
publishers. 

Lankester’s journal, which he owned himself, had a regu- 
lar subseription of no more than 450-470, but to its staff 
Lankester brought W. Thiselton-Dyer (Hooker's son-in- 
law and successor at Kew). Edward Klein (pathalogist and 
Lankester’s colleague in Vienna) and J. Frank Payne 
{the biologist. fellow of Magdalene and Lankester s enl. 
Almost all Lankester’s authors con- 
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tributed to Nature and jomed Lockver’s intellectual 
aristocracy. 
Looking to the continent, Nature soon had several 


(chiefly short-lived) competitors. Among them were. in 
France, La Nature. begun by Gaston Pissandier. in 1873 


and, in another sense. La Revue Scientifique. begumin IST): 
in Italian, Le Natura. a “giornale illustrate di cognizian 
utili”, edited in Florence between IS77 and 1880 ened in 
Milan between L881 and 1885. There were also the Delgian 
Natura, edited in Ghent between 1883 and 1885: the 
Dutch Die Natur. a popular “geillustreerd maandschrift”, 
in Utrecht 1881-1894; and the Norwegian Naturen. begun 
in Bergen in 1877. There was even a Mexican fa 
Naturaleza, begun (second series) in I887. fn India, 
Current Science, which began in 1931, carried a mast-heacd 
that clearly proclaimed its debt to Nature. 

These competitors do not seem to have materially 
affected the journal’s economic progress. Between 1570 


and 1877, the journal gained in popularity (or at least in 


* The scientific objectivity of Crookes’s Quarterly Journal of Serenes 
suffered from his own work on spiritualiam which was published in ti [S705 
when Crookes was sole editor: the journal was sold, and died in sss. 

+ See, for example, Galton letters, University College, (London, Alexander 
Macmillan to Galton, September 4, 1879, and George A. Macmillan to G. 
October 30, 1883, i | 
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j , Cost per issue Pages per issue . Pages per 
Weeklies 1869 1876 1890 ' 1869 F s per 1890 1869 ide yea 300 
The Academy 1869-10923 id Text É ; 
Ads 
The Athenaeum 18283-1921 4d &d 4d Text 12 10 il 668 520 800 
ire . a ; , l Ads. 4 6 1 208 312 50 
English Mechanic and World of Seience 1865—-date Text 
__ became Mechanies in 1942 Ads 
Nature 1869-date Ad 4d Gd Text 21 IX 27 1,128 936 1,312 
. Ads 4 8 2 208 416 43 
Monthlies 
Annals and Magazine af Natural History 1A38~-date fx OF Qs 6d 3s bd Text 76 R4 84 26 1,085 1,000 
Seientifie Review 1365-1883 öd üd == Text 22 14 e 258 163 nanain 
Ads 2 ee 24 24 = 
{juarterlies 
Popular Science Review 1861-1881 2s Gf 2s 6d  — Text 112 112 —- 457 450 — 
Quarterly Journal of Seience 1864-1385 os OG ðs Od m= Text 258 i44 — 638 576 mena 
Ads on covers -> on covers — 


popular currency); it gained in contributors who, in turn, 
swelled the ranks of subscribers. In May 1878, after nine 
years of financial sacrifice, Macmillan felt confident 
enough about the future of this happy cycle to raise the 
price from fourpence to sixpence (annually from eighteen 
shillings and sixpence to twenty-eight shillings) and 
enlarged each issue from eighteen to twenty-eight pages. 
The firm’s announcement™ cited the generous support it 
had received from the profusion of new scientific societies 
throughout the land and the increasing aid of readers 
“some of them in the more remote and least known spots 


on the earth’s surface’. Even in America, the firm 
boasted, Nature was circulated ‘more widely than any 


other English journal”. It would be difficult to corroborate 
this claim, but it was already clear that Nature could, 
“when we deem it advisable”, be the medium of communi- 
cation of the opinions of the most eminent men of science 
in Europe and America on any important subject attract- 
ing general attentiont®, 

In a leading article entitled “Retrospect and Pros- 
peet” Lockyer proudly proclaimed a new stage in 
the reer s career, “At last we are compelled to enlarge 

*, he said, “to find space for the stream of communica- 
tions that week after week come pouring in upon us from 
all parts”, As the stream continued, he added, “the 
editor’s function will, as heretofore, be a modest one” 
The stream did continue; by 188] an advertisement! for 
Nature in Knowledge claimed that its correspondence 
columns formed a “medium of scientific discussion . . 
among the most distinguished men of Seience and had 
become the recognized organ for announcing new dis- 
coveries and new illustrations of scientific principles 
among observers of nature ae the were over . aiy 


> * 


had a p a ” rA stk thie sineulation of Ei a 
ones. Science (begun in 1883) and, to a lesser extent, Scien- 
tific American, were Nature's chief American competitors, 
but it is unclear how they affected Nature’s distribution. 
Lockyer could always expect respectful piracy from the 
Popular Science Monthly which, in return, gave Nature a 
rare form of advertisement. The Popular Science Monthly 
was begun, rather accidentally in New York by Spencer’s 
old friend and publisher E. L. Youmans, as a means of 
presenting Spencer's essays to America inm periodical 


form, Youmans at this time sent only one copy to 
England; one to Spencer and one to Tyndall. For years 


it thrived by reproducing articles which had first appeared 
in European or British joutnals. According to Youmans 
himself, it was a “practical concern”? of which he was 
“duly ashamed” but it met an important need. “I have 
always believed”, Youmans wrote to Lockyer in 1872 

“that the American public would sustain a Well-conductsd 
periodical of this type. but that they should have accepted 
anything so crude as that which we have offered them... 


is... & matter for surprise”. 


Youmans’s deference towards Nature further enhanced 
its image abroad. Nature, he told his readers?® in 1889, 
was the “foremost scientific journal in Europe”. Its 
columns were “faithful mirrors” of scientific thought, its 
correspondence department was a “free parliament for 
discussion”; it had become “‘the one journal indispensable 
to students in every branch in every land”. 

Indispensable or not, the journal’s finances left much 
to be desired. In May 1889, with Nature's budget. still in 
doubt, there were rumours?! from J. Wemyss Reid, who 
reminded Lockyer that he was “having Nature's esti- 
mates prepared anew ...’, of a takeover bid by Cassell 
and Co. What became of this is not clear, but in 
November 1889, Lockyer, with the aid of A. W. Ricker, 
wrote a celebratory piece on Nature’s twentieth birthday 
that confirmed its place on Macmillan’s list. “As regards 
the journal itself”, they wrote”, 


we may claim that it has not disappointed the hopes 
of its founders, not failed in the task it undertook... . 


Once again Lockyer claimed”?, 


its achievement was due not to his own efforts but to 
= unfailing help we have always received from the 

eaders in all branches of natural science. This help 
A not been lmnited to their contributions to our 
columns, but has consisted also of advice and sugges- 
tions which have been freely asked and as freely given. 


The policy worked-—but very slowly. Not until 1899 
did Macmillan’s ledgers show a profit. As Craik™® wrote, 
“I am glad that your diligence and tenacity has been at 
last rewarded by money besides all the honour that 
Nature has brought you. We have waited many years”. 
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Private Army of Contributors 


Nature benefited from an army of contributors coordinated by 
Lockyer, but disputes were not unknown. 


Nature enjoyed an uncommonly good start. The ques- 
tion of access to scientists was solved almost instantly. 
First, Lockyer knew. or had access to, all former contri- 
butors to the Natural History Review, The Academy and the 
Journal of Science. Moreover, as Macmillan’s scientific 
editor for two and a half years, Lockyer had at his editorial 
fingertips Macmillan’s entire stable of scientifie authors. 
Of the 163 men listed as Macmillan’s authors in 1891. 
forty-five made contributions to Nature m its first 50 
years. For scientific news he became, like Henry Olden- 
burgh, “a clearimg house of Seence’!. He was in a 
pivotal position to lever the weight of scientific opinion 
across the entire literary front. 

Despite his access to outside help, Lockyer needed help 
within. “I wish Nature had a strong enough hold upon 
you”, he? told Hooker, “to make you find and name a 
faithfully. The difficulty of getting the right men to write 
is so great that I think of casting you all off to the pole 
where both days and nights are longer to give you 
time.” 

The immediate result of Lockyer’s plea seems to have 
been Alfred Bennett (1833-1902). a botanist from Univer- 
sity College, London, who was appointed biological 
assistant in 1870 and seems to have staved until 1874. 
Bennett, who knew German well and did most of Nature's 
biological texts, was among the first of Lockver’s private 
army of sub-editors. Others scon followed. Alfred H. 
Garrod (1846-79), son of Sir Alfred Garrod (physician to 
the Queen) and himself a physician and anatomist 
~-first im the Natural Science Tripos at Cambridge 
in 1871, the first Fellow of St John’s to be elected in natural 


science, and cousin of both Charles Keane. editor of 


Punch, and Meredith Townsend, editor of the Spectator--- 
became Lockyer’s zoological and medical sub-editor from 
1869-79. Another recruit was John (later Sir John) 
Scott Keltie, a graduate of St Andrews and Edinburgh. 
who had come from the staff of William Chambers to 
Macmillans in 1871, and became Lockyer’s educational 
and geographical editor in 1873. Later to join was Richard 
Lydekker (1849-1915) from Trinity College. Cambridge 
(where he came second to Garred in the Natural Science 
Tripos of 1871); he returned from the staff of the Geo- 
logical Survey in India (1874-82) to write books and 
reviews on geology and palaecntology. Between 1869 
and 1872, John O. Earwaker (1847-95), later FSA, a 
graduate of Owens College (Manchester), Pembroke College 
(Cambridge), Merton College (Oxford) and sometime 
deputy keeper of the Ashmolean (1873-74). wrote on 
genealogy and anthropology. John Brett (1831-1902), a 
landscape painter, member of the pre-Raphaelite brother- 
hood, close friend of Ruskin, Associate of the Royal 
Academy and a keen Fellow of the Royal Astronomical 
Society, provided Lockyer with notices of astronomical 
meetings. John Russell Hind (1823-95), director of the 
Regents Park Observatory and veteran of the Reader, 


contributed astronqmical columns between N72 and K832, 
brought Russian texts to Nøture readers from IS76, 
When Kropotkin returned to Russia in May [Q17. he 
warmly recalled’? the day he foundin England and Nature's 
offices “the most cordial reception and work”. 

A second source of informal (and offen unpaid) editorial 
talent came from the Royal College of Chemistry and the 
Normal Sehool of Mines at South Kensington (after 
In 1874. Raphael 
Meldola, a chemical assistant to Edward Frankland at the 
science school, where he helped Lockyer and Frankland 
His 
hours were ten to five on weekdays and ten to two on 
Saturdays and his salary was t100 a vear Atnong the 


in their spectroscopic studies, became sub-ecliter, 


other young students Lockyer shared with Frankland 
were Richard J. Friswell! (1849-1908). a veteran of the 
India eclipse expedition of 1871, who joined Lockyer about 
Herbert MacLeod, later professor (at Cotten Hill). 


1872. 
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who suecceded Herbert MacLeod in assisting Lockyer in 
spectral research between 1871 and 1873. 

Lockyer’s friends recommended candidates to him’. 
James Wilson (then Canon Wilson), former master at 
Rugby. nominated George Seabroke, a young solicitor 
from Rugby. A few years later, a young factory boy 
from Bristol, whom Wilson had once nominated to a 
job at Clifton, took up A place at the Science School 
and became Lockyer’s assistant. In May 1893, this man, 
Richard Gregory’, became the chief sub-editor of Nature. 

Lockyer's staff not only helped to assemble the journal. 
They also became his “eves and ears” in the councils of 
scientific societies everywhere. Somesreven helped in his 
rescarch—the dividing line was never very clear. Almost 
without exception, Lockyer's assistants. both scientific 
and editorial, became famous in their own right, a fact 
which only magnified Nature's reflected glory. Friswell, 
for example, was elected to the Council of the Chemica! 
Society in 1871 and was a charter member of the Institute 
of Chemistry in 1877. Meldola became professor at 
Finsbury Technical College in 1885 and President of the 
Entomological Society (1895), the Chemical Society 
(1905-07), the Society of Dyers and Colourists (1907-08) 
and the Society of Chemical Industry (1908). Many of 
Meldola’s students, including William Pope. became 
Nature stalwarts. Pedler became professor of chemistry at 
the Presidency College, Calcutta, and later vice-chancellor 
of the University of Calcutta. Seabroke became director 
of the Wilson Observatory at Rugby, an FRAS and an 
active member of the British Astronomical Association’, 
Bennett? became a Fellow of the Royal Microscopical 
Society (1879) and later editor of its journal (1897-1902). 
Keltie later became librarian (1885). assistant secretary 
(1802), and secretary (1896) of the Royal Geographical 
Society and, in 1893, began the Geographical Journal. 
Through his sub-editors, Lockyer remained closely associ- 
ated with the national press. Keltie and Hind became 
correspondents on The Times in 1874, while E. S. Dallas, 
a member of Delane’s staff and correspondent at the Paris 
Exhibition in 1867, wrote occasional pieces for Nature. 

Lockyer was not always easy to please. “His bursts of 
enthusiasm”, recalled® Alfred Fowler, his assistant in 
the early 1890s, “sometimes proved too much for some 
of his assistants, who especially objected to work on 
Saturday afternoons, on weekends and vacations”. He 
added'*; “Lockyer rarely allowed me to forget that I 
was his assistant and spoke little outside the work in 
hand”. The regular appearance of the journal, with a 
careful eye on advertisements and space, did not*make 
life easier. Loekyer’s ruthlessness cost him in friendship. 
In May 1870, for example, John Brett, Lockyer’s astrono- 
micel reporter who had offered his services freely, threat- 
ened to resign if Lockyer did not keep a proper sense of 
priorities. 


I have taken a good deal of pains for some years now 
to give you accurate accounts of the monthly meetings 
of the Royal Astronomical Society in a very condensed 
form. They cannot be so condensed, and yet give a 
true representation, without extremely careful writing. 
I have taken pleasure in doing it both for the sake of 
Nature and the [Royal Astronomical] Society. It is to 
no advantage to me, I don’t even get a copy of the 
paper. 

- Now, if after I haveetaken all the trouble, you cut 
some of my most careful paragraphs. as you did last 
report, for the sake of a trumpery advertisement, you 
must dispense with your reporter and keep your 
advertiser; and I must conclude that his 3/6d is 
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more important to Nature than correct scientific 
information, 

“You are bound to hear a little truth sometimes,” 
Brett concluded". “I only hope [the cutting] was done 
by some of yr. understrappers.” But Brett's gentle 
sympathies were the stuff of which scientific journals had 
been made and which had brought them to collapse. 
Lockyer was determined to survive. Not surprisingly, 
Lockyer’s greatest personal contributions to the leading 
articles came in the earliest years. In the first decade, 
1869-79, he wrote twenty-four, while in the next three 
decades he wrote between twelve and fourteen. Two of his 
leading articles were on Science and Art (May 1878 and 
May 1883). Sixteen of his leading articles between 1869 
and 1886 were on astronomical subjects. From 1887, 
and a series of three articles on the Jubilee, there is a 
shift in his preferences. Virtually none of these articles 
Was on astronomy and most are connected with education 
or scientific institutions. 

Lockyer’s house staff often wrote on subjects outside 
their own professional experience. This gave many 
editorials a generalist style and also left room for issues 
which academic scientists would not have chosen. A. W. 
Bennett, for example, wrote leading articles in December 
1870 on such varied topies as the Eclipse Expeditions; in 
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November 1870 on “Science and the Working Classes” 
and in January 1870 on “Dust and Disease’. In November 
1871 and again in September 1874 he returned to “Science 
for Women” and “The Education of Women”. In between, 
he wrote pieces on the Royal Institution (March 1872), 
“Newspaper Science” (April 1872). “Botany in the Oxford 
Natural Science School’? (May 1872), “Economie Entomo- 
logy” (July 1872) and “Agassiz at San Francisco” (October 
1872). 

John Brett's contributions. for example, were more in 


Natures social notices. Only one review—- Natural 
Science at the Royal Academy” (June 1870)—~is attributed 


to him. John S. Keltie wrote on “Technical Education” 
(March 1882) aed “Science and Industry (January 1874). 
He was also Nature's correspondent on the Arctie Expedi- 
tion of 1874. Gradually. as Table 3 shows, the academic 
hand became dominant, but this took some time. Between 
1869 and 1879, for example, Lockyer. Bennett, Garrod 
and Keltie wrote most of the leaders. In the following 
years the picture changed and the participation of Lockyer 
and his men deelined, but by the third decade Lockyer and 
Richard Lydekker were at the top of the list. Only with 
the fourth decade a gradient towards the universities 
appeared. Followimne ee yer (with 66 leaders between 
1869 and 1919), the most prolife were T. 


E. Thorpe (with 


Penny Mechanic 





55), Archibald Geikie (with 35). G. H. Bryan (with 25), 


Georges Romanes (with 23) and G. B. Matthews (with 22). 
certain 


Certain men became inevitably associated with 


topics. G. H. Lewes, for example, wrote a piece (his only 
leader) on “Instinct” in April 1873. Some important 


names are scarcely represented at all. Among the le ader 
writers, Charles Darwin appears only 
Lewes in April 1873, on “The Oggin of Certain Instinet. x 
Given ee well known dislike of publie exposure this 
But Hooker. despite Loekyers p Heading. 


once, preceding 


between 1870 and 1893. Bs 
from William (ater Sir William) Ramsay (professor of 
chemistry in University College, London), who wrote pro- 
lifically on science and the state. 
included H. B. Brady, who wrote anonymously 
College of Physical Science at Newcastle (Arms trong Uol- 


Regional specialists 
about the 


lege, later the University College of Newcast le} in Apral. 
May and July 1871, and Henry Roscoe wrote from 


Manchester. 

As inscriptions on the file copy testify, Lockyer often 
worked with his experts in blending ~ 
covering several ditierent fields of scrence. Such 
recalled T. E. Thorpe, was usually done in long sessions 
late at night, when he helped COmnPrEsS Loekyer's Paty 
ready flow of ideas into a single editorial page 
found pe way oe in the small hours of the morning: 
Sevens followed the conventional 


composite leaders 


work, 


ad 


yon 
Le 


tions od anonymous leading a riicles and reviews. 
yer sown Ta articles were almost always sig A : 
his edueational editorials never. But as most le ading 
articles were assumed to be written with the known Diax 
of the editor, reviews were more easily attacked. 

As early as September 869, Hooker had asked Lockyer 
tol 
books than reviews mm 
Py 


analyses of 
general afford us. We have no end of reviews, 
they are generally the author's views on the subjects 
of the books supposed to be reviewed and convey no 
precise information as to the books themselves. 
This is a crying evil and arises from the fact that 
reviewers find it easier to descant on a given subject 
than to read a book on it. 
By the mid-1]870s Lockyer 
to decide whether Nature should 
ticipant in seientifie debates — 
merely a dispassionate vehicle for them. 
course, no real choice; had Nature lost its objectivity, 
it would have perished. But in acting 
could not satisfy everyone. 

The two different viewpoints are well illustrated hi 
letters from William Pole and W. H. Preece, both frequent 
contributors, William Pole preferred the more 
approach: “You are very hard on your poor Roviewers™, 
he wrote!! to Lockver in 1876, 


give us better 


was confronted by a need 
bo an editorial par- 


tr omi rev ies WS O 


arising 
There was. of 


objectively it 


i ‘open i 


in allowing eriticized authors to piteh mto them in 
your columns, particula riy as I conceive it would be 
infra dig for a reviewer to justify his opinions in the 
pubheation which professes ta adopt them. 
impossible to eriticize freely under this condition, 

1 think in future T shall ask you ta let me sign my 
articles and to use the pronoun J instead of ihe 
editorial We. It will then. of course, be quite fair 
for the author to reply if he thinks fit, ai f shall 
be prepared for it... . . 


W. H. Preece disagreed. As he sent an imitialled review 
under protest, he remarked!®, “They lose all their forec” 
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One does not care twopence for the individual opinion 
of W. H. P. or J. T. The most disparaging reviews 
of one individual would not cause me a moment's 
discomfort, but the anonymous strictures of an 
unknown, mysterious editor carry weight and produce 
effeet. .. . A reviewer, however, does not like to 
speak the truth when he criticizes a friend’s book . . . 
whereas he can speak out when he is shielded by the 
aegis of an unresportsible [sic] editor. 

Fairly early on. Lockyer decided that the problem 
of “free and just” criticism was more a matter of person- 
ality than principle and the choice of signature or anony- 
mity was left to his authors. Some, like T. G. Bonney, 
signed every leading article they Wrote. Others, like 
Victor Horsley and Lockyer himself, were almost con- 
sistently anonymous. Still others, like T. H. Huxley, 
Ray Lankester, William Ramsay, T. E. Thorpe and Henry 
Roscoe, signed some but not all. Fourteen of John 
Brett's fifteen leaders were anonymous. 


Table F. REPRESENTATION OF CHIEF LEADER WRITERS? GIVING LEADING 


ARTICLES 1869-1019 


Contributors Leading articles 
Totalknown Chief By chief °& by chief 
contribu- contribu- %, of Total contribu- contribu- 
tors torst total tors tors 
LRBO~79 145 43 29-7 528 211 40-0 
1880-89 180 56 31:7 520 256 49-4 
1890-99 212 2 29-2 520 265 51-0 
1900-1909 223 Bü 22-0) 520 274 52-7 
1910-1919 219 47 21-0 520 220 42-3 
1860-1019 685 105 15-6 2,608 1,226 47-0 


* Leader writers = Persons who wrote five or more leaders. 
t Including Norman Lockyer, Richard Gregory and the Nature staff. 


pe as 


There were 105 “chief"* leader writers (those who wrote 
more than five leaders) in the period 1869-1919. The 
numbers of ehief authors in the period 1869-1919 in- 
ereased from 43 in 1869-79 to 56 in 1880-89 and to 62 
in 1890-99 (Table 1). The physical sciences and the life 
sciences are almost equally represented in the first decade, 
while the latter tend to increas: during 1890-99 and the 
former in 1900-09. By the second decade, the early 
influence of the astronomers had begun to wane. 

With the growth of this élite, there was naturally a 
“demoeratic” or participatory element. The “chief 
authors’ represented only about fifteen per cent of the 
685 who contributed leading articles during the whole 
period, and about thirty per cent of those writing at any 
one time. This fifteen per cent accounted for about 
forty per cent of all leading articles. 

The backgrounds of this productive éhte show, as 
expected, large numbers of Scottish graduates at first, 
followed by the graduates of the University of London 
{particularly University College) and the Royal College 
of Science (see Table 2). The number of Cambridge men 
to work its effects on the output of graduates who ven- 
tured into science despite the absence of jobs. In the first 
decade, however, there were still a good many authors 
who (ike Lockyer) had been privately educated and were 
not university men. Until the turn of the century this 
helped Nature keep its generalist appeal and satisfied the 
amateur approach to setence. Afterwards, the university 
men-—~particularly along the London-Cambridge axis 
that Macmillan himself had helped create-—-came into 


power. A quarter of the sixty chief contributors in 
the decade 1900-09 were Cambridge graduates and 


another twenty-two per cent were from the Science 
School m London. 

An occupational analysis of the sample of 105 places 
even greater stsess on the role of the academics—-especially 
Lockyer’s colleagues at the Royal College of Seience. It 
seems that the University of London provided employ- 


room for conjecture. 
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Table 2. CHARACTERISTICS OF CHIEF LEADER WRITERS 1869-1919* 





8EY- 1880- 18490- 1900- 1810- 
79 89 Og 1900 1819 Totals 
2E Ge > 
WR AR =f 
eS Se SE 
Total No, of FRSs 31 3i 16 52 15 47 5 45 3o 636 
A B A B A B A B A B 
Field 
Physical sciences 12 12 7 16 2 Ye 7 15 ~e 12 
Life sciences 13 13 7 LF 8B %34 L 2G a 48 
Earth sciences ë & 3 8 2 9 ] x 1 8 
Astronomy/maths 5 5 20o po i 7 I 7 2 6 
Medicine I 1 a T 
Enginsering } 1 1 2 2 4 1 4 — 2 
Other a 1 3 4 1 4 i 3 1 4 
Not known 4 4 2 i i VA: 4 
Total 43 43 25 56 19 62 32 60 6 47 105 
education 
Oxford 3 5 3 6 3 8&8 34 10 4 9 
Cambridge 5 5 6 10 5 15 3 14 | 9 
London 7 7 2 7 4 9 — Goma 5 
R. Coll, Science 3 3 5 &§ 1 Jo 6 ił 7 
Provincial 2 mee — 2 l 2 H 3o = 2 
Scottish ü § 1 5 2 4 i 6 -- 3 
Trish j 1 | 3 — 1 — Sones 
Other j} 1 3 f — 4 2 10 2 ił 
Private or non-univ, -~ Seme o o E ee D e ee e e 
Not known 13 13 4 5 4 8 2 | 1 ii 
Total 43 43 25 56 19 62 12 B80 6 47 105 
Occupation 
Oxford we 3 2 9 3 i 4 e 3 
Cambridge 3 3 I 4 1 6 8 6 -— I 
London 1} 1 4 10 2 123 2 9 ] 7 
R. Coll. Science 3 3 1 4 1 6 8 @ — a 
Provincial 4 4 3 8 2 T =- 2 = - 3 
Scottish 3 3 1 8 3 4 4 5 — 2 
Trish ] | n l I | ne eco oe 
Govt. research a 5 3 6 <3 & I 8 i 10 
Industry — we ee — e poe eee — 
Private or other 5 5 hm gq. 3 7 i 9 3 os 
Enknown 8 & 1 Jo gs 1 5 1 6 
Total 43 43 25 56 19 62 12 60 G& 47 105 


* “Chief contributors” are defined as those who have written five or more 
leaders, This sample, about whom either names or biographical detaila are 
known, accounts for 15 per cent of the 685 known Jeader writers during the 
period. This 15 per cent accounted for at least 40 per cent of leaders written 
during the period. 


ment for at least a quarter of Nature's most prolific men. 
Whether this implies that university salaries were imade- 
quate; that staff frorn the University of London were more 
literary; or merely that they were more “available”, leaves 
Tt is significant, however, that 
scientists in civil servant posts—-for whose prospects 
Nature always had a ready plea—-grew proportionately 
during the period. Most of these men, of course, were 
based in London. By contrast, the participation of Scot- 
tish academics never became significant. and provincial 
university men were absent, unsought or unavailable. 
Scientific amateurs with means still provided a strong 
wedge, but only one industrial scientist was among this 
“élite”. 

Throughout these early years, Nature offered its 
“leadership” support against obscuraney and obstruction 
in high places. Onee Ray Lankester complained that he 
had received no credit for the fish gallery he had designed 
at the Natural History Museum. “I wish you would let 
someone”, he said!*, “write an article on what T did there”, 
Lockyer did. In 1889, Roscoe wrote from the House of 
Commons asking for an article on the merits of the 
Technical Education Bill. ‘Can you do this for us?” 
A leading article in Nature obliged. In 1873, the astrono- 
mer Charles Pritchard)? asked Lockyer to insert a note 
honouring De La Rue’s gift to Oxford, “. .. if you ean 
you will materially strengthen our hands”. Nature 
agreed. In 1879. David Milne Horne thanked Lockyer 
for Nature's favourable notice of the Ben Nevis Observa- 
tory which, he claimed, brought about a grant of £100 
a year from the Meteorological Council. In 1881, Nature 
helped S. P. Langley to sponsor an American solar 
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Table 3. MOST PRODUCTIVE CONTRIBUTORS TO Nature LEADING ARTICLES IN EACH DECADE 1868-1019 
1869-79 - 880-39 1890-99 1900-09 1O10-19 
* 
J. N, Lockyer 24 (i. Romanes 23 F. N. Lockyer E2 i. H. Bryan ld T. E. Thorpe an 
A.W. Bennett Ië A. Geikie 19 R. Lydekker Ll R. Lydekker l4 J, A. Thomson 20 
A. Geikie li J. N. Lockyer l4 W. E. Plummer 10 R. Lockyer 14 R.A. Gregory H 
A. R. Wallace 10 E. P. Wright 13 E. B. Poulton 10 R. Meldola 13 G. H. Bryan 10 
A. H, Garrod g R. Lankester 9 R. Lankester 9 R. Glazebrook 12 B. dJ. Russel 10 
Uol A. Strange 8 J. W. Judd s T. E. Thorpe 9 J4. A. Thomson if ($, B. Matthews Q 
d. S, Keltie 7 J. S. Keltie T A. R. Wallace 9 W. E. Plummer 10 W. Ramsay a 
B. Proctor T B. B. Tylor 7 A. G. Greenhill 9 J. B. Falmer 19 E. A. een 
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physics expedition. In 1883 and 1884, in the wake In Lockyer’s absence Macmillan interceded for the 


of the Krakatoa eruption, Nature appealed to its world- 
wide readership for observations on atmospheric pheno- 
mena which could be forwarded to the Roval Society 
eeu Committee. AE Nature even had to be 
. “Politically”, Donnelly 
of South Kensington ie “it is only possible to get 
things done by opportunism and Nature won't help to get 
things done by letting Science have a jealous seream... .”’ 
Public declamation appeared side by side with internal 
controversies. In 1872, Hooker and Owen clashed violently 
over the Natural History Museum. In 1873, Tyndall 
and Tait fumed at each other over Forbes’s glacier 
theory and Clausius’s theory of thermodynamics. “T 
must add”, Hooker assured Tyndall, “that I think it 
very wrong of Nature to print letters containing personal 
traductions. It is a sad thought that future generations 
may light on some of its columns and ask what sort of 
gentlemen were their scientific forefathers considered to 
be... .° In 1874, Tait joined issue with Herbert Spencer 
on the concept of physical research which Spencer had used 
(or misused) in his First Principles. Tait, usually given 
to poetry, explained his position and enlivened the debate 
ina short note to Lockyer: 


The printers made one terrible blunder 
Correct it in stanta and then for the thunder 
We shall see in a moment if this Mr S[pencer] 
Has the ghost of a claim to be called a good fencer 
Tn my view his merits 
Seamed ever to dwidis 
Since F found him allied 
With the great Dr Thyndall] 
While I, for my part. 
Have grown eoekier and cockier 
Sinee I found an ally in vourself 

Mr Liockver] 


(I am indebted for these lines to Professor Herbert 
Dingle who committed them to memory when he was 
writing a biography of Lockyer in 1927-28.) 

There were countless other debates, most of which are 
now forgotten. AH, however—to judge from the vitriol 
dashed on Nature's pages---illustrated the jealousies and 
rivalries of science. Tempers frequently wore thin. Tn 
1890, Lankester wrote a long letter in answer to Spencer 
and Romanes on the mechanism of evolution. Much to 
Lankester’s disgust his reply was not printed. “The sub- 
editor writes to me that he cannot insert it”, Lankester 
angrily wrote Maemuillan®*, 


on the grounds that he wished this controversy to 
be closed. . In any event I am not accustomed to 
write an tole worth several gns.—as my time and 
efforts in that way go—and have it flung back to 
me. ... Unless I am allowed a fair reply to both 
Spencer ‘and Romanes, I must necessarily cease to 
write for Nature. 


journal. Eventually Lankester relented™, after his 
comments were sent privately to Romanes. “You are 
quite right not to print my letter about Romanes as it is 
not argumentative but purely denunciatory. By help- 
ing to cool outraged passions, Nature wielded a strong but 
subtle power. Moreover, its editors could choose which 
controversies to pursue and which to reject. In Lockyer’s 
hands this amounted to autocratic power. As H. J. 8. 
Smith, the Oxford mathematician, once remarked®, 
Lockyer at times failed to recognize the difference between 
the Editor of Nature and the Author of Nature. 

Lockyer found that he had to accept eriticisms himself, 
but he was powerful enough to avert or soften their 
impact. In April 1895, William Huggins, indignant at 
Lockyer’s speculations on the meteorite hypothesis, 
claimed that Lockyer was manoeuvring against him. 
“It would not so much matter if it were confined to his 
own paper”, he told G. E. Halet, “but he is constantly 
at work against me by underground methods, such as 
dinners at a club to which he invites editors and literary 
people. ... He has, I fear, got an influence lately on the 
editor of The Times. This could be very serious.” This 
passage may have told more about Huggins than Lockyer, 
but it was certainly true, as Huggins later admitted™, 
that “the scientific men here, for the most part, are too 
much afraid of him to do anything”. Natures power 
in the subtle world of scientifie politics was dificult to 
demonstrate. But it was real. and it reflected the manner 
of Nature's brilliant, ambitious and controversial editor. 
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Faithful Mirror to a Profession 


During the nineteenth century the leading articles in Nature tackled 
such topics as scientific and technical education, industrial competi- 
tion from Germany, and the role of the Royal Society. Lockyer was 
concerned about British organic and industrial chemistry. 


Or Nature’s notes, reviews, letters and leading articles, 
perhaps the leaders had the greatest social impact. 
They were of two general kinds--editortal opinions and 
review leaders. Between 1869 and 1919, about one fifth 
of the 2,600 leaders were editorials and it was these, 
together with selected reviews of non-scientific books, 
which attracted most general notice. Generally speaking, 
the editorials were written by Lockyer himself (who 
wrote sixty-six), his staff members (sub-editors) or a 
selected band of outside experts. In the editorials, 
about 70 per cent of which were anonymous, much of 
the journal’s flavour, and its attitudes towards society, 
can be seen. l 


Reprinted from Nature, May 11, 1893 






GERMAN MANUFACTURER esl 
t 


ECENTLY, when giving eviden sham 
University Commission, I had n to speak of 
the attention devoted in German chergical laboratories to 
higher studies, and when asked what were the results of 
this instruction I drew attention to an article published = 
short time before in that most enterprising of chemical peri- 
odicals. the Chemiker-Zettung, edited by Dr. Krause. 
In this article a description is given of the research labora- 
tory provided to accommodate siv and twenty shilied 
chemists, attached to the works of the Farbenfabriken, 
vormals F. Bayer and Co., of Elberfeld, who are manufac- 
turers of dye-stuffs and other products derivable from tars. 
| told the Commissioners that if, at the present time, 1t were 
desired to fitup a research laboratory for chemical pur- 
poses in London, we could not do better than take these 
plans and reproduce them in their entirety, and that we 
should then, I believed, have reason to congratulate our- 
selves on possessing the best-appointed public research 
laboratory in the world. 

In addition to the two dozen skilled chemists in the 
research department at the Elberfeld works, a large 
number are engaged in other departments, the total 
number employed -being, I believe, over siriy .’ 

The Elberfeld works do not stand alone: the world- 
renowned Badische Anilin and Sodafabrik probably has 
in the aggregate far more laboratory accommodation 
than is provided even at Elberfeld. I learn from my 
friend Dr. Caro, that*of the seventy-cight chemists 
in the emplov of this firm fifty-six have the Ph.D. degree. 

„At many other works equally ample provision is made 
gain fact the colour works throughout Germany are simply 


bbratopies on a very large scale, 
ei on I m&y add that I told the Gresham 


THE APPRECIATION OF regs Ra BY} 


Commissibgerg~that I did not think that any English 
colour works dadggix skilled chemists in its employ ; 
at all events six wasithe maximum number. 


In its first decade, Nature gave prominence to general 
began with the Porcupine. the Challenger exped HION 
(1870-1875), and continued through the ill-fated polar 
expedition of 1874; repeated geographical expeditions 
to Asia and Africa, the Transit of Venus expedition and 
the four eclipse expeditions between I870 and 1578. 
Lockyer himself also devoted space to the Franco- 
Prussian war and its significance for Germany. and to 
government provision scientific education, the 
organization of local scientific effort and national museums 
and the fate of animal physiology at the hands of the 
vVivisectionists. 


for 
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Is it then surprising that, notwithstanding that a very 
large proportion of the coal-tar used is of English origin, 
and that both the “aniline-colour” and the alizarin 
industry were first established here, according to a state- 
ment in the Chicago Exhibition Catalogue of the German 
Section, about nine-tenths of the total quantity of 
artificial colouring matters now produced is manufactured 
in Germany? Whatever the proportion, in 1891, Germany 
exported aniline-colours of the estimated value of no less 
than 44,269,000 marks, and alizarin valued at 12,906,000 
marks—-or little short of three millions sterling—-a very 
large proportion of these manufactured colouring matters 
being sent to the East Indies, where they are fast dis- 
placing those of natural origin. Dr. Caro in a compre- 
hensive monograph just published in the Berichte in 
which the gradual development of the coaltar colour 
industry is fully traced out, speaks of it as a German 
national industry. Manufactured in Germany 35 
certainly now the recognized trade mark for chemicals 
throughout the world. 

Not many years ago Wurtz wrote, with reference tothe 
origin of the science, “ La chimie est une science fran- 
caise ;” at the present day we may say, without fear of 
contradiction, that, whatever its origin, it is now a German 
science ; that it is to this fact that the Germans owe their 
supremacy ; and that it is to our failure-to feel the pulse of 
the times, and to educate ourselves up to the proper point 
that we owe our downfall. It is to be feared, moreover, 
that unless we realise this without further loss of time, 
and hasten to fit ourselves to do our fair share of the 
work, other industries in which chemistry plays an im- 
portant part, ere another twenty years are past, will also 
have quitted our shores. To do this we must put aside 
the idea that University extension, and County Council 
lectures, or even polytechnics and technical schools for the 
multitude, are to bring about the necessary reform ; and 
we must rise above the belief that a degree given for text- 
book knowledge and an acquaintance with the ordinary 
methods of analysis is evidence of competency. A true 
conception of what a chemist is—what he is called on 
to do and to know in this age of progress—must arise in 
high quarters and especially among our manufacturers. 
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Between 1870 and 1876, the movement for ‘science 
reform” and the “endowment of science” was heightened 
by Lockyer’s presence on the Devonshire Commission, 
by the British Government's increased research grant to 
the Royal Society and the creation of a Loan Collection 
which the Commission had recommended. The Devon- 
shire Commission helped launch three other commissions 
and subsequent legislation on the Universities of England 
and Scotland. and added impetus to reforms in science 
teaching in schools and the creation and improvement of 
university college science faculties at Manchester, New- 
eastle, Leeds and Bristol. 

Lockyer’s perennial sermon on the importance of 
research was not put off by the sarcastic reflexions! of 
Henry Smith and Sir John Evans that the “endowment of 
research” only camouflaged the pursuit of “research for 
endowment’. Contrary to popular belief. however, 
Lockyer did not himself write Nature’s leading articles on 
the “Endowment of Science” or the Devonshire Commis- 
sion-—these were written by James S. Cotton and John 
Keltie. 

Within science, Lockyer devoted large space to 
“borderline questions’, particularly physiography, “where 
the physicist, the chemist. and the astronomer find each 
a common interest”. But particular inventions and 
discoveries, such as the development of the radiometer. 


the telephone and the diplex telegraph, the liquefaction of 


gases, the advance of electromagnetic theory and physical 
geology, experimental biology. aeronautics and the dis- 
coveries of argon and terrestrial helium, all featured in 
the pages of the journal. Only in organie and industrial 
chemistry was Lockyer apprehensive and pessimistic 
about British science. As he wrote? in 1878, “The chemists 
among us are, for the most part, silent, and chemical 
theory is almost dead in England; indeed it would appear 
as if the centre of gravity of this science has gone bodily 
eastward and Berlin and St Petersburg now replace 
London and Paris”. 

Between 1879 and 1889, in years of increasing foreign 
competition and industrial depression, Nature's pre- 
occupations ranged from old debates on vivisection and 
university reform to new subjects such as the poly- 
technic and the provision of a central scientific univer- 
sity, or scientific teachers and scientifically trained 
artisans for industry. Nature kept a close watch on every 
stage of the Technical Education Act (and the develop- 
ment of texts to be used in School Board science classes). 
The period saw rapid developments in the provincial 
universities and the first government grants to help 
meet the rising costs of higher education; and it saw? the 
first steps m the long series of events leading to the 
creation of a University of London to replace the institu- 
tion which had been “nothing but a mere State examina- 
tion board supported by a Parliamentary grant ...”. 

About 1880, Nature also began to insist on the applica- 
tion not only of science but also scientific method to the 
purposes of statecraft*: “There is surely no reason why 
political action. the conduct of the state, should not be 
guided by scientifie method quite as much as the conduct 


of a scientifie exploring expedition such as that which has 
so recently sailed over the North-East passage’. In 


1887, Lockyer used the Jubilee as an occasion to remind 
his readers, nm three articles, that in scientific education 
and “official science”, Britain was fifty years behind: 
to urge again the need for a national Science Museum; 
to question the role of the Imperial Institute and to 
despair at the neglect of science ina Philistine community. 
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Since the death of the Prince Consort, Lockyer bitterly 
recalled’, “‘there has been an impassable gulf between the 
highest culture of the nation and Royalty itself. The 
brain of the nation has been divorced from the head’. A 
more optimistic review came from Riicker’s leading article 
in July 1887. The review®, ‘Professor Tyndall and the 


Scientific Movement’, featured Tyndall's retirement 
dinner, but it was also a pronofincement for the “greet 


profession” of science, which had come into existence and 
was now being organized, regardless of daily vocation, 
for “the investigation of truth for truth’s sake alone”. 
In November 1887, Huxley. then Secretary of the 
Royal Society, made another definitive statement on 
Nature's behalf in an anonymous article, “Polties and 
the Presidency of the Royal Society. deploring the 
candidacy of Professor G. G. Stokes, President of the 
Royal Society. as Member of Parliament for Cambridge, 
Science was above politics; it would be beneath her 
dignity and better for her interests to be “neglected than 
that they should be promoted by back-stairs agencies”. 
Not only was this an important threat to science; it alse 
endangered the freedom of the Royal Society’: 


Either it will continue its beneficent work for untold 
ages to come, untroubled by the transitory political 


and social forces raging around it; or headed by 
politicians pledged to serve their partv. it will 
gradually be dragged down. 


Stokes stood firm, until a timely by-election saw his 
defeat. But the position Huxley set for the society 
remained to guide its action towards any party in power. 

Nature's third decade (1889-1899) was one of consolida- 
tion m educational matters. The chief social issues were, 
again, technical education, German competition and the 
state of the Royal Society, while medicine and publie 
health and the new National Physical Laboratory received 
rapid attention. The Technical Education Aet, 1899, 
came in for increasing criticism. In February 1890, 
Llewellyn Smith commented on the new Education Codes 
which took little notice of the Technical Instruction Act 
of 1889 and which left technical education in its un- 
comfortable administrative middle ground. In April, 
Liewellyn Smith returned to the subjects with two more 
leading articles in two months in 1890, and two more, 
“Educational Aspects of Free Education” and “Organizers 
of Technical Education”, in June and July 1891. 

In June 1892, while the Roval Commission on the 
University of London was sitting, V. V. Dickens carried 
the question further’ by giving Nature's support to an 
“extremely novel scheme for a professional institution 
run largely by a ‘professionate’ capable of uniting the 
colleges, the existing universities and the Medical Schoois”, 
“Gresham Charter” by which the colleges and medical 
schools were to be federated without being united. The 
following week Lockyer remarked that “‘searcely any 
reference has been made to the higher teaching which 
ought to be at the disposal of the citizens of the most 
important and largest city in the world’’*. Instead 
he submitted the broad list of subjects being taught 
at the Sorbonne where he himself had enjoved a “profes- 
sional” education over 30 years before. 

In December, Ricker attempted to sort out differences 
between Huxley and Roscoe, representing the Association 
for Promoting a Professional University and Kar! Pearson 
representing a plan for a state-supported ‘University of 
Berlin in London, who had resigned from the Association's 
Committee. In 1893, the Gresham Committee finished 
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its witnesses, and m March 1894, Racker revealed recom- 
mendations for the “New University of London”. The 
mam danger which he foresaw the new university facing 
was jealousy between semi-independent colleges, in a 
university non-federal in theory but federal in fact. “The 
only safeguard against this’, he surmised, “is that every- 
body concerned will do his best” for the progress of 
knowledge., ‘ 

In South Kensington there was other excitement. In 
December 1890, W. E. Ayrton announced to Nature's 
readers that the government had begun “shaking the 
foundations of science” by announcing that an under- 
ground railway (the South Kensington to Paddington 
suburban railway) was to be built right under the 
laboratories of Rücker, Lockyer and Boys at the Royal 
College of Science. The impending loss in damage to the 
accuracy of the delicate scientific instruments by the 
railway was beyond behef. “The English nation”. 
Ayrton announced?!, “must abandon its claim of 
being a practical people. Germany will laugh us to scorn. 
with polite amazement”. Happily the train was re-routed 
and now passes through South Kensington. In April 1891, 
Lockyer wrote a leading article on the proposed Gallery 
of British Art to be built at South Kensington. Lockyer 
had long believed that the land west of Exhibition Road 
on the Gore estate should be reserved for science and 
strongly fought the penetration of art. In the end. the 
scientists won; space was saved for the Science Museum 

In November 1895, Nature congratulated The Times 
for having awakened to the necessity for state action for 
industrial science “which we have been preaching for some 
years’ "'2, A hopeful sign brought a second leading article 
from H. E. Armstrong, on December 5, on the “Organiza- 
tion of Science”. Armstrong recalled the Council of 
Seience recommended by the Devonshire Commission 
20 vears before, and pleaded for the application of scientific 
method inthe public services". The phrase “organization” 
came repeatedly to mind; it was a particular favourite of 
the German chemist, Wilhelm Ostwald, whom Lockyer, 
and Wiliam Ramsay im particular. admired. Ramsay 
sent one of Ostwald’s letters to The Times, which devoted 
a leading article to it. The Times, however, concentrated 
on the duty of industry to endow research, while Lockyer, 
writing in August, put the blame on the government. 
“The real remedy”, he added, “lies in consistently organiz- 
ing both our peace and war forces . . Gregory added a 
paragraph saying that the existing political leaders were 
unable to reach a solution; ‘. .. what we do criticize”, 
he said, “is the political system which does not consider 
it necessary that the educational and scientific welfare of 
the country should be the business of those who are able 
to appreciate the work done. to see the necessity of reforms 
and to know the directions in which developments should 
take place”. This theme of “expert” government by 
an “organized scientific élite’ became commonplace in 
the next decade. 

The German scare reached greater intensity m 1896 
when E. E. Williams’s Matle in Germany appeared. Henry 
Armstrong observed that scientific education had made 
Germany at once a ‘cultured’? nation and an industrial 
leader. ‘The application of science to industry has 
brought the whole world gnto competition and only those 
who fully understand and can apply all the rules and every 
detail of the game can hope to succeed in it.” Blame was 
shared out between apathetic industry, inadequate 
secondary schools and universities unfitted for resea rch, 
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But in June 1897, O, Henrici talked about the hostility 
between the technische hochschuien and the universities of 
Germany, and stressed the little remembered stand of the 
universities against the intrusion of technical studies. But 
in February 1899, Meldola observed that even if Germany’s 
supremacy in technical chemistry were not equalled by her 
efforts in morganie chemistry or other branches of science, 
Britain’s lumited chemistry brought only dismay. 

The nineties also saw fresh eriticism of the Royal 
Society in the press and a defence in Nature by Thiselton- 
Dyer of Kew in favour of electing non-scientists. In 
December 1892, Huxley took the chance to defend the 
society from charges of prejudice in its election procedures 
and over representation of certain men in its permanent 
offices. In June 1893, Huxley and a group of Fellows 
determined to deny election to an eminent man of letters 
who was not a seientifie man. Thiselton-Dyer argued that 
“af the Royal Society were stnply constituted of pro- 
fessional scientifie men, its mfluence in the country would 
be vastly diminished. ... A purely expert Royal Society 
would be treated with a kind of ironical respect but 
otherwise left alone and isolated from the publie. 
Thiselton-Dyer’s defence was upheld and the nominee 
was elected, but the society remaimed a calculated distance 
away from public involvement. Despite its many tasks 
for government, it refused to be fettered with any trace 
of political preference m the interest of the scientific 
cornmunity. 

During these months Lockyer himself was not inactive. 
In February 1892, he defended the Chair of Astronomy 
at Cambridge, left vacant by the death of Adams, 
against attempts to disconnect it from the Observatory or 
to regard it as a sinecure’®, The subject, indeed, is one 
in which we are at present searcely holding our own”, 
while America and Germany were spending vast sums for 
the equipment required by new methods of physical 
analysis. Above all, he felt!®, the observatory should be 
saved from becoming “sleepy willows for mathematicians, 
however distinguished, who have given no hostages to 
fortunes in the shape of noble astronomical work”. 
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zeprinted from Nature, June 16, 1870 


NOTES 


WELL-WISHERS of the University of Oxford will rejoice to 
hear that the honorary degree of D.C.L. has been offered to Mr. 
Darwin. Thestate of Mr. Darwin’s health unfortunately pre- 
cludes him from accepting the proffered honour, but the scientific 
naturalists of this and other countries will none the less appre- 
ciate the compliment which has been paid to their great leader. 
It is allthe more graceful as Mr. Darwin is not an Oxford, but 
a Cambridge man, a circumstance which the University of 
Cambridge seems to have forgotten ; though by-and-by it will be 
one of her claims not to be herself forgotten. 
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Lockyer: Editor, Civil Servant and Man of Science 


Despite financial difficulties which continued for several years, 
Lockyer’s fame and reputation spread. 





LOcKYER’Ss life was never a “sleepy willow”. From the 
outset Lockyer’s time was divided between Nature. the 
War Office and astronomy*. In early 1870, he gave 
a series of lectures in Newcastle, Edinburgh. Darling- 
He impressed 
fancy to 


ton and later to the Royal Institution. 
Americans particularly: “I took 
Lockyer”, wrote J. W. Draper to his son!, “he is the 
rising English Astronomer”. In May 1870, Lockyer 
was appointed secretary to the Devonshire Commission. 
His appointment reflected the support and favour of his 
fellow The had about 


qute a 


scientists, commission come 


* For details of Lockyer's life, see the biography compiled by his daughter 
and second wife, with the assistance of Professor H. Dingle. A new life of 
Lockyer is being prepared by Dr A. J. Meadows, University of Leicester. 





Sir Norman Lockyer. 


largely through the efforts of Alexander Strange, a fellow 
council member on the Royal Astronomical Society. 
Three of the five scien.ifie members of the commission, 
including Sir John Lubbock, T. H. Huxley and G. G. 
Stokes, were by then close friends; from their point of 
view, the appointment of a scientific journalist who had 
access to Nature was an inspired arrangement. 

In the meantime, Lockyer struggled to support his wife 
and nine children. Lockyer’s early poverty gave most of 
his literary endeavours a strong economic motive. Much 
of his early literary work for such papers as the Saturday 
Review, the Daily News, the Electrician, the London 
Review and the Spectator was intended to supplement his 
War Office salary of £3607, When he 
the secretary of the Devonshire Commission, he reeeived 
£300 a year after much haggling with the Treasury. 
Nervous exhaustion plagued him and he repeatedly suf- 
fered bouts of depression. He had «at three break- 
downs; at the end of 1864, between I867 and mid-] 868 
and in March 1877. 

Throughout his editorship, Lockyer remained Macmil- 


Was seconded fo be 


least 


lan’s consulting physician on scientific books and schemes®. 
He seems to have kept offices in the Macmillan building in 
Bedford Street, the complications of his life probably 
becoming familiar to his friends, who received scientific 


notes on government stationery and government notes 
on Nature notepaper. This continued connexion with 
Macmillan was vitally important for two reasons. First. 


Macmillan could offset the advertising his 


scientific books and win more potential scientific readers 


expense ol 


by using the pages of Nature as a movable marquee, 
Nature's international circulation. though small. would 
enhance the sale of English books abroad Macmillan 
explained to Lockyer in July 1873 that “It is only in 
this way we “Whatever 
profits we make in America,” Macmillan even reassured 
Lockyer*, “vou will share with us ". Reciprocally, 
Nature could count on the financial backing and personal 


interest of Maemillan’s authors?. 
E 


sort. of can make it pay” 


t Correspondence between Macmillan and his authors repentedly bears out 
the economic sense of reciprocal arrangement. In 1875. for example 
Macmillan, writing to Michael Foster in Cambridge about the prospects of th: 
biology syllabus, says, ‘Lockyer, who is looking over my shoulder, prophesies 


big about this... °* and because"... Lockyer is sanguine about it... 1 
have ventured on 1,500". In return, Magnillan used Lockyer: “Give me a 
title page”, he told Foster, “I can get inserted in Nature... °"*. Indeed 


Nature was such an ideal advertising medium for the House that its use 
became public knowledge among Macmillan’s scientists, Po Balfour Stewart 
of Manchester Macmillan once raised some technical doubts about Tait’s 
proposed Physics. “Tam... convinced", he wrote. “that we should make no 
announcement [not] even in ‘on the sly’ paragraphs in Nature or in Londen 
Correspondence till we have a clearer idea of the concrete form It will take’’’. 
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This commercial interest was unconsciously admitted 
by William Jack, Macmillan’s physics pavar between 
1876 and 1879, who felt it routine to “run” a small 
book lecture series through Nature first, and then 
publish it in Macmillan’s science series afterwards®. 

In Loekyer’s relations with Maemillans rough moments 
were rare. In 1870, on the nomination of Joseph Henry, 
Lockyer received an offer to take up the directorship 


of the new 25 inch telescope being built in Virginia 
at the expense of John McCormick’, the American 


farm machinery magnate. Lockyer was continuing to 
support himself by freelance work in science journal- 
ism. Between 1869 and 1873, for example, he continued?® 
to contribute to the Saturday Review. Lockyer’s financial 
position, uncertain at best, would be transformed over- 
night and the attractions of a permanent post would be 
his. The offer was tempting. 

At about the same time, Macmillan and Lockyer 
quarrelled violently——the only known record of any dis- 
agreement between them-—-apparently about Lockyer’s 
status in the firm and a series of books he wished to 
promote. Sir Archibald Geikie acted as a go-between, and 
Maemillan eventually offered to make Lockyer the editor 
of a series (possibly the Nature series) and to give him a 
retaining fee of £250 per year as scientific adviser as well 
as his salary for Nature. Geikie hoped! this would save 
Lockyer from emigration and that Macmillan’s s plan “may 
be the nucleus of future comfort for you” 

In December 1870, Macmillan wrote to Lockyer, away 
on the eclipse expedition to Sicily. Coupling his note 
with thoughts fora book on the sungod and his worshippers, 
Macmillan asked Lockyer to stay: 


When the blessed event takes place, I shall have 
much pleasure in discussing with a view to increasing 
your pay for scientific advice higher [sic] and make, 
of course, the advice itself of more value to us. I am 
sure that it may be put on a satisfactory footing. 


“But above all,” Macmillan continued, 


I am very anxious about Nature. I can’t help 
feeling that a little more of something would make it 
a success and if so, of course, it would be a permanent 
benefit to you. I have been thinking of many things. 
At present we are endeavouring to get it more widely 
taken at schools, and if we sueceed in this will go 
into some other line. 


Whether or not the vision of a financially secure posi- 
tion, carrying with it a powerful hand in editorial matters, 
settled Lockyer’s mind in favour of staying, he decided 
not to emigrate. 

In 1874, the Royal Society awarded Lockyer the Rum- 
ford Medal and made him Bakerian lecturer. His grati- 
tude was tempered by the economic strain under which he 
lived. “I shall’’, he told Hooker*, “do all I can to remain 
true to science... but I feel... that the time is coming 
when I must say moriturus te salute and die the death by 
forsaking research and by ceasing to be true to science 
become more true to my wife and children.” In 1874, 
while still at the War Office and working for the Devon- 
shire Commission, Normah MacLeod and John Donnelly 
of the Science and Art Department arranged to get 
him 3 guineas an evening working at the South 
Kensington Museum. But even if Lockyer’s health could 
tolerate it, the Treasury would not. As Ralph Lingen, 
Permanent Secretary to the Treasury, minuted!, “Mr 
Lockyer is Cferk in the War Office, and Secretary to the 
Science Commission. . How many other offices is he 
ready to fill?” There seemed no easy answer. 
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In 1875, after an exceptional recommendation by the 
Devonshire Commission and a personal application to the 
Prime Minister (and followimg a large and influential 
deputation from the British Association urging govern- 
ment action on the Devonshire Report), Lockyer was lent 
by the War Office to the Science and Art Department. One 
of the recommendations of the Devonshire Commission 
had been the creation of a national physical observatory. 
Lockyer’s intervention was to be the first instalment in 
the long series of events which led to the establish- 
ment of the N.P.L. Ostensibly his duties were to help 
with the loan Exhibition of Scientific Apparatus and the 
collections of apparatus in the Science Museum; in fact 
he was given virtually a sinecure with which to carry on 
his research. Between 1875 and I881, he drew at the rate 
of his old War Office salary, plus fees amounting to £700 
a year. 

Both Nature and Packyer made heavy financial demands 
on Macmillan. Loekyer’s own astronomy texts were a case 
in pomt. In 1877, when his sixth book, Star-Gazing : Past 
and Present, was in the press, he received a sharp scolding 
from William Jack who did not share Alexander’s generous 
sympathies ; 


Do for goodness sake keep the expenses of Star- 
gazing down. We were rather startled by your saying 
if it hadn’t been your own book you might not have 
been mehned to advise us to publish it and that you 
were afraid it might not find a large public. . . . Of 
course we can’t publish generally without a prospect 
of paying, and we should soon cease to publish if we 
did. ... We are all the more anxious because we have 
been looking at the Application of Physics Account-—— 
A Lockyer’s The Spectroscope and its Appli- 
cations |, We have a debt of £1,400 against 
the book and since midsummer we have sold four 
and had seven returned from agents. We know, of 
course, that you took a lot of trouble about the book, 
but a loss like this on one book is enough to make 
one’s hair stand on end. 


“Į suspect the public has a bad taste”, added Jack, 
“and the Applications may be too severe for them’’?*. 
In September 1872. George Craik, Alexander's “Chan- 
cellor of the Exchequer” since 1865, told Lockyer! that 
“ .. when you return we must have a little talk about 
your work”. The outcome of this “httle talk” is unknown, 
but if it was a scolding, Lockyer’s connexions with South 


Reprinted from Nature, October 27, 1870 


NOTES 


Desrrous of aiding the English Eclipse Expedition, Prof. 
Peirce has addressed the following letter to Mr. Lockyer. It is 
to be hoped that observers will take advantage of the oppor- 
tunity so magnificently afforded them :— 

“ Fenton’s Hotel 

“My Dear Srr,—I have been directed by the Government 
of the United States to have the best possible observations made 
of the total eclipse of next December. If I could aid the cause 
of Astronomy by assisting the observers of England in their 
investigation of this phenomenon I should be greatly pleased. 
I take the liberty therefore to invite your attendance, and also 
that of other ‘eminent physicists of England, with either of the 
parties of my expedition, one of which will go to Spain and the 
other to Sicily.— Yours very respectfully and faithfully, 

tt BENJAMIN PEIRCE 
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Kensington and the scientific scene gave him a position 
of informal power within the firm. His advice was almost 
indispensable. 

In 1878, for example, Jack wrote to him confidentially}? 
about Professor Tanner of South Kensington. “Is he a 
good man ? What number of pupils from what kinds of 
schools does he examine ? He has a sort of primer on ‘the 
farm’ which we are considering’. The Nature Science 
Class Book and Science Primer series (under Huxley, 
Balfour Stewart and Roscoe) were also vital to Mac- 
millan’s overall scientific programme. In 1876, Jack told 
him that?° 


Macmillan is all for going on with the Nature series, 
beheving that a first rate book or two would loft it 
tremendously all round. He supposed that Chisholm 
on balances is quite ready. ... Anything else in wind 
or ready ? .. . If you could keep up announcements 
of one or two popular books in the Nature series it 
might help a good deal. 


Lockyer’s light teaching sehedule at South Kensington 
fortunately left him time for Nature and research. But 
Lockyer’s transference to the Science and Art Department 
involved him in the running battles between that depart- 
ment and the Treasury. Largely through its museum 
purchases, the Science and Art Department, under Sir 
John Donnelly, had acquired notoriously expensive artistic 
and scientific tastes. At a time when the education 
estimates were the most rapidly increasing sector of public 
expenditure, the Science and Art Department was expand- 
ing even faster than its “sister”, the Education Depart- 
ment. The Treasury fought hard against “that omnivor- 
ous Donnelly who will soon absorb Hyde Park for his 
marvellous collection of some good things and a marvellous 
collection of rubbish”*!. Lockyer’s dealings with the 
Treasury-—which even allotted a special file to him—were 
compounded by his successive applications for government 
assistance on eight successive eclipse expeditions, through 
the Solar Physics Committee and through the Royal 
Society. He had a gift for applying the resources of one 
establishment to the needs of another—a gift which did 
not endear him to the Treasury bureaucracy. “I am sure 
I do not know why or in what part of the Vote his salary 
is now smuggled”, wrote Ralph Lingen in 1877 after one 
particularly exasperating episode®?. Despite continual 
harassment, his applications (dismissed cynically by one 
Treasury clerk as merely “sops to South Kensington’) 


Set neeem uaaa inean annaa e aA en aea aia AA Spon uA Ai e rr Mintin premana yarmaa a re eree naana ma n a m e 


Reprinted from Nature, March 17, 1870 


Transactions of Scientific Bodies 


I wisn it were possible to induce our learned societies to be 
a little more liberal ; it should be their aim to spread knowledge, 
not make it a luxury for the wealthy. I happen to wish to 
read a paper by Professor Tait on “ Rotation,” published in the 
Transactions of the Royal Society of Edinburgh. The only 
libraries I have access to are those of the Dritish Museum and 
London Institution. At the Museum there is no volume of the 
s Transactions” later than 1864; at the London Institution no 
volume later than 1862 ; so that if I persevere in my intention of 
reading the paper, I must buy the volume containing it, for which 
I must pay 24 2s,—that is, I must buy thirteen papers I don’t 
want in order to be able to read one Which I do want: these 
include one on the temperature of newly-born children, and 
another on tetanus in cold-blooded animals, 

All papers should be published separately ; this would lead to 
a much wider diffusion of them, and the Societies would benefit 
by their increased sale. 

London, March 7 G. 
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were repeatedly approved, and successive generations of 


Treasury officials backed down before his persigtence. 

In the meantime his scientific positions grew more 
controversial. Throughout the late 1860s, he had debated 
with Warren de la Rue about the existence of the chromo: 
sphere and had had searching erguments with chemists 
who believed that helium was a version of hydrogen, 
In 1872, folowmg a disagreemant with Richard Proctor, 
and intense dissatisfaction with the Royal Astronornical 
Society over the publication of the 1871 eclipse data, 
Lockyer (and later de la Rue) resigned from the Council 
of the Royal Astronomical Societv?*, In 1875, when 
Richard Proctor attacked Lockver for the tenn “chromo- 
sphere” in the Cornhill, Lockver’s friends rallied round 
him, P. G. Tait of Edinburgh wrote?! in his defence 
and enclosed a letter “for Nature smashing him [Proctor] 
to powder for another business. Really these scribblers 
of venom ought to be serunched”. To some extent, 
Nature did just this. 

In early 1877, in the midst of his struggles. Lockyer 
fell ill and spoke again of giving up science. Leaving 
home to do research, he could not deal with the cares of 
his sick wife and son. Lockyer” told Hooker that “he 
stood to give up science very soon”. But, Hooker re- 
assured him®*, “You of all persons must not talk of 
giving up science, no-one will listen to it’. The news 
quickly got round the scientific circle. Two weeks later 
Macmillan wrote to Lockyer®®; “Brunton [Lockyer’s 
physician] tells Craik that he thinks you should have a 
quiet rest on the continent. If the enclosed cheque will 
make this easier for you, the firm desires your acceptance 
of it with the love of all the members”, 

In 1878, Lockyer’s son Frank died and his wife Winifred 
followed the next autumn. The twin tragedy and the res- 
ponsibility of caring for eight children left their mark on 
him. He seems to have thrown himself into research and 
writing whenever he could, for the next twenty-four years 
There was little time for recreation or society. 

Most of Lockyer’s research expenses were met by grants 
from the Government grant to the Roval Society and by 
using the chemical and physical equipment and the 


detachment of Royal Engineers at South Kensington. 


In 1877, Lockyer was appointed chairman of the Solar 
Physics Observatory, which meant an additional £500 
(eventually £1,000) in research expenses. He was also 
the lecturer in astronomy at the Norman School of 
Science at a salary of £450 and was allowed to earn up to 
£300 more in examining fees. His fame and reputation 
spread. He went to the United States on an eclipse 
expedition in the summer of 1878, and Thomas Cheney 
asked him, “asthe most eminent literary exponent of science 
with whom I am acquainted”, to write occasional leading 
articles for the Times?! In 1884, he was elected vice- 
president of the Incorporated Society of Authors?’. 

By the 1880s, to all appearances, his position had never 
been better. His association with Donnelly proved 
extremely happy. In 1881 he was made Professor of 
Astronomical Physics at the reorganized College of Science 
and his official salary was set at £750 a year. Together 
with fees, this gave him a salary by 1890 of about £1,000, 
By 1890 his basic salary was raised to £800 to the level of 
other full professors in the Royal College of Science, which 
brought him comparative wealth. It was this which 
enabled him to build a house and observatory at Westgate 
on Sea where he and Fowler worked at weekends. 

Nonetheless, Lockyer was rarely happy or at ease. Tn 


Ph. 


the late 1880s and 1890s, controversy played a larger part 


+ 
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in his life and he became obsessed with work. His opinions 
hardened. “He does not strike me as a gentleman”, 
wrote John Trowbridge, an American visitor, to President 
Gilman of Johns Hopkins in 1882. 

Between 1887 and 1888, Lockyer’s theory of the lumino- 
sity of comets aroused wide interest, as did his far-sighted 
meteoric hypothesis published in 1890 with the assistance 
of Fowler, Gregory ang other students at the Royal 
College of Science. Tennyson thanked Lockyer*® for 
his “splendid hypothesis ...in my anthropological spec- 
trum you are coloured like a first rate Star of Science”, 
but both cost him friends among astronomers and may 
have led to his resignation from the Royal Astronomical 
Society, His dissociation hypothesis brought him repeated 
blows from the chemists. Only Abney, Schuster and 
Crookes were consistently behind him, although Thorpe 
and Roscoe were sympathetic. Only with the late 1890s 
and the work of J. J. Thomson on electrons did some of his 
ance, though even then on a different conceptual basis. 

One of Lockyer’s least celebrated but most damag- 
Huggins is credited with having devised the stellar spectro- 
scope, and with being the first to apply Kirchhoff's spec- 
troscopic method of chemical analysis. Huggins and 
Lockyer argued repeatedly over the interpretation of solar 
spectrum evidence and Huggins disagreed strongly with 
the dissociation theory applied to stellar bodies. Ironic- 
ally, Huggins sent his views to Nature. There was, as 
Lockyer explained*! to Sir George Stokes, little redress 
for him. “I am practically bound to print all attacks on 
my work and I printed Huggins, but I don’t propose to 
print my reply.” 

In 1889, William Huggins and Lockyer again collided 
over the interpretation of certain metal spectra. Huggins, 
normally a shy and retiring man, claimed that Nature 
misinterpreted his conclusions. “Nothing is so painful 
to me as controversy, but if the paragraph is allowed to 
stand, there is nothing for me but to point out that the 
statement in it should certainly not be made... .”” Lockyer 
stood firm: “I too hate controversy; it wastes too much 
time, but I do not shirk it with an honourable antagon- 
ist’, 


Lockyer for having spared him from debate? “I am 


Reprinted from Nature, May 26, 1870 


Euclid as a Text-book 


THERE are many engaged in the work of education in this 
country, besides those who have come prominently forward in 
the matter, who feel strongly that Geometry as now taught falls 
far short of being that powerful means of education in the highest 
sense which it might easily be made. They find themselves, in 
the majority of cases, compelled to use in their classes a text- 
book which should long ago have become obsolete. 

We have lately had instances in abundance of the power of 
combined action. If the leaders of the agitation for the reform 
of our geometrical teaching would organise an Anti-Euchid Asso- 
ciation, I feel sure they would meet with considerable and daily- 
increasing support, 

_ We of the rank and file d not feel strong enough to act alone, 
and yet think we might do something to help forward the good 
cause by co-operating with others. 

The immediate objects of such an association should be in my 
opinion (1) To collect and distribute information connected with 
the'subject ; (2) To induc@ examining bodies to frame their 
questions in geometry without reference to any particular text- 
book. : RAWDON LEVEFT 

King Edward’s School, Birmingham 
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anxious that we should remain friends however we may 
differ in opinion.” But this had already proved impos- 
sible. The last decade of Lockyer’s life saw Nature 
moving away from controversy and towards greater 
harmony among British scientists. In this new order of 
business, Lockyer played less and less a part. 

In January 1894, Lockyer was knighted KCB in the 
New Year Honours and in November Nature celebrated its 
twenty-fifth anniversary®*. Huxley, who had written the 
journal’s first article, wrote its celebratory retrospect, 
recalling the closer bonds between speculation and scienti- 
fic method that rational development and Darwinian 
evolution had helped inaugurate. The working synthesis 
of mind and method that Huxley had preached from 
Goethe’s prose text twenty-five years before had not, 
perhaps, progressed far, but the continued existence of 
Nature—not to mention Lockyer’s own speculative 
research—had kept it within sight. 

Nature’s birthday was celebrated, by publishing the 
list of nearly 800 men who had contributed in any way 
to the journal, and by a huge dinner at the Savoy. 
Fifty people attended, including Frederick, George and 
Maurice Macmillan (for a complete list see ref. 34). Craik 
pronounced it “the most influential journal of science in 
Europe”. Huxley praised Lockyer’s success—“‘it was often 
better to be an architect building a house under the dual 
control of a husband and wife or a member of the London 
School Board than an editor’’——criticized recent standards 
of science writing, and toasted the name of Alexander 
Macmillan who had retired four years before. Publishers, 
he said, were generally regarded as ferae naturae, to be 
preyed on by authors; but Macmillan had been not so 
much publishers as friends. Macmillan’s kindness to 
Lockyer, editorial and personal finance and freedom were 
repaid by loyalty to the firm. It was this abiding relation- 
ship that gave*Nature its solid hold on hfe. 
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On November 6, 1919, Nature's Jubilee, Lockyer relinquished his 


editorship to Richard Gregory. 


By now, Nature had become a 


“great international institution’. 


Is 1902, Lockyer retired from the Royal College of Science. 
His fame had placed him above the fear of poverty and his 
release from constant haggling with the Treasury left him 
free for cultivating his interests in ancient monuments, the 
astronomical history of Stonehenge and Egyptian temples. 
In 1903, at the age of 67, he married again and became 
widely respected as an elder statesman of science. His 
retirement from official service also presaged a new career 
of public activity for Nature. 

In January 1901, he wrote two leading articles, on the 
“New Century” and the “Advancement of Natural Know- 
ledge”, in which he set out the plan which governed the 
next fourteen years of his life. British industrial supremacy 
seemed at an end, and foreign domination was evident 
everywhere as a direct consequence of the progress of 
science abroad and the absence of a “scientific spirit” at 
home. Britain’s government had to be made scientifically 
awake. The government’s preoccupation with naval force 
had diverted attention from industrial competition. 
While Britain was committed to increasing her fleets!, “t 
seemed the duty of no government department to look 
after the scientific advances which are the only bases 
of the commerce which is to provide for the constantly 
increasing expenditure’. It appeared?, moreover, that 
British intellectual resources were not being used to help 
retain her “old position by force of brains”. 

From 1890 on, Lockyer had drawn attention? to 
national education at all levels, “based upon a study of 
things and causes and effects as well as of words”. In 
securing this, Lockyer, not a university graduate himself, 
looked to the universities for the remedy. Beginning in 
January 1903, Nature began a series of five leading articles 
on “The University in the Modern State”. In the first, 
eleven British universities were compared with 134 in the 
United States and 22 in Germany. State grants to one 
German university were more than the total grant given 
to all universities and university colleges in the United 
Kingdom. In March Lockyer dealt with the Prussian 
universities. Palmerston is said by Matthew Arnold to 
have defined the Germany of his day as a country of 
“damned professors”, To Nature it seemed the “damned 
professors” had done their job well. In May Lockver 
looked to America, and in July Conway of Wales spoke of 
the academie plight of higher education. In August 
Lockyer tried to summarize, and applauded the recent 
efforts of Sir Gilbert Parker to establish cooperative rela- 
tionships between the universities of the Empire. At the 
British Association meeting in Cambridge, Lockyer 
received a DSc—his first university degree. 


As Ferdinand Lot, the French educationalist, remarked*, 
Germany had reached “a supremacy in science comparable 
to the supremacy of England at sea”. In 1903 Lockyer 
returned to the twin theme of fleets and brains in his 
presidential address to the British Association at South- 
port, “The Influence of Brain Power upon Histery’’. 
Modelled, in part, on Captain A. J. Mahan’s `The Influence 
of Sea Power upon History”, the address was a reply te 
those who saw national resources only in terms of military 
armaments. His message was simple. British statesmen 
had neglected to organize and use the nation’s intellectual 
resources and British industry had turned its back on 
scientific innovation. The country had spent £120 million 
to strengthen the navy but less than £1 million on its uni- 
versities. Only £30 million (or 2 per cent of the national! 
income) was being spent on all kinds of education. “We 
are suffering’, he said’, “because trade no longer follows 
the flag, as in the old days, but because trade follows the 
brains, and manufacturers are apt to be too careless in 
securing them”. 

The remedy was equally simple? “ . . . Largely in- 
creased endowments of higher education and research”and 
the utilization of scientific methods in all branches of 
administration equal to those at the disposal of competing 
nations, can alone save us’’, Lockyer’s address had a wide 


Reprinted from Nature, November 13, 1879 


GEOGRAPHICAL NOTES 


THE Germans have so deservedly earned a distinguished repu- 
tation as scientific geographers, that it is quite pleasing to catch 
one very seriously tripping in geographical matters. In Philip 
Leopold Martius’s ‘* Das Leben der Hauskatze und ihrer Vere 
wandten ” (Weimar: B; F, Voigt, 1877), in the part of the work 
treating of the varieties of the domestic cat, appears {s, 61) the 
following extraordinary statement: ‘“Die schwanzlose Katze von 
der Insel Man im stillin Ocean wenn nicht das Xap Man auf 
Borneo dərunter zu verstehen, ist wohl noch nie zu uns nach 
Deutschland gekommen, obgleich sie auf der Katzenausstellung 
in London einst vertreten war.” The author goes on to expres 
his earnest wish that a pair of these great rarities, Manx cats, 
may be procured and exhibited at some zoological garden, 
Manxmen will hardly thank him for placing their native isle in 
the Pacific Ocean and confounding them with Polynesians, but 
the suggestion as the result of ponderous research that after 
all perhaps such a place as the Isle of Man does not exist, but 
that its mythical development has arisen from a mistake as toa 
cape of the same name in Borneo is too delicious altagether, and so 
ingenious and thoroughly German that it must needs be recorded 
for the benefit of the readers of NATURE. 
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reception. James (later Sir James) Thursfield, leader 
writer in The Times, applauded’ it as a reply to protection- 
ism: “The so-called economic crisis is an affairs of brains, 
not tariffs. The brains are there all right, but we have 
no adequate machinery for their scientifie cultivation”. 
Henry Armstrong. a frequent contributor to Nature, gave 
Lockyer prominence in the Quarterly’ : 


British coal and ison are fast diminishing and we 
have few other resources worth mentioning except 
brains. But the manufacture of brains into a highly 
finished and efficient product is an industry in which 
we take no pains to excel and of which there is no 
organization, 


In response to an appeal from the British Association and 
the statistics of Sir Robert Giffen, an additional grant of 
£75,000 was made to the universities in 1904 and promises 
were made to double it. 

The real disappointment, however, Lockyer thought, 
was the scientifie community itself, which lacked a collec- 
tive voice. The British Association had been created in 
1831 with exactly this intention: it could still fill this role. 
But Lockyer’s efforts to win the support of the British 
Association or the Royal Society did not succeed, and he 
began to construct his own pressure group--the British 
Science Guild. In 1905, catching the wave of interest in 
the concept of National Efficiency which swept Britain 
after the revelation of widespread publie ill-health and 
maladministration during the Boer War, Nature published 
a review of R. B. Haldane’s pamphlet “The Executive 
Brain of the British Tongue’. Haldane argued for the 
enlistment of scientists in national administration as a 
corps scientifique with an advisory body at the head, and 
Richard Gregory picked out the theme for special com- 
ment. From the support of pure science in government 
for its own sake, Nature was swinging towards the more 
political concept of scientific method and procedure in 
government. 
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The Guild was inaugurated in 1905 to bring together, 
without reference to political party, representatives of 
science, industry and education to act as a lobby for 
issues of scientific reform, some of which Nature had 
espoused for 30 years—-to apply the methods of science to 
all branches of life, to draw the government’s attention to 
scientific matters and to promote scientific education. 
The members of this executive council and the committee 
were all friends of Lockyer, and virtually all the scientists 
were among Nature’s regular contributors. They included 
Joseph Larmor, Wiliam Abney, Lauder Brunton, 
Alexander Pedler, Francis Elgar, John Perry, Wilham 
Ramsay, Raphael Meldola, Edmund Brabrook and William 
White. Sir John Lubbock (then Lord Avebury), although 
doubtful of the Guild’s prospects®, became treasurer and 
R. B. Haldane president”. 

The British Science Guild drew upon the Nature circle 
and drew its strongest supporters from Nature’s friends. 
But its success was severely limited for some of the same 
reasons which delayed even the best of Nature’s suggested 
reforms. Institutions had no reason to listen to a non- 
political, non-professional body representing no visible 
interest group in society, and political parties no obligation 
to respond. The Guild was above professional interests, 
applying the highest ideals of science objectively, and 
suffered from having no basis in political reality. Apart 
from the implicit fabianism emphasized by Sidney Webb’s 
presence on the Education Committee, it was socially 
bande å part. “You don’t hit a note which will have much 
resonance here”, H, H. Turner told Lockyer from Oxford’, 
“it will simply jar, I fear, but I may be wrong.” As it 
happened, he was right. 

Intellectually, the British Science Guild's prospects 


* The British Science Guild struggled for nearly thirty years and did many 
excellent studies on national education and scientific resources in the constant 
shadow of financial incapacity, official disinterest and public apathy. It was 
eventually absorbed into the British Association in 1936. 


Tnternational 
Science 


fudustry 


Natural 

. Sciences 
Physics 

Metallurgy 

Medicine 


. Agriculture 
"o Chemistry 
Government 

Administra- 

tion 


1905-09 1910-14 1915-19 


The changing contents of Nature. Major secondary articles (articles of one column or 


more), which represent about 50 per cent of Noture article space. 
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were unsatisfying for its potential supporters. As A. J. 
Balfour had observed?®, 


I, as you well know, am most anxious to promote 
the cause of science in every way in my power, but, 
frankly, I am not sure that I form a clear idea of 
the exact methods which your Guild proposes to 
adopt to attain that end. The words “science and 
scientific method” are . . . loosely used, and especially 
when applied to such subjects as government or 
taxation, often mean little more than “reasonable” 
or “rational”. Every human being is desirous that 
the affairs of his country should be “reasonably” or 
“rationally” conducted. Where mankind quarrel is 
over the means by which that excellent object can 
be secured. Science gives us no clear utterance on 
such subjects. 


Through Nature, some such utterances were made. In 
the decade ending 1909, the space devoted to scientific 
education and industry nearly doubled. By 1909, 
pressure on space had increased enormously, in part 
because of the growing popularity of scientific letters. 
For the three years between 1909-1912 (volumes 79-89), 
Nature appeared in three volumes a year instead of two, 
but Lockyer was obliged to cut back on column space 
given to addresses and reports and notes (Table 1). In 
general, Nature’s leading articles tended more and more 
to reflect scientific progress, while its secondary articles 
gave strength to reports of deputations, meetings and 
lectures of social significance to science. Lockyer’s 
appearances were fewer; after an article on the death of 
Edward VII, he virtually retired from the leader column. 

The social circumstances of Lockyer’s youth had begun 
to change. Most of the “Young Guard” were elderly; 
many had died. Between 1905 and 1914, a new generation 
of university trained scientific men were coming into view 
and into Nature’s pages. In 1900, it is estimated that 
there were 2,000 men of science in Britam; by 1914, 
there were 7,000*. Significant secondary articles on 
industry, which had numbered about twenty in the period 
1905-1909, increased to thirty between 1910 and 1914. 
Logic and philosophy of science, the “new” physical 
chemistry and stereochemistry, radioactivity and genetic 
experiments, mendelism, industrial optics, aeronautics, 
plant physiology, experimental zoology, Rutherford and 
Thomson's work on energy and matter, together with 
more frequent biographical notices, obituaries and re- 
views, all characterized Nature’s pages in these years, 

Nature continued its tradition of acting on behalf of 
scientists. It was to Lockyer that J. M. Ludlow turned 
when collecting scientific signatures in support of Dreyfus’s 
petition in 1899". Lockyer even won a feminist accolade 
from “all scientific women” when Hershe Ayrton con- 
gratulated him on getting, through Nature, Marie Curie’s 
claim to a seat in the Académie de Science". 

After 1910, aged over 75, Lockyer himself gave some 
time to these personal claims, but his successes were 
clouded by personal disappointments. In 1913, when it 


* R. M. Pike, “The Growth of Scientific Institutions and Employment of 
Natural Science Graduates in Britain, 1900-1960", p. 37. Unpublished MSc 
(iicon.) thesis, University of London, 1961. 


+ Many examples of how useful it was to have Lockyer and Nature as an 
ally can be given: “Can you help me in Nature or otherwise ?” pleaded the 
ageing Professor John W. Judd from the old Royal School of Mines. “Unless 
something is done to check the anti-scientific tendencies of the present 
Treasury officials I fear it will go badly with my late colleagues”, Judd was 
referring to the prospect of government pensions for his fellow scientists. 
(Lockyer Papers, Judd to Lockyer, August 15, 1906. It was Lockyer who 
helped SE n a delegation to the Prime Minister when support was needed 
for the Se ence Museum buildings to extend from the Imperial Institute Road 
down the Exhibition Road. Lockyer joined forces against the government 
and strongly supported the building of the new Museum of Practical Geology 
being built at South Kensington. 
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became necessary to move his observatory to make room 
for the new science museum, his plans to take a site in 
Fosterdown, Surrey, were rejected by the Board of Educa- 
tion. Instead, the observatory, with the exception of a 
few instruments, was moved to Cambridge. A protesting 
letter to The Times reprinted in Nature was no use. 
Lockyer was grievously disappointed by this decision, 
which seemed evidence of the government’s impatience 
to be rid of his worrying claims for funds. Lockyer's son 
W. J. S. Lockyer left the Solar Physics Committee and 
moved with his father to a new observatory built at 
Salcombe Regis with the aid of an appeal fund launched 
by Sir David Gil. The Norman Lockyer Observatory 
opened in 1913 and occupied Lockyer's attention for the 
rest of his hfe. 

The war brought many changes to Nature. Its indus- 
trial and social content multiplied five times between 
1915 and 1919. Reports and articles on science abroad 
which had increased by 40 per cent in the five years 
ending 1914 soared another 15 per cent between 1915 
and 1919. Articles on scientific education, which had 
declined slightly between 1910 and 
sharply again after 1915. 
had maintamed a steady increase over the years, rose 
again sharply as the government at last approached the 
question of a Department of Scientific and Industrial 
Research. 

Nature took the lead in publicizing the shameful 
neglect of scientific expertise during the first vear of the 


war. In May 1915, before the announcement of the 
creation of an Advisory Couneil on Scientific and 


“trust the experts” and appoint a “Chemical Council of 
State” to be instituted by the Royal Society. Yet 
throughout the months of organization which preceded 
the formation of the Advisory Council, Nature's attitude 
towards this new development reflected its past pre- 
occupations!4, 

While the Journal applauded the government’s decision 
to set up a specific council for the application of science 
to the war effort, Richard Gregory criticized the new coun- 
cil for its failure to appoint scientists to administer it}, 
The advisory council which Lockyer had recommended 
since the 1870s was never intended to be an official 
creation administered by civil servants. In the end 
Nature did not get its way and the Department of Scientific 
and Industrial Research came to be a eivil 
department. 

But Nature’s leading articles did have a strong influence 
abroad. In 1916, George E. Hale, one of the founder 
members of the National Research Council of the United 
States, looked to wartime Britain for experience and 
Nature for guidance’, “I have followed with great 
interest”, he wrote, “your leading articles . they 
served me well and I sent . the full list of them to 
President Wilson and also to Justice Hughes (the 
Republican Candidate for the Presidency} to im press 
them with the importance of science to a nation.” 

As strenuous as its work for the war was Nature's abrupt 
volte face towards Germany. *In his last lead ing article, 
“The War—and After”, Lockyer wrote that those who had 
admired Germany had now learned that her “culture” and 
admirable organization were not acquired!’ “for the pur- 
pose of advancing knowledge and civilization but 
order that a military caste . . 
Europe.” 


service 


nT 
. shall ride roughshod over 
aang y (J eae a s 
Wiliam Ramsay, once a eldse friend and 
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Table 1. 

i 1869 1875 1880 
Leader (or leader reviews) 29 25 57 
Reviews 43 70 27 
Letters 25 24 40 
Scientific and secondary articles 125 128 117 
Sci. notes 46 ~ 36 
Addresses and reports ~ 64 mee 
Obituaries — — 13 
Societies, acads., univ., intell. 20 20 &8 
Total column inches 318 353 413 
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THE COMPOSITION OF Nature: SAMPLE ISSUES 1869-1019 


1885 1800 1895 1900 1905 1910 1915 
24 25 19 27 18 18 15 
36 54 $3 63 62 63 90 
45 48 46 126 18 18 23 

135 135 130 99 126 180 108 
36 — “ee ~— e mm — 
63 14 36 rie 72 ‘nie 99 
— oe om = 9 9 -a 
63 63 45 54 45 45 36 

434 393 430 423 410 387 461 


For the first issue, and first issue per calendar year thereafter. Figures given in column inches, at 9 inches =1 column, 


Germany besides, in a long series of leading articles in 
Nature which did much to shape British attitudes. In 
October 1914, Ramsay reported Rosebery’s remarks on 
“Germany’s Aims and Ambitions”. Suddenly “faults” in 
the British political character were seen as virtues, and 
the ‘fair dealing Anglo-Saxon spirit” was the justification 
for a democracy which waited to grapple with each 
difficulty as it arose. Suddenly, German cultural accom- 
plishments were no longer as splendid as Nature itself had 
described them!*. ‘. . . The originality of the German 
race”, wrote Ramsay, “has never, in spite of certain 
brilliant exceptions, been their characteristic. Their 
métier has been rather the exploitation of the inventions 
and discoveries of others and in this they are conspicuous”. 
“We in England have always been more intent on wel- 
coming a discovery than in inquiring into the nationality 
of the discoverer’, he added, ‘indeed it is a common 
saying that science is international. But we are beginning 
to revise our verdict. Allied victory would “‘release the 
world from a deluge of mediocrity”. 

“It is not for a scientific journal’, Lockyer added, “to 
chronicle the progress or to predict in detail the possible 
consequences of the war’. But it had indeed been 
Nature’s task to awaken the nation to the prospect of 
war. This it had done perhaps too well. Once started, 
Lockyer knew from experience the great difficulties 
British manufacturers would face in making good their 
delays. Nature, no more nor less than any periodical of 
the time, contributed to the general view that competition 
between nations existed and almost “had” to exist for 
obvious scientific and progressive reasons. Nature had 
never seriously questioned the direction in which this 
rivalry was leading; its remarks against armaments 
were not criticisms of the military so much as advice 
which would with luck give Britain a better chance in 
the “‘game”’. 

It was difficult to prove that science, which for thirty 
years had, by Nature’s own standards, been contributing 
to German power, was not responsible for the evil of war. 
Scientific truth and technical education were not enough— 
the “moral sense of a nation had to be weighed in the 
assessment of a cultural heritage’’!®. Nature followed this 
by deprecating German industrial management and 
recommending the British spirit of “cooperation” as an 
alternative?®. Science and technology had helped create 
an unprecedented total horror. Before the war it had 
been possible for Nature to speak of the conduct of 
science and the obligation of society to support it; science 
was, as Huxley and others had argued, above politics. 
The war had shown that, far from being above politics, 
science had a grave obligation to society. This realiza- 
tion‘ and its consequences cast a long shadow over 
the career of, Lockyer’s successor and tho future of 
Nature. 

The war took a heavy toll on publishing and no less on 


Nature. There was a sharp falling off in leading articles 
by “chief contributors” as busy men left on war service 
and the space was shared by either younger or older men. 
After several years of profit, its subscriptions fell sharply. 
But Lockyer was optimistic. ‘Of course it is unfortunate 
that we now for the first time show a loss’, he wrote 
Frederick Macmillan™, “but when you state that the 
circulation has kept up and the results from advertise- 
ments are better than last year, we have to congratulate 
ourselves. And as the paper is, as you say, 600 per cent 
above pre-war rates, we may be thankful that matters 
are not very much worse”. From October 1918, Lockyer 
reluctantly agreed to the increased subscriptions (from 
£1 8s Od to £2 28 Od) and advertising rates (from £6 63 Od 
to £8 8s Od), the first increases smee 1878. Even these 
proved insufficient and in 1920 subscriptions were raised 
to £2 12s Od or a shilling an issue*?, 

Nature’s line by 1919 was perhaps predictable, but the 
policies it had recommended had become common 
experience. But its voice was no longer Lockyer's. In 
October 1918, Lockyer told Frederick Macmillan that he 
wished his assistant, Richard Gregory, to assume eom- 
mand. “The way ... he has carried on the duties of 
Secretary and Deputy Chairman of Committees . . . have 
shown him to be possessed of administrative abilities of 
a high order”. Macmillan and Lockyer had discussed 
the desirability of filling his place with a Fellow of the 
Royal Society. But Gregory’s work, particularly the 
idealism and objectivity of his book Discovery, published 
in 1916, had won a rapturous reception from a public 
confused and terrified by the evils unleashed by the 
poison gas, high explosives, and bombs and mines, in 
scientific warfare. In any case, Lockyer reminisced, 
“Fellows of the Royal Society are very difficult to lead 
and very few of them have the slightest idea of admini- 
strative work or business capacity”? Moreover in 
1919 he was elected to the Athenaeum and knighted; he 
could have the continuity he needed with the community 
of science. 

The huge issue of November 6, 1919 (106 pages), was 
dedicated to Nature’s Jubilee, but was also a festschrift 
to Lockyer. Lockyer lived to see his “valedictory 
memories” go down besides appreciations by H. Deslandres 
and retrospects of the 50 years by Archibald Geilkie, Ray 
Lankester, Canon Wilson and close friends and contri- 
butors, including Professor T. G. Bonney, Sir Clifford 
Allbutt, Sir Edward Sharpey-Schafer, Dr C. J. Martin, 
Dr Smith Woodward, Professor W. Bateson, Professor J. 
Cossar Ewart, Sir Edward Thorpe, Professor Henry 
Armstrong, Professor H. B. Dixey, Professor J. C. Philip, 
Sir J. J. Thomson, Sir Ernest Rutherford, Professor 
Frederick Soddy, Professor J. J. Townsend, Professor 
Arthur Fowler, Professor W. H. Bragg, Dr A. C. Jordan, 
Professor J. A. Fleming, Dr W. C. Unwin, Professor H. C. 
Carpenter, L. Bairstow, Professor C. H. Lees, W. H 
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Dines, Sir John Keltie, Chapman Jones, Emery Walker, 
Sir William Tilden, Sir Alexander Hill, J. H. Reynolds 
and Sir Richard Gregory. Congratulatory messages were 
received from forty British, ten foreign societies, and 
twelve British universities together with thirty-eight 
personal testimonials. 

The same day Richard Gregory became by title what 
he had been in fact since the First World War, the new 
editor of what was already a “great international in- 
stitution”, a scientific brains trust, a movable feast of 
tradition and iconoclasm purveyed for the nourishment 
of ideas and the place of science in society. In August 
1920, Lockyer died at Sidmouth leaving four sons and 
two daughters of his first marriage. His influence had 
been profound. One of the greatest testaments to his 
influence was the way in which Nature preserved from 
1869 to 1919 the same form and general arrangement. 
Through him, Nature's influence on science, as H. G. 
Wells** later wrote, “has been far stronger and far more 
humane than that of any other journal on the ordinary 
course of human affairs”. 


1 Nature, 68, 223 (1901). 

* Nature, 63, 222 (1901). 

3 Preface quoted in “Education and National Development”, pp. 438-9. 

4 Lockyer, Mary T., and Lockyer, Winifred L., Life and Work of Sir Norman 
Lockyer (London, 1928). 

t Lockyer, J. N., Education and National Progress. 
180 (London, 1906). 

£ Lockyer Papers, Thursfield to Lockyer, August 25, 1903. 

* Quarterly Review, 198, 464 (1903). 

* Lockyer Papers, Avebury to Lockyer, August 10, 1006. 

* Lockyer Papers, H. H. Turner to Lockyer, January 31, 1903. 

1 Lockyer Papers, A. J. Balfour to Lockyer, August 10, 1906. 

a Lockyer Papers, J. M. Ludlow to Lockyer, October 9, 1899, 

1 Loekyer Papers, Hershe Ayrton to Lockyer, January 16, 1911. 

13 Nature, 95, 309 (1915). 

i Maeti R. M., and Andrews, E, K., Publie Administration Gn the 
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18 Nature, 96, 195 (1915). 

ts Lockyer Papers, G, E. Hale to Lockyer, August 14, 1916, 

1? Nature, 94, 29 (1914). 

1: Nature, 94, 137 (1914). 

* Nature, 94, 527 (1915). 

3 Nature, 94, 139 (1914). 

t Nature, 94, 275 (1914), 

33 Pa Ran Archives, f. 166, Lockyer to Frederick Macmillan, September 22, 
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** Macmillan Firm Letters (Reading) file. 1569, R. A. Gregory to ice 
Macmillan, September 28, 1918. gorg Maurice 


*S Lockyer Letters, f. 167, Lockyer to Frederick Macmillan, October 23, 1918. 
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THE STAR OF BETHLEHEM. 


HE fact that a little more than a month ago the planet 
Venus arrived at its maximum brilliancy when to 
the west of the sun, and therefore when the planet rises 
before the sun, has given rise to a flood of superstitious 
fears in this country, only to be equalled in modern times 
by that which the amembers of the Eclipse Expedition 
observed in Grenada last year, and chronicled in these 
columns, as having been met with among the semi-civilized 
inhabitants of that island. 

In spite of School Boards and all the present stoeck-in- 
trade of elementary education, perhaps partly because 
that elementary education deals so little with natural 
science; and because before School Boards so many 
children scarcely went to school at all, the planet Venus, 
one of the most stable and the most brilliant member 
of the solar system, is being regarded as a second appear- 
ance of the star of Bethlehem! 

This being the idea which ignorance has conjured up, 
superstition next comes in to bear her part, and hence 
very naturally all sorts of woe and desolations, the end of 
this world being naturally included among them, have 
been predicted, and in some places a considerable amount 
of alarm has really arisen. Nor is this all: thousands 
of people who ought to be able to look up pocket-books 
and almanacs for themselves have been for the last month 
pestering everybody who is known to possess a telescop® 
for information on the subject. 

We think it, therefore, worth while to refer to this subject, 
for we have in this ignorant fright an additional reason, 
which it may be worth while to dwell upon, why the young 
population of a country like England should not be 
allowed to grow up without some knowledge, however 
slight, of the natural phenomena which are always being 
unfolded around them—phenomena which will always 
delight, instruct, and interest them if understood, but 
which will be apt to cause alarm so long as they are 
shrouded in mystery. 

As before stated, the brilliant body in the east which is 
the innocent cause of all the alarm is nothing but the 
planet Venus near that position in her orbit in which she 
can send the greatest amount of light towards us. 

If our youngest reader will place a candle in the middle 
of a table, and support a little ball some six or eight 
inches away from the candle, on the same level, and then 
retire some little distance away, to represent a spectator 
on the earth, the reason why Venus sometimes appears to 
the right or to the west of the sun and at other times to 
the east or left of it will be at once clear to him, if the 
ball be imagined to go round the candle in a direction 
contrary to that of the hands of a watch. F urther, the fact 
that when the ball is on the other side of the candle it 
is further away, and therefore appears smaller than it is 
when exactly between the candle and the spectator, 
will give a reason why in neither of these cases will 
the maximum brilliancy be a@bserved, because in -one 
case the planet is as far away as it can be, and in the 
other, though the planet is as near to us as it can be 
it has its dark side turned towards us | 
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Nature and Politics between the Wars 


“It is the general absence of an adequate scientific outlook . . . that 
is Our gravest danger today.. 


‘] REGARD Nature.” 
Standard of 


important 


wrote Arnold Bennett 
November VAIM 1933), 
weekly printed in 


in the Even- 
tni AS perhaps the 
English, far 
inportant than any political weekly.’”*. 


most more 
At first glance 
it might seem odd that an apolitical artist should have 
read a scientific journal for its social commentary. While 
Bennett probably derived his opinion from H. G. Wells’, 
himself a great champion of Nature and a long-time friend 
of its editor. Sir observation 


Richard Gregory. the was 


nevertheless acute. Nature was obsessed with polities 
between the wars. 

The state, 
partly in response to its experiences during the 1914-18 
War. had become the chief patron, as well as an important 
the 
Through the newly created 
Department of Scientific and Industrial Research (1915) 
and the research councils for medicine (1920) and agri- 


(1931). the 


To some extent the obsession Wiis INCy itabl aa 


consumer of scientific research by 


Gregory's editorship (1919). 


cultur government was able to support 





Rainald Brightman 


beginning of 


investigations of both a fundamental and an applied 
nature either at universities and research institutes or in 
its own laboratories. Patronage of scientific education 
was extended through the University Grants Committee. 
At the root of these innovations stood the conviction tha 
an expansion of science would help to fulfil Britain's needs 
for adequate production, food, health and defence. The 
peculiarities of the interwar period only served to empha- 
such As the collapse of the world 
economy and the rise of continental Fascism deepened the 


divisions within 


SIZe deficier CICS, 


and between greater demands 
were placed on the new partnership between government 


Nature, the “Times of 


nations. 
and science. the scientific com- 
munity’, could not remain aloof from developments which 
so directly affected the pursuit of knowledge. 

And Sir Richard Gregory (1864-1952) was hardly the 
man to do sot. Long before he began his twenty year 
service as editor of the journal, Gregory had sought to 
hasten the growth of the state's interest in and support of 
scientific This 


who had hired Gregory as an assistant 


research’, was a favourite theme of Sur 
Norman Lockyer, 
1893. 


became 


at Nature in Under Lockyer’s tutelage Sir Richard 
(Int. 1919) a prominent figure in the British 
Scrence Guild and Section L (Education) of the British 
Association. What distinguished (Gregory from his fellow 
reformers (and drew him so close to Wells), however, was 
the zeal with which he spread the gospel of science. 


the ` ‘the 


SO characterist ic of 


Vature’s editor was imbued with faith in 
salvation of man through science’ “s 
the mid-Vietorian working class into which he was born. 
In 1916 he published a widely circulated book which 
expounded the metaphysical and spiritual aspects of such 
a creed’. Its political implications, conspicuous by their 
absence, were outlined more discursively in the leading 
articles of Nature, perhaps because their import was 
altogether more disquietening. 

Before 1920 the 


exclusively to reviews 


had 


written 


almost 
number of 
specialists on tracts and textbooks in their respective 


fields. altered 


On the one hand, editorial comment on a major social 


devoted 


large 


leaders been 


by a 


Gregory this situation in two respects. 


issue became a weekly feature of the magazine. Table | 


lable 1. LEADER TOPICS (NUMBER OF LEADERS PER DECADE) 

1920-1929 1990-1939 
hdueation g3 Economic rationalization t Sv 
Industrial research*® 12 Industrial research* ül 
Science and imperial affairs 56 Social relations of science | 60 
Keonomiec rationalization? 51 Science and Imperial affairs 59 
Social relations of sclence = 3N Education 45 
Agricultural research 38 Agricifitural research 40 
Science and government 35 social responsibility § 39 
Scientific advances 35 Social biology 31 
Medical research KA, i S lal scien H 30 
Scientists’ groups 16 Sclenee and government 26 
Others is Others 71 

Total 535 Total 554 


* Inclusive of Department of Scientific and Industrial Research. 
t Business administration and economic planning, 

+ Organization of scientific work. 

§ Social responsibility of scientists. 
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lists the subjects which were most often discussed during 
Gregory's editorship. 

The relevance of these statisties will be discussed shortly. 
On the other hand, Sir Richard drastically reduced the 
number of individuals who contributed leading articles. 
His desire to advance a single perspective on the role of 
science in society obligated hirna to select only from those 
contributors who shared his vision. Although such authors 
remained anonymous to the public, their names were 
handwritten into the master volumes kept at Nature's 
offices. ‘Table 2 presents a short list of the most prolific 
writers. 

Table 2. LEADER WRITERS 


1920-1929 1930-1939 


A. G, Church 32 Rainald Brightman 177 
R. A. Gregory 23 E. N. Fallaize 61 
E. N. Fallaize 21 Brysson Cunningham i7 
T, Lloyd Humberstone 15 R. A. Gregory 14 


“> 
jon 


Total Total 269 

These figures raise a number of interesting points. To 
begin with the most obvious; Gregory was a very 
infrequent contributor to his own journal. This is hardly 
surprising when it is recalled that the editor of Nature, 
aged 70 in 1934, was simultaneously the editor of both 
the Journal of Education and Maemillan’s Science Depart- 
ment; a tireless worker for the British Association and 
the British Science Guild; and a regular participant on 
many educational and economic forums. The increasing 
pace of his activities thus accentuated his dependence 


Reprinted from Nature, February 13, 1932 


Artificial Production of Fast Protons 


A HIGH potential laboratory has been developed at 
the Cavendish Laboratory for the study of the pro- 
perties of high speed positive ions. The potential 
from a high voltage transformer is rectified and multi- 
plied four times by a special arrangement of rectifiers 
and condensers, giving a working steady potential of 
800 kilovolts. Currents of the order of a milliampere 
may be obtained at a potential constant to 1-2 per 
cent. 

Protons from a discharge in hydrogen are directed 
down the axis of two glass cylinders 14 in. in diameter 
and 36 in. long, and accelerated by the steady poten- 
tials of the rectifier. They are then passed into an 
experimental chamber at atmospheric pressure through 
a mica window having a stopping power of about 1 
mm. air equivalent. Luminescence of the air can 
easily be observed. 

The ranges of the protons in air and hydrogen have 
been measured using a fluorescent screen as a de- 
tector. The range in air at S.T.P. of a proton having 
a velocity of 10% cm./sec. is found to be 8-2 mm., 
whilst the corresponding range for hydrogen is 3-2 
em. .The observed ranges support the general con- 
clusions of Blackett on the relative ranges of protons 
and a-particles, although the absolute values of the 
ranges are lower for both gases. The ranges and 
stopping power will be measured more accurately by 
an ionisation method. 

The maximum energy of the protons produced up 
to the present has been 710 kilovolts with a velocity 
of 1-16 x 10° cm. sec. and a corresponding range in 
air of 13-5 mm. at 8.T.P. We do not anticipate any 
difficulty in working up to 800 kilovolts with our 
present apparatus. J. D. COCKCROFT. 

E. T. S. WALTON. 

Cavendish Laboratory, 

Cambridge, Feb. 2. 
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upon a few trusted colleagues. In the twenties the four 
most important writers produced only 17 per cent of the 
leading articles; the same number of authors contributed 
just under 50 per cent of the leaders in the following 
decade. None of these men, save Gregory, was a member 
of Natures regular staff, and only one possessed arty 
substantial experience in a research laboratory. 

That man was Rainald Brightman (1893-1968) (ref. 8), 
who wrote a third of the leaderg which appeared in. Nature 
during the 1930s, How Gregory and he established their 
unique collaboration is not entirely clear. bn March of 
1930 Brightman, about to begin a twenty-year stint as 
Chief Librarian for ICUs Dyestuffs Group. volunteered 
an article to the editor of Nature. Gregory liked the essay 
and had it published as an unsigned leader on May 31 of 
the same year’? He also asked Brightman for a second 
article. Quite shortly thereafter the Manchester-based 
librarian was turning out more book reviews and leacers 
than any previous writer m the history of the magazine. 
He wrote fifteen leading articles im 1981, twenty-seven 
in 1939. 

Gregory had at last found the equivalent of a full-time 
leader writer. It is probable that Brightman gamed his 
favour on two very different grounds. In the first place 
Brightman’s sober, unrhetorical style was somnilar to 
Gregory's own and a great improvement on the prose of 
most other contributors. For example, the conclusion to 
a leading article of 1932 by T. Lloyd Humberstone! on 
chemical warfare ran 


Let us continue our journey, holding the dim taper 
put into our hands, singing songs of comfort as we go 


X 


along. May it light us to a world where there shall be 
no more war between nations—-and between people 
living in the same street.  Spell-binders, slogan- 
manufacturers, schoolmen, babbling sophists merely 
inspissate the gloom. 


In the face of such phrasing Arnold Bennett's complaint 
of Nature that “the writing of it is considerably inferior 
to the matter of it”! is easily understood. Stylistic 
questions aside, though, it was the similarity of thei 
social outlooks which most attracted Gregory and 
Brightman to each other. Both were, of course, comi- 
mitted to the stimulation of industrial production through 
research and reorganization. While Gregory leaned 
toward the side of Labour and Brightman was a Con- 
servative, neither man was happy with the views prevalent 
in their respective political parties. Their heroes were 
such progressive Tories as Harold Macmillan®* and 
Ormsby-Gore, Above all, they believed in the possi- 
bilities of a “‘sclentifie’’ society in which publie decisions 
could be rendered in an objective manner. (Bertrand 
Russell cites a Brightman leader as exemplifying the 
“practical idealism” of some scientists.) Such an identity 
of interests thus makes it plausible to deseribe Nature's 
leader pohey in the thirties as the joint product of two 
men, Gregory and Brightman. The former more often than 
not simply assigned topics to the latter; there was no 
need to dictate to Brightman what “line” should be taken 
in his articles. An example of how the partnership worked 
can be seen in a letter from Gregory to Brightman dated 
June 6, 1934. Speaking of the forthcoming Aberdeen 
meeting of the BAAS, he wrote: “I shall be glad to 
receive from you an article on science and citizenship 
referring to the action of the Council in endeavouring to get 
Sections to include in their programmes papers on the 
relation between the advance of science and social 
progress. ... When the definite programme of the meeting 
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has been issued, I will go through it and let you know 
what subjects I should like you to deal with if you are 
able to do so” (see also ref. 16). 

Yet the editorial content of the journal was Sir Richard’s 
ultimate responsibility throughout the mterwar period. 
What criticisms did Gregory have to offer of British 
society ? In light of such dissatisfaction how did he propose 
to alter the nation’s political and economic structure ? 
Finally, did his position change over time, and, if so, was 
its modification a response to specific political develop- 
ments ? 


The Unscientific Society 

To Gregory and his associates the most disturbing 
feature of British society was the degree to which passion. 
prejudice and unreason dominated political life. Professor 
Hyman Levy”, in an attack upon Sidney Webb’s speech 
to the Science and Labour Conference of 1924, asked 


Can it be contended in all seriousness that the 
present conditions under which electoral decisions 
are registered are even an approximation to the type 
of democracy Mr Webb has in mind... ? Is it 
necessary to point out that, with a press for which 
liberty is license and prejudiced issues are truth, it is 
impossible at a general election to attain the requisite 
calm for the exercise of a considered judgment by ¢ 
democracy ul-equipped to rise above the passionate 
clamour of parties ? 


The Nature coterie was particularly unhappy about the 
organization of politics along party lines. The parties 
were most often pilloried for their tendency to buttress 
tradition against the assaults of those who advocated 
reasoned change. Thus an intimate of Brightman’s, E. FE. 
Armstrong. confessed in a leader that “it is difficult for 
people engaged in scientific pursuits to understand why 
membership of a political party ... makes the individual 
... work for a traditional policy, without reference to its 
merits or demerits .. . 778, Onee the reform-minded 
scientists saw themselves as estranged from the accepted 
channels of political life, they began to doubt the wisdom 
of liberal democracy itself. Throughout the interwar 
period Nature continued to ponder darkly “whether the 
machinery of democratic government is such as to adapt. 
itself to the scientific approach to the solution of the 
problems of government and administration ... P, 
Given the journal’s attitude toward politics in general, 
its hostility toward specific parties requires little doeu- 
mentation. What is somewhat surprising is the extent 
to which the Labour Party was singled out for special 
eriticism. While it is true that Gregory had considerable 
sympathy for the labour movement's economic aspira- 
tions®®, he vehemently disapproved of both its occasional 
militancy and its resistance to the mystique of mdustrial 
efficiency. Four months before the Science and Labour 
Conference which he had helped to organize, Sir Richard 
characterized a Labour Party manifesto as “a paraphrase 
of Ruskin’s assertion that ‘The advance of science cannot 
otherwise be recorded than by the invention of instruments 
to kill and pull down noble hfe’—a view in which distorted 
vision is combined with the sin of ingratitude’*!, A 
succession of Labour governments fared no better. They 
were censured for either their failure to appomt scientists 
to Royal Commissions®*?:*5 or their restrictions on expen- 
diture for scientific research. On the other hand, Nature 
gave g clear vote of confidenee to the Baldwin government 
of 1935 for its handling of economic affairs*. Gregory also 
supported Prime Minister Neville Chamberlain’s policy of 


era in the history of the world, . . 
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appeasement. In October of 1938 he hailed the Munich 
agreement over Czechoslovakia as “the beginning of a new 
. a significant stage in 
the progressive ethical evolution of the human race” t$, 

If the political parties were judged inadequate in terms 
of their scientific outlook, so too were most administrative 
departments of government. Nature’s strongest complaint 
was that the civil service system favoured the advance- 
ment of Oxbridge arts graduates over their scientific 
brethren. The result was “‘much dissatisfaction among 
scientific and technical officers, both in Great Britain and 
overseas’ "7, In the domestic service the issue of discrim- 
ination was not resolved during the interwar period. The 
reports of the Royal Commission on the Civil Service 
(1929) offered no satisfaction®®=. For added measure the 
commissioners in 1936 dropped the section of the service's 
entrance examination which dealt with “ ‘Everyday’ 
Science” without consulting “scientific authorities before 
arriving at the decision’**. Nature's position on the 
imperial service was more complicated, because the 
leaders on this subject were written by Major A. G. Church. 
a close friend of Gregory and an MP deeply involved in 
imperial affairs. In the mid-twenties Church detected 
hopeful signs of scientific enlightenment in both the report 
of the East African Commission®*, of which he was a 
member, and the formation of the Research Sub-Com- 
mittee of the Imperial Conference of 19267", His enthus- 
asm was evidently premature. Subsequent leaders 


Reprinted from Nature, A Ape 16, 1932 


Hexuronic Acid as the Antiscorbutic Factor 


EXPERIMENTS are being carried out in order to de- 
cide whether ‘hexuronic acid’ is the antiscorbutic 
factor. So far as is known, the distribution of this acid 
in plants follows closely the distribution of vitamin C. 
In the animal body it can also be found in relatively 
high concentration in the suprarenal cortex. Its 
chemical properties closely agree with the known 
properties of the vitamin. It was discovered and 
isolated several years ago at the Biochemical Labora- 
tory, Cambridge.? 

The hexuronic acid used in the present series was 
prepared in crystalline form from beef suprarenal 
glands two years ago at the Chemical Department 
of the Mayo Clinic.2 As is known, 1-5 c.e. of lemon 
juice is the minimum protective dose for guinea- pigs 
against scurvy. This quantity of lemon juice con- 
tains approximately 0-5 mgm. of hexuronic acid. 
l mgm. of the acid has been given to our test animals 
daily, since, owing to the long exposure to air, some 
of our hexuronic acid preparation may have been 
decomposed. 

The test period in the first experiment consisted of 

56 days. At the end of that time the guinea-pigs 
which had been receiving hexuronic acid, as well 
as the positive controls which received 1 c.c. of 
lemon juice, were chloroformed. The positive controls 
showed mild scurvy on autopsy, while the animals re- 
ceiving hexuronic acid showed no symptoms of scurvy 
at all, . 

J. L. SVIRBELY.* 

A. SZENT-GYORGYTI. 

Institute of Medical Chemistry, 

University Szeged, Hungary. 


* Holder of an American-Hungarian Exchange Fellowship, 1931-32, 
from the Inatitute of International Education, New York, 
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complained not only of inadequate funding for such 
ventures?? but of blatant indifference to the opinions of 
concerned scientific workers as well®*, Finally, it should 
be noted that Nature was not entirely negative in its judg- 
ment upon the state’s administrative agencies. It warmly 
praised, for instance, the reforms of the Post Office** and 
the Patent Office” enacted in 1932 and the Ministry of 
Agriculture in 1933 (ref. 36). 

The one institution which never fell from Nature's grace 
was the Department of Scientific and Industrial Research. 
However uneven its progress, Gregory beheved the 
department would one day act as the catalyst for the 
expansion and reorganization of British industry. Its 
early failures were therefore attributed to industrialists 
ignorant of the value of industrial research. “St. Paul may 


Reprinted from Nature, June 17, 1933 


Fine-Structure of the Ionosphere 


I was much interested in the letter by Messrs. 
Schafer and Goodall in NATURE of June 3 dealing 
with the results of their experiments on the radio 
exploration of the ionosphere in the United States, 
since an independent set of observations in Great 
Britain, which are dealt with at length in a paper 
now awaiting publication, have led to very similar 
conclusions. 

The method! used in the British series of ob- 
servations has been to measure the maximum 
ionisation content of the various upper atmospheric 
regions by finding the critical penetration frequencies. 

The British series of observations suggests therefore 
that there are four main components in the ionosphere 
caused by the influence of ultra-violet light from the 
sun. Such a composite structure is not considered 
unlikely when it is remembered that Pannekoek? has 
shown that the level of maximum ionisation caused 
by ultra-violet radiation depends on the ionisation 
potential of the gaseous constituent. It is tempting 
to associate the four components with the four 
ionisation potentials of oxygen and nitrogen atoms 
and molecules, and the suggestion that FH is due 
in this way to oxygen atoms and F! to oxygen 


Electron density. 





Height. 
Fig. 2. 


molecules has, indeed, already been made by T. L. 
Eckersley*, who independently obtained evidence 
indicating a dual structure for region F. 
E. V. APPLETON, 
Halley Stewart Laboratory, 
King’s College. 
London. 
June 3. 
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have been amenable to quick conversion’, J. W 
Williamson surmised in 1929, “but the average British 
manufacturer is, shall we say, less impetuous *7, Such 
criticism, though, occurred less frequently in the 1930s. 
Thus Brightman was convinced in 1932 that, although 
industry had been deficient in a scientific outlook, “this 
tendency is passing’’**, Four years later he concluded from 
the DSIR's annual report: “Evidence is to be found 
everywhere in industry that the fmportance of applying... 
the help that science can afford is widely realized’’*’. 

Unfortunately it cannot be determined whether Gregory 
beheved that the attitude of labour leaders had undergone 
a similar transformation. In the 1920s, however, Sir 
Richard had chided*the trade unionist who “concentrates 
upon inequalities in the distribution of wealth and neglects 
to take its production into consideration’, because he 
presented “the same attitude to progress as does the 
industrialist whose outlook is limited by what he can 
observe now, and who sees no profit in the extension of it 
by research’’**, Such perspectives may have been similar, 
but did he believe one to be more pernicious than the 
other? Nature’s leaders on the coal industry contended 
that, in this area at least, labour presented the greater 
impediment to progress. While the colliery owners were 
seolded for the non-support of their own research associa- 
tion!!, it was the miners’ strikes which were principally 
blamed for Britain's decline in the world coal trade*’. 
The remedy which the journal offered for the industry's 
ills was “MORE work’. It is doubtful whether Gregory 
would have so apportioned the gwlt im every other 
problem imdustry. 

As radical as certain of the criticism may have appeared, 
none to this point has necessarily imphed any serious 
alterations in the nation’s socio-economic structure. It 
question even the essential of a private enterprise economy. 
At first Brightman and he saw the economic crisis as 
simply one further manifestation of the absence of a 
scientific outlook in public affairst!, The persistence of 
widespread unemployment and malnutrition, however, 
eventually persuaded Sir Richard and his associates (for a 
brief time) that “science in the service of man, aided by 
capitalism mainly in the service of the few, has done 
wonders for production, but it has vet to solve the prob- 

2 A spread of the 
scientific outlook would therefore only be a partial and 
long-term solution. As early as 1933 Brightman could 
suggest: “It is no longer merely a question whether 
effective measures could be taken if those in authority 
possessed sufficient: knowledge and understanding of the 
situation, but whether the present system permuts them 
to take any effective action without the whole system being 
radically reformed’’*®, When Gregory's convictions about 
both the inefficacy of liberal democracy and the inefficiency 
of adrninistration and industry are coupled with his 
doubts about the feasibility of capitalism, it would be 
difficult to imagine his advocacy of any course short of 
social revolution. What alternatives were in fact proposed 
in the Nature leaders ? 


The Scientific Society 

Gregory admitted to Wells in 1905 that, “completely 
dissatisfied with the habits and institutions established 
around me, I find pleasure in lapking forward to the world 
of the future’’4’. In the view of Gregory and his fellow 
writers such a world would be a far saner ‘and more pro- 
ductive environment that the static one of the 1930s. “If 
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the world were ruled by reason”, ran a leader of 1934, 
“there is no doubt that every developed country would 
abjure war, would concentrate on producing those com- 
modities for which it is best suited by its natural wealth, 
geographical position and the capabilities of its inhabi- 
tants, and would exchange them freely for commodities 
produced abroad’’**. Societies would never reach the 
millennium of free trade, however, until it was realized 
that “the immense confplexity of modern pure and 
applied science requires a corresponding complex social 
organization 3°. Once science had been placed at the 
centre of social consciousness, statecraft would become 
“mainly a question of making humanity fit for scienee, or 
at least of modifying the political and tconomic systems of 
the world to enable its inhabitants to enjoy the fruits of 
scientific endeavour’. The principal agent of such 
change would accordingly be the scientific expert, who 
would come to occupy “a position of increasing responsi- 
bility, and the security of our civilization largely depends 
upon his effective participation in publie as in industrial 
affairs’ 5., 

How then would the technical élites alter the political, 
economic and social relationships within and between 
nations? At the national level Nature was reticent to 


suggest any wholesale socialization of the means of 
production. It is true that the journal sporadically 


advocated that the administration of industrial research®! 
and agriculture®? should become the exclusive responsi- 


Reprinted from Nature, February 11, 1939 


Disintegration of Uranium by Neutrons: a New 


Type of Nuclear Reaction 


Ox bombarding uranium with neutrons, Fermi and 
collaborators! found that at least- four radioactive 
substances were produced, to two of which atomic 
numbers larger than 92 were ascribed. Further 
investigations? demonstrated the existence of at least 
nine radioactive periods, six of which were assigned 
to elements beyond uranium, and nuclear isomerism 
had to be assumed in order to account for their 
chemical behaviour together with their genetic 
relations. f 

In making chemical assignments, it was always 
assumed that these radioactive bodies had atomic 
numbers near that of the element bombarded, since 
only particles with one or two charges were known 
to be emitted from nuclei. A body, for example, 
with similar properties to those of osmium was 
assumed to Be eku-osmium (Z = 94) rather than 
osmium (Z = 76) or ruthenium (Z = 44). 

Following up an observation of Curie and Savitch’, 
Hahn and Strassmann‘, found that a group of at 
least three radioactive bodies, formed from uranium 
under neutron bombardment, were chemically similar 
to barium and, therefore, presumably isotopie with 
radium. Further investigation’, however, showed 
that it was impossible to separate these bodies from 
barium (although mesothorium, an isotope of radium, 
was readily ‘separated in the same experiment), so 
that Hahn and Strassmann were forced to conclude 
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bility of the state. Yet such utterances were not in 
keeping with the journal’s general opposition to both 
nationalization, which it equated with Fascism, and the 
proletarian socialism of the Soviet Union®*. To men who 
believed in the rationalist creed as fervently as did 
Gregory and Brightman, the violence which accompanied 
the social transformations of Germany and Russia was 
anathema. 

Nature would therefore not propose a social revolution, 
because “nothing revolutionary can be proposed on any 
rational basis’’**. It called instead for a spirit of “elass 
unity’? which would allow for the growth of cooperative 
economic planning. More leaders were devoted to this 
subject than to any other in the 19308 (see Table 1). In 
a Brightman defined the journal’s concept of planning 

“the balancing of opposing group interests on the basis 
of ascertained facts and not on the self-evaluation of the 
groups concerned’’**, Harmony and objectivity also 
formed the basis of Nature's hopes for a more peaceful 
world community. Seven weeks before the Munich 
agreement was signed, the journal emphatically endorsed 
Salvador de Madaraiga’s plea for a World Foundation 
with these words: ‘the welfare of humanity and the interest 
of the whole community of nations should be placed before the 
narrower interesis of any individual nation. Such a 
principle could seareely be held to conflict with the 
objectivity of outlook which men of science endeavour to 
maintain’ °7, Objective inquiry was itself advanced as the 


that tsotopes of barium (Z = 56) are. formed as a 
consequence of the bombardment of uranium {Z = 92) 
with neutrons. 

At first sight, this result seems very hard to under- 
stand. The formation of elements much below 
uranium has been considered before, but was always 
rejected for physical reasons, so long as the chemical 
evidence was not entirely clear cut. The emission, 
within a short time, of a large number of charged 
particles may be regarded as excluded by the small 
penetrability of the ‘Coulomb barrier’, indicated by 
Gamov's theory of alpha decay. 

On the basis, however, of present ideas about the 
behaviour of heavy nuclei*, an entirely different and 
essentially classical picture of these new disintegration 
processes suggests itself. On account of their close 
packing and strong energy exchange, the particles 
in a heavy nucleus would be expected to move in 4 
collective way which has some resemblance to the 
movement of a liquid drop. If the movement is made 
sufficiently violent by adding energy, such a drop 
may divide itself into two smaller drops. 

It seems therefore possible that the uranium 
nucleus has only small stability of form. and may, 
after neutron capture, divide itself into two nuclei 
of roughly equal size (the precise ratio of sizes depend- 
ing on finer structural features and perhaps partly on 
chance). These two nuclei will repel each other and 
should gain a total kinetic energy of c. 200 Mev., as 
calculated from nuclear radius and charge. This 
amount of energy may actually be expected to be 
available from the difference in packing fraction 
between uranium and the elements in the middle of 
the periodic system. The whole ‘fission’ process can 
thus be described in an essentially classical way, 
without having to consider quantum-mechanical 
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best means of achieving calm ‘“‘in the storm-tossed domain 
of international affairs’’**. For example, the settlement of 
Japanese grievances in southern Manchuria through the 
good offices of the Institute of Pacific Relations was cited 
by Brightman in March of 1931 as having “transformed 
the menacing problem of the Pacific into one that promises 
to yield to treatment that is essentially scientific’’**. 

As a corollary to the growth of the scientific outlook, 
Nature of course instanced the possible uses of previously 
neglected scientific knowledge. Such was the case of 
eugenics, (Note the attack on Parhament’s “ignorance of 
biology” in ref. 60.) Gregory, himself a vice-president of 
Marie Stopes’ Society for Constructive Birth Control and 
Racial Progress®', published Nature's first pro-eugenics 
leader in May of 19247. What alarmed Sir Richard most 
was the differential birth rate between the professional 
and the working classes. As late as January 1936, his 
journal stated that “dock labourers and miners figure 
prominently in the over-production of children, and it is 
worthy of note that in both groups there is a large propor- 
tion of the Iberian element in our population from Wales 
and Ireland ... it is the reproduction of this class that 
we wish to prevent’®, Yet “by our grandmotherly 
system of doles, maternity benefits, ete., we are doing our 
best to encourage’ the reproduction of “the lowest and 
least-skiled section of the population” Nature thus 
supported both Major Church’s bill which proposed to 
legalize voluntary sterilization (negative eugenies)® and 


‘tunnel effects’, which would actually be extremely 
small, on account of the large masses: involved. 

After division, the high neutron/proton ratio of 
uranium will tend to readjust itself by beta decay 
to the lower value suitable for lighter elements. 
Probably each part will thus give rise to a chain of 
disintegrations. If one of the parts is an isotope 
of barium$, the other will be krypton (Z == 92 — 56), 
which might decay through rubidium, strontium 
and yttrium to zirconium. Perhaps one or 
two of the supposed barium-lanthanum-ceriumn 
chains are then actually strontium-yttrium-zirconium 
chains. 

It is possible’, and seems to us rather probable, 
that the periods which have been ascribed to elements 
beyond uranium are also due to light elements. 
From the chemical evidence, the two short periods 
(10 sec. and 40 sec.) so far ascribed to “*U might be 
masurium isotopes (Z = 43) decaying through ruth- 
enium, rhodium, palladium and silver into cadmium. 

In all these cases it might not be necessary to 
assume nuclearisomerism ; but the different radioactive 
periods belonging to the same chemical element may 
then be attributed to different isotopes of this element, 
since varying proportions of neutrons may be given 
to the two parts of the uranium nucleus. 

By bombarding thorium with neutrons, activities 
are obtained which have been ascribed to radium 
and actinium isotopes’. Some of these periods are 
approximately equal to periods of barium and 
lanthanum isotopes® resulting from the bombard- 
ment of uranium. We should therefore like to 
suggest that these periods are due to a ‘fission’ of 
thorium which is like that of uranium and results 
partly in the same products. Of course, it would 
be especially interesting if one could obtain one of 
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R. A. Fisher’s plan to stimulate the fertility of the muddle 
classes through family allowances (positive cugenics)®. 
In fact the journal went beyond these measures to advo- 
cate compulsory sterilization “as a punishment for parents 
who have to resort to public assistance in order to support, 
their children”. Underlying such unalloyed social 
darwinism was the belief that “the future of the world lies 
with the race that is the first to apprehend the true causes 
of cultural decay and to resdlve to eliminate these 
causes’’8?, 

Similar thoughts were of course being expressed m 
Germany, and the rise of the Nazis was one of two mpor- 
tant factors in the decline of eugenics as a topic for 
Nature's leaders. The passage of a compulsory steriliza- 
tion law soon after the declaration of Hitler’s dictatorship 
raised the question as to who would decide the fitness” of 
an individual. In August of 1933 a concerned F. A. E. 
Crew found it impossible “to avoid the thought that here is 
provided a most frightful opportunity for the politically 
strong at present to outrage those politically oppressed ®t, 
Nature eventually concluded that at the present level of 
knowledge the determimation of such criteria would be 
made on political rather than on biological grounds**, 
The other element in the journal's retreat from eugenics 
was the increasing unportance which some biologists 
attached to environmental conditioning of individual 
development”®. One month after the leader supporting 
compulsory sterilization was published, Sir John Boyd 


these products from a light clement, for example. 
by means of neutron capture. 

It might be mentioned that the body with half- 
life 24 min.? which was chemically identified with 
uranium is probably really #°U, and goes over into 
an eka-rhenium which appears inactive but may 
decay slowly, probably with emission of alpha 
particles. (From inspection of the natural radio- 
active elements, U cannot be expectéd to give 
more than one or two beta decays; the long chain 
of observed decays has always puzzled us.) The 
formation of this body is a typical resonance process? ; 
the compound state must have a life-time a million 
times longer than the time it would take the 
nucleus to divide itself. Perhaps this state corresponds 
to some highly symmetrical type of motion of nuclear 
matter which does not favour ‘fission’ of the nucleus, 
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Orr (how Lord Boyd-Orr) could contend in a book review 
for Nature that “proof of the overwhelming influence of 
environment is given in evidence showing that, as the 
standard of living of the poorest class rises, there is a 
eduction of disease, an increase in the average length of 
life and an improvement in intelligence”. Thereafter the 
journal moved closer and closer to Boyd-Orr’s viewpoint”, 
until it reached a completely agnostic position on the 
relationship between social class and intelligence’®, 
Gregory's doubts about eugenics were paralleled by 
second thoughts on the wisdom of planning in general. As 
the racial doctrine of the Fascists occasioned one shift in 
policy, so also did their version of “rationalization” 
prompt another. Sir Richard began to sense in the mid- 
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thirties that restrictions of personal liberty were insepa- 
rable from any form of planning. Under the aegis of a 
dictator (or even a scientific élite) the encroachments upon 
freedom and science might become intolerable. Bright- 
man’s outlook apparently had evolved in a similar 
manner, since in June of 1938 he granted that “the 
internal success of the totalitarian States has already . 

provoked serious doubts as to how much can be hoped for 
from planning even in a Democratic State”, Here was 
a considerable dilemma. Science, “emancipated from 
authority”, had created a need for rationalization, which 
in turn demanded a central decision-making body for its 
successful operation’?. If the experiences of scientists 
under Hitler were at all typical. then science might contain 


CAVE ON THE ESTATE OF 


LESCAUX (MONTIGNAC, DORDOGNE) 


By PROF. THE ABBE HENRI BREUIL 


COLLEGE DE FRANCE 


N mid-September 1940, severa: young lads of 

Montignac, MM. Ravitat, Marsal, Quéroy, 
Cuéncas, gnd Estrégil, encouraged by a retired 
er of the town, M. Laval, to explore 
in the neighbourhood, 
out a shaft leading vertically from a 
u to the east of the town. This shaft had 
been filled up to prevent cattle falling in and only 
a narrow passage led to the bottom, ending in a 
hollow into which the young explorers slid after 
having enlarged it. Descending a slope of fallen 
boulders, they discovered that some of those 
fallen from the vault of the first hall were decorated 
with magnificent frescoes which continued down a 
narrow alley leading oyt of it. M. Estrégil 
made several sketches of these, which he showed 
to M. Laval, who was at first, sceptical about 
them. Whereupon M. Maurice Thaon, a good 
sportsman and draughtsman, whom I had 
known since his childhood, and to whom, a few 
days earlier, I had shown the painted carge of 
Font-de-Gaume and La Mouthe, at Les Eyzies, 
was taken to the cave by the youthful discoverers, 
and brought careful drawings and some tracings 
to me. 

His descriptions convinced me of the exceptional 
importance of the discovery. I therefore went to 
Montignac, where M. Laval, M. Parvan, bailiff 
of the proprietor, Madame la Comtesse Emm. 
de la Rochefoucault, and various distinguished 
people received me most kindly. I asked M. 
D. Peyrony, delegate of the Ministry of Fine Arts, 
to meet me there, and a three days’ study enabled 
me to send @ preliminary report to the Académie. 

The cave in its present state consists of an oval 








aune hall (20 m. x 10 m.) continuing in a 
narrow passage. In the second half of the hall and 
in the passage there are more than eighty paintings, 
chiefly on blocks fallen from the vault above. In 
a short gallery to the right, there are fewer ; but 
this gallery leads to another lofty hall -oping 
siceply and leading on the left to a corridor with 
a high nave, shrinking to a slit of a passage, 
extremely narrow in parts. 

Beyond the lofty hall is a well about 10 m. deep 
leading by a scramble on the opposite side to 
ascending galleries, as yet almost unexplored. In 
the high nave, engravings are generally superposed 
on paintings ; but thev are unaccompanied in the 
tortuous galleries: their great number and 
delicacy have prevented us from deciphering them 
adequately, as yet. 

There are neither reindeeg, nor mammoth, and 
besides the anima] figures th thre are a good many 
signs ; rectangles barred lengthwige and across ; 
five-pronged comb-shaped signs, chessboard pat- 
terns filled with big squares of flat wash, the 


colours arranged in varied ways, looking like coats 
of arms: lances or javelins with a single barb ; 


arrows, feathered on one side. 

The foot of the well boasts a more unusual 
subject; to the left a black rhinoceros walks 
slowly away ; in the centre, drawn in red, a half- 
conventionalized man is lying’ beside a javelin 
and a throwing stick. To the right, a sand-coloured 
bison outlined in black gazes at him; its entrails 
seem to be flowing out like a horse ripped open in 
a bull-fight. It looks like a scene in a prehistoric 
drama. Near the man a bird is perched on a 


post. 
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within itself the seeds of its own destruction. Brightman 
therefore urged that any planning scheme must be 
seriously limited by knowledge “of man’s spiritual needs, 
some regard to moral values and be based on cooperation 
and legislation rather than command’’*. It is not without 
significance that in the year between the Munich agree- 
ment and the invasion of Poland Nature gave its support 
to the Moral Rearmament movements, 

Finally, a survey of Nature’s polities would be incom- 
plete without some reference to its campaign to stimulate 
the social consciousness of natural scientists. Gregory and 
Brightman recognized that ‘the indifference of politics to 
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WE WUZ ROBBED 


THE Word Cup which has gecenély been enacted in 
ae A Axi ch, but there is no 
questionyf£ha. a thoroughly badly designed 


experinight. If the intention was to find out which 
football team is the best in the world, the organizers 
would have gone about their task quite differently. 

Just as the frequency of deaths from kicks by horses 
in those far-off but now classical stables of the Prussian 
Army are described by a Poisson distribution, so are 
the numbers of goals scored by the competing teams 
in the recent series of World Cup matches. Table 1 
shows the numbers of occasions during the series of 
thirty-two games (each involving two teams) on which 
specified numbers of goals were scored, together with 
the frequencies described by a Poisson distribution of 
the form P(n) = e-%q"/n! with q = 1-234, or the mean 
of the observed scores. 


Table 1 
Numbers Calculated 
of goals Observed 65. P(n) 
0 18 18-4 
i 20 22-8 
2 15 14-0 
3 7 6-0 
4 2 1-8 
5 2 0-5 
More than 5 9 0-7 


In reality an even better agreement between fact and 
prediction can be obtained by taking q = 1-27, a value 
which lies well within the standard deviation of the 
mean. 

The mere fact that a Poisson distribution can describe 
so well the distribution of scores by individual teams 
goes a long way to suggest that the teams were much 
of a muchness in talent and their scores were inde- 
pendent of each other. From this point of view, the 
decision that the outcome of the whole competition 
should depend on the outcome of a single game between 
the two so-called finalists was as much of a farce as a 
great many West German supporters already know it 
to have been. If it is assumed that the goal scoring 
potentiality of the two teams is equally well described 
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facts and its dependence on narrow prejudices are paral- 
leled by the apathy of scientific workers thernselves 
towards publie affairs’??, In an attempt to shake such 
narrow professionalism Nature published six times as many 
leaders on the theme of social responsibility in the thirties 
as it did in the previous decade. Brightman’? wrote in‘ 
1935 
. science on the scale it is pursued today is an 
integral part of the social ofganization of the State. 
Wherever he works, the man of science is a part of 
the machinery of State, and there is no real immunity 
of science from its political environment. ... 


by the Poisson distribution already specified, the 
chance that the result will be a draw is a mere 0-27. 
In other words, if two teams are equally matched, 
the chance that the result will be an active injustice 
to one of them will be 0-73. By the same token, a 
team which is slightly less skilled than its opponent 
can nevertheless expect a one in three chance of win- 
ning the deciding match. 

Chancy outcomes of individual games are given 
extraordinary importance by the overall design of the 
World Cup competition, in which small groups of teams 
play an incestuous competition on their own before 
one team is sent on to another stage in the competition. 
Obviously a properly randomized block design would 
be an improvement. But even within the framework 
of the existing competition, much could be done to 
reduce the gross sampling error under the present 
arrangements. Replication of the crucial games by a 
series of identical trials is one obvious remedy, and the 
organizers of the World Series of basebali games in 
the United States have in this spirit arranged that the 
winner should be the one who wins the most of seven 
games. The ideal is that in future World Cup competi- 
tions, the organizers should fix a certain limit of 
confidence (say, P < 0-01) and then that they should 
require that the finalists go on playing against each 
other either until the superiority of one or the other 
of them is properly established, or until both parties 
agree to negotiate a draw. 

A more practicable alternative might be to redesign 
the parameters of the game of football in such a way 
that a respectable degree of confidence in the outcome 
of the competition can be acquired in a reasonable 
interval of time. If, for example, it were agreed that 
single cup finals should remain, but that no team 
should be declared the winner until its score exceeds 
that of its opponent by three standard deviations of 
Poisson distribution, it might be necessary to design 
the game of football so that it would be practicable 
for one side to score 100 goals or so within the limits of 
endurance of the spectators. e This implies that the 
parameter g would have to be much greater than under 
the present rules. Such a change could easily be 
brought about, possibly by widening the goalposts or 
by abolishing goalkeepers. The precise method by 
which these matters are attended to is, of course, 
much less important than that they should Be dealt 
with quickly. The whole of South America knows that. 


470 


2 


The campaign enjoyed a limited success’*. Gregory's 
greatest accomplishment in this area was the public 
encouragement which he gave to the British Associa- 
tion’s Division for the Social and International Rela- 
tions of Science (1938), of which he was the first 
‘ghairman. Ironically, however, his vision of the scienti- 
fic society was not the choice of the more politically 
active young scientists, who opted for an eclectic Marxism 
to which Gregory himself was greatly opposed®™. 

Brnghtman* pleaded with his readers in 1936 that 


To acquiesce tamely in the present situation is a 
pohey of despair and will assuredly involve scientific 
workers in the destruction to which civilization ts 
steadily drifting. To ally themselves boldly with 
eonstructive political forces, to apply the spirit and 
method of science to the elaboration in the political 
and social spheres of ways and means of control, of 
relating power to knowledge, may yet avert disaster 
and enable the world to reap the advantages which 
are still within its reach. To do so, however, demands 
courage and vision, resources and pert inacity the 
equal of any which has yet been shown. ... 


Such an exclamation makes for stirring reading even now. 
The most any politically orientated journal could offer its 
readership in the interwar period was hope for the future. 
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MOLECULAR STRUCTURE OF 
NUCLEIC ACIDS 


A Structure for Deoxyribose Nucleic Acid 


E wish to suggest a structure for the sait 

of déoxyribose nucleic acid (D.N.A.). This 
structure has novel features which are of considerable 
biological interest. 

A structure for nucleic acid has already been 
proposed by Pauling and Corey'. They kindly made 
their manuscript available to us in adva ance a 
Aublication. Their model 
twined chains, with the Dheas: near bie Abo 
axis, and the bases on the outside. In our opinion, 
this structure is unsatisfactory for two reasons: 
(1) We believe that the material which gives the 
X-ray diagrams is the salt, not the free acid. Without 
the acidic hydrogen atoms it is not clear what forces 
would hold the structure together, especially as the 
me ively charged Pao poe near the axis will 
repel eg each oiher, (2) Some of the van der Waals 
distances appear to be too small. 

Another three-chain structure has also becn sug- 
gested by Fraser (in the press).- In his model the 
phosphates are on the outside and the bases on the 
inside, linked together by hydrogen bonds. ‘This 
structure aş described is rather ill-defined, and for 
this reason we shall not comment on it. 
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One cannot escape the conclusion, however, that 
Nature-—by its own criteria—ultimately failed to exhibit 
the pertinacity of spirit which it demanded of its readers. 
The imperfections of liberal democracy and private enter- 
prise which so concerned Gregory were as great at the 
beginning of the second war as they were at the end of the 
first. Even the “scientific outlook” appears to have made 
little headway among any social group, save a certain 
number of industrialists. Yet the journal retreated from 
its original credo of social progress through scientific 
planning when this doctrine appeared to conflict too 
strongly with the liberalism of the ‘non-scientific’ 


society. Such a reversion might be construed as either 
wisdom or cowardice, depending upon one’s political 
perspective. 


This article is based on research supported by the 
Social Sciences and Economics Department of the Uni- 
versity of Technology, Loughborough. TI am also grateful 
to Mrs Rainald Brightman and Mr A. J. V. Gale for the 
interviews which they granted me. 
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We wish to put forward a 
radically different structure for 
the salt of deoxyribose nucleic 
acid. This structure has two 
helical chains each coiled round 
the same axis (see diagram). We 
have made the usual chemical 
assumptions, namely, that each 
chain consists of phosphate di- 
ester groups joining 6§-p-deoxy- 
ribofuranose residues with 37,5’ 
linkages, The two chains (but 
not their bases) are related by a 
dyad perpendicular to the fibre 
axis. Both chains follow right- 
handed helices, but owing to 
the dyad the sequences of the 
atoms in the two chains run 
in opposite direetions. Each 
chain loosely resembles Fur- 
berg’s? model No. 1; that is, 
rhe bases are on the inside of 
the helix and the phosphates on 





ri a eT ar ere the outside. The configuration 
Uhagranwiahe. 1 TW 

ribOne svuibolize the of the Sugar and the atoms 
two phosphate—sugat near it is close to Furberg’s 


chains, and the hori- 
zontal rods the pairs of 
bases holding the chains 


‘standard configuration’, the 
sugar being roughly perpendi- 
line maria eat pales cular to the attached base. There 
is a residue on each chain every 3-4 A. in the 2-direc- 
tion. We have assumed an angle of 36° between 
adjacent residues in the same -chain, so that the 
structure repeats after 10 residues on each chain, that 
is, after 34 A. The distance of a phosphorus atom 
from the fibre axis is 10 A. As the phosphates are on 
the outside, cations have casy access to them. 
The structure is an open one, and its water content 
is rather ee a lower water contents we would 
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become more compact. 

The novel feature of the structure is the manner 
in which the two chains are held together by the: 
purine and pyrimidine bases. ‘The planes of the basex 
are perpendicular to the fibre axis. ‘hey are joined 
together in pairs, a single base from one chain being 
hydrogen-bonded to a single base from the other 
chain, so that the two lie side by side with identical 
z-co-ordinates. One of the pair must be a purine and 
the other a pyrimidine for bonding to occur. ‘The 
hydrogen bonds are made as follows : purine position 
1 to pyrimidine position 1; purine position 6 to 


compatible with the experimental data, but it must 
be regarded as unproved until it has been checked 
against more exact results. Some of these are given 
in the following communications. We were not aware 
of the details of the results presented there when we 
devised our structure, which rests mainiy though not 
entirely on published experimental data and stereo- 
chemical arguments. 

It has not escaped our notice that the specific 
pairing we have postulated immediate! yY suggests a. 
possible copying mechanism for the genetic material. 

Full details of the structure, including the con- 


pyrimidine position 6. 

Tf it is assumed that the bases only oecur in the 
structure in the most plausible tautomeric forms 
ithat is, with the keto rather than the enol con- 
figurations) it is found that only specifie pairs of 
bases can bond together. These pairs are: adenine 
(purine) with thymine (pyrimidine), and guanine 
(purine) with cytosine (pyrimidine). 

In other words, if an adenine forms one member of 
a pair, on cither chain, then on these assumptions 
the other member must be thymine; similarly for 
guanine and cytosine. The sequence of bases on a 
single chain does not appear to be restricted in any 
way. However, if only specific pairs of bases can be 
formed, it follows that if the sequenee of bases on 
one chain is given, then the sequence on the other 
chain is automatically determined. 

It has been found experimentally! that the ratio 
of the amounts of adenine to thymine, and the ratio 
of guanine to cytosine, are always very close to unity 
for deoxyribose nucleic acid. 

It is probably impossible to build this structure 
with a ribose sugar in place of the deoxyribose, as, 
the extra oxygen atom would make too close a van 
der Waals contact. 

The previously published X-ray data! on deoxy- 
ribose nucleic acid are insufficient for a rigorous test 
of our structure. So far as we can tell, it is roughly 


ditions assumed in building it, together with a set 
of co-ordinates for the atoms, will be published 
elsewhere. 

We are much indebted to Dr. Jerry Donohue for 
constant advice and criticism, especially on inter- 
atomic distances. We have also becn stimulated by 
a knowledge of the general nature of the unpublished 
experimental results and ideas of Dr. M. H. F. 
Wilkins, Dr. R. E. Franklin and their co-workers at 
King’s College, London. One of us (J.D. W.) has been 
aided by a fellowship from the National Foundation 
for Infantile Paralysis. 

J. D. WATSON 
F. H. ©, CRICK 
Medical Research Council Unit for the 
Study of the Molecular Structure of 
Biological Systems, 
Cavendish Laboratory, Cambridge. 
April 2. 
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The Royal Society 
T cannot but think that the list of candidates recommended 


by the Council for clection into the Royal Society published in 
your last number will be read by the outside world with con- 


siderable surprise. I look in vain in it for the names of two men, 
at least, of world-wide reputation, and well known as no mere 
dilettang in their respective sciences, who were among the candi- 
dates, while the names of others are found there, which are on 
everybody's lips with the thought, What have they done to 
merit the scientific distinction which is looked on by every lover 
of science as almost an opening of the gates of paradise? Is it 
possible for us outsiders to learn anything of the considerations 
which govern the election ? Not an F.R.S, 





Observation of a Rapidly Pulsating Radio Source 


by 

A. HEWISH 
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Mullard Radio Astronomy Observatory, 
Cavendish Laboratory, 
University of Cambridge 


Ix July 1967, a large radio telescope operating at a fre- 
quency of 81-5 MHz was brought into use at the Mullard 
Radio Astronomy Observatory. This instrument was 
designed to investigate the angular structure of compact 
radio sources by observing the scintillation caused by 
the irregular structure of the interplanetary medium. 
The initial survey ineludes the whole sky in the declination 
‘range —08°<3<44° and this area is scanned once a 
week. A large fraction of the sky is thus under regular 
surveillance. Soon after the instrument was brought into 
operation it was noticed that signals which appeared at 
first to be weak sporadic interference were repeatedly 
observed at a fixed declination and right ascension; this 
result showed that the source could not be terrestrial in 
origin. 

Systematic investigations were started in November 
and high speed records showed that the signals, when 
present, consisted of a series of pulses each lasting ~ 0-3 s 
and with a repetition period of about 1-337 s which was 
soon found to be maintained with extreme accuracy. 
Further observations have shown that the true period is 
constant to better than 1 part in 10’ although there is a 
systematic variation which can be ascribed to the orbital 
motion of the Earth. The impulsive nature of the recorded 
signals is caused by the periodic passage of a signal of 
descending frequency through the 1 MHz pass band of 
the receiver. 

The remarkable nature of these signals at first suggested 
an origin in terms of man-made transmissions which might 
arise from deep space probes, planetary radar or the 
reflexion of terrestrial signħls from the Moon. None of 
these interpretations can, however, be accepted because 
the absence of any parallax shows that the source lies 
far outside the solar system. A preliminary search for 
further pulsating sources has already revealed the presence 
of three others having femarkably similar properties 
which suggest that this type of source may be relatively 
common at a low flux density. A tentative explanation 


Unusual signals from pulsating radio sources have been recorded at 
the Mullard Radio Astronomy Observatory. The radiation seems to 
come from local objects within the galaxy, and may be associated 
with oscillations of white dwarf or neutron stars. 


of these unusual sources in terms of the stable oscillations 
of white dwarf or neutron stars is proposed. 
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Fig. 1. a, A record of the pulsating radio source in strong sig WH 
ditions (receiver time constant 0-18), Full scale deflexion corres nce to 
20 x 10-2 W m- Hz". >, Upper trace: records obtained with additional 
paths (240 m and 450 m) in one side of the interferometer. Lower trace: 
normal interferometer records. (The pulses are small for i= 240 m 
because they occurred near a nullin the interference pattern: this modi- 
fies the phase but not the amplitude of the oacillatory response on the 
upper trace.) c, Simulated pulses obtained using a signal generator. 
d, Simultaneous reception of pulses using identical receivers tuned to 
different frequencies. Pulses at ne lower frequency are delayed by 
about 0-2 g. 
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Selections from the Letters of Sir Norman Lockyer 


As a scientist and as Editor of Nature, Lockyer corresponded with 
most of the leading scientists of his day. 


BEFORE starting the new journal Nature, the publisher, 
Alexander Macmillan, and the editor, Norman Lockyer, 
sent a circular to some of the eminent scientists of the day, 
setting out the aims of the proposed new journal. (This 
circular is reprinted on page 190 of the Jubilee Issue of 
Nature, Novernber 6, 1919.) All the replies received 
wished the new journal well, but most of the scientists 
implied that they would be too busy to contribute regularly 
to the journal. A few were very sceptical about the 
viability of the new journal, For example, on July 27, 1869, 
Sir Joseph D. Hooker, OM, the botanist, later President of 
the Royal Society, wrote as follows (as far as his hand- 
writing can be deciphered) 


out of A. D.’s hands but this may be mere gossip. 

I cannot see how a really scientific man can find 
time to conduct a periodical scientifically or brains to 
go over the mass of trash that is communicated to tt 
and requires expurgation, 

Very truly yours, 
d. D. Hooker 
William Pengelly, FRS, wrote to Lockyer as follows 


Will not the fourpenny Scientific Opinion interfere 
with the rule of the stapenny Nature? Now don't 
mount your high horse and say ““Nature is to be above 
Scientific Opinion”, but remember that Human 
Nature prefers to pay a groat rather than a tanner. 

The new journal Nature was eagerly awaited by some 
people, For example, on October 15, 1869. Professor 
J. J. Sylvester started a letter to Lockyer as follows 


Dear Mr Macmillan, 

By all means make publie my good will to Mr 
Lockyer’s periodical. I fear however that scientific 
support is a broken reed and that it will be very 
difficult to supplant the Athenaeum, bad as it is. The 
failures of scientific periodicals patronized by men of 
mark has been dismal, e.g. Reader, Nat. Hist. Review, 
my father’s Botanical Journal and so forth. There is 
between ourselves a talk of one bemg established m 


When is Nature to reveal herself to the expectant 
world ? Tam often asked the question and can only 
answer that I am not in her secrets. 


It is clear from the correspondence of the publisher. Mr 
Alexander Macmillan, to Lockyer that the new journal 
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Fig. 2. From Thomas Edison, November |, 1878. 
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letter dated November 10, 1871 (Fig. 1}, written to 
Lockyer when he was on his way to study the solar 
eclipse of December 12, 1871. Macmillan was hoping 
to increase the sales by selling Nature to the schools. It 
ean be seen from the letter that a very friendly relationship 
existed between publisher and editor. 

The generosity and consideration of Alexander Mac- 
millan towards Lockyer can be seen from the following 
letter (of March 21, 1877) 

My dear Lockyer, 
Brunton tells Craik that he thinks vou should have 
a little quiet rest on the continent. If the enclosed 
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cheque will help to make this easier for vou the firm 
desires your acceptance of it with the love of all the 
members, 

ever my dear Lockyer 


Yours faithfully 
Alex. Macmillan 


The new journal flourished and was obviously well 
known by 1878, as can be seen from the letter from the 
American inventor Thomas A, Edison to Lockyer dated 
November 1, 1878, which is reproduced in full (Fig. 2). 
Edison had invented the phonograph in 1877 and was 
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Fig. 3. From J. J. Thomson, November 15, 1899. 
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world famous by 1878. He was obviously plagued by 
working furiously on the development of an electric light 
bulb, culminating in his application for a patent on 
November 1. 1879. Even a year to the day earlier in his 
letter to Lockyer, Edison was optimistic about the future 
success of electric light. According to Josephson!, however, 


by the beginning of 1884 there were only 150,000 of 


Edison’s lamps in use in the whole of America.) The 
tasimeter was an instrument designed by Edison to 


measure minute changes of temperature of the order of 


a millionth of a degree. Edison was invited to join an 
expedition to the Rocky Mountains to investigate the 
solar eclipse of July 29, 1878. Edison used a tasimeter to 


during the eclipse. Unfortunately, the experiment was not 
a success’, Edison was amazed by the mathematical 
calculations of the astronomers, which to him, “looked 
like the timetable of a Chinese railroad”. After the eclipse 
Edison joined the astronomers in a hunting party. The 
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Fig. 5. From Arthur Eddington, November 8, 1916. 
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sentiments expressed in the last paragraph of the letter, 
written. three months later to the astronomer Lockyer, 
might have been due to Edison’s experiences on the Solar 
Eclipse Expedition of 1878. 
As the years passed, Nature gained tremendously in 
stature. For example, in 1895 Sir Wilbam Crookes wrote 
My dear Lockyer, 
Your letter is just im time to catch me before I 
start for the Channel Islands. I can let you have a 
few pounds of Samarskite, to extract the gases from, 
if you will return me the mineral after you have done 
with it. 
I have been working night and day to get in type a 
paper on the spectrum of helium before my holidays, 
I will send you an early proof tomorrow, and I 
should much like to see it in “Nature” if you can see 
your way to insert it. It will appear in the Chemical 
News on Friday, but my circulation 1s not to the same 
class of researchers as that of “Nature”, and having 
taken a great deal of trouble about it I want the results 
to get to the right people. 
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Fig. 6. From George A. Macmillan, November 10, 1919. 





_ My address will be, Dixeart Hotel, Sark, near 
Guernsey. 
Believe me, 
very sincerely yours, 
Wilham Crookes 

As a scientist and as editor of Nature, Lockyer corre- 
sponded with most of the leading scientists of his day. The 
letter by Sir J. J. Thomson (Fig. 3) refers to the discovery 
of the electron; Lockyer’s own work was based on the 
analysis of stellar spectra. 

Lockyer sent a letter of congratulation to Ernest 
Rutherford on the award of a knighthood to Rutherford in 
the New Year Honours List of 1914. Rutherford’s reply 
is reproduced in full (Fig. 4). 

One of the first telegrams, sent across the Atlantic by 
Marconi, was sent to Lockyer on Januarv 12. 1903. The 
telegram from Marconi read 

To Sir Norman Lockyer Solar Physics Observatory 
S. Kensington 


My best regards sent by ether waves through space 
from Canada to England 
Marconi 
Lockyer replied immediately, as follows 


Your ether telegram received with thanks help our 
meteorology by telegraphing Atlantic barometer 
Lockyer 


Lockyer took an active part in the administration of 
science, The following letter from Sir H. E. Roscoe, about 
the endowment of the Science Museum, refers also to the 
award of a Bardic Degree to Lockyer. 


My dear Lockyer 


I am glad to give you good news—I hear that 
Fowler is agreeable to give £60,000 for the Museum— 
also that no post office will be built until the Rov. 
Comm, has ascertained that the frontage in S. K. 
will net be®cut up so far as Exhibition Rd. is con- 


cerned, 
s 





This is confidential. 

I have also to offer congratulations on your Bardic 
Degree—I forget the proper Druidical term but 
Ricker, whose knowledge of Welsh is remarkable, 
informs me that your proper English designation is 
“Your Solar Prominence”, 

Ever yours truly, 
Henry E. Roscoe. 


Sir J. Norman Lockyer, 
KCB, FRS 


In addition to his correspondence with scientists. 
Lockyer’s advice was often sought by men of letters. In 
1916, H. Rider Haggard discussed the plot of a new science 
fiction novel with Lockyer, who also brought Sir Arthur 
Eddington into the discussions. Rider Haggard’s idea was 
for a superman called Oro to cause a deluge on the Earth 
and then to go to sleep for 250,000 years. Rider Haggard’s 
query was, how could Oro prove, by looking at the stars, 
that he had slept for precisely 250,000 years ? Eddington’s 
reply is reproduced in full (Fig. 5). In a further letter, 
Rider Haggard enquired how Oro’s daughter Iva could 
prevent Oro’s evil deed in a scientific way, sacrificing 
herself m the process. Eddington replied: 

I will not tackle the other question! Disposing of 
heroines is not in my line quite. 

Lockyer remaimed Editor of Nature until the Jubilee 
year of 1919. The high esteem and affection in which 
Lockyer was still held by the publishers can be seen 
from the letter from George A. Macmillan (Fig. 6). 
The article by H. Deslandres, referred to by George A. 
Macmillan, appears on page 191 of.the Jubilee issue of 
Nature. November 6, 1919. The portrait of Sir Norman 
Lockyer, KCB, FRS, also appears in that issue of Nature. 

These letters (Figs. 1-5) are reproduced by courtesy of 
the Couneil of the Corporation of the Norman Lockyer 
Observatory, Sidmouth. 


} Josephson. M., Edison, 291 {Eyre and Spottiswoode, London, 1961). 
* Josephson, M.. Edison, 176 (Eyre and Spottiswoode, London. 1961). 
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Antimatter, Galactic Nuclei and Theories of the Universe 


The status of various charge symmetric cosmologies is reviewed. 
A theory of particle-antiparticle creation in galactic nuclei is out- 


lined. 


Speculation on the Nature of the Nuclei 
of Galaxies 


Tue usual view that only one type of matter exists 
predominantly in the universe can be considered to be 
related to the asymmetry of time imposed by the expansion 
of the universe. If we regard “particles” as going forward 
in time and “‘antiparticles” as going backward in time, a 
universe with both kinds of matter represented equally 
might well show no such asymmetry. 

Yet this point of view raises a difficulty concerning the 
origin of matter. The baryon number is conserved in all 
known physical processes. Evidently. then. if the average 
baryon number density in the universe is not zero we must 
either seek a new as-yet-unknown physical process or we 
must suppose the universe to have been created at a 
particular | oe of time with a non-zero baryon 
number. To big-bang cosmologists the former possibility 
seems unpalatable, and to steady-state cosmologists the 
latter possibility seems unpalatable. The present note 
suggests that perhaps both possibilities should be 
eschewed, in which case we must accept that the baryon 
number of the universe is zero. 

Burbidge and I considered this possibility some 10 years 
agot. We came to the conclusion that, while intergalactic 
matter at a density ~ 10-7 g cm~ might be a mixture of 
both types of matter without doing violence to observa- 
tional data as it was then known. the stars and interstellar 
gas of particular galaxies had to be overwhelmingly of one 
type. Since this investigation, new data have shown that 
even an intergalactic mixture is not possible, otherwise 
annihilation y-rays would exceed the observed flux by 
several orders of magnitude. These questions have been 
discussed in the accompanying article by Steigman. It is 
clear from Steigman’s argument that other proposals?* 
for a zero baryon number raise what seem to be insuper- 
able difficulties. 

There may be one possibility, however, that remains 
consistent with observation. We could have “particles” 
condensed as a compact nucleus at the galactic centre. 
The speculation is that pair creation occurs in the con- 
densed nucleus, and that “particles”? are then expelled 
away from the nucleus and “antiparticles” are retained 
at the nucleus. The roles of “particles” and “antipar- 
ticles” could be interchanged in different galaxies. 

The immediate objection to this idea is that the gravita- 
tional masses of the compact nuclei of galaxies are usually 
less by at least an order of magnitude than the total mass 
of the surrounding stars, whereas we now require an 
equality of “particles” in the stars and “‘antiparticles” 
in the nucleus. This difficulty can be overcome in two 
ways. The nucleus may fragment through explosions 
such as we think occur in radio sources, and the fragments 
could be showered out into intergalactic space. Or the 
nucleus might radiate its gravitational mass. The recent 
observation of Weber’ suggests that the nueleus of ae 
own galaxy may be radiating gravitational energy a 
~ 10% erg s~, Over ~ 10% s the energy total at this Sa 
is ~ 1088 erg, which is the rest mass of ~ 5x 108. 

2 


Startling new results in astronomy have been coming 
along at an increasing pace over the past decade. The 
trend has always been towards the view that iughbly 
condensed objects are the seat of extremely pow: erful 
energy processes. The present speculation has at least 
the advantage of suggesting a remarkable culmination to 
this trend. The difficulty in seeking for the spectacular, 
however, is that nature usually manages to be far more 
heterodox than we are capable of being. 


FRED HOYLE 


Institute of Theoretical Astronomy, 
Cambridge. 

Received August 13, 1969. 
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Antimatter and Cosmology 


As Dirac first showed, when quantum mechanics and 
special relativity are combined, one is forced to conelude 
that particles come in pairs. The properties of the particles 
of these pairs obey certain rules of eprresponcencs: the 
masses are equal, the electric charges (if any) are opposite, 
all quantum numbers are opposite. Most importantly, 
when the particles of the pair are brought together. they 
annihilate. Diraec’s prediction has been overwhelming hy 
verified in laboratory experiments and it is accepted that 
to each particle there corresponds an antiparticle. Some 
particles, such as the photon or the neutral pion, are their 
own antiparticles, and these are called self-conjugate. 
Fortunately for us, the Earth and our solar system are 
all made of one kind of matter. One wonders. however, 
if on the metagalactic scale, nature has not expl ited this 
symmetry in the laws of physics and created a universe 
which consists of equal numbers of particles and anti- 
particles. 

Recently, there has been a revival of interest in charge 
symmetric cosmologies?*?. In such models, the universe 
is assumed to contain equal numbers of particles and anti- 
particles which are conveniently kept separated until 
they are needed to supply the energy for quasars, Seyfert 
galaxies, radio galaxies, and so on. through annihilation. 
Although such models are philosophically and aesthetically 
pleasing, there is at present no observational evidence to 
support ther. 

To detect antimatter in thb universe, one has to wait 
until it meets up with ordinary matter and annihilates, 
then look for the annihilation products. The neutrinos 
will, for some time to come, be undetectable: the electrons 
and positrons will remain close to their regions of origin 
and can only be detected inMlirectly; the gamma’ rays 
provide us with the best chance of “‘opserving”’ anti- 
matter. Upper limits on, or observations of, gamma rays 
enable us to set limitg on the arnount of mixed matter 
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and dntimatter. Indeed, recent gamma ray measure- 
ments*~* place quite severe limits on the amount of anti- 
matter both in our own galaxy as well as in the meta- 
galaxy. It is within the context of these observations 
that we shall examine the various symmetric cosmologies. 


A 


Annihilation Products 


Because the properties of antimatter are essentially in- 
distinguishable from those of matter, the best means of 
establishing the presence of antimatter is to look for the 
annihilation products. An electron~positron pair will 
annihilate predominantly into two gamma rays (annihila- 
tion into n +2 gammas being less probable by a factor a”), 
Most annthilations will occur at rest, ethe particles having 
been slowed down first, thus producing a narrow hne of 
gammas at energy #,=0-51 MeV. A nucleon—ant- 
nucleon pair annihilates predominantly into several 
pions*-§. Roughly, about five pions are produced per 
annihilation, with zt, m and z? occurring in approxim- 
ately equal numbers. The zt’s then decay in flight to 
ut -+y and the ut’s decay in flight to e+ + e+ Vp On 
average, the e=’s receive about 100 MeV per particle in the 
lab frame. The n®s decay in flight into two gammas 
producing a spectrum which extends from several tens of 
MeV to several hundred MeV in the lab frame. The 
spectrum reaches a peak at about 70 MeV and the average 
gamma ray receives: Anput, 180 Mern ta, Unless the 
neutrinos will escape fon ie region i in which they are 
produced. The electrons and positrons may well be tied 
(by magnetic fields) to such regions and deposit all their 
energy there. 

In what follows we shall assume that there are ~ 3-4 
gammas produced per nucleon—antinucleon annihilation 
and that ~ 10-20 per cent of the annihilation energy is 
in the form of relativistic electrons and positrons. Detec- 
tion of the annihilation neutrinos is not feasible in the 
foreseeable future and we shall not consider them further. 
In a region where matter and antimatter are mixed, the 
annihilation rate per unit volume S is given by 


S=ninov (1) 


n+ are the number densities of particles and antiparticles, 
v is the relative velocity and o is the annihilation cross- 
section. The nucleon—antinucleon annihilation eross- 
section has been measured for a large number of energies 
from ~ 25 MeV up to 7 BeV®!-!”_ For the entire range: 
ov~ 10-4 em3/s. If, however, the annihilating particles 
are atoms and antiatoms and if v&c, the nucleon— 
antinucleon annihilation cross-section is considerably 
larger, being of atomic dimensions!*, Roughly, we may 
take ov~ 10-1" em3/s in these conditions. 

The flux of gamma rays produced by annihilation in a 
volume dV at a distance R is given by 


oor. (2) 


gyS is the gamma ray production rate per unit volume, 
gy is the number of gammas per annihilation (g,~ 3-4). 
Annihilations in intergalactic space would produce an 
isotropic flux given by 


d7, La photons (3) 
dQ An ” em? s ster 
R,=cH,-1~1028 em is the Hubble radius. Annihilations 


in our own galaxy would tona to produce a line source in 
the galactice plane 


S Da ork Re A photons 


Ta (4) 
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Rew3 x10 em is the radius of the galaxy. Finally, a 
small source of annihilation at a distance R produces a 
flux: 


gy SV photons 


ra o 2 fees OR. abe A aA a 5 M 
7 An R? em? g (5) 


eh 


Recently, fluxes of photons the energies of which are 
= 100 MeV have been measured*-§. For the isotropic 
background, Clark et al.? found 


d7,/dQ = (1-1+0-2) x 10-4 cm- s- ster-? 


Both groups observe a line source m the galactic plane 
the strength of which is 
d7,/do x2 x 10-4 em? s7! rad“! 

And, finally, both groups find pics One of a source m 

the direction of the galactic centre F, œ 10°* emo? sh 

We may use these observations to set upper limits 
on the nucleon-aentinucleon annihilation rate per unit 
volume S. 


Sig <4 10-3? ann. em? st (intergalactic) 
Sq < 10-** ann. emt s~ (galactic) 


(SV).<4x 10% ann. s~ (galactic centre) (6) 
Let us first consider the intergalactic gas. If we assume 
it to be ionized, we may take gv~ 10- em'/s. This 
implies nzn.-<4x 10-17, If we assume symmetry it follows 
that n,=n.<6x 10 em and so the mass necessary to 
close the universe (ny 10-5 em~?) is not to be found in the 
intergalactic gas. Conversely, if we give up symmetry 
and assume the universe is closed (ny+n.=7,), then 
~<4x 10°? em” and nix, If, however, the inter- 
galactic gas is neutral, then ov ~ 10-1? em?/s and so mn- $ 
4x 10-2. Ifn,=n_ then n,<2 x 10-! cm, a number in 
agreement with the limits on “the density of neutral inter- 
galactic gas set by the lack of Lya absorption in the spectra 
of quasars with large red-shifts?’. 

For a neutral interstellar medium the gamma ray 
observations enable us to set the following limit: nin. 
<10-6, For equal amounts of matter and antimatter: 
na =n- L 10- cem- which is not acceptable. For n} +n 
l em-3, we have n.S107* em and nil em which 
corresponds to M-<10- Mo. We are thus forced to 
conclude that the interstellar gas is overwhelmingly of one 
kind. 

Assuming the source at the galactic centre is due to anni- 
hilation we conelude: SV =ovn,n-V <4 10" ann./s. 
Assuming n,cv~10-'® s-? the amount of annihilating 
antimatter is only M-~3x10°Mo. The rate SV at which 
this matter is being depleted in terms of mass loss is 


aM 


_ = wl0-§M-/year 


It would certainly be ante difficult to exclude this poni 
could have survived the early stages of paca ev olution 
before condensed objects had formed and when the 
annihilation time seale is small compared with the evolu- 
tion time seale. This point has recently been discussed 
by Hoyle”. 

It has been speculated that quasars, radio galaxies, 
Seyfert galaxies and similar objects derive their energy 
from annihilation? :?-#1,3°, For every annihilation approxi- 
mately 3x 10-4 ergs are given to the 100 MeV electrons 
and positrons. The energy deposited per unit volume per 
unit time is 


; e~3x 10-* ergs {7} 
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If it is assumed that all the other emission (infrared, radio, 
and so on) is due to these 100 MeV electrons and positrons, 
there is a relation between the gamma ray flux (expressed 
in photons em’? s-t) and the flux of all other radiation 


(expressed in ergs em? s~1), 


~ {photons p ergs \ 
fy & em ae ae 10? Fother ( aka (8) 
em?s n? 


That is, for each annihilation there are gy hard photons 
produced along with s ergs of energy m the form of rela- 
tivistie electrons and positrons. Further, if we have 
an estimate of the rate at which energy is deposited im 
these objects (VdE/dt) then we may estimate the expected 
gamma ray flux. 


_ _ 108 dE) 





Frye and Wang”? have applied this argument to 3C 273. 
They find an upper limit to the observed gamma ray flux 
which is a factor of three below the predicted value. 
Indeed, for those quasars which radiate ~ 10? ergs/s, 
the expected gamma ray flux exceeds ~10-> photons 
em? s-i, Such fluxes are within present limits of detect- 
ability and their absence must be interpreted as evidence 
against the annihilation nypothasia In fact, any source 
radiating Z 10° ergs cem- s-t should also be detectable 
as a gamma ray source, independent of its distance, 
provided that annihilation is the energy source. It 
should be pointed out that these conclusions can be 
avoided by having the gamma rays absorbed at the 
source. 

Thus far, we have considered the gammas produced in 
nucleon—antinucleon annihilation. One would think. 
however, that the line emission at 0-51 MeV from e*—e~ 
annihilation might be easier to detect. Unfortunately, 
the cosmic gamma ray flux rises steeply as the energy 
decreases. Because of this, better limits are set by the 
gammas from n° decay than by the gammas from ete- 
annihilation. 

Keeping the results of this section in mind, we now 
proceed to investigate, in the context of charge symmetric 
models of the universe, steady-state cosmology*’, the 
Alfvén—Klein cosmology'*4:75 and the big-bang cos- 
mology 26-28, 


Steady State Cosmology 


In a cosmology with continuous creation (of particle- 
antiparticle pairs) the time dependence of the densities 
n, and n- is given by 


=g — 3H yn + —ovn+ n- (10) 


q is the creation rate per unit volume. The second term 
on the right-hand side is the decrease in density due to the 
expansion of the universe; H,, the Hubble constant is 
taken to be ~ 10'° year-t. The last term on the right-hand 
side represents the loss of particles to annihilation on the 
assumption that particles and antiparticles are mixed. 
The total particle density n=n,+n_ satisfies 


dn re ovi An)? ann 
dt k A > l — 3Hon — 3 (11) 
In steady state cosmology, for the metagalaxy 
dn. /dt=0 which implies that An=n,—n.=0 and 
3 Soll 
gee 2 Ho + Srex0-5 x 10-2 em g7) (12) 


na = 10-5 em~? is the value of the particle density predicted 
by steady state theory™*. Neglecting any as yet undetected 
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metagalactic radiation of high density, nę is the 
density necessary to close‘the universe. From gamma 
ray measurements we have already seen that Siex 4 x 
10-32, The creation rate q is thus fixed by the expansion 
of the universe and is practically unaffected by annihila= 
tions. 
Now let us turn our attention to our own galaxy. 


cs l . ue 
heo kasih EE i — ri ovin? — (An) < 10-48 emo? g7 (1å} 


Because ov 2 10-1 emĉ?js, the present value of An must 
certainly be: “Anen~lem-. An is a constant but not 
zero. The eq uation ST or dn/ di is changed by the absence 
of any expansion. 


dn fr. ov( Anp ovn? 
——~ æi gp —- en Pm ae i ES: 
d LAr 2 J” 9 

é tio ive: owt aes 


The solution of equation (14) with the imitial condition: 
n=n, at t=O01s 


n = (4A BPI Detit — 1] [Delt 1p? 


{An}? SE Ta 


D = (A34 Bn A — Bina), T= (448)? 
Because ovò An)? 2 1075, we have AdB, t&{ovànji s 
105 s. For >rt a steady state sets m whereby the 
annihilation rate balances the creation rate. We are tous 
led to conclude 


So = P otn? — (An)? ) =en n- =g (16) 


But this imphes that q S1078 em s, which is four 
orders of magnitude lower than the value needed to keep 
the metagalactic density constant. 

One is thus led to conclude that if matter (and enti- 
matter) were created in our own galaxy at the rate 
required by steady state theory, we would have observed 
four orders of magnitude more gamma radiation than we 
do. This conclusion can be avoided in two ways. First, 
one can say that matter is created where there is matter ; 
antimatter is created where there is antimatter, thus 
avoiding the annihilation altogether. Such an assumption, 
however, amounts to postulating a new law of physics. 
For then, each creation event locally violates conservation 
of baryon number. It is irrelevant that globally the 
baryon number may be conserved because, due to the finite 
speed of light, a non-local conservation law is simply not 
a conservation law. A second alternative is to hide the 
creation in dense regions, such as galactic nuclei, where 
the annihilation gammas would be absorbed and thus never 
detected. Such a scheme has been proposed by Hovie**. 
It is difficult to see how one could rule out such models. 


Alfvén—Klein Cosmology 


The Alfvén—Klein cosmology is expheitly charge sym- 
metric! #425. Briefly, the initial state of the universe is 
taken to be a thin cloud of equal numbers of protons, 
antiprotons, electrons and positrons. The gas, inrtually 
at extremely low density, contracts under its mutual 
gravitational attraction. As the densi ty increases, 
annihilation oceurs acting as a radiation source, braking 
the collapse and turning it into the present expansion. 
In order to avoid an annihilation catastrophe when galaxies 
are forming, a process similar to electrelysiqg, using a 
primaeval magnetic field, is proposed to separate matter 
from antimatter. Due te the small scale of such processes, 
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they’ conclude that half the matter in each galaxy (and in 
particular our galaxy) is in fact antimatter. A large 
number of objections may be raised against this theory, 
some of which will be stated below. 

It turns out that at the turning point, the universe is, 
in fact, inside its Schwarzschild radius, thus it could never 
have bounced; indeed, it is difficult to imagine how the 
radiation pressure can brake the contraction, for at the 
turning point the mean free path is larger than the radius 
of the universe and has Been so throughout the contrac- 
tion; these arguments aside, there are theorems which 
tell us that a homogeneous, isotropic, collapsing universe 
with no A term and no negative energy density fields can 
never bounce*!; galaxy and star formation are supposed 
to oecur when the metagalaxy is at or near maximum 
density, but this is precisely when the radiation pressure 
is alleged to be strong enough to blow the universe back 
out again; it is difficult to see how galaxies and stars can 
form under such violent conditions. There exists no 
mechanism in this theory for producing the 3 K radiation; 
to separate amounts of matter from antimatter of the 
order of Mo on a galactic scale {~ 103 em) very strong 
magnetic fields are required (31-100 G). Such fields 
are yet to be observed; the conclusion is reached that 
half our own galaxy is antimatter. As previously dis- 
cussed, the observed gamma rays place severe limits 
on the amount of mixed matter and antimatter. It is 
argued that a leidenfrost phenomenon can keep regions of 
matter and antimatter separated. Woltjer’? has. how- 
ever, pointed out that large scale Faraday rotation is 
observed in the galactic disk. A patehy distribution of 
matter and antimatter would tend to wipe out any 
arpi scale effects. 


oc it appears phat: on po ésaimination it raises more 
problems than it solves. The above arguments indicate 
that, at least in its present form, it cannot be an acceptable 
cosmology. 


Big-bang Cosmology 


The “big-bang’” model of the universe first proposed 
by Gamow’? has been dramatically confirmed by the 
discovery of the 3 K black-body radiation®#-7, In its 
canonical form it is a non-charge symmetric theory and 
perhaps provides the strongest support for the view that 
in fact the universe does not contain equal amounts of 
matter and antimatter. 

This can be seen briefly as follows by an argument due 
independently to Zeldovich*® and Chiu". At high 
temperature (kT > Me?) and density, matter, antimatter 
and radiation are in equilibrium the origin of which is the 
balance between annihilation and pair production. 


r y Anyen An alee 
wha = | Met? E E hd a =e (17 ) 
+ Ke a 2 | 


Req 13 the equilibrium particle density at temperature L. 
ån is the baryon number density. As the universe expands 
adiabatically (V7 = constant), Neq~*0 exponentially and 
n=] Anj. ‘If the universe were charge symmetric, 
An = 0, 72-0. In actual fact, however, before this occurs, 
the annihilation rate „becomes negligible and certain 
amounts of nucleons and antinucleons are frozen out. 
This freezing out occurs early on, within ~ 10-3-10-% s 
of the singularity, when there are approximately 1038 
photons for each ‘particle. 


no 
[ŽEN a 10-18 

. e 
Because Ny ~ (pT /he)*, the number of photons Ny in a co- 
moving Volume V (Ny=n,V) remains constant as the 


wiverse expands. After the freezing out has occurred, 


(18) 
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the number of nucleons (and antinucleons) in a co-moving 
volume V also remains constant. 


f N S nN Fns 


ES ono nee Í esos à 
Y N; Na ee / now 


a 10-8 


(19) 


But itis known that, at present, n > 107 em? and nya 103 
em? so that, in fact, (n/ny)nowz 107°. We are thus led 
to conclude that if the universe had been charge sym- 
metric, it would contain about 10* (and perhaps as much 
as 10°) times more radiation than is observed. Unless 
this radiation catastrophe ean be avoided we must con- 
clude that big-bang cosmology and charge symmetry are 
incompatible. 

A possible way out n this aeii has on BUEaSSred 
by Harrison**-**. It is sugg 
densed state of the universe her re were : spatial Ace ‘tuations 
in the baryon number AN. As annihilations occur, anv 
mitial mbhomogeneity is amplified (ANtnen= AN now = 
+ Nnow) since baryon number is conserved. In this manner 
we are left with separate regions of matter and antimatter. 
If we assume these fluctuations to occur when matter, 
antimatter and radiation are still in equilibrium, we have 
N then ® (Ny then == (Ny Jnow SO that 


(AN N ONN 
\ N/ then Ny, yo ~ 


Thus an initially small spatial mhomogeneity AN/N ~ 10 
gets amplified through annihilations to (AN/NJnow= +1. 
Harrison therefore suggests that the universe is indeed 
charge symmetric and that initial spatial inhomogeneities 
can accomplish two feats. They prevent a radiation 
catastrophe and they provide us with separated regions 
of matter and antimatter enabling us to form galaxies. 
As is well known*®, it is quite difficult to build galaxies 
ina big-bang cosmology. Quite large density fluctuations 
are required {8o/o~10-). By using the extremely 
efficient amplification mechanism of annihilations, much 
smaller baryon fluctuations will do the same job. 

Tt must be emphasized, however, that even such small 
fluctuations could not be statistical. That is, if AN ~ NEP 
then N ~10!8 particles or less than 10- g. Alternatively, 
one could ask what is the largest possible statistical 
fluctuation, 


AN then ™ a N an fi 


Ba 


~ 10 (20) 


\ 
AR. ai. now 


(Ny Vint ~ (Nyie © 10% (21) 
So that the initial fluctuation would be (AN/N)tnen~ LOM, 
Small though they may seem, fluctuations AN/N ~ 10-9 
must be non-statistical in origin. 

An attempt at finding such inhomogeneities has 
recently been made by Omneés*. By making some rather 
drastic assumptions he claims to be able in fact to separate 
matter from antimatter. A number of serious objections 
must be raised against his proposal. It 1s assumed that 
at high temperatures pair creations and annihilations can 
be treated as a small effect. In fact, it is the creations 
and annihilations which set up the ecquiltbrium between 
particles, antiparticles and radiation. Further, at such 
high densities pair annihilation is inevitable. In the first 
place, the nucleon-antinucleon annihilation cross-section 
is known over a wide range of energies (25 MeV < EZS 

7 BeV) and for this entire range (ov)ann ~ 10 em3/s. And 
an ratio of the annihilation time Tann = [own(t)}-' to the 
age of the universe f is: Tann/é~ 10-1. Second. even 
if one tinkers with the strong interaction in such a way 
that annihilations are suppressed, we still have to contend 
with the electromagnetic interaction. For proton- 
antiproton annihilation into two gammas, {orgy ~ 
2x10- cm/s, and s0 Tann/t~ 10-*t- Z4. An important 
result in Omneés’s theory, in fact the crucial one which 
separates nucleons from antinucleons, is that nucleons 
look like hard spheres to antinucleons. This, however, 
is in contradietion with the experiments on nucleon- 
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antinucleon scattering!'''", These experiments are quite 
well explained by a phenomenological theory*!:42 in which 
the short range nucleon-antinucleon interaction is repre- 
sented by an absorbing core. For the range of applicability 
of this theory, 100 MeV<H<1 BeV, nucleons do not 
repel antinucleons at short range, they attract them. a 
result confirmed by experiment. It thus appears that an 
effective separation mechanism is stall to be proposed. 
Such a mechanismn must be operative early in the life of 
the universe (¢< 10-* s) when the temperature and density 


symmetric, big-bang cosmology leads to a radiation 
catastrophe. 


Unsymmetric Universe 


Because the properties of an antiatom or an antistar are 
indistinguishable from those of an atom or a star, detection 
of the annihilation products affords the most direct method 
for determining the presence of antimatter. As we have 
discussed, gamma ray observations enable us to set limits 
on the amount of mixed matter and antimatter. The 
relevant observations have been presented and we have 
indicated the limits they set. 

In steady state cosmology, one is forced to admit crea- 
tion of particle—~antiparticle pairs. The alternative is to 
have each creation event violate the laws of physics as 
determined by terrestrial experiments. But the gamma 
ray measurements forbid this creation to oceur uniformly 
everywhere in space. In effect, they force the creation to 
occur in regions of high density which are opaque to the 
subsequent gamma ravs. Such a proposal has been made 
by Hoyle, Unless the creation events are hidden in 
such a manner, steady state theory and charge symmetry 
are incompatible. 

The situation is not so restrictive for any cosmology with 
a “beginning” such as big-bang cosmology. One then 
argues that the universe is asymmetric because the initial 
conditions were asymmetric. Indeed, were the initial 
conditions symmetric a radiation catastrophe would occur. 
One could then argue that there were an ensemble of 
initial universes, The symmetric ones are filled with too 
much radiation to be identified with our universe which 
must have evolved from one of the non-symmetric initial 
universes. In this manner no law of nature is violated. 
The situation is analogous to that in electrodynamics, for 
example. Although Maxwell's equations are time 
symmetric, specific boundary conditions (for example, 
outgoing spherical waves) may force us to choose solutions 
which are not time symmetric. Tf one still insists on hav- 
ing a symmetrie universe, then it is necessary to find an 


AB] 


efficient, non-statistical mechanism for separating particles 
from antiparticles early in the life of the universe when the 
temperature and density are high. The alternative is s, 
universe with 103-101 times more radiation than ours. 


GARY STEIGMAN 


Institute of Theoretical Astronomy. 
Cambridge. 
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Implications of the Far-Infrared Background Measurements 


by Some consequences of far-infrared background radiation originating 


ROBERT V. WAGONER 
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ithaca, New York ‘ ground. 


INTENSE far-infrared radiation has been depicted by 
Shivanandan, Houck and Harwit, (SHH), from a liquid- 
helium-cooled telescope carried to an altitude of 170 km 
by an Aerobee rocket'?. The total intensity in the ob- 
served wavelength interval 0-04-0-13 em was 7(SHH)= 


beyond the solar system are derived. The most likely source, narrow 
emission features produced by our galaxy, can also lead to a flux 
from all other galaxies similar to that of the 2:7 K microwave back- 


5x 10-? (1:9) erg em- s-t sr, with no indications of 

anisotropy over the region of the sky which was acanned. 

Observations by Bortolot, Clauser and Thaddeus? of the 

interstellar absorption lines of CN, CH and CHs at h= 

0-132, 0-0559 and 0-0359 em, respectively, yield imde- 
* 


2 


482 


pendent upper limits to I, at these wavelengths, and these 
turn out to be less than the average intensity I,= 


- 9-6 x 10574 erg em- s-! sr-? Hz by factors of 5-0, 48 and 


1-55, respectively, reported in ref. 1. This difference 
has led Bortolot et al. to conclude that the flux measured 
by rocket is either of local origin or due to a sharp line 
at a wavelength somewhere between those of the molecu- 
lar lines observed. This assumes that there is sufficient 
knowledge of the physical conditions within interstellar 
clouds to calculate thé upper limits cn I,. (Recent 
measurements of formaldehyde absorption in dark nebu- 
laet have cast some doubt on this assumption.) The 
possibility that the flux originated in the vicinity of the 
rocket, the atmosphere or the solar system, has been 
discussed!?, but no sources of the required strength have 
been found in any of these locations. This article in- 
vestigates some consequences of the second possibility- 
that the radiation observed by rocket is due to one 
or more narrow features produced outside the solar 
system. 

If this radiation is of extragalactic origin, most of it 
must come from sources of very similar red-shift, Az< 
(l+2)/3. This can be achieved in cosmological models 
of the Lemaitre type®*, but negative values of the de- 
celeration parameter qo dis sagree with the red-shift-magni- 
tude relation obtained by Sandage’. In addition, ‘the 
width of the peak in the observed spectrum will be 
ZOBAmn, where is the wavelength of maximum 
intensity, and this restricts Am to a very narrow range of 
wavelengths to be consistent with the upper limits 


of Lp. 


A mm 


cess? is eee gee ec source, but this 
phase must occupy the same short interval of cosmic 
time for most galaxies to prevent the lines becoming too 
broad. Moreover, the average galactic luminosity during 
this time must be Ly, >10%(H/H,)Lo, where H is the 
Hubble constant at the time of emission, assuming 
Joz —l. 

These two models illustrate the difficulties that are 
encountered if the flux observed by Shivanandan et al. 
is considered to originate at cosmological distances, and 
we shall therefore consider the other most likely source 
——our own galaxy. 


Galactic Emission 


Electric-dipole transitions are the most likely mechan- 
ism for the production of the flux, and we shall also 
assume that the line shapes are Gaussian, with width 
expressed in terms of V, the r.m.s. radial velocity of emit- 
ters producing such a shape. But it is not assumed that 
Doppler broadening is necessarily dominant, because 
other mechanisms® can produce broader lines. Thus V 
is interpreted as a general broadening parameter, giving 
a half-width Av = 2-4(V/c)v,, where v is the rest frequency 
of the line. Our final assumption, which needs to be 
satisfied only approximately, is that Ay,/k7,<1, implying 
a significant contribution from stimulated emission. The 
relation between the number density n; of oscillators in 
each state and the excitation temperature T, then becomes 
Nafna = (92/9 ,)exp( ~ Avr kT) = (92/91) (l —Awr/kTe), where gi 
are the statistical weights. 

The equation of transfer of the radiation in such a line 
leads to formulae similar to those, for example, for the 
21 cm hydrogen line. A þrightness temperature is given 
by Titv, FF, M=) I »/2keeT[1—exp(— +,)], where T, 
represents an average excitation. temperature in a given 
direction BY, 7%, and the optical depth across the line is 
given by 


e smi § g*hf ro egye yr) 
ty & a a exp| — mea | fand 
2 mkT V 2%? J 
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where g, m and f are the charge, mass and absorption 
oscillator strength of the oscillator, and 7 is the path 
length through the galaxy. 

The intensity detected by Shivanandan et al. varied 
by no more than a factor of two, even when the field of 
view crossed the galactic plane (near the anticentre), 
implying that emission is fairly isotropic, at least outside 
the 5° field of view of their telescope. Optical depth in 
the centre of the strong lines must therefore satisfy 


zr (OLIN) z 1 (2) 
The total intensity produced by such limes is given by 


Low 240-5kKT.V (2 In ap” 


z 


(3) 


where the sum extends over all resonances within the 
observed bandwidth. Setting /=intensity observed by 
Shivanandan eż al., HSHH), and (In +,)!/? a2 then gives 
the limits 


0-07 S NT, Vje < 2K (4) 


for the average product of excitation temperature and 
broadening parameter of the N lines contributing to the 
radiation in the bandwidth A= 0-04-0-13 em. The value 
of V/e should he somewhere between ~3x 10-5 and 
~ 10-1, corresponding respectively to typical interstellar 
Doppler broadening and to the natural width of lines 
produced by impurity atoms within grains’. But, because 
Ix V, the required isotropy may be difficult to produce 
if Doppler broadening is dominant: effective widths of 
ordinary interstellar lines tend to increase toward the 
galactic plane, as expected. The assumption hv,/kT <1 is 
satisfied if N V/e<<10-?. 

Substituting TeV from equation (4) into equation {1} 
and taking the effective thickness of the galaxy as 300 pc, 
the isotropy requirement expressed by equation (2) 
becomes 


e, (bE = + 90°) a (1-30) x 108 (g/e)? (meim) Nfn, Z1 (5) 


where e and m, are the electronic charge and mass, and 
n, represents an average number density (in em’) through 
the disk. For those transitions at wavelengths near 
0-1 em, (gje (me my <10>, and, if such lines were 
responsible for the SHH flux, the required density would 
be ny 210° cm, assuming Nel. This is barely con- 
sistent with the numbers of atoms likely to be effective 
oscillators. 

The luminosity of our galaxy in the wavelength range 
0-04-0-13 em is Lg=2r?RU;, where f, is the average 
integrated intensity at the effective surface of the galaxy, 
and R; is its radius. Taking Ry=15 kpe and J; = «/(SHH) 


gives 


L; = 2x10% orgs = 5x 1l0UaLla (6) 


If our neighbourhood is typical, se that g~ 1, this lumi- 
nosity is about twenty times greater than that thought to 
be produced at other wavelengths’, resulting m a mass- 
to-luminosity ratio of 0-2 (Me be Because, however, 
c+2 1, then Tos and ie T, decrease as one nears the 
surface of the galaxy, with x~ toh. 

If this energy is transferred to the oscillators through 
collisions with some particle 7, another estimate of a 
required density may be obtained. Equating the galactic 

e 


NATURE VOL. 224 NOVEMBER 1 1969 


luminosity (equation (6)) to the difference between the 
collisional excitation and de-excitation rates multiplied 
by the required transition energy (neglecting transitions 
between any other states) gives 


E nyni Cov 2 (Ayr/kTe— hyrjkTk) ~ 107 a cm st (7) 
; 


where Tk is the kinetic temperature of the gas. Because 
at~ qr (b'l= 90°), this requirement is seen to place a 
rather severe lower limit on the product of the radiative 
and collisional strengths of the transition, (gje) (Mem) 
JN n ini loa 2 1078 em s~ 

The ultimate source of this required luminosity is of 
course a difficult and important problem. But if all the 
helium observed today were produced at a fairly uniform 
rate during the lifetime 7',~H~-' of the galaxy, the 
nuclear energy released would give a luminosity of 
1 x 10* erg s; Hubble constant’? H,=75 km s~} Mpe~!. 
This corresponds to the required luminosity if a= 1/2. 
Of course, it is also possible that a large amount of 
gravitational energy is being released in the galaxy. The 
required rate would be ~ 0-1 Moc? every three years. In 
this connexion it may be significant that most supernova 
models!! predict explosions which are not seen effectively 
at optical wavelengths, so that such a new class of explo- 
sions could represent an undetected input of kinetic 
energy to the interstellar medium, which might then be 
cooled by the far-infrared flux. 

The basic requirements placed on the emission process 
by this galactic interpretation of the measurements of 
Shivanandan et al. are contained in equations (4), (5) and 
(6), plus equation (7) if collisional excitation dominates. 
We do not propose to investigate in detail possible 
mechanisms which could satisfy these requirements, 
although a few possibilities have been mentioned. We 
have, however, seen that the limits placed on Te and n, 
do include possible interstellar conditions, while the 
energy required is not unreasonably large. Any further 
conclusions would be premature. 


Flux from all other Galaxies 


Because there is no reason to believe that our galaxy is 
not typical of an average spiral, we shall next compute 
the flux produced by all the galaxies in the universe due 
to this emission. We shall consider only the case where 
most of the emission occurs from a single line, because 
the results for many lines can then easily be obtained by 
superposition. 

In a homogeneous and isotropic universe described by 
the Robertson-Walker metric!, the background flux due 
to a uniform distribution of objeets emitting a narrow 
line at a wavelength Ar 1s 


CHa UAA) 
y pun eas S E a aa A > it 
áni HIA Ar) (8) 
= 0 A< dy 


if absorption by intervening material is negligible. The 
luminosity density is given by 


* 


w 
f LD O(L,14+2)db = CH1 +2); 10) = 1 (9) 
0 


where ®(L, 1+z) di is the number density of galaxies 
at a red-shift z with luminosities between L and L+dlL. 
H(1+2) is the expansion rate (H,=H(1)). The constant 
C’ corresponding to the total luminosity at other wave- 
lengths is found to be 3x 10-* erg em~ by extending 
the results of van den Bergh". The far-infrared line 


$ 


Intensity (erg em? g? sr Hz) 
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luminosity then results in C~20 a C'=6x] 05 y erg 
cm, assuming the factor twenty apples to elliptical 
galaxies as well as spirals. 

The forms of the expansion rate H(1+2) end the’ 
evolutionary function H1 +z) depend on the cosmological 
model. In an attempt to produce the observed muecro- 
wave background*® 4-16 we shall consider as an example’ 
general-relativistic, A = 0, non-evolutionary universes corn- 
taining non-interacting radiation (photons, neutrinos and 
so on) and matter. It is then easy to show that these 
funetions are given by l(z)=2°, and H(xr) = Hyar|(l—o, —- 
Go +2 oot + (qa ~op. Here age 4rnG pm /SHG, with 
Jo ~ Sy = SnG pr, 3H, where pm, and pr are the present 
mass densities of matter and radiation, respectively. 

It is seen that at very long wavelengths, 


C hr 3 


grh? 





( Yq a) ais š A> he { ig } 


if some radiation is present in the universe. (We neglect 
radiation which is continually being produced, because 
its density will always be less than ọm.) This flux will 
be equal to that of the observed 2-7 K blackbody spectrum 
at long wavelengths! if CX? (qy—o9) 1 = 9-36 x 10-8 erg. 
Using the value of C corresponding to a= 1 and the limi ts 
on dy, this requirement becomes 2 x 10i < pras 3x 10" g 
cm, This density is less than the present matter density 
om. 23 X 10-91 g ema pe (visible) (ref. 13). 
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Fig. 1. Comparison of the fluxes produced by the four cosmological 


models given in Table 1 (solid Hines) and by a 2-7 K blackbody (dashed 
line) with the measurements of the eons radiation (refs, 1, 3 and 
13), 


To illustrate the range of fluxes predicted at all wave- 
lengths, the spectra produced by the cosmological models 
listed in Table 1 are compared in Fig. 1 with the observed 
fluxes. Model I is a standard zero-pressure universe with 
q= +1. The other models are characterized by a present 


matter density fm» near that of visible matter, and a 


value of pre chosen to fit a 2-7 K blackbody spectrum at 
long wavelengths. Model ITI, for which the line luminosity 
is twice that estimated for «=1 (corresponding to the 
observed upper limit of (SHH) and tr~ 1), is consistent 
with all the observations. 

Although these models indicate that the total flux from 
all other galaxies will be similar to that of the obsérved 
microwave background radiation if the intensity observed 
by Shivanandan et al. is typical of that within other 
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galaxies and «q, (bU =90°)y~ 1, their details should not be 
taken too seriously. In particular, the neglect of evolu- 
tionary effects appears to be unjustified over the large 
‘range of red-shifts involved. The spectrum is well known 
out to A~ 20 cm, corresponding to red-shifts z~ 200 for 
lines in the SHH bandwidth, but it is certainly possible 
‘that the major.part of the long-wavelength flux comes 
from lines of wavelength 3> 0-13 em, corresponding to 
smaller red-shifts, | 
Nevertheless, the eyolution of the luminosity of 
galaxies!? > affects the shape of the spectrum, at least 
within the standard baryon-conserving cosmologies. 
Indeed, galaxies usually form at red-shifts z <30 in such 
universes. In addition, the importance of these effects 
would provide less justification for introducing another 
type of radiation into the universe in order to fit the 
muerowave radiation spectrum. 


Table 1. COSMOLOGICAL MODELS (A =0, H,=75 km s4 Mpoo) 


4 


Ay 


i PM Ero 
Model (erg em") (em) (g cm?) (g em) 
I 60x10 0-10 2-1 x 10-** 0 
H 50x10- 0-10 3:4 x 10-7! 44x 10-7 
TIT p2 xig 0-16 3:4 x 10-5 1S x 107! 
IV 6-0 « 10-35 0-05 3-4 x 19-3! 6-38 x 10°34 


An important test of these cosmological models is the 
small scale amsotropy in the microwave background?!®-2¢ 
caused by emission from individual galaxies. The number 
of galaxies seen within a solid angle AQ and fractional 
bandwidth Av/v is Ng = 10!f(0/2,)AQAv/yv, where the 
function f(4/4,) depends on the cosmological model, but 
is of order unity for à~ 10); in most models. In the 
Conklin and Bracewell experiment, AQ Av/v~ 10-7, 
giving ~ 10% galaxies in their beam. If the fractional 
r.m.s. fluctuation expected were simply N,-!”, this result 
would conflict with their upper limit of 2x10. If, 
however, A;~@1 em, Conklin and Bracewell would be 
receiving radiation from 2~30. It is doubtful whether 
simple counting statistics, as well as a neglect of the 
effects of scattering, are justified at this early epoch, 
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when galaxies may have been condensing. It should be 
remembered, however, that many massive stars may have 
formed and exploded by this time, providing some heavy 
elements. 

Finally, it is worthwhile to recall that the luminosity 
of a galaxy with a central intensity equal to J(SHH) is 
proportional to tyt. Thus a high degree of isotropy in 
I(SHH) implies that the microwave background could 
not be produced in this way but, on the other hand, the 
galactic energy requirement would be eased. 

In this article we have attempted to outline the general 
conclusions which one must accept uf the flux observed 
by Shivanandan et al. should turn out to be of galactic 
origin. Higher resolution searches for lines both within 
and outside the SHH bandwidth and for anisotropy in 
the flux will help to decide the issue. 
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Search for Ghost Images: a Statistical Test 


by 
VAHE PETROSIAN 
R. D. EKERS 


California Institute of Technology, 


Pasadena, California universe. 


Ix an expanding closed universe, photons from a source 
can reach an observer from diametrically opposite direc- 
tions if the antipode of the observer is within his horizon. 
This is possible in Lemaitre type univeršes!-3 with non- 
zero cosmological constant. Solheim has used this fact 
as a test for such a cosmology, claiming that the number 
of faint 4C sources diametrically opposite each other is 
greater than expected from a random distribution of 
sources’, and that the probability of finding a radio source 
+ 


For Lemaitre type universes, the fraction of radio sources with two 
diametrically opposite images included in a survey to a given flux 
limit is calculated to be small, because of the recent origin of the 
sources and the inhomogeneous distribution of matter in the 


diametrically opposite a quasi-stellar object is larger than 
average for certain red-shift ranges’, Using an indepen- 
dent set of data, we cannot substantiate these results 
and we believe that his results are statistically insignificant. 
We show here that this is in no way an argument against 
such cosmological madels because, although there exists 
the possibility for observing diametrically opposite images 
belonging to a single source, the fraction of sources for 
which this could happen is very small. This result is 


* 
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mainly an outcome of the very short lifetime of these 
sources compared with the age of the universe, so that only 
sources very close to our antipode can be seen with two 
images in opposite directions in the sky. We also discuss 
some tests applied to the Parkes Catalogue of Radio 
Sources®? and use the results to place limits on the 
cosmological models. 

We calculate for Lemaitre type cosmological models the 
fraction of radio sources with two images which will be 
included in a survey to a given flux limit, first obtaining 
expressions for the luminosity function and the age of 
the sources. 


Luminosity Functions and Radio Source Ages 


The luminosity function of the radio sources in the 
revised 3C catalogue for the Lemaitre cosmological models 
was discussed by V. P., who showed that 

iP) =KF-" (1) 
for F minwl0?< F< Fmax® 103, n=1:3. Here F is the 
emitted flux in units of 10% W Hz- at 178 MHz and 
W(F)dF is the number of sources with fluxes between 
F and F+dF. Outside this range of fluxes )(/) decreases 
rapidly. In the Lemaitre models this luminosity fune- 
tion explains the steep slope of the log N-log S diagram 
up to the 3C flux density limit S,=9 flux units (1 flux 
unit = 10-2° W m- Hz). It will also apply to the 
sources in the Parkes Catalogue which show a log N- 
log S relationship similar to that of the sources in the 
3C catalogue. For deeper surveys, such as the 4C and 
5C surveys, density evolution such as PPX +z? 
(where z is the red-shift), as suggested by Rees and Setti”, 
seems to be necessary and sufficient to explain the observed 
log N-log S relationship in the Lemaitre models. We 
first assume the luminosity function in equation (1). 
The possible effect of evolution and the effect of the 
variation of the parameters Fmin, Fmax and n will be 
shown to be unimportant. 

The ages of the quasi-stellar and other strong radio 
sources were discussed by Schmidt?®, who considered two 
alternatives. If all radio sources release equal amounts 
of energy during their lifetime, or if evolving radio sources 
emit equal amounts of energy during different stages of 
their evolution, the age of a source with flux F turns out 
to be t(F)aF. One may alternatively assume that at 
every epoch in the evolution of the universe equal numbers 
of sources are created, in which case the rate of the evolu- 
tion of the sources determines the luminosity function, 
that is to say, $(F)a(dF/dt)"; or for the luminosity 
function in equation (1), t(f#)a&-", where (F) is the 
time interval between the creation epoch and the epoch 
in which the source reaches the flux level F. (Here- 
after all times are expressed in terms of the inverse Hubble 
time Hy which we take to be 10! years.) We adopt the 
general form for this age 

<(F)=CF-" [Cx 10-4, ref. 10] (2) 
and assume, in accordance with current theoretical 
models of radio sources, that a source is created with the 
flux F max and evolves subsequently into a weaker source. 
Even if the reverse of this process of source evolution 
or any other plausible assumption about source evolution 
is used, our final conclusions are not changed. 


Cosmological Models 
The metric for an isotropic, homogeneous closed 
cosmological model can be written as 


ds? =e dt ~ R2(t)[du? + sin*« (d0*+sin"6do7)] (3) 


where R(t) is the radius of curvature, and the co-moving 
coordinate u is,zero at the observer and equal to x at the 
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antipodal position. At the présent epoch fẹ the metric 
distance to a source at u is R(t,je and the volume of a 
spherical shell at «u is (dV/du)= 4nR2(t,) sin’. Hach | 
source is then specified by its value of flux F* and. its 
coordinate u. In Fig. 1 we have plotted various relations 
ships between F and u.. The number of sources in each, 
element of area dF du in this two-dimenstonal representa» 
tion of the distribution of the sources is dN = PKA V /du) 
di'du, from which we obtain the total number of sources 


{equation 1). . 
a Em OY 
Nos =f J N= V(x) — F (4) 
o Finin P mig 


Here V(r)=2r Rt) is the total volume of the universe. 

In a survey limited to sources of flux density larger 
than S, flux units. a source with coordinate u and spectral 
index a= — (d log F/d log v) will be in the survey if its 
flux (in units of 107? W Hz) is larger than 


Fess, sin?u[l + 2() ta (30g mgoa 1)? 


Here we have assumed a Hubble constant fH,= 100 


— 1:75 to oy = 0-02, qa = — 1-2) and the red-shift of a source 
z(u) =[R(t,)]/[R(t)] — 1 where £ is the time for the emission 
of signals from the source. (For definitions of ge S, and 
for the expressions relating u, t and z, see ref. 11.) 


Red-shift 
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Fig, 1. Emitted flux versus co-moving radial coordinate i, Seid Hines 

represent limit of the survey (plotted for S, = 2 flux units), Sources above 

this line will not be in a survey. Dotted line same for inhomogeneous 

universe. Sources above the dashed line have survived for a period longer 

than the difference between travel times of signals from ghoat and near 
image to the observer at u= 0. 


In Fig. 1 we have plotted (solid linc) equation (5) 
for S,=2 flux units (corresponding to the flux density 
limit in the 40 survey) and for o,= 0-05, gg= — 1:3 (corre- 
sponding to a density of matter in universe pa y ee 8 ail 
g/em? and to a cosmological, constant A-~?= 3 (¢/Hy) = 
1,500 Mpe). Only sources below this line will be in the 
survey. The lower bound on the flux of the observed 
sources first increases with u up to u~ 7/2 where it reaches 
a maximum value Faja Beyond ux n/2 the lower bound 
decreases to zero at u= m (thus the sources near the anti- 
pode, u~ m, appear very bright and will be readily 
observable). For the cosmological models yndeg consider- 
ation here we have approximately 
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i Pa sœ TS Senee a (6) 


hd + 


Sources with F > Fpa will be in the survey for O<u<x 
and their number N will be 


Fmax 5 (oop tees yes 

| V(ry(Pyar 

Faiz 

° 

Sources n E F Fag can be observed only within the 
volume V(P)x K(n{F/F aa Pt, where the exponent 
+ is what is peed! ina static Euclidian universe and 
ò accounts for the expansion and the curvature effects. 
From equations (1) and (4) the total number of sources 
with O0<u<nand with S>S, is thus 


PEN AR ais: sa Sy min |? | LE masy” 
DHS = (PCP (PIF = Ntot ewe M m\ 5 z S } 
Fako | Laja 7 
A r we TETEE = 
= LE SR (7) 
poe a 
ar Ò m Th i~ E min =n 


Here we have assumed that 8 is a constant. The justifica- 
tion is that the shee as ò extends from zero (for low 


Fre om pre (6) and (7) we obtain 
a log N-log S slope of (~n-—8)2—15. This is not in 
disagreement with the observed slopes of about — 1-6— 
— 1-8, because V(S,) in equation (7) stands for sources with 
S > So which are within O<u< 7, and not for all sources 
with SoS, oe which the observations refer. (For details 
of the log N-log S relation in these cosmological models. 
see ref. 8.) 


Fraction of Sources with Two dees 


with “<UL Peale in E be n (un is the 
coordinate of the horizon). When uy > z, then all sources 
with 2e—-wuy cy <r could be observed with two coordin- 
ates 4,0,9 (near image) and ug=2n-u. r-60, +9 (ghost 
image). The travel time for photons from the ghost 
mage t,-¢t(ug) is longer than the travel time ¢,— tlu) 
from the near image. We can see both images simul- 
taneously if the difference between these travel times 
At(uj=t( u)—tug)< (F), the age of the ee sinee 
t(P)<<1 (all times expressed m units of H,-}= 10 years) 
only sources With tg—u= 2n—2u<l eae i antipode) 
satisfy this condition. In the Lemaitre models the signals 
from these sources are emitted at an epoch when the 
universe is almost static with a radius of curvature 
Rs (c/Hy) x 36q/(369—Go— 1)?” Thus for the radial pho- 
tons (de*= 0=d6?=do? in equation (3)) we have 


Aug —u)=(w—u)wf Attu) c/RsHy 
= Atiu) (3o, — qo — 1)9/?7/6a, (8) 


Both images of a souree will then be in a survey with 
limiting flux density S, if its coordinate u is within 


0 <(n—u) < (r= Ur) = (3o9—qo~ 1)! C¥-*'/60, (9) 


and if the flux densities of beth images Sg and S are greater 
than Sọ Equation (9), which is obtained from equations 
(2) and ie for At(w) < 7(F), is shown by the dashed line 
in Fig. 1 (for ca= 0-05, gg= — 1:3, C=10 and n’ = 1-3). 
The near image will be in the survey if it lies in the region 
of Fig. 1 above the dashed line and below the solid line. 
Because R[f(tug)]~ Ru) Rs and z(ug)~zlu) ~zs = R(to)/ 
Ks— 1 theeflux*density of the ghost image S,2SF[t(ug)]/ 
F{t(u)] is greater than S (the flux density of the near image) 
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as a result of the assumption that sources become weaker 
as they evolve. The sources in the above-mentioned 
regions will therefore have both images in the survey. 
We calculate the number of these sources as follows. 

The sources with F > Fẹ where from equations (5) and 
(9) 


(L 1+ z(u] (869—qo— 1)/8a, since m—-u<<1) 


365 — wn eee bach et 


fren’ sl — { ya S $i: EFS ae eck eee (10) 
g: 25 SC | = 35, | 
are observed within the volume V(/*)= F(x)— Vier) = 


gr V(x)(n—ur)*, but the sources with F< F, are limited 
by cme flux densities and are observed within a volume 
iF (P/F)? (Euclhdean approximation because m—w 
<1). Thus the number of sources with both near and 
ghost images in the survey is 





Ne(S) = 








T— Urs) A HEFIR PAF 


F: min 


a 


Fmax 


n= urA] q 
F {| te) YEE | (11) 


With up given in equation (9) the integration of (11) and 
equation (7) gives, for the fraction of sources with S> Se 
which can be seen simultaneously with two images in 
opposite directions in the sky, the expression 


cawerstan reso wenammonmuaainanagsaty, seh einen mnersste 


(36e — qo — 1)? (36)? EE pon (12) 


ki 


Here we have neglected the ratio of the term in the 
braces in equation (7) and a similar term from equation 
(11). This ratio is nearly unity and is a slowly varying 
function of the various parameters. 

The ratio R(S,) is independent of the limits Fyain and 
Fmax of the luminosity function up to Fmin> 10° and 
F mas < 0, Where our ealeulations are valid. Its de pend- 
ence on #’ is in the form of the cxaponint $= (3n +9)/ 
(2n +1) which varies by 10 per cent for O<n' < œ. Thus 
we set n =n" = 1-3 according to a model of source evolution 
which reflects the luminosity function. From ee 
(6), (10) and (12) and w ith <o xtg we find HAUS), x 
(305 — Jo — 1) 30) t & O-7 for o6,=0-05 and g,= — 1:3. 
This value changes by less than 10 per cent for all 
Lemaitre models with matter densities ranging from 10-79 
to 10°" g em. With these values we obtain from equa- 
tions (6), (10) and (12) 


RiS,) == 0-02 S,7o-14 Coit (13) 
which is a slowly varying function of the flux density 


limit of the survey, the age and the lumimosity function 
of the sources as well as the cosmological model. For 
example, had we assumed a maximum age of 4x 10° yr 
for all sources (n'=0, C=0-4) we would obtain indepen- 
dent of S, the largest possible value R(S,)x0-04. (A 
smaller value would be obtained had we assumed source 
evolution proceeding from low to high flux levels, because 
in this case Sg would be less than S and some ghost images 
would remain undetected.) 

The small exponent of S, in equation (13) indicates that, 
contrary to Solheim’s claim, one is as likely to find image 
pairs among strong sources as among weak ones. As we 
see in Fig. 1, the sources with two images are the ones near 
the anti pode and have as strong a near Image as the nearby 


sources, and for the source evolution adopted here (S_/S8) ~ 
(1—44/5,/8)-# or 1<(8,/S8)< L2. For randomly distri- 
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buted sources with an observed log N-log S slope of m, 
S=Sgn/(m+1)(8=2-5 So for m= —1-7 (ref. 12)) so that 
0 <(Sopp)/S < 2-5 where Sopp is the expected flux density 
of the sources opposite a given source of flux density S. 

From equation (13) we find for the 3C survey with S,=9 
flux units and with C=10 (compare equation (2)) a 
fraction R(S,=9)= 0-007 or a total of two sources with 
both near and ghost images in the survey. For the 4C 
survey R(S,=2)=0-008. For the 4C and deeper surveys 
it was, however, found? that an epoch dependent lumin- 
osity function }(z, F) = K(1+2)'@F-1-* is needed to explain 
the observed log N-log S curve in the Lemaitre universe. 
Because sources with ghost images are at the vicinity of 
the antipode where the red-shift z~zqs (#2 in Fig. 1), 
the evolutionary effects increase R(S,) at most by a factor 
31-5, But, because only sources with 0-1 <#<10 (which 
constitute less than 1/3 of the sources with ghosts) evolve, 
this factor is only 2 and R(2,)< 0-02. We expect similar 
fractions for the radio sources m the Parkes Catalogue 
because of the similarity between the observed log N- 
log S curves of this and the Cambridge Catalogues. Because 
the Parkes Catalogue is not as deep as the 4C catalogue 
we expect a smaller fraction of R(S4yg,%3)0-01. 


Angular Separation of Images 


In the homogeneous universes we have considered so 
far, the angular coordinates of the two images are 0, = 7 — 0 
and og= +9 unless the source has a transverse velocity. 
For an average velocity vr during the time interval 
At(w) (equation (8)), the position of the ghost will deviate 
from the values stated above by 


Vir At) | Ver 
AG == Ao = aera 305—-Jo— | = (> 
? c sin t Poeg c J 


x 





(369 —%o— 1) 





(14) 


Random velocities of a few hundreds of km/s have been 
observed for the nearby galaxies. Such velocities give 
AO ‘few minutes of arc. Larger angular separations are 
expected due to inhomogeneities in the universe. 

The presence of the inhomogeneities in the distribution 
of matter in the form of galaxies and clusters of galaxies 
destroys the smooth lens effect of the closed universe. 
These effects were discussed m detail in ref. 11; they 
bring about the formation of ghost images in two ways. 
Because of the deflexion of the ight rays by the irregulari- 
ties, the images of the sources near the antipode appear on 
the average at a distance AY «10° to 10° pe away from 
their expected positions''. Such deflexion will give rise 
to angular deviations A@=AY/[R(t,.) smu]. For AY 
as above, R(t) = 4:5 x 10® pe and <sin us $0-02 (com- 
pare Fig. 1) we obtain A6215 min of are. This makes 
the task of detecting the smaller number of sources with 
ghost images more difficult. The presence of the inhomo- 
geneities also reduces the value of R(S,) because the sources 
near the antipode no longer appear very bright. Their 
intensity is instead determined by the physical character- 
istics, such as mass and density, of the inhomogeneities. 
This effect can be approximately taken into account by 
replacing sin u in equation (4) by a constant number y 
for sources with m>u2>n—y. Assuming galaxies to have 
been formed on or before the quasistatic period of the 
Lemaitre models, it was shown" that yx0-1. This new 
relation between F and u is shown by the dotted line in 
Fig. 1. Only sources below this line appear in the survey. 
The value of N(S,) is affected little by this but N,(S,) 1s 
reduced by a factor of at least (F/F) = 2x 10-4 
(F,= F(sin u=y) in equation(4)) so that H(S,) for the 
4C survey is less than 10-°. The inhomogeneities, if 
present as stated, thus completely eliminate the possibility 
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of finding two images of a source. Note, however, that 
multiple image’! formation as a result of inhomogeneities 
will lead to fluctuations in the background radie bright- 
ness. The observations of Cecearelli and Grueff may 
show this effect. i 

We have shown that if our universe is of the homogene- 
ous Lemaitre type then for 2 per cent of the 4C radio 
sources and l per cent of the sources in the Parkes Cata- 
logue we should find another source within AOa0-8 
(vir/100 km/s) min of are of the diametrically opposite 
direction of the first source. The number of chance 
coincidences expected from a random distribution of 
Nit sources in AQ steradians is Ny = AP (No AQ). 
In order to detect the small number of sources with ghost 
images we need at least 2/Nr<R(S,)Ntot. For both 
the 4C sources and the sources in the Parkes Catalogue 
this corresponds to AO < 30’ are (vr < 4,000 km/s}. If the 
galaxies and clusters of galaxies were present aa early as 
the red-shift z=2 then H(S,)~10- and ANS 15 mm of 
are even for vir=0 so that there would be no possibility 
of detecting any correlation between source positions. 
diametrically opposite each other. Before comparing 
these results with our tests, we discuss the difficulties 
involved in such statistical tests. 

For example, in evaluating the significance of Solheim’s 
results’ > there are difficulties associated with statements 
such as “the excess is concentrated in the red-shift range 
Their 
significance depends on whether these are predictions to be 
tested, or conclusions drawn after examination of the 
distribution of numbers. If the latter is the case, the 
probabilities should be multiplied by the number of 
acceptable conclusions. For example, as stated by Sol- 
heim‘, the probability that the excess of faint sources 
found with separations in the range 10-16 mim of are is 
due to chance is only 0-012. The probability that either 
the weak or the strong sources would have had such an 
excess in any 6, 9+6 min of arc range for 0<0<75 mm 
of are is, however, @-012 x 2 x (75/6) = 0-3. 

In his second paper? the main conclusions are based on 
the depression of the average value of the separation 9 
for quasars in the red-shift range 1-2<z<2-0. The average 
value of this separation for a random distribution of pairs 
with 0<0<a 














Ta ` “Ue 
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The mean separation found by Solheim is 39-3 min of are 
and the deepest depression of the 10 point running mean 
for 10 <z < 1-4 is 7/(14/4/10)o9 = 1-609. Because the prob- 
ability of this occurring in any such red-shift range is 
0-055 x (2:0/0-4) = 0-3, we do not believe this result to be 
significant. The most probable separation (60'/4/2 ="42-’5) 
given by Solheim is not relevant to the running mean 
curve. Piper has also criticized Solheim om this point, 
but his assumption that a source was included only in 
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one pair is meorrect. This illustrates a further point, 
that unless a very well controlled statistical experiment 
is performed exact. statistical analysis will be of no use. 
In the present case the lack of precisely stated predictions 
and the non-random nature of the radio surveys would 
make exact analysis extremely difficult. 

Because of these difficulties we think that it is more 
useful to compare tests made for substantiating a predic- 
tion with other tests reflecting the statistical properties 
of the real test as closely a8 possible. Such tests were made 
by Solheim’, but the apparently obvious conclusion—that 
comparison tests showed deviations as large as those 
claimed for the real test--was not drawn. 


TEST ON EXCESS OF SOURCES IN OPPOŠITE DIRECTIONS FOR THE 
RADIO SOURCES IN THE PARKES CATALOGUE 


Table 1. 


Average 
Distance from number 
| = opposite Number of within 6 for Transverse 
‘direction 6 sources found comparison velocity tir 
(min of arc) within @ tests Excess (km/s) 
3 0 0-6 -ltl 400 
6 1 3°6 —~S+t2 800 
12 & 9-0 m 443 1,606 
18 13 18-9 ~6§+4 2,400 
24 80 88-1 -346 3,200 
86 46 48 -247 4,000 
38 59 72 ~13+8 4,800 
42 RG 94 -BIG 5,600 
48 124 116 +B+1) 6,400 
54 155 t4 +10412 7,200 
gü 1&5 174 +112413 8,000 


In Table 1 we present the results of an analysis of the 
1.237 sources in the +20° to — 20° zones of the Parkes 
Catalogue of radio sources*. Column 1 gives the radius 
of the area searched in the opposite direction of each 
radio source. Column 2 gives the number of pairs found. 
For direct tésting of this number, a serics of five compari- 
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sons was made in areas displaced by constant amounts 
(in right ascension) from the opposite directions. The 
average from these tests is shown in column 3. Column 4 
gives the excess which could be caused by near and ghost 
images and the r.m.s. error in this number assuming 
Poisson statistics to be applicable. In column 5 we give 
the value of the transverse velocity needed for the excess 
sources to lie in the angular separation of the correspond- 
ing row. The average radio source position errors are 
<1-0 min of are so they do not significantly merease the 
angular separation. For velocities up to 8,000 km/s no 
statistically significant excess of pairs in opposite directions 
has been found. Furthermore, because we expect only 1 
per cent of the sources to have pairs of images, any vir > 
4,000 km/s will make it impossible to detect. this excess. 

From these data. and the data from the 4C catalogue 
presented by Solheim, we can draw the following obvious 
conclusions. (a) If the universe is Lemaitre type then 


at an early epoch, or sources near the antipode have 
random velocities in excess of 6,000 km/s. (6) The 
universe is not Lemaitre type. 
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Measurement of the Electron Temperature by Thomson 


Scattering in Tokamak T3 
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MEASUREMENTS have been made of the eleetron tempera- 
ture and density of the plasma in the toroidal discharge 
apparatus Tokamak T3 (ref. 1) at the Kurchatov Institute, 
using Thomson scattermgeby the plasma electrons of 
6943 A light from a Q-spoiled ruby laser. Important 
features of recént measurements on Tokamak T3 have 
been the high total energy of the plasmat, the long con- 


Electron temperatures of 100 eV up to | keV and densities in 
the range I-3 x10'3 cm? have been measured by Thomson scattering 
on Tokamak T3. These results agree with those obtained by other 
techniques where direct comparison has been possible. 


finement time? and the evidence for thermonuclear reac- 
tions in the confined plasma column*. In the T3 torus 
(which has a major diameter of 3 m and a minor diameter 
of 0:4 m) the electron energy has previously been obtained 
only for a short (20 ms) current pulse using the diamag- 
netic technique‘. In the Thomson scattering experiment 
on T3 the discharge period is 70 ms, with a flat topped 
* 


z 
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current pulse; 
values of the 


measurements are reported for different 
ng tudinal stabilizing field Hz up to 


25 kOe and for peak discharge currents Iz up to 85 kA. 
In a smaller, related apparatus, TM3, the electron tem- 
perature has been obtamed from the electromagnetic 
emission spectrum in the energy range 2 to 10 keV (ref. 5). 
The experiment described here gives the velocity distribu- 
tion of the electrons as a function of time and position 
throughout the discharge. Temperatures of up to about 
| keV have been measured. 


Experimental Technique 


The technique for determining the electron temperature 
in a plasma from the Thomson scattering of the beam from 
a ()-spoiled ruby laser is now well established, although 
our experiment represents an extension of this method 
to densities lower than those used previously® on hot 
plasmas. 


laser cump 


collecting optics and | 
vertical scan system 







Ebert 
spectrometer 


axis 








| array 
> o 
™ scattering 
D volume (Olcc) 
A 10 channel fibre 
| optic array 
photomultipliers 
oscilloscopes a 3 
ruby laser 


Schematic diagram of experimental arrangement for Thomson 
scattering experiment on Tokamak TS. 


The experimenta! arrangement is shown schematically 
in Fig. 1. The laser beam, with a divergence of 2-5 
mrad, is passed vertically upwards through the minor 
cross-section of the torus and the photons scattered at 
90° in the horizontal plane are detected by a ten-channel 
spectrometer with an F/6 equivalent aperture. Each 
recording channel covers 78 A on the short wavelength 
side of the laser wavelength which enables temperatures 
between 0-05 and 1:5 keV to be measured. Because in 
the Tokamak plasma the Debye length is much longer 
than the ruby laser wavelength the scattering parameter 
x< 1 (ref. 7), and the Doppler shifted scattered spectrum 
reflects the velocity distribution of the plasma electrons. 
For a Maxwellian velocity distribution the scattered 
spectrum is Gaussian with half width proportional to the 
square root of the temperature. 

The scattered light is transmitted by a fibre optics 
system to photomultipliers with S20 photocathodes 
coupled to x15 current gain amplifiers. A lens system 
incorporating a periscope and viewing lenses coupled to 
small angle prisms allows a radial scan of the plasma 
through five windows in the vertical plane. 

Before and after bach experiment the transmission of 
the collection optics and spectrometer, together with the 
sensitivities of the channels. were calibrated absolutely. 
For this purpose an optical arrangement was used equiva- 
lent to that used for the Thomson scattering, with an 
absolutely calibrated tungsten ribbon lamp as the light 
source. The laser power (typically 4 J in 25 ns at the 
input window) was measured by means of a calorimeter 
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and thus the plasma density ean be obtained from the 
total scattered radiation. he 

While the volume of the irradiated plasma viewed by 
the spectrometer is only 0-1 em®*, background keht —the 
principal source of noise—is collected from a plasma 
volume of 10 cm*. Parasitic light scattered from the 
primary laser beam by the input and dump optics is 
usually observed on channel 1, which is centred on the 
ruby laser wavelength of 6943 A. The other channels are 
usually free of parasitic light. An additional cheek to 
confirm that the signal on these channels is due to Thom- 
son scattering by the plasma electrons was made by 
moving the focus of the collection lens to a part of the 
plasma adjacent to the irradiated volume; negligible 
signal was found. On channels 5 and 6 the signal-to-noise 
ratio was relatively Balmer a radiation 
believed to come from the outer regions of the plasma. 


poor due to 


The Measurements 


Typical scattered signals are shown on Fig. 2 for 
channels 3 and 8, which are centred at 156 A and 546 A 
from the laser wavelength; these illustrate the ratio of 
signal to background noise. Calculated and 
scattered light intensity profiles for a range of electron 
temperatures are shown in Fig. 3. The experimental 
points (which are a mean over several discharges) are 
plotted for three plasma conditions. Within the statistical 
errors (typical errors are shown on Fig. 3) the channel 
intensities have a Gaussian distribution and a temperature 
can therefore be ascribed in each case with an accuracy 
of approximately 15 per cent. 


observed 


Scattered light siwnals 


6-7 mV/em 


20 mV/cm 





| ws/division 
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sign als 
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I,=60 kA, Hz=17 kOe, (=25 ms. The temperature in this discharwe 
was 530 eV, 


Fig. 2. Oscillowrams of scattered light 
Až=546 A) and channel 3 (below, 42 


Values of the electron temperature and density at 
different times are given in Table | for two discharge 
conditions. The temperature increased during the first 
15 ms and remained approximately constant thereafter 
until the current decreased appreciably. 

The density obtained from Thomson scattering 
been compared with simultaneous measurements made 
by Gorbunov from the phase*shifts in a multichanne! 
2 mm microwave interferometer’; a good agreement was 
found for the variation of density from one discharge to 
another. Absolute densities evaluated by the two methods 
have been compared for the second discharge condition 
shown in Tabe 1, and were found to agree within about 
+5 per Although the possibility of systematic 
errors of up to +30 per cent on the Thomson scattering 
calibration cannot be excludéd, it is evident that most of 
the electrons in the plasma must the 
scattered signal. 


has 


cent. 


contribute bo 
° o 
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Table 1. VALUES OF TEMPERATURE AND DENSITY ON THE AXIS OBTAINED 
FROM THOMSON SCATTERING AT VARIOUS TIMES AFTER THE INITIATION OF 
. THE DISCHARGE l 


e 


H; = 25 kOe Í; = 85 kA Dy = 26 x 107 torr 


t (ms) 5 19 15 25 45 
„Te Ev) 180 470 1,050 900 950 
. te C10" em) 0-63 1-55 2-25 2-8 1:8 
H,=17 kOe f; =60 kA DPe=24x 10 torr 
t {ms} 10 . 25 3 50 
Te (eV) 240 560 540 410 
ve (10? em) 1-2 1-5 15 32 


Typical standard deviations of individual measurements from the mean 
over five to ten discharges are, for the temperature, 15 per cent, and for the 
density, 10 per cent. 


Some preliminary observations of the radial distribu- 
tions of temperature and density, made at current maxi- 
mum, are shown m Fig, 4. The temperature and density 
profiles are flat over the central core of the plasma 
column. At a radius of 12 em the values of density and 
temperature are still more than half those on the axis. 
At radii larger than about 15 ecm no scattering measure- 
ments have been made, but the microwave measure- 
rents? indicate that the density decreases rapidly. The 
total electron energy is in approximate agreement with 
the value determined from diamagnetic measurements? 
for the shorter current pulse, but with the same stabilizing 
field and longitudinal current as in Fig. 4. 
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Fig. 8. Spectrum of scattered light for three discharge conditions. 

Experimental points and theoretical curves for assumed Maxwellian 

distributions at various temperatures are shown. 44 is measured from 
the laser line at 6943 A to shorter wavelengths. 


For the limited range of discharge parameters studied, 
additional data indicate tlfat the peak temperature (at 
about 25 ms) ig insensitive to the longitudinal magnetic 
field and increases approximately as the square of the 


+ 


NATURE VOL. 224 NOVEMBER 1 1969 


peak current. Further experiments to determine the 
radial distribution of electron energy in different dis- 
charge conditions and to make a direct comparison 
between the diamagnetic signal and the Thomson scatter- 
ing measurements are in progress. 

In conclusion, electron temperatures from 100 eV up 
to 1 keV have been measured by Thomson scattering in 
Tokamak T3 in the discharge conditions studied. The 
electron densities measured by this technique are in the 
range 1-3 x 10 em. Within the experimental error the 
Maxwellian electron distributions involve all the plasma 
electrons in the cases studied. The temperature increases 
approximately as the square of the discharge current and 
(in conditions where the temperature was 600 eV) its 
radial distribution is flat over about half the plasma radius. 
Our measurements of electron temperature and density 
agree with those obtained by other techniques? where 
direet comparison has been possible. 
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Fig. 4. Radial variation of electron temperature and density. The 


lines shown are drawn through the experimental points. (Iz=60 kA, 
H,=17 kOe, = 26 ms). 
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We here report the three-dimensional arrangement of the 
atoms in the peptide hormone, insulin. as observed in an 
electron density map derived by X-ray analysis at a 
resolution of 28 A. The crystals studied were of pig 
insulin, which has the chemical structure shown in Fig. 
l, found by Ryle, Sanger, Smith and Kita. They 
were of the rhombohedral form first obtained by Abel in 
1925? and first characterized by X-ray diffraction in 1935°. 
They have been shown—by earlier crystallographic studies 
—to contain two zine atoms and six insulin molecules of 
weight 5,780 in the rhombohedral unit cell, the two 
insulin molecules in the erystal asymmetric unit being 
related approximately by a non-crystallographic two-fold 
axis?:5, These units correspond in weight with the insulin 
hexamer observed in solutions containing zinc and the 
insulin dimer found in other solutions, particularly at acid 
pH. 


S etn 





An electron density map, has been calculated at a resolution 
kei ; 

of 2:8 A which shows many details of the arrangement of the 

atoms in rhombohedral crystals of insulin. 


the making of derivative 2, obtained from zine insulin 
soaked in more concentrated lead acetate solution. 
Potassium uranyl fluoride entered in two sites in derivative 
3, but these were somewhat disordered; insulin and 
uranyl acetate (derivative 4, one of the earliest derivatives 
found) is also the most complicated. Mercury substituted 
m-hydroxybenzaldehyde (derivative 5) was found te 
occupy usefully different sites from any other derivative. 
It was introduced as a result of experiments made by 
Liang Tung Tsai on cross-linking insulin with dialdehydes 
(private communication). 

The patterns of heavy atom substitution m all these 
derivatives were low and generally complicated; often the 
sites occupied did not obey the two-fold axis. They were 
not fully unravelled until we were able to make inproved 
intensity measurements with the Hilger and Watta 4- 
circle diffractometer. X-ray data on all the crystals were 
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Fig. 1. 


The X-ray Analysis 

The methods used in our analysis were largely similar 
to those developed in the study of other proteins. 

The erystals of the native insulin were grown as flat 
rhombohedra, 0-2-0-4 mm across, by methods described by 
Sehlichtkrull®. Heavy atoms were introduced into them 
by soaking in appropriate solutions, after a number of 
experiments varying and controlling the conditions of 
concentration, buffer and temperature. Five of the de- 
rivatives made, listed in Table 1, were used for the phase 
determination required to compute the present electron 
density map. Of them, the first was obtained, following 
a suggestion made ‘by Strandberg and Tilander, by 
removing zinc from the native crystals by soaking in 
EDTA solution and then inserting lead by soaking in 
0-01 M lead acetate. The lead ions entered into three 
sites additional to those occupied by zinc. These led us to 
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The primary structure of pig insulin, 


Table 1. PARAMETERS OF FIVE DERIVATIVES 


j , Limit Hin ranges 
Insulin heavy atom Occupancy of metal of data in i 
derivative atom sites in collec: põe Pie 
electrons tion (A) 45 25 28 
1 Zinc-free insulin acetate, ear 
GOL M lead 5623 24 45° 36" 2R 34 47 4% 
2 Zinc insulin acetate, 01M 
lead 52 45 (12 dd 28 30 45 48 
3 Zinc insulin citrate, 0-02 | 
M uranyl fluoride 238 17 e ne 2 co 
£ Zinc insulin acetate, 0-01 . 
M uranyl acetate G64 24 9 20 28 Sf 48 80 
5 Zine insulin citrate, mer- e 
curibenzaidehyde, sat- 
urated solution i4 7 6 16 28 42 ¥ 


Figure of merit ¢ 0-92 O08 O72 

The residual R= 5! Fws- Focale. }/2 Fave where, Fiza is the experimen- 
tally obtained value for the heavy atom contribution. The figure of merit is 
the mean value of the cosine of error in, the phase angle. 

* These two sites are at the zine positions; their occupancy is different. 

t p i i 5 i i 

t Refinement of derivative 5 was on selected terms extfhding out to 
2-4 A spacing. 
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Fig. 2. Photograph of a model of the 


two-fold axis, 
model, 


colleeted in shells on the diffractometer, ensuring that all 
equivalent reflexions and their Friedel pairs were meas- 
ured on the same crystal. In the case of 2 zine insulin, 
the data collected extended to 2-4 A, at least two equivalent 
reflexions being measured for each index type. Heavy 
atom parameters were determined and refined by three- 
dimensional Patterson, Fourier and least-squares tech- 
The observed heavy atom contributions, Fure, 
here a complex quantity for all terms, were derived from 
combined isomorphous and anomalous intensity differences 
as discussed by Singh and Rarmaseshan’. Some data 
bearing on the structure factor and phasing calculations 
included in Table 1. 

The electron density Intervals of 
approxunately 1 A parallel with a and 0-75 A parallel with 
c, and was printed out on sheets parallel with the c plane 
on a scale very close to | cem to | A. Contours were drawn 
at intervals of 0-2 A (lowest contour at 0-1 A) and traced 
onto ‘Mylar’ sheets. These, stacked between ‘Perspex’ 
sheets at the correct interval, gave a three-dimensional 


Piqhes, 


ire 


Was computed At 





Fig. 3. 
and 16/48 è. 


Composite electron density map taken from sections 0/48, 12/45 
Tite sections show the zinc ions in contact with B10 histi- 
dine and a solvent molecule, O, 


jis | avs 
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insulin dimer, 
The ¢-pleated sheet and two phenylalanine B25 residues are in the centre of the 
(Taken by Mrs W. Brown and Mr N. Fogden.) 
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chains nnd side chains built Beevers models it 
sinne scale. 

The eleetron density MALD proved to be 
interpretable, given the sequence of residues known in pig 
insulin. The first features recognized were two stretches of 
x-helix; at one end of each of these was density connected 
with one of the two peaks clearly representing 
atoms on the three-fold axis. That this density represented 
the B10 found by model 
building, guided by the insulin sequence. The peptide 
chains proved easy to follow throughout their whole 
length and the disulphide bonds were readily identifiable 
both by their spatial geometry and large electron lensity. 
All the aromatic residues were very well defined by indivi- 
dual ellipsoidal peaks. There are a few regions which are 
difficult to interpret, particularly where there are long 
side chains on the outside of the molecule. 


very readily 


» l 
rit Zne 


residues was soon 


histidine 


The model built from the map is illustrated in Fig. 2 


while Figs. 3 and 4 illustrate parts of the observed electron 
density. The three-dimensional arrangement of the g 
carbon atoms in the erystal asymmetric unit is shown in 


+ 


Figes. 5 and &, 


The Insulin Molecule 

As a consequence of the complexity of the asymmetric 
unit we see in the electron density map two erystallo- 
graphically independent insulin molecules. They are very 
similar in internal organization but not quite identical, 
approximately related to one another by two-fold axes, at 
P and Q. Figs. 6 and 7 illustrate the separate conformations 
of the A and B chains within each molecule and, dia- 
grammatically, our evidence for the individual residue 
positions. In each molecule the A chain is a compact unit 
around which the B cham is wrapped, arrangement 
which readily explains the advantages observed in the 
chemical synthesis of insulin in closing first the AG-11 
disulphide bond*-"", 

The A chain has an involved, much folded structure with 
short of near helical conformation between 


rth 


stretches 
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Fig. 4. Composite electron density map showing sections 1/48 and 1/48 e to ilastrate 
density related by the non-crystallographic two-fold axis at z=0. Note that the phenyl- 
alanine residues, B24, are symmetrical about the axis; one phenylalanine residue, B25, 


lies on it, the other being away from this section, 


residues A2—6 and A13-19. The A chain loop, A6—11, hes 
with the residues A8, 9 and 10 directed out from the surface 
of the molecule; these three vary most between mammalian 
species and their arrangement corresponds nicely with 
clinical and immunological effects. The disulphide bond, 
A6-11, is within the body of the molecule. There are a 
number of structurally important internal hydrogen bonds 
which serve to support the A chain internally; both A19 
and Al4 tyrosines, for example, seem to be hydrogen 
bonded to residues Al and A5, respectively. 

In the central part of the B chain, there are three turns 
of «-helix, slightly opened out at each end. Both the 
interchain disulphide bonds, B7~A7 and B19-A20, are at 
the ends of the helix which provides a rigid backbone. 
B1-B6 and B21-B30 are largely extended and loosely 
packed around the A chain. The two residues A4 glutamic 
acid and B29 lysine appear to be in contact as expected by 
Zahn (private communication). 


The Insulin Dimer 


The closest series of contacts between two insulin mole- 
cules occurs between the extended B chains, residues 


form over at least part of their lengths, a hydrogen-bonded 
pleated sheet. They surround the non-crystallographic 
two-fold axis, P, of Figs. 4 and 5, and this axis is taken to 
be the dimer two-fold axis. It is clear from the electron 
density map, part of which is shown in Fig. 4, that the 
two-fold axis is not exactly obeyed in this region, probably 
as a consequence of the very congested packing of residues 
which is here observed. Thus there are close contacts 
between two-fold axis related non-polar residues such as 
the valines at B12. There is also the very interesting 
development of an aromatic cage which is formed by 
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tyrosine B26 and phenylalanine B24 and 
their two-fold axis related partners. The 


hand, form part of this system only by 
turning towards one another in a way whieh 
violates the two-fold symmetry relation, 
(compare Fig. 4). Varioustadjustmenta fol- 
low in the positions of surrounding residues, 
which destroy exact two-fold symmetry. 
The dimer as*a whole, an elongated 
cylinder roughly 20 Å across and 40 Å long, 
is shown in Fig. 5. It is a consequence of the 
A and B chain arrangement in the monomer 
that only interactions between the B chain 


The Insulin Hexamer 

The insulin hexamer (Fig. 9) is a com- 
pact, oblate spheroid, formed by the co- 
ordination of three insulin dimers around 
the two zinc ions, one 8-9 A above the two- 
fold axis, the other 8-9 A below it. Each 
zine ion makes contact with the three B10 
histidine residues and also with three atoms, 
probably the oxygens of water molecules, 
represented by the peaks in Fig. 3. The 
metal coordination is six-fold but rather far 
from being regular octahedral. A density 
suggesting system of hydrogen bonded 
water molecules can be traced connecting 
the atoms in the zine coordination sphere 
with tyrosine B16 and histidine B5. ` 

The organization of the hexamer involves 
close contacts between the molecules 
around the two-fold axis which appears at 
Q in Fig. 4. Indeed, they are almost 
“hooked” together by the Bl phenyl- 
alanine residues. There is also a close, prob- 
ably hydrogen bonded, contact between 
the six glutamic acid residues, B13, which 
enclose a space surrounding the three-fold axis. Many of 
the heavy atoms used to form isomorphous derivatives 
enter this space; others occupy regions on the hexamer 
surface, particularly near other glutamic acid residues. 
None penetrates the dimer. 


Future Work 

We hope that this structure, on further study, will supply 
clues relating to the nature of the biological activity of 
insulin. So far we can say little except that certain 
residues that seem necessary for activity. for example 
asparagine, A21', are on the surface of the hexamer. We 
plan to extend both the aceuracy of our analysis and the 
investigation of insulin in contact with other molecules. 
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Fig. 5. View of the a carbon positions in the peptide backbone of the 

insulin dimer. This is seen projected along the nen-crygiallographic 

two-fold axis, A chain, black: B chain, open. This and Figs. $ and B 
are taken from a programme written by Dr A. C. F. North. 


two phenyl groups at B25, on the other, 


are involved in the formation of the dimer, — 
a è 
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Fig. 6. Diagram to show the residue arrangement in the A chains of the two observed insulin molecules, Here and in Fig, 7 the peptide backbone is 

projected slong the three-fold axis over contours which outline the regions in the electron density map occupied by particular side chains. Numbers 

_ghow the approximate levels in hundredths. The levels of a carbons are given below residue numbers. The two chains are not exactly related by a 
two-fold axis. Some of the differences between them are real; some may arise from our present inaccuracy in atom placing. 
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Fig. 7. The two B chains shown in the same convention as in Fig. 6, 
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Experiments are already in progress to measure X-ray 
data to higher resolution and te obtain by chemical 
substitution simple and fully substituted heavy atom 
derivatives. 

All of the crystals used for this study were grown from 
insulin supplied by Dr J. Schlichtkrull, Novo Terapeutisk 
Laboratorium, Copenhagen, to whom our first thanks are 
due. Other insulin samples were kindly sent by Boots Pure 
Drug Company and Eli Lilly and Company. Almost all the 
intensity measurements, of some 70,000 reflexions, on 
which the latest calculations were made, were carried out 
on the Hilger and Watts 4-circle diffractometer during the 
last eighteen months. The major computations required 
were made at the Oxford University Computing Laboratory. 
Our research on insulin has continued for so long that the 
line we draw between authors and those who contributed 
to our solution is necessarily arbitrary. We are most 
grateful for scientific advice, guidance in computing and 
many useful experiments to K, Dornberger Schiff, 5. 
Ramaseshan, John Hodder, J. S. Rollett, A. F. Kennedy. 
Liang Tung Tsai and P. D. J. Weitzmann; for growing 
erystals and derivatives to F. Bertinotti, J. Knox, M. Le 
Quesne and A. Tench; for photography, drawing and model 
making to L. Blundell, S. Cole. A. Cropper, G. Humphries 
and P. Pancharatnam; for technical assistance to F. 
Bowers, C. Grimshaw, M. Pickford, J. Marsh, A. Renshaw 
and F. Welch. The research was generously supported 
by grants from the Rockefeller Foundation, the Science 
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Fig. 8. View of the insulin dimer as seen projected along the three-fold 
axis showing a carbon atoms and peptide backbone. A chain, black; 
B chain, open. 





Fig. 9. 
a carbon atoms and the peptide backbone. 


View of the hexamer projected down the three-fold axis showing 
One dimer is in bold ines. 


Research Council, the Medical Research Council and the 

Royal Society. 
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Excision of Thymine Dimers and Other Mismatched 
Sequences by DNA Polymerase of Escherichia coli 


by 

REGIS B. KELLY* 
MAURICE R. ATKINSON + 
JOEL A. HUBERMAN 
ARTHUR KORNBERG 
Department of Biochemistry, 


Stanford University School of Medicine, 
Stanford, California 


of DNA. 


DNA polymerase from Æ. coli catalyses both polymeriza- 
tion and hydrolysis in the 5’->3’ direction and it has been 
proposed that adjacent sites function concurrently, trans- 
lating a nick in a 5—3 direction when nicked double- 
stranded DNA is used as primert?, The 5’—+3’ exo- 


* Present address: Department of Neurobiology, Harvard Medical School, 
Boston, Massathusetts., 
_ + On leave from the School of Biological Sciences, Flinders University, 
Bedford Park, South Australia. 


A nuclease function of DNA polymerase excises mismatched regions 
Exercise of its multiple functions in vivo might enable 
this enzyme to participate in the excision and repair of DNA 
lesions, as well as in replication of DNA. 


nuclease activity also functiohs in the absence of synthe- 
sis®t; it requires a double-stranded template®, and is 
characterized ®y production not only of mononucleotides, 
but also of di, tri and larger oligonucleotides’? (compare 
Table 1). This distribution of oligonucleotides may result 
from failure of DNA polymerése to cleave terminal bonds, 
resulting in exposure of the second or subsequent phos- 
phodiester linkages to hydrolysis at the 5’“>3’ @xonuclease 
site. An earlier model of the active centre of DNA 


496 ° 
a polymerase! has been joditedi in Fig. la to illustrate the 
excision of a trinucleotide concurrent with polymeriza- 
*tion. ` 
The new feature of this model is the proposed ability 
of the 5—3” exonuclease to hydrolyse double-stranded 
DNA in the duplex region beyond a set of non-hydrogen- 
bonded residues, excising oligonucleotides containing 
these residues. If this model is correct, an oligonucleotide 
with several residues at the 5’-end which cannot form 
hydrogen bonds, such as*the deoxycytidylate residues in 
Fig. 1b, should still be susceptible to 5’-+3’ exonuclease 
action, despite the double-strand specificity of this activ- 
ity. It has now been found that with such a substrate the 
product of 5’->3" nuclease action 1s an oligonucleotide of 
tetradeoxycytidylate with one or moze deoxythymidylate 
residues at the 3’ end. 
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duplexes of ọX replicative form or single-stranded circular 
M13 DNA (ref. 8). Excision of oligodeoxythymidylates by 
the 5—3 nuclease”, however, implied that the enzyme is 
capable of the special endonucleolytic cleavage illustrated 
in Fig. la. To confirm this point a tetramer of deoxy- 
eytidylate, labelled at the 5’ end with **P-phosphate by 
the action of polynucleotide kinase and y-*?P-ATP on 
d-C(pC), (ref. 9), was prepared. Deoxynucleotidyl terminal 
transferase}? was used to add approximately 200 H- 
deoxythymidylate residues to the 3’ end of the deoxy- 
eytidylate tetramer, to produce a structure represented as 
Res the Ooo Boon via polymer, 
the deoxythymicdylate 
residues form a duplex sbeueture with the AA Jaooo. while 
the tetramer of deoxycytidylate at the 5’-end retains a 
single-stranded conformation. This material (Fig. 1b) 


b. 


L A=T —, 
7 ATI 7 5 = 3 ‘exonucicase 


Triphosphate site 


Fig. 1. Proposed orientation of substrates in the active centre of DNA polymerase. (Compare the model presented 


in ref. 1.) Ing, a 


a 5’-terminal sequence of the polydeaxythymidylate substrate is positioned in the active centre of 


the enzyme so that cleavage by the 5’-3’ exonuclease in the presence of a polydeoxyadenylate template would 


yield a trinucleotide. 
eytidylate region at the 5 


This unusual property of the 5—3 exonuclease may 
have a general biological role in the exeision of mis- 
matehed regions. An example of such a repair process is 
the excision of the distorted regions®.? caused by pyrimi- 
dine dimers in DNA irradiated by ultraviolet light. This 
report describes the excision by purified DNA polymerase 
of oligonucleotides containing thymine dimers from 
duplexes of irradiated polydeoxythymidylate and poly- 
deoxyadenylate, and from irradiated DNA. Repair of 
such DNA lesions through the excision, replication and 
nick-translation® properties of DNA polymerase is dis- 
cussed, 


Excision of Mismatched Sequences by DNA Polymerase 


DNA polymerase used in these experiments had no 
detectable endonuclease activity when assayed on circular 


In b, an analogous configuration is oe in which poly deoxythymidylate with a tetradeoxy- 
“terminus is positioned for cleavage by the 3’- -+3 exonuclease activity. 


was used to test whether Æ. coli DNA polymerase can 
perform the type of “endonucleolytic”’ excision predicted 
by the model, and if so, to determine whether the cut is 

made in the single-stranded oligodeoxyeyvtidylate region 
or in the base-paired region. 

After incubation of d(A) go00:PC(PC)3(PT) 200 with poly- 
merase and dTTP (dTTP stimulates, but is not essential 
for, 5-3 hydrolysis in this system) for 1 min, the products 
were analysed by paper chromatography (Fig. 2). The 
8H-radioactivity was released chiefly as deoxythymidine 
5’-phosphate (pT) with decreasing amounts of (pf), 
(pT), and (pT),, as before?, whereas the P was found in 
longer oligomers. The release of 8*P-oligonucleotides must 
have been from the 5’-end for 85 per cent of the P was 
released in products that migrated from the origin as 
compared with only 10 per cent of the *H. Hydrolysis 


TABLE 1. DISTRIBUTION OF OLIGONUCLEOTIDE PRODUCTS ON DEGRADATION OF IRRADIATED AND UNIRRADIATED POLYDEOXYTHYMIDYLATE 
BY DNA POLYMERASE 
° Products 
į 3 i vd a A] A Ea z A Ea 
Substrate Time at Per cent pT (pt), (pT), (nT), (pT)s PTh PT) (pT), 
ş °C hydrolysis Per cent of products released 
(PP seo 5h 8 100 
(pT 200+ H(A) so00 Sh o 82 76 9-6 i O-4 2-8 56  , 226 30 
Ps (pt), (pT), (pT), (pT), 
(PP) z09 5h 100 e >97 
(PT Yeso + ACA Janno 5h 100 79 21 
(pt). ga HALA Jison i min 50 59 19 10 35 32 2°8 any 
* Because the mobility of (p 6. , is close to that of (pE), the latter peak was subjected to formic acid hydrolysis. No significant radioactivity (<2 per 


cenit) was in dimer. e 


Data in top two rows are from Fig. 4. Data in the lower three rows are from Cozzarelli and R. B. K. (unpublished observations), using chromatography 
in the isobutvrate system? to identify producta Reaction conditions are deseribed in Fig. 3. N 
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from the 5’->3’ direction was confirmed by omitting dTTP. 
and adding dideoxy TTP (2’,3’-dideoxythymidine 5 
triphosphate), an analogue which blocks both polymeriza- 
tion and 3’->5’ hydrolysis by covalent attachment of a 
dideoxy TMP residue to the 3’-hydroxy! of the primer’. 
In the presence of dideoxy TTP less than 1 per cent of the 
3H was released during release of 85 per cent of the “P: 
The latter was released as oligonucleotides with a distribu- 
tion identical to that shown in Fig. 2. When A(A) 000 
was omitted, to prevent 5/—»3’ nuclease activity, a 40-min 
incubation with polymerase released 60 per cent of the 
3H and only 9 per cent of the *P. 
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Fig. 2. Producta of hydrolysis of DC(PC). APT 200 by the 5—3 nuclease 
action of DNA polymerase.. The reaction contained, in 0-1 ml, 100 


pmoles of DC(pC)(PT)ecei 6 pmoles of d(A)sooo, 25 nmoles of dTTP. 
160 pmoles of Æ. coli DNA polymerase, 70 mM potassium phosphate 
(pH 7-4), and 5mM MgCh. After 1 min at 37° C the reaction was stopped. 
by adding 5 gL of 0:25 M EDTA and chilling. The products were sepa- 
rated by descending chromatography for 40 h in isobutyric acid-1 M 
NH,OH-0-1 M EDTA (100: 60: 1-6) on Schleicher and Schuell Grange 
Ribbon 589 paper. Positions of reference compounds are shown, 


The deoxyeytidylate residues, which do not hydrogen- 
bond to the d(A),ooo. ave excised in oligonucleotides by the 
5/—»3’ nuclease action of the polymerase (Fig. 2). On the 
basis of their chromatographie properties we conclude 
that the main products are (pC),pT (48 per cent of P 
excised) and (pC),(pT), (35 per cent); smaller amounts of 
(pC),(pT), (9 per cent), (pC), (7 per cent) and (pC), (1 per 
cent) are also found. Thus DNA polymerase can excise 
a mismatched sequence by making an incision on the 3° 
side of that sequence in the base-paired region of the chain. 


Hydrolysis of Ultraviolet-irradiated (pT)200 


If DNA polymerase is able to excise mismatched 
sequences from a DNA duplex, then it might be able to 
excise the distorted region, caused by a pyrimidine dimer, 
from irradiated DNA. To test this prediction, (pT).200. 
labelled with °H or with 7H and P, was irradiated with a 
low pressure mercury lamp until its decreased absorbance 
at 267 nm indicated that 5 per cent of the thymines had 
been converted into dimers!®. Hydrolysis of the irradiated 
®H-(pT).99 in formic acid and separation of dimers from 
thymine by paper chromatography™ showed 7 per cent 
of the radioactivity in thymine dimer. After digestion 
to a limit with pancreatic DNase and snake venom phos- 
phodiesterase, a procedure which releases thymine dimers 


” r AN ` . . ) 4 
as pT pTpT (ref. 15) (the circumflex indicates a thymine 
dimer involving the designated deexythymidine residues 
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4 
or the presence of dimer in an oligonucleotide), 11 per cent 
of the radioactivity was not digestible to pT. The mradi, 


ated oligonucleotide, designated (pT 200. Was tested as a 
substrate of the polymerase. an 

When sufficient d(A)qooo Was added to form duplexes. 
with all of the (pT)s0o. DNA poly. erase catalysed hydro- 
lysis of the irradiated polymer to an extent and with a 
rate only slightly less than for the non-irradiated material 
(Fig. 8a). When d(A)soo0 Was omitted, so that only 3'-+5" 
nuclease activity could occur®, only about 10 per cent ol 
the ( PT) soo was hydrolysed (Fig. 36), as would be expected 
if the 3-5 nuclease activity, which can only excise 
mononucleotides'®, were to release pT residues from the 
8’ ond until it camé close to a dimer and then were to 
stop. Similar behaviour has been reported for Æ. cols 
exonuclease I". Because d(A Joo is required for extensive 


hydrolysis of (pT) it is likely that only the Bie 
nuclease is involved in the excision of thymine dimers. 
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Fig. 3. Kinetics of hydrolysis by DNA polymerase of irradiated and 
unirradiated (pT)aso. a3 single strands or in duplexes with dA )asen: 
(a) with d(A Jaco, (5) without d( Aae Each reaction contained, in iri mi. 
25 pmoles of *H-(pTiioo, 40 pmoles of DNA polymerase, 50 mmoles of 
dTTP, 70 mM potassium phosphate (gH 7-4), and 5 mM MgCl; a alse 
contained 2:5 pmoles of d(A Jaso Samples (15 wl.) were removerl at inter 
vals during the incubation at 87° C, and the fraction of radioactivity 
which could not be eluted from DEAE paper by 02 M memoni 
formate (pH SOF was measured. 


Thymine Dimers are Released as Components of 
Oligonucleotides 


j 

of (pT) released only pT in small amounts. In the 
presence of d(A)so00 (Fig. 46; Table 1), DNA polymerase 
excised radioactive dinucleotides and larger oligonucleo- 
tides as well as pT. Unirradiated (pT)20o9 in Whe absence 
of d(A)sooos Was completely digested to pT (Table 1). In 
the presence of d(A),o% it was completely digested to a 


+ 


_ observed previously? (Table 1). 
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characteristic mixture of (pT), (21 per cent) and pT as 
Thus the result of intro- 
ducing dimers is both to make polynucleotides resistant 
to the 3-5’ nuclease and to permit excision of a stable 
„population of oligonucleotides by the 5—3 nuclease 
activity. We stress the stability of the oligonucleotides 
because in these reaction conditions (5 h hydrolysis at 
37° C) oligodeoxythymidylates of chain length three to 
eight without thymineedimers are hydrolysed by the 
3’->5° exonuclease activity of DNA polymerase to a 
mixture of pT and (pT), (Table 1): it is the presence of 
thymine dimers in the irradiated oligonucleotides that 
makes them resistant to further hydrolysis. 

The chain length of these oligonucleotides was deter- 
mined by eluting them and comparing their mobilities 
with those of appropriate markers on subsequent chroma- 
tography. The three main oligonucleotide peaks had 
mobilities close to those of (pT), (pT), and (pT),; the 
radioactive material that had migrated from the origin 


but had not resolved into a separate peak ((pT),; Fig. 4) 
chromatographed with a (pT), marker. These products 
are designated (pT);, (pT), (pT), and (pT). Further 
evidence in support of these chain length estimates was 
obtained by formie acid hydrolysis of (pT), and (pT), and 
separation of thymine dimer from thymine by paper 
chromatography. The ratios of radioactivity in the 
dimer to that in the monomer were 2:31 and 2:44 
respectively. . Ea 
The small peak {0-3 per cent of total radioactivity) 
preceding (pT), in Fig. 4b is probably (pT),. as judged 
from its mobility and its dimer content. The peak of 
(pT), is present as in the unirradiated control and contains 


no thymine dimers (<2 per cent). No (pT), was detected 


50,000 





NATURE VOL. 224 NOVEMBER 1 1969 


and the upper limit for this compound, which overlaps 
with (pT), on chromatograms, is 0-2 per cent of total 
radioactivity. In the material which ‘remains at the 
origin, 24 per cent of the thymine residues are in dimers ; 
this material may include oligonucleotides containing 


dimer clusters’, Any oligonucleotides larger than (pT), 
would be retained at the origin on chromatography in the 
DEAE system (Fig. 4). 


Location of Thymine Dimers in the Cligonucleotides 


By chromatographic examination of the products 
released from the oligonucleotides by venom phosphodi- 
esterase or by spleen phosphodiesterase, it is concluded 


that the main structures present in the oligonucleotide 
: ts 
fraction are of the type (pT)spTpTpTpT, where n= 1 to 4. 


Thus venom diesterase, which hydrolyses nucleotides 
from the 3’-side of a dimer?’, converts (PL), into two 
equivalents of pT and one of (pT), Treatment of the 

A 
resultant (pT), with alkaline phosphatase and spleen 
diesterase, which removes nucleotides from the 5‘-side of 
dimers in oligonucleotides with a free 5’-OH group?8-20 | 
releases orthophosphate, two equivalents of thymidine 

AN, -g * . X ? ee 
and one of TpT. Hydrolysis of the original oligonucleo- 
tide mixture produced by polymerase (Fig. 4) with venom 
diesterase before chromatography gives a pattern of 
oligonucleotides equivalent to that in Fig. 4, but with all 
products two nucleotides shorter. Chromatography of 
the products of phosphatase +spleen diesterase action 

A a A a ae 

on (pT),, (pT), and (pT), gives orthophosphate, thymidine, 

a, 

TpTpTpT and a smaller proportion (up to 25 per cent) of 
as, an 


TpTpT in each case. Formation of TpTpT indicates that 
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E cts of extensive hydrolysis by DNA polymerase of **P-, *H-(pT).o. in the presence and absence of 
Producte: Eyi : The reaction mixtures (100 wl.) were identical to those in Fig. 8, 


except that they contained uniformly and doubly labelled (CH and **PYp'l),,, and the incubation was for 5 hat 37° C. 


The products were separated by chromatography on DEAE paper, with a 0-25 M ammonium bicarbonate solvent 


3 min were cut out and counted. 


; i . noe ‘ yy: f ‘ ; ierant on cm. 
e until a pT marker on a reference chromatogram had migrated 22 _ T] i ' lar irc OgT 
was repsAtad in 0-3 M ammonium formate until the solvent front had migrated 28 cm from the origin. Strips of 
A Bars under pT, (pE), and (pT), mark positions of reference compounds; zones 


The paper was dried and chromatography ‘ 


marked (p't},-(pl), were eluted and characterized as described in thé text, 
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isomeric oligonucleotides with only, one deoxythymidylate 
residue to the 3’ side of the dimer may also b> present. 
The oligonucleotides were not hydrolysed by spleen 
diesterase, which requires a free 5’-hydroxyl, untal the 5’- 
phosphate had been removed by alkaline phosphatase. 
Exonuclease I, which hydrolyses from the 3’ end down to 
a dinucleotide™, did not attack the polymerase products. 
The structures and distribution of the oligonucleotides 
are consistent with the following model. Thymine 
dimers do not form effective hydrogen bonds with the 
complementary strand. Thus when 5—7 hydrolysis 
has progressed to within one to four bases of the dimer 
there is not sufficient hydrogen bonding capacity to pre- 
vent the 5’-end from fraying out to give a structure like 
that in Fig. 1b with one to four bases preceding the dimer. 
The polymerase can cut off this frayed segment, just as it 
can a tetracytidylate terminus in the experiment de- 
scribed in Fig. 2 by making a scission at the base-paired 
region where double-stranded structure is first restored. 


The virtual absence of (pT), and (pT) 3 is explained if 
DNA polymerase rarely hydrolyses the phosphodiester 
bond immediately adjacent to the 5’ side of the thymine 
dimer. 


Excision of Thymine Dimers from Irradiated DNA 


To find whether thymine dimers can be excised from 
irradiated DNA in the same way as they are excised from 


the irradiated homopolymer (pT), Æ. colt DNA, labelled 
with ‘H-deoxythymidine, was nicked with pancreatic 
DNase to introduce sites for polymerase action?, and then 
irradiated until 6 per cent of its thymine residues were 
converted into thymine dimers. This DNA was subjected 
to hydrolysis by DNA polymerase either before or after 
heat denaturation (Table 2). The extent of hydrolysis in 


10,000 


1,000 


Radioactivity CH ¢.p.m.) 


100 | 








$ 
Table 2. EXTENT OF HYDROLYSIS OF IRRADIATED AND UNIRRADIATED 
E. coli DNA BY DNA POLYMERASE ° 
Extent of hydrolysis determined fy 
Migration from origin on 
DEAE chromatogram 
Unirradiated Irradiated 


+ 


Acid-solubilitv 


Structure of Unirradiated frradiated 
D 


NA per cent per eent per cent, per cent * 
Native 56 14 100 87 
Heat-denatured 30 4 85 13 


Nicks were introduced into *H-deoxythymidine lapelled-E. coli DNA 
(0-325 mM in residues) by incubation with 0-28 vwa/mi. of pancreatic DNase 
in 63 mM potassium phosphate (pH 7-4), tontaining 6-3 mM MgCl, at 37° © 
for 20 min. The DNase was inactivated by heating at 70° C for 10 min. Half 
of the nicked DNA was then irradiated under a low pressure mercury lamp 
(max. emission 254 nm) until 6 per cent of the thymines were dimerized, as 
determined by formic acid hydrolysis. Portions of the irradiated and umir- 
radiated DNA were denatured by heating to 100° C for 10 min, followed by 
quick cooling. The DNA solutions were diluted with water to give a final 
DNA concentration (in nucleotide residues) of 0-26 mM in 50 mM potassiam 

hosphate (pH 7-4), containing 5 mM MgCl,, in 0-2 mL; 40 pmoles of Æ. salt 
DNA polymerase was added and the solutions were incubated at 7° © for 
20h, Samples (0-14 ml.) from each incubation mixture were chromatographed 
as described in Fig. 4, and the distribution of *H in each segment was determ- 
ined. These data give the percentage of total radioactivity which migrated 
away from the origin or which was rendered acid-soluble. The two asaya 
differ because an oligonucleotide which does not migrate on DEAR paper 
{about ten residues long) may be acid-soluble (not precipitable by 7 per cent 
perchloric acid). 


the single-stranded state, where only 3’->5' exonuclease 
action is possible, was much less than in the native state, 
where 5’->3’ nuclease activity can also occur. 

The products were analysed by DEAE chromatography, 
as before. From unirradiated DNA, a multiple peak of 
dinucleotides, 15-22 em from the origin, was obtained, 
confirming that the 5—>3 nuclease action was operative 
(Fig. 5a); no such peak appeared with denatured DNA as 
substrate. Among the products from irradiated DNA 
(Fig. 5b), but not from the control, were oligonucleotide 
fractions with characteristically slow mobilities (1 to 8 em 
from the origin). Only the oligonucleotide region and the 
material of higher molecular weight at the origin contained 


thymine dimers. As with d{A)}jo00:(PTlees, the 8-3’ 
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x Fig. 5. Products of hydrolysis by DNA polymerase of ultraviolet-irradiated and unirradiated native Æ. coli DNA: 


a, unirradiated: b, irradiated 
Table 2, 


; € . The procedure for irradiation and hydrolysis of the DNA is given in the legend to 
Oligonucleotides were eluted in 1 M triethylammonium bicarbonate—triethylamine (26:1, v/v) fram the 


chromatogram of irradiated DNA and the thymine dimer content was measured aftes formic acid hydrolysis, 
The percentage of the °H dimer in each region is indicated in b. 


2 © 
500 . 


nuelease action of DNA polymerase can excise oligo- 


nucleotides containing thymine dimers from irradiated 
DNA. 


Yersatility of DNA Polymerase 


The multiple catalytic activities of purified DNA poly- 
merase from E. coli, permitting polymerization and hydro- 
lysis, have been’recognize oe but the biological 
significance of the enzyme’s potentiality for nick transla- 
tion in duplex DNA? has been obscure. It is now evident 
that the versatility of the 5’--3’ exonuclease activity is 
greater than had been recognized, and that its ability to 
excise mismatched sequences by hydrolysing phospho- 
diester bonds in the hydrogen-bonded region on the 3’ 
side of pyrimidine dimers or other distortions in the 
polynucleotide duplex could permit DNA polymerase to 
play a part in DNA repair and recombination in addition 
to its potential role in replication. If there is a limit to 
the size of the strand that can be excised by DNA poly- 
merase it must be greater than eight nucleotides, and it 
is not clear why the polymerase does not hydrolyse single- 
stranded lengths of DNA at their junctions with duplex 
strands during replication în vivo or during in vitro synthe- 
sis of readily renaturable and branched DNA (ref. 22). The 
newly discovered property of the polymerase must also 
be considered in schemes of symmetrical DNA replication. 
such as that recently proposed’. 
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Fig. 6. Hypothetical scheme for participation of DNA poly merase in 


the repair of irradiated DNA. 5’ and 3’ refer to the 5’ and 3° termini of 
the duplex. The arrowhead represents a 3’-hydroxv! group at the growing 
end of the chain. 


The most widely held model for excision of thymine 
dimers during repair of irradiated DNA in vivo proposes 
incision by an endonuclease that recognizes distortion 
of the duplex, excision. of the damaged region by a second 
nuclease, replacement of the excised region by DNA 
polymerase, and sealing by a ligase (for a recent review. 
see ref. 23). If as in the experiments reported here, 
DNA polymerase catalyses both the replacement and 
excision steps, a simplified model for repair of irradiated 
DNA or DNA with mismajched sequences can be pro- 
posed (Fig. 6). A thymine dimer introduces distortion 
into a DNA helix®:? (Fig. 6a); an endoniglease specific 
for damaged or irradiated DNA recognizes the dimer or 
the distortion and makes a single-strand break close to 
the djmer*#~?? (Fig. 6b). Excision of the distorted region 
by DNA polymerase requires that the nick introduced 
by the endonuelease be to the 5’ side of the thymine 
dimer: repair requires a 3’-OH terminus at that nick 
(ntroduced either by the endonuctease or by subsequent 
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phosphatase action). Jf the nick is close to the dimer, 
local denaturation will occur because of the inability 
of the thymine dimer to participate in hydrogen bonding? 
(Fig. 66 and c). By adding nucleotides covalently to the 
3’-OH terminus, the polymerase restores the duplex 
structure (Fig. 6c) until it reaches the opposite side of the 
gap, at which point the 53’ exonuclease activity of the 
polymerase excises the damaged region as an oligonucleo- 
tide (Fig. 6d). The polymerase continues to tr anslate t the 
nick along the duplex in a 5’-»3’ direction (Fig. 6e) until 
polynucleotide-joming enzyme (ligase)**?* intervenes to 
close the nick (Fig. 6f). Repair is then complete. 
Because DNA polymerase excises thymine dimers from 


(pT) as Oligonucleotides of structure (pT) sp¥pT (pT). 
the model in "Fig. 6 Gf operative in vivo) would predict 
that the specificity of the endonuclease determines the 
size of the dimer-containing oligonucleotides excised. For 
example, if n=0, the major product excised by DNA 


os AN 

polymerase will be pT pTpXpY, with pT pTpX as a possible 
munor component. These predictions are consistent 
with the characterization of excision products in vivo®??! 
as tri, tetra and perhaps higher oligonucleotides, with 
one phosphate sensitive to alkaline pnosphatase*!, but it 
is possible that these products may have resulted from 
hydrolysis of larger oligonucleotides by intracellular phos- 
phatases and phosphodiesterases. 

If DNA polymerase has the biological role suggested 
here, the majority of the excised products should have two 
residues to the 3’-side of the dimer, and terminate in a 
3’-hydroxyl group. In addition, the ultraviolet-specifie 
endonuclease should make a break to the 5’-side of the 
damaged region. Thus far, an ultraviolet-specific endo- 
nuclease has been purified only from Micrococcus luteus 
(lysodeikticus)**-?7, but as yet it is not known to which 
side of the dimer the cleavage is made. Whether or not 
me specific endonuclease introduces a 5’-phosphate or 

5’-hydroxyl terminus has no effect on the susceptibility 
of the polynucleotide to 5’—~3’ hydrolysis by DNA poly- 
merase; the operation of p HI or a similar 
3’-phosphatase in Æ. colt®®? would provide a 3’-hydroxyl 
group for synthesis. 

A role of DNA polymerase im repair would best be 
demonstrated if a mutant m repair or recombination had 
a defect in its DNA polymerase. In three of the ultra- 
violet-sensitivity genes (uvr-) that have been mapped 
in Æ. colt, the excision of thymine dimers**, the mtroduc- 
tion of single-chain breaks** and the ultraviolet-associated 
breakdown to DNA*® are all reduced or absent. In addi- 


tion, these genes do not affect recombination and so 
may all be involved only in the first incision step. Excision 


and replication might also be involved in recombination 
mechanisms, for recombination-deficient mutants (rec-) 
are ultraviolet sensitive®*. In one class of such mutants 
(rec A), thymine dimers are excised, with associated 
extensive degradation of DNA‘, 

It is estimated that during excision of thymine dimers 
in vivo 20 to 500 nucleotides are replaced for each thymine 
dimer excised**-!, In the model presented in Fig. 6. 
this number depends on the distance that the polymerase 
translates the nick before bemg displaced by hgase. A 
mutant, such as rec A, which breaks down large amounts 
of its DNA after irradiation might be defective only in the 
relative binding affinities of ligase and polymerase for 
nicked DNA. More extensive breakdown of DNA occurs 
after ultraviolet irradiation of an #. goli mutant reported 
to be ligase-defective’?, Such quantitative changes in 
enzymatic properties, rather than total absence of these 
enzymes, may be all that is required to cause marsed 
phenotypic changes. 


We pence then, ma thes 5 meas BC ase function of 


AA e ae nor asec tele activ ity. 
there is a mismatched region in the duplex TNA 
hydrolysis the enzyme will make subterminal incisions, 
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releasing oligonucleotide products. This property of DNA 
polymerase might enable the enzyme, im vivo, to carry 
out both the excision associated with DNA repair and the 
polymerization® of DNA. 
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by Photorespiration probably began when chloroplasts were sym- 


A. GOLDSWORTHY 


Department of Botany, 
imperial College, London 


Mosr higher plants release a considerable amount of 
carbon dioxide when they are photosynthesizing, a 
phenomenon known as photorespiration. Various attempts 
have been made to measure this and it seems that this 
loss of carbon dioxide is comparatively large, occurring 
at about five times the rate of respiration in the dark’. 
Further studies reveal that photorespiration is due to the 
oxidation of photosynthetic products by a mechanism 
which differs from normal or “dark” respiration and that 
the two processes are located at different intracellular sites’. 

The process of photorespiration seems to confer little 
or no benefit on the plant. Indeed, the reverse seems to 
be true, for higher plants both photosynthesize more 
rapidly and grow faster when photorespiration is inhibited 
by lack of oxygen*-*. Also, other plants seem naturally to 
lack the phenomenon of photorespiration®, and it-may be 
no coincidence that these plants, which include maize and 
sugar cane, are among the fastest growmg of the higher 
plants. 

The widespread occurrence of photorespiration, together 
with its apparent lack of useful function, presents an 
enigma—how did such an apparently wasteful process 
evolve in a highly competitive world ? As an explanation 
I put forward the following hypothesis for discussion. It 
is, as far as I am aware, consistent with all the known 
facts. 

Let us assume that hundreds of millions of years ago. 
shortly after life dawned on Earth, there existed many 
photosynthetic microorganisms, rather like today’s 
photosynthetic bacteria. There would also be many non- 
photosynthetic types, some of which would be the mobile 
forerunners of our present day animal kingdom. 

+» 


biotic with primitive microorganisms. It long since ceased, but now 
the concentration of carbon dioxide in the air is probably such 
that the process is occurring again. 


Being primitive, these organisms were probably mach 
more dependent on one another than their present day 
counterparts; for example, the photosynthetic organisms 
may have needed to obtain certain nitrogen compounds 
from the non-photosynthetic types. The present day 
nitrogen cycle is an example of such an association. 

If we admit that it may be an advantage to the photo- 


expect natural selection to produce photosynthetic 
organisms capable of attracting the mobile non-photo- 
synthetic types. One obvious way for them to do this 
would be by the secretion of a diffusible food material. 
Glycollie acid could well have been the substance involved, 
for it is readily derived by a side reaction from photo- 
synthesis and is still secreted by certain algae’. Such a 
secretion, however, if it is not to be wasteful, would need 
to be controlled by a feedback mechanism which turned 
it off when sufficient non-phogosynthetic organisms had 
been attracted. There are two obvious ways in which non- 
photosynthetic organisms can be detected in an environ- 
ment: first, because they reduce the oxygen content and, 
second, because they increase the earbon dioxide concern- 
tration. It seems likely tha» the primitive green micro- 
organism used these factors to control its production of 
glycollate, possibly by means of an allosteric enzyme. 
Thus glycollate would only be produced when oxygen was 
present in high concentrations and carbon dioxide in low 
concentrations (that is, when there were no primitive 
animals in the environment). It will be noted that our 
present day algae seem to control the secrefion of glycollate 
by a similar mechanism’, 
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Symbiotic Relationship 


"But while the plant kingdom had been perfecting this 
‘ivcollate producing system, the animal kingdom would 
not have been idle. It would almost. certainly have 
preduced types specifically adapted to feed on glycollate 
and which possessed some locomotory capability with 
which to seek it out. These types, some perhaps amoeboid, 
others flagellate, would in this way enter a loose symbiotic 

relationship with the plants. Soon a non- photosynthetic 
type would engulf a photdsynthe tic organism in a vacuole 
so that they could live in a much more intimate symbiotie 
relationship than before. This relationship could be 
maintamed through the generations by both organisms 
growing and dividing m a coordinated manner. much as 
do the algal and fungal components. of our present day 
hehens. If this symbiotic pair had an advantage over 
their free living ancestors, then the forces of natural 
selection would have made this last step inevitable. Thus 
were born the first chloroplasts. 

Evolution has come a long way since the formation cf 
the first chloroplast. The chloroplast has now become an 
integrated part of the cell in higher plants, but there is still 
plenty of evidence pointing to its origin as a separate 
organism. For example, it is surrounded by two distinct 
membranes, the outer being presumably the vacuolar 
membrane of the host and the inner being the cell mem- 
brane of the green microorganism”. Also chloroplasts 
contain their own DNA, their own specific type of ribo- 
some and they arise only by division of pre-existing 
plastids’, all this being characteristic of their separate 
identity. 

If the chloroplast did evolve by this means, it is not 
surprising that even today it transfers some of its photo- 
synthate to its host, the higher plant cell, in the form of 
glycollate. Tolbert. ef al. demonstrated this?:*?° when 
they showed that the chloroplast secretes glycollate, 
which is then metabolized to form amino-acids and 
sugars which can be used by the cytoplasm. This meta- 
bolism gives rise to the carbon dioxide evolved in photo- 
respiration!, 

In the course of evolution the chloroplast seems to have 
become permeable to substances other than glycollate. 
Proof of this is the well known fact that starch disappears 
from the chloroplasts of a darkened plant even though 
glycollate is net formed in these circumstances!?. Glycol- 
late, however, is still one of the most important media by 
which carbon leaves the chloroplast in the light. and it has 
been estimated that in tobacco about half the carbon fixed 
photosynthetically is metabolized through glycollate in 
this way. 


Role of Glycollic Acid 


Glycolic acid seems eminently suited for its role 
moving carbon across the chloroplast membranes, for it is 
a very small molecule and therefore easily diffusible, and, 
once outside, it is mstantly metabolized so that the maxi- 
mum concentration gradient is maintained to facilitate 
its outward diffusion. 

The principal disadvantage of glycolate in this role is 
that when it is metabolized and rebuilt into sugar in the 
cytoplasm, a considerable proportion of it is lost as carbon 
dioxide" which must then be refixed photosynthetically if 
it is not to be lost permarwntly. This obviously represents 
a waste of photosynthetic energy, but most plants seem 
able to tolerate it. Nevertheless, as Bjérkman demon- 
strated’, they would fix mere carbon and grow faster if 
the loss were eliminated. 

The question may now be asked: if on balance, 
glycollate metabolism and the consequent photorespira- 
tion are disadvantageous to a plant possessing it, why has it 
not been selected out during the course of evolution ? One 
interesting possibility is that, when expressed on the time 
scale of e®olutfon, photorespiration is of comparatively 
recent origin. By this I mean that although the capacity 
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to produce glycollate has always been there, its actual 
production has for many millions of years been inhibited 
by a high ambient concentration of carbon dioxide. There 
is good reason to beleve that the atmosphere of the Earth 
was once very rich in carbon dioxide and that this con- 
centration has been declining during the course of time 
because of its Incorporation into living organisms and the 
vast deposits of coal, peat and oil. Thus it could be true 
that at this present stage m evolution we are witnessing 
the reduction in the concentration of atmospheric carbon 
dioxide to a level which is just permitting photorespira- 
tion, but that this has not vet gone on long enough for 
natural selection to have eliminated the process. As an 
indication of this, it can readily be shown that even a 
slight merease in the ambient concentration of carbon 
dioxide to about 0-1 per cent will significantly reduce the 
amount of glycollate produced in the leaves of higher 
paon": and a vee bare eaes ae is Racks ady used 
That the. offee ct a P iiener ah pee donde in 
greenhouses may be due more to the inhibition of photo- 
respiration than a stimulation of photosynthesis is sugges- 
ted by the fact that it is effective in winter in low light 
conditions when the concentration of the gas should not 
be limiting photosynthesis. This has been confirmed by 
observing the pattern of labelling when “CO, is supplied to 
plants in conditions of CO, enrichment. The effect of 
enrichment is to reduce the incorporation of label into 
glycine and serine’, both substances being intermediates 
in the pathway of photorespiration”’. 

Thus, in conelusion, plants probably inherited the 
capacity to produce glycollate and undergo photo- 
respiration because of the original symbiotic condition of 
the chloroplast, in which glycollate was the principal food 
transferred to the “host”. But this was wasteful in that 
its further metabolism to sugars and so on involved the 
release as CO, of some of the carbon fixed. When the 
chloroplast evolved to become permeable to substances 
other than glycollate, the need for glycollate production 
was removed. Plants then evolved so as to turn off glycol- 
late production by modifying the normal control mechan- 
ism, that is, selection occurred so that the normal CO, 
concentration of the Earth’s atmosphere was sufficient to 
prevent glveollate synthesis. Now, however, the atmo- 
spheric CO, has decreased such that this control mechan- 
ism is no longer completely effective and photor aspiration 
is once more occurring. 

Although man can to some extent turn the clock back 
by enriching the air in his greenhouses with CO,, the future 
of plant life on the Earth probably les in the evolution of 
types lacking one or more key enzymes of photorespira- 
tion. I would expect this evolution probably to be initia. 
ted in plants growing in closely packed stands in tropical 
conditions, where the problem of the lack of CO, to inhibit 
the production of glycollate would have become apparent 
first. Perhaps it is no coincidence that many of the non- 
photorespiring plants such as maize and sugar cane grow 
in just these conditions. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Solar Microwave Burst from 
Behind-the-Limb Proton Flare 


‘Tue solar microwave burst of March 39, 1969, was unusual 
in two respects. First, the values of the peak flux 
densities included in Table 1 rank it as the largest ever 
recorded in the em ranget? Second, the burst can be 
associated with a behind-the-limb proton flare. A 
similar proton flare on November 20, 1960, was recorded 
with a modest em burst®. At the time of the March 30, 
1969, solar radio burst, Manila Observatory recorded an 
eruptive prominence on the west limb (EPL). The EPL 
came from McMath region 9994, the location of which was 
projected to be 18° N and 15° behind the west limb. The 
tops of postflare loops were visible 45 minutes after the 
start of the microwave burst (R. A. Miller, private com- 
munication). Preliminary data from Pioneer satellites 
indicated the arrival of solar protons about an hour after 
the radio event’. At 2119 UT or 18-5 h after the radio 
event, Manila Observatory recorded a sudden commence- 
ment (SSC) of 22 gammas. The average delay time for 
SSC is about 20 h. 

The spectrum of the peak flux densities is shown in 
Fig. 1. Additional points are from Toyokawa (H. Tanaka, 
private communication) and from Hiraiso and Mitaka 
(T. Takakura, private communication). The values of 
the flux densities are accurate to within 10-15 per cent. 
These large bursts were recorded on low gain recorders 
run simultaneously with high gain recorders. According 
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Fig. 1. Spectrum of great radio burst on March 30, 1969. Observing 
frequencies were: Manila (8,800, 4,995, 2,695, 1,415 and 606 MHz), 
Foyokawa (9,400, 3,750, 2,000 and 1,000 MHz), Hiraiso (500 and 200 
MHz) and Mitaka (17 GHz). 
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Fig. 2, Great radio burst observed on March 30, 1969, at Manila 


Observatory. 


to the AFCRL microwave spectral classification, this 
spectrum belongs to class Al, in which flux density 
increases with frequency and where flux at the highest 
frequency exceeds 500 flux units. The present spectrum 
shows a decrease in flux density at 17 GHz. This does not 
necessarily conflict with the AFCRL classification because 
that study was based on fixed frequency observations 
with the highest frequency at 8,800 MHz. A sub-group 
of class Al is the U-shaped spectrum, one with a minimum 
in the dm range, which is highly correlated with proton 
events*. The present spectrum does not show a minimum 
in the dm range. This can be explained by the severe 
attenuation of the metre and decametre waves by the 
long dense path through the chromosphere or lower 
corona. The long waves associated with proton flares 
taking place on the visible disk have to pass only through 
the corona to reach the Earth. 

The eruptive nature of the event observed optically and 
confirmed by the arrival on Earth of PCA protons and of 
protons causing geomagnetic storms may be reflected in 
the time development of the radio burst (Fig. 2). The 
progressive time delays of the times of the peak values 
in the direction of decreasing frequency suggest the out- 
ward motion of the radio emission source. In a complex 
burst (one with several peaks) ambiguity is present. 
But in the present case there is only one important peak 
in each frequency. Table 2 furthermore indicates the 
progressive time delays of the starting times also in the 
direction of decreasing frequency. The times can be 


Table 1. SINGLE FREQUENCY RADIO BURST MAXIMA (FROM 1956 TO MARCH 30, 
1969) 


Frequency Peak flux density . 

(MHz) {x102 War? He) Date Observatory 
200 ~ 500,000 Apr. 8, 1959 Netherlands 
545 ~ 100,000 Mar. 29, 1960 Hollandis 
606 370,006 *May 23, 1967 Sagamore Hl 

4,000 247,800 Mar, 29, 1960 Nagoya 

1,415 87,000 May 23, 1967 Sagamore Hill 

2,000 © 49,000 Mar. 20, 1969 Nagoya 

2,695 35,000 Mar, 30, 1969 Manila 

3, 5,600 Bep, 3, 1960 Tokyo 

3,750 30,000 Mar. 80, 1969 Nagova 

4,995 39,000 aMar. 30, 1969 Manila. 

8,800 44,000 Mar. 30, 1989 Manila 

9,400 $2,060 Mar. 30, 1969 Nagoya 

9,500 ~ 25,000 Mar. 29,1960 * Toyo 

19,000 > 18,000 Jal. 6, 1968 Slough 
71,000 47,000 o Jnl. 6, 1968 Slough 





« e 
504 , 
e 
Tabie 3) VALUES FOR THE GREAT BURST OBSERVED ON MARCH 30, 1960, AT 
, MANILA OBSERVATORY 
R e , z Flix density 
Freq. Time in UT Dur (x10 Ware? Hz} Type 
{MHz} Start Max. (min Peak Mean event” 
. S00 OZ4TO O248-5 105-3 44,000 3.100 7 
4,995 O02470 0248-4 108-0 30,000 3,000 
2,605 0247-2 *0249-1 TOTA 35,000 3,000 i 
L415 02473 0240-4 1I7-5 9.200 960 47 
606 9247-9 O250-5 5-9 4 800 380 47 
* 47--Great burst. 


read to an accuracy of 0-05 minutes. A more detailed 
analysis is being undertaken. 

Riometer records (30 and 18 MHz) at Manila (14° 38° N) 
show no absorption (SCNA), but instead show a slight 
Increase in radio noise. Also, no megnetic crochet was 
recorded, But big SPAs were recorded on three VLE 
paths: 198° phase advance on the Rughby-Manila path 
(GBR), 198° on the Seattle-Manila path (NLK) and 
136° on the Maine-Manila path across the North Pole 
(NAA). These phenomena indicate that N-rays capable 
of ionizing the D-region were associated with the proton 
flare. 

Several intriguing problems are raised by this unusual 
event, and may serve as a test case for theories about 
proton flares, the propagation of protons and of em waves 
from beyond the limb. 

This research was funded by the Air Foree Cambridge 
Research Laboratories. We thank J. P. Castelli for 
valuable discussions, and Mr T. Orduna, SMSgt D. Smith, 
jun., and SSet R. F. Travers for their measurements. 

V. L. BADILLO 
J. E. SALCEDO 
Manila Observatory, 
Quezon City, 
Philippines. 
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Pulsar Distances, Spiral Structure and 
the Interstellar Medium 


THERE have been several attempts to estimate the 
distances of the pulsars using theoretically based models 


for the free electron distribution in the interstellar 
medium, <A different approach is to make a crude first 


order approximation that the pulsars are immersed in a 
uniform dispersing medium, calculate the distances and 
directions of all pulsars on this assumption and compare 
the results with the properties of other galactic corn- 
ponents, particularly supernova remnants, which would 
appear to have a common origin. Discrepancies revealed 
in this comparison may then be used to refine the assumed 
model of the interstellar medium and improve the distance 
scale. 


oe a #. 4 - + 
For reasons discussed later F have taken the free 
electron density of the uniform medium to be ne= 


0-06 cm, In Fi ig. I the distribution of the forty pulsars 
of known dispersion measufe has been plotted as projected 
on to the galactic plane, on the assumption that their 
distances are directly proportional to fheir dispersion 
measure (fnedl), using my value of me. The pulsar para- 
meters are given in Table 1 
If the pulsars and the Ta medium are uniformly 

distributed throughout the galactic disk, it would be 
expected that the distribution in Fig. 1 would show 
circular symmetry. It does ngt. We may disregard 
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Table 1, THE GALACTIC COORDINATES AND DERIVED DISTANCES OF 40 PULSARS 


ca l S b Snell z d 

Designation (degrees) fem? pe) Ope) (pe) 
MP 0031 1 -69 12 “aaen 70 
MP 0254 271 -55 10 -137 96 
CP 0328 145 G 27 0 450 
MP 0450 217 ~34 26 ~ 253 346 
NFP 0527 34 F ot = 10% S30 
NP 0532 185 —§ a6 08 930 
PSR 0628-28 237-0 -167 10 -Jà 160 
MP 0736 254 ~ 106 ~ 260 1,640 
CP OBOS 140 +34 6 +56 $3 
AP 0823 + 26 17 + Bet i | LGS 268 
PSR 0833-45 264 ~3 63 ~54 1,050 
CP 0834 219-7 + 26-3 13 ~ 96 194 
M P 0835 260 ü 120 ü G00 
MP 0940 278 ~3 145 -127 2420 
PP 0943 230 t45 9-5 HHZ 112 
CP 0950 ZIR Q HST 3 ERA 34 
UP 0959 ad | =] gQ - 26 1,500 
CP 1133 241-9 + 60-2 5 +78 30 
MP UA 207 -O] 270 -N 4,500 
AP 1237 + 28 250 + SH Soy #442 10 
AEP 1240 302-0 ~ 1-0 230 = BE 3,660 
MP 1426 213 ~6 60 ~ 104 1,000 
MP 1449 315-3 -83 G0 ~ 138 1,500 
PSR 1451-68 313-9 ~ 8-6 12 29 198 
HP 1507 90 +53 15-5 206 234 
MP 1830 326 ka 20 * 12 352 
AP 154149 1s +46 35 + 420 405 
MP 1642 15 + 26 40 2R 800 
WP 1706 T +15 10 + 43 1G] 
MP 1727 341 -Ü 140 -365 2,420 
MPATT 344 -1 40 ~ 128 855 
PSR 1749-28 16 ~ 1-0 5l -15 850 
MP 1818 25 +5 70 + 103 1,160 j 
MP 1911 31 H7 75 TE 1,240 
CP 1919 53-8 +35 12-6 ete 210 
PSR 1929+ 10 48 -4 8 -9 134 
JAP 1933+ 16 52 -2 143 ae) 2,500 
AP 2015 +28 68 -4 l4 ~16 233 
PSR 2045-16 30-5 -33l 11 ~ 105 162 
PSR 2218 +47 os ~8 44 = i02 726 

l 2 , if reel nedi 
Tn the final columns are listed zs = > Sinbandd = fned cosh 
0-06 0-06 
the absence of high dispersion pulsars in the smaller 


sector between /==55° and /= 195° because this area is 
outside the field of view of the Molonglo Radio Telescope. 
This instrument is responsible for the diseovery of all 
but one of the high dispersion pulsars in the remaining 
sector. In this larger sector, however, the distribution 
also does not appear symmetric and displays features 
which seem to be closely related to the well known HI 
spiral pattern. 

ee ally pl e E may be associated with the 
> diagram whieh reproduce 





Fig, 1. The distribution of pulsars in the galactie plane on the assump- 
tion of a uniform disperging medium of density <ne> =0-06 em? 
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quite well in direction and distance the local and 


Sagittarius spiral arms. The high dispersion pulsars 
marking extensions of these arms appear to be particularly 
significant. This grouping seems too striking to be 
ascribed to chance, and the crude first order approximation 
to the free electron distribution would seem to be more 
accurate than one might reasonably expect. 

With this suggestion in mind let us look briefly at some 
of the relevant observed properties of the interstellar 
medium. First, it has been shown by Gould! that the 
free-free emission and absorption processes in the ionized 
medium agree with observations of emission at high 

radio frequencies and absorption at low radio frequencies 
if an electron temperature of about 6,000 K is assumed. 
There is no evidence for a significant component of low 
temperature electrons produced by cosmic ray ionization, 
except possibly in some directions of high HI con- 
centration, 

Gould also finds that the local value of the mean 
square electron density <ne?> ~0-06cm-*. We have 
seen, however, that a plausible distribution of pulsars is 
yielded by <ne> =006em or <ne>*=0-0036 cm. 
Distances derived from this value of ne are also consistent 
with a common origin for pulsars and supernova remnants. 
The former have a mean height above the plane, < |z| > = 
110 pe, while for the supernova remnants in the same 
part of the galaxy <|z|> ~ 85 pe according to a recent 
unpublished tabulation of Milne. In view of the un- 
certainty in both distance scales the agreement is good 
and the distributions in |z| GE ise seem very aoe 


(N P 0532) palara w th fe ronda SUPRON a 
remnants yield <ne> ~O-Land <ne> x003 respectively. 
According gly, there seems little cours that, in the inter- 
stellar medium, <ne?> > <Re> This inequality 
imphes that the distribution of the son medium is very 
irregular, but we have seen that the dispersion measures 
seem to give a good indication of pulsar distances. We 
must suppose that the free—free processes (X <n»? >) are 
dominated by dense clouds and the pulsar dispersions 
(X <e> } by a much more uniform tenuous intercloud 
medium?. The temperature of the ionized intercloud 
medium cannot be substantially less than that of the 
clouds or its effects would be more apparent in the low 
frequency absorption measurements. Thus ionization by 
dilute ultraviolet radiation must be supposed. 

Further evidence for a hot intercloud medium comes 
from some recent H-line observations of Radhakrishnan 
and Murray’, who find that the mtercloud hydrogen atoms 
are at a very much higher spin temperature than those 
in the HI clouds responsible for the greater part of the 
observed galactic emission and absorption of the H-line. 
In one direction at least the spin temperature exceeds 
1,000 Ik. 

A plasma with <ne> ~0-06 cm and T~ 6.000 K is 
unlikely to be closely confined to the galactic plane, 
certainly not if there is any tendency towards equipartition 
of turbulent energies. Ultraviolet ionization would be 
possible to great heights and, in general, one os 
expect such a plasma to exist at heights at least as great 
as those to which the magnetic fields extend. A measure 
of this extent is given by the galactic distribution of 
synchrotron radiation w hich is much wider than that of 
the H-line emission, for which the mean height < |z| > is 
similar to that of the pulsars. Accordingly. the assump- 
tion that all pulsars lie within the dispersing layer seems 
to be very reasonable. If this were not so it would be 
difficult to explain the resulting very Ingh z distances of 
some of the pulsars. 

A better fit to the Sagittarius arm distance and the 
Vela and Crab supernovae is obtained if it is assumed that, 
within the spiral arms, the mean electron density 1s 
greater than 0-06 cm and, between the arms, it is less. 
But the small amount of available data does not appear 
to justify the assignment of actual numbers at this stage. 


å 505 
Even if improved statistical distances can be obtained 
there seems little prospect of appreciably reducing tht 
uncertainty in the distances of individual pulsars, indeed , 
the only refinement which seems justifiable is an allowance 
for the dispersion measure of known HIT regions when the y 
le in front of a pulsar. Only two of the e PSR 
0833-45 and MP 0835, are obviously affected, but the 
HII region has low surface brightness and is believed to 
be very close so that corrections should not be large. 
Quantitative information is not &t present available, 

To conclude, it appears that the simplest possible model 
for the dispersing medium yields distances which are 
probably individually accurate to a factor of two or three 
and yields the pulsar statistics with much greater accuracy. 
There is a striking association of a group of ten pulsars 
with the accepted location of the Sagittarius spiral arm, 
The great majority of the remainder seem to be associated 
with the local arm. This interpretation of the data 
follows from the assumption of a fairly uniform distribu- 
tion of free electrons extending to much greater heights 
above the plane than the dense HI clouds. Such an 
ionized medium is also suggested by consideration of the 
properties of free-free emission and absorption and the 
distribution of the non-thermal galaectie synchrotron 
emission. 

Ea Y. MILLS 


School of an sics, 

University of Sydney. 
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Have the Diffuse Cosmic X-rays an 
Anisotropic Component ? 


We have recently shown! that if one assumes that the 
far-infrared radiation? is galactic, then inverse Compton 
scattering of these photons with cosmic ray electrons 
would explain the flux and the energy spectrum of diffuse 
X-rays. We also predicted a large anisotropy which 
seemed to be at variance with exper imental data which 
indicated that diffuse X-rays are isotropic within about 
10 per cent. Recent measurements by Cooke, Griffiths 
and Pounds?, however, now present evidence in support 
of the existence of anisotropy. They observed excess 
X-rays from the region of the galactic equator m the 
l-4 to I8 keV region with an mtensity of 0-3 photons 
(em? s rad)! near /= 260°, increasing to 0-5 near {= 300° 
in the Centaurus region. Perhaps these results indicate 
that the diffuse X-rays result from two separate mechan- 
isms, one producing an isotropic component and the other 
an anisotropic component ! Thus, in the light of these new 
results, we feel it is worth while to look more closely at 
the predictions of our model regarding anisotropy. ‘The 
X-ray flux J is directly proportional’ to the integration 
path-length L. Restricting our present discussion to the 
galactic equatorial plane corresponding to the measure- 
ments of Cooke et al.3, it follows by simple geometry that 
the X-ray flux at a longitude /, IW) say, is proportional to 


L a [+ ‘I (aN? ` 27112 (1) 
oo ee COS t ee eee A a RE 
R R SRA | 
where R is the radius of the galaxy and a is the distance 
from the Earth to the centre of the galaxy. Taking 
afR = 2/3 we obtain 
1(300°)/7(260°) = 1-8 (2) 
in good agreement with the valie of 1-7 obtained by Cooke 
et all’. W e also obtain ew 
2-6 (3) 


1(350°)/1(260°) = 
e 
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to be compared with the experimental upper limit? of 3-3. 


this gives ‘us added confidence in our model, but it is 


clearly* desirable to have much more experimental con- 
firmation of the anisotropy measured by Cooke et al.?. 


à R. F. O'CONNELL 
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Causality and Tachyons 


In a recent article in Nature, Billaniuk and Sudarshan! 
attack textbooks on the special theory of relativity which 
“still purport to show that causality arguments forbid 
the existence of faster-than-lght particles’? despite their 
demonstration?~* that particles going backward in time 
ean be reinterpreted as antiparticles going forward in 
time. The causality argument is, however, strong, and 
does not seem to have been overcame by these authors. 
It is worth restating the argument in a simple form so that 
it can be seen what properties a particle travelling faster 
than light must have if it is not to violate the principle 
that a cause must precede an effect. 

A tachyon is supposed to have the following properties*. 
Its velocity is always greater than the velocity of light 
and increases as the energy is reduced. As the energy 
tends to zero, the velocity increases to infinity, but the 
momentum is never less than some definite lower limit. 
As a result of the relativistic law of composition of 
velocities, if there are two frames of reference moving 
away from one another with velocity u, and a tachyon is 
moving with velocity v (in the first frame of reference) 
from the origin of the first frame of reference towards the 
origin of the second frame, its velocity in the second 
frame of reference 1s 


In particular, for a tachyon with very low energy, and 
therefore very high velocity, in the first frame, the 
velocity in the second frame of reference is —c?/u, and it 
arrives at the origin of the second frame before it leaves the 
origin of the first frame, according to the time system of 
the second frame of reference. We are told that in the 
second frame of reference such a tachyon can be rem- 
terpreted as an antitachyon travelling from the origin of 
the second frame to the origin of the first frame, and in 
this way the paradox of arrival at the end of a journey 
before departure at the beginning disappears. 

A thought-experiment to test the applicability of the 
special theory of relativity to tachyons can be set up in 
the following way. Two experimenters A and B are each 
equipped with a box full of low-energy tachyons, and a 
tachyon-detector, which may, for example. consist of a 
block of material which absorbs tachyons—even low 
energy tachyons have a large momentum, and the recoil 
of the block when it absorbs tachyons can easily be 
observed. The box of tachyons can be opened, and it will 
then emit a collimated Beam of high-velocity tachyons. 
B is to be sent off at a high velocity, and A wishes him to 
send a sf&mal*back as soon as he receives a signal from A. 
Because A understands that B will interpret particles that 
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are tachyons travelling towards B (in A’s reference system) 
as antitachyons travelling away from B, he instructs B 
to open his box of tachyons and send a signal back to A 
as soon as his tachyon-detector starts to emit a beam of 
antitachyons towards A; the recoil of the detector trans- 
forms in the usual way, so there is no difficulty in observing 
such an omitted beam. 

B goes off with his apparatus at a velocity of 108 m s71, 
and, when he is at a distance of 5x 107 km, A sends off a 
signal, which reaches B almost instantaneously. B 
responds to the observed emission of antitachyons from 
his detector by immediately opening his box of tachyons, 
and, as a result, A’s detector appears to emit a beam of 
antitachyons almost a minute before he sent the signal 
out. To B there is no paradox although he may wonder 
why the antitachyons emitted from his detector were so 
well collimated. To an outside observer the chain of 
events may be explicable as a causal sequence. Only to 
A is the result deeply paradoxical, because he knows that 
he could have changed his mind between the time at which 
his detector responded and the time at which he sent out 
a signal. 

It is clear that B can be replaced by an automatic 
device in this experiment. The paradox seems to remain 
if the following conditions are satisfied. (1) The produc- 
tion of low-energy tachyons can be controlled. (2) 
Tachyons can be detected. (3) Tachyons can travel aver 
a large distance. Without the first two conditions, it is 
hard to imagine how tachyons could be of interest to the 
experimental physicist. If the third condition is not 
satisfied, then the violation of causality would only be for 
small intervals of time, and this might be acceptable. 

I thank Dr M. A. Ruderman for provoking me, two 
years ago, to think about this problem, and Dr E. Fischbach 
for a recent useful conversation. I acknowledge the 
hospitality of the State University of New York at 
Stony Brook and the University of Sydney. 
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Role of Satellite Photographs 
in Photogeology 


FAVOURABLE comments on the geological applications of 
satellite photographs!” imply the possibility of new hori- 
zons in photogeology. In the Photogeclogy Unit of the 
Institute of Geological Seiences a study of satellite photo- 
graphs has been made to determine how far these may 
replace or supplement conventional air photographs, 
particularly in reconnaissance geological mapping at 
medium to small seales. 

Material studied included 35 mm colour transparencies 
of Gemini IV, V, VII and IX, and of Apollo-Saturn 6 and 
Apollo 7 flights, covering regions in Africa, Arabia, Hong 
Kong and South America, Subsequent generation black 
and white photographs and coloured book reproductions? 
were also examined. Detailed analysis was made of 70 
mm transparencies of the Republic of South Yemen 
(formerly Aden Protectorate} and of Oman, regions 
affording good conditions for satellite photography and of 
which the geology is known to me. 

Transparencies were projected and geological inter- 
pretations were made on paper attached to the projection 
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REPUBLIC OF SOUTH ‘YEMEN 
pe ee as 


Fig. 1. Republic of South Yemen showing coverage of satellite photographs. 


screen at scales between 1: 300,000 and 1 : 400,000. 
Interpretations were compared with geological maps at 
scales of 1: 250,000 (ref. 4) and 1: 1,000,000 (ref. 5), 
which had been compiled using air photographs of 1: 
80,000 scale, and which reflected the information obtain- 
able from a normal combination of photogeological and 
field reconnaissance. Transparencies were also compared 
with photomosaics of | : 100,000 scale. 

South Yemen 70 mm photographs analysed were 
Gemini IV 16-40, and VII 25-19, 25-20 and 25-21. 
The region covered (see Fig. 1) includes the southern 
plateau, consisting of massive Palaeocene limestone over- 
lain by Eocene limestones and shales and capped in places 
by gypsum/anhydrite deposits. Incised drainage exposes 
Cretaceous rocks, dominantly sandstone. The main 
structural feature is the South Hadhramut. arch, trending 
ENE-WSW. Intense block and step faulting of the 
southern edge of the plateau exposes basement meta- 
morphic, metavoleanic and granitic rocks in the west 
of the mountain belt. Tertiary to Quaternary volcanic 
rocks, dominantly basalt, occur mainly in coastal areas. 

Most of the photographs are near-verticals with good 
definition, in which drainage detail is clear. As an 
indication of coverage, in photograph VIT 25-20 the mean 
length of sides is roughly 150 miles. 

Analysis shows that differentiation between sedi- 
mentary and basement rocks is generally possible. For 
example, in VII 25-19 demarcation of limestone and sand- 
stone from granitic and metamorphic rocks along the 
Ataq fault zone is clear. Where exposures are restricted, 
however, it is rarely possible to distinguish between major 
rock classes. Further, in VII 25-20 extensive outcrops of 
Cretaceous sandstone appear in dark colours similar to 
basement rocks and &re insufficiently distinguished from 
the latter by textural characteristics. Metamorphic 
rocks in desert sands at Jebel Thaniya show in abnormally 
light colours and appear more akin to sedimentary rock. 

Differentiation between metamorphic, metavolcanic and 
dark granitic rock would generally be impossible without 
prior field „knowledge, and even with such knowledge 
metasedimentary rock of Wadi Ghabar is indistmguishable 
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from adjacent metavoleanic rock. West of 
Ataq morphological detail is too blurred ang 
over-all colour too dark to permit distinc. 
tion between crystalline schists, gabbro anc 
granite. At Nisiyin, however, strongly 
jointed granite is well expressed and might. 
be identifiable without prior knowledge ` 
(VII 25-19). At Ras Burum the contact 
between light granite and dark, metavolcanic 
rock is clear, bug resolution limitations 
preclude accurate mapping of the gramte, 
which seems to merge with overlying lime- 
stone (VII 25-20). 

Basalt outcrops are readily recognizable 
through peculiarly dark colour, shape and 
relative lack of dissection. The volcanic 
crater of Karif Shawran, near Balhaf, 800 
yards wide, is discernible on VEE 25-26 but 
other vents and craters in this locality are 
not certainly identifiable although some 
exceed in size the theoretical resolution 
capacity of the photographic system. 

Among sedimentary rocks some larger 
exposures of Cretaceous sandstone ean be 
distinguished from Eocene strata by virtue 
of lower drainage density and darker colour. 
On VII 25-21, gypsum beds are recogniz- 
able, primarily on light colour, but on other 
photographs smaller outcrops can hardly be 
separated from surrounding limestone and 
shale, whereas on photomosaics they are 
clearly defined. 

Aeolian sands and other superficial 
deposits are particularly clear on satellite 
photographs, the sands showing a faint pink colour. In 
Ramlat Sabatayn (VII 25-19) the dune pattern could be 
accurately plotted. 

Considering structure, a study of drainage and morpho- 
logy (for example, scarp and dip slopes) might indicate 
the gentle dip on the northern flank of the South Hadhra- 
mut arch, and possibly also the approximate alignment 
of the axial trace of the arch. Minor folds are not indi- 
cated. Some of the major faults marking the edge of the 
plateau are evident, near Najudayn, for example, as is the 
Ataq fault zone, and aligned drainage suggests faulting 
in other areas. In general, however, the complicated fault 
pattern is far from adequately expressed. Approximate 
foliation trends in metamorphic rocks could confidently 
be plotted in several areas. 

It is difficult. to assess the amount of information which 
could be obtained by an interpreter without knowledge 
of the region, but attempts at reconnaissance mapping 
in any but the broadest and most tentative terms would 
probably produce as much error as truth. 

From a study of all available material I conclude that 
satellite photography, as known at present, certainly 
cannot replace conventional air photography. In com- 
parison with the latter, satellite photographs suffer from 
reduced ground resolution and this, in conjunction with 
small scale, makes improbable their effective use in normal 
reconnaissance geological mapping. for which the smallest 
scale hitherto considered feasible is 1: 100,000. A 
“typical” scale number for satellite photographs may be 
quoted as about 2,250,000. An important role for satellite 
photographs would seem to be in regional or even global 
tectonic studies, including orogenesis and continental 
drift, where small scale is advantageous, high resolution 
and verticality less important? and where the possibility 
of tracing megastructures over long distances is especially 
significant. Bilt the photographs so far seen are essentially 
byproducts of space flight; the advent of photographs 
taken specifically for geology and increased stereoscopic 
coverage is awaited. For thè present my summaty is 
that, except where plotting of megastrycture or gross 
lithological units would give significant dat& satellite 
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photographs should be regarded as supplementary to 
fir photographs. When so regarded the possible applica- 
. eons aye numerous. 

l J. G. W. GREENWOOD 
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BIOLOGICAL SCIENCES 


Radiocarbon Date for Two Painted 


Stones from a Coastal Cave in 
South Africa 


THE mountains of the coastal regions of South Africa and 
parts of the interior contain hundreds of caves and rock 
shelters with prehistoric rock paintings (for distribution, 
see ref. 1). Although many have been documented by 
tracings and many have been published, little is known 
of the artists and none has been accurately dated. Early 
indigenous populations allied to the Bushmen and Hot- 
tentots are assumed to have been responsible for most of 
the paintings. 

The variety of topics depicted (for example, hunting. 
dancing, spiritual life) is considerable. Although paintings 
of marine animals are rare in southern Africa, most have 
been recorded far from the sea?? and are chiefly dolphins, 
fish and whales. 

On the Tzitzikama coast of the south-eastern Cape 
Province, several painted gravestones have been found?. 
Their precise provenances and associations are unknown, 
nor is anything known of their dates, except for the grave- 
stone reported from the Wilton layer of the Matjes River 
shelter in Plettenberg Bay. where charcoals have been 
dated 5400+ 250 vr BP and 7750+ 300 vr pp®. Schematic 
engravings and a painted gravestone have been attributed 
to the former and latter dates respectively. But there is 
doubt about the relationship between the dates and the 
specimens® 7, 

There have been other attempts to correlate radiocarbon 
dates with rock paintings or engravings in southern 
Africa®-!", Breuil’ argued for a relationship between the 
combined Wilton and Smithfield industry from an old 
spring tufa (3368 +200 yr Bp) and the paintings in the 
Philipp Cave in the Ergngo Mountains of South West 
Africa, At the Chifubwa stream rock shelter at Solwezi 
250 yr BP for a Nachikufu I cultural layer which he 
hesitantly associated with engravings on the wall. Samp- 
son? deseribed paintings en the sear left by a fallen slab 
of roek at the Glen Elliot shelter in the northern Cape 
Provinee, South Africa: the date for tle first layer of 
the deposit formed after the slab had fallen is 235+ 80 yr 
BP (personal communication from C. G. Sampson) which 
indicates how recently wepresentational and schematic 
paintings may have been portrayed. l 

This rêpor? records the discovery of two painted 
stones (now m the South A frican Museum, Cape Town) 
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in a cave along the Tzitzikama coast durin g controlled 
excavations. A radiocarbon date for shells found with. 
one of the stones (No. 29350) in a sealed archaeological 
level is 2285+ 105 yr Be (Geochron GX 397) or 335 Be. 

These painted stones (Figs. 2 and 4) were recovered at 
KKlasies River Mouth, 40 km west of Cape St Francis and 
120 km from Port. Elizabeth. 


on average 
The irregular roof is mostly about 
2-5 m high, The entrance is concealed behind bushes 
and trees, and our thanks are due to W., Gess of Port 
Ehzabeth for drawing our attention to it. 


southern coast of Africa. 

Excavation was restricted to a small cut ting at the foot 
of the midden inside the cave to look for Middle Stone Age 
occupational soils and preserved skeletal remains and to 
assess the relationship of the midden to any possible 
earher deposits. Material thrown up from a shallow pit, 
evidently of recent origin, contained isolated human 
bones, suggesting that a burial may have been carelessly 
excavated from the pit. The quantity of shell and soil, 
however, was so much greater than the pit that if may have 
been a low mound that attracted diggers. Pot-sherds in 
the disturbed soil indicate a date in the past millenium for 
the possible burial. Undisturbed deposits below were 
excavated by normal stratigraphical methods. Near 
the bottom of a lens of fine ash and sand with shells and 
pebbles, 10 em thick, was a large, flat water-worn pebble 
that when cleaned revealed a black painting on one side 
(Fig. 1). Immediately below was a layer of loose shells 
with thin lenses of ash and sand, up to 70 em thick, In 
the lower part of this layer was another painted pebble, 
smaller and with a red pattern on both sides. This layer 
rested on a continuous spread of ash and silt a few centi- 
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Fig. 1. Seetion of cutting in cave 5 iwest face) at Klasit River Month. 


Crosses are projectsd positions of patated stones, and black circles are 
projected positions of radiocarbon saniples. 
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Fig. 2. Specimen 29350 from Klasies River Mouth, South Africa, 


metres thick anda further 30 em of loose shells. on top of 
a fine clean sand. The sand was 30 em thick and contained 
only Middle Stone Age type artefacts, but had been 
churned up by human activity. It lay on the cemented 
surface of a fine, clean white sand of about the same 
thickness. Charcoal from a small hearth in the middle 
of these sands, on top of the cemented surface of the 
lower hearth, gave a date of 2160 Be + 160 yr (Geochron 
GX 1378 : 4110+ 160 yr BP). 

The remaining 50 em of the section down to bed-rock 
consisted of weathered occupational soils and old beach 
shingle, containing Middle Stone Age artefacts very similar 
to those found in the earlier levels of the main complex 
of caves and shelters. 

Close to the layers that contained the painted stones a 
pit had been dug, cutting through to the layer beneath. 
It was roughly oval, 2m x 0-8 m, containing loose shells 
and pebbles, undisturbed by the recent diggers but 
containing no burial or any other evidence to show w hy it 
had been dug. In the filling, however, were several stone 
artefacts including an unusual number of small pebbles 
with smoothed, pecked or battered facets, and pebbles or 
rock fragments with black or red ochre adhering to them. 

FitzSimonst mentioned paintings on water-worn stones 
as well as on slabs. These from omg s River Mouth fit 
the former category. The larger (No. 29350) is 27 em long 
and the painting is in black boa with some thin 
white lines (Fig. 2). It depicts a human figure and four 
dolphins, as determined by their shape. The distinctive 
shape of the dolphin head (no beak) is suggestive of either 
Heaviside’s dolphin (Cephalorhyncus heavisidei) or the 
dusky dolphin (Lagenorhyneus obscurus). The shape of 
the dorsal fin (almost triangular and quite small) favours 
the former, although it is inaccurately placed relative to 
the tail for both species. As far as is known L. obscurus 
does not range as far east as Klasies River Mouth now, 
while C. heavisidei has only been recorded from the Cape 
Peninsula and west coast of South Africa. (We thank 
P. B. Best of the Marine Biology unit at the South African 
Museum, Cape Town, for advice on the identification of 
species. ) 

There are two likely interpretations of the scene. 
Viewed with the stone horizontal, the human figure is in 
a swimming position parallel to the dolphins (grouped in 








Human and dolphin shapes outlined by infrared photography, 


pairs). Viewed vertically, the figure may be in a sitting 
position, possibly holding a stick. Infrared photography 
accentuated the outlines of the painting and tends to 
favour the former interpretation (Fig. 3). The undersides 
of the dolphins are neatly outlined in white. Below the 
dolphins near the edge of the stone, vague triangular 
pigmented shapes are just discernible. Similarly, the 
reverse side of the stone has traces of black pigment, but 
even infrared photography does not reveal recognizable 
shapes. 

The smaller painted stone (No. 29477) is 13 em long 
(Fig. 4) and bears an oval grid pattern on each 
painted with a broad, dark red line. One side ts faded. 
presumably by exposure or chemical action, but it 
repetition of the same design. 

Shells found with the larger painted stone from the upper 
level give the date of 335 BC +105 as we said. The 
smaller painted stone in the shell accumulation below ts 
unlikely to be significantly earlier as muidden heaps of 
this type can build up very quickly. 

The ash and shelly sand which contained the larger 
painted stone also produced two crude cores, two flakes and 
a worked flake with thickly backed edges. The shelly 
deposit below with the smaller stone contained several 
cores and flakes, four thick-backed scraper-knives (other- 


side, 


IS a 





Fig. 3. 


Diagrammatic representation of specimen 29350. 
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Fig. 4. Specimen 20477 from Klasies River Mouth, South Africa, 


displays oval grid pattern. 


wise known as large crescents), eight pebbles with ground 
facets (pecked or battered, some with traces of red, 
black or yellow ochre). a crude bored piece of calcrete, an 
ostrich egg shell bead and a broken but complete slate 
palette. 

The fourth century BC date is particularly interesting 
because the upper part of a Later Stone Age midden in the 
main cave complex (about 1 km away) at Klasies River 
Mouth has given radiocarbon dates of 575 Be+85 yr 
(Geochron GXO969 : 2525+85 vr Br) and 845 Bc+85 yr 
(Geochron GX0971 : 2795+85 yr BP). No art objects 
were found in this midden apart from pieces of red 
ochre, but the stone industry was very similar and included 
the same, distinctive thick-backed scraper-knives. The 
lower part of the same midden was devoid of these 
implements and has been radiocarbon dated to 2805 Be + 
95 yr (Geochron GX0970 : 4755+95 yr BP) and 2745 BC 
+180 yr (Geochron GX0975 : 4695+180 yr BP). Thus 
there is good agreement to suggest Later Stone Age 
activity at Klasies River Mouth in the third and first 
millennia BC. 

A careful search of the walls of Cave 5 has failed to 
reveal paintings, but sea air would not be conducive to 
preservation. At present, however, films of calcite form on 
the walls might have covered and preserved paintings, 
as is visibly happening to some recent signatures, pencilled 
on the walls at the wet end of the cave. The earliest is 
“Jan Hendrick, 10th September 1879”. 

The discovery of these painted stones in a sealed 
occupational deposit in a cave provides the first positive 
association between a radiocarbon date and prehistoric 
rock painting in southern Africa, 

The research at Klasies River Mouth has been supported 
by grants from the US Public Health Service; the 
National Science Foundation; the Boise Fund, University 
of Oxford; and the Abbott Fund, University of Chicago. 
We thank David A. Parish and Leslie Siemens, University 
of Chicago, for technical assistance. 
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Influence of Polymers on the Efficacy 
of Serum Albumin as a Potentiator 
of “Incomplete” Rh Agglutintns 


“INCOMPLETE” Rh antibodies may be detected by sus- 
pending Rh-positive cells in a solution containing antibody 
and a high concentration of serum albumin'. Various 
explanations have been proposed to account for .this 
reaction including one by McCulloch? that the presence of 
an «-globulin impurity in the serum albumin is necessary 
for agglutination to occur; we were unable to reproduce 
the results which led him to this conclusion. 

Lovett and Moore® noticed that the red-cell agglutinat - 
ing capacity of “albumin auto-agglutinating factor” 
varied with the batch of albumin used and that inactive 
preparations contained albumin polymers. In tests with 
a single serum containing “incomplete” Rh antibodies, 
batches of serum albumin vary quantitatively in their 
capacity to elicit agglutination of Rh-positive cells. 
Lovett and Moore’s observations seemed relevant to an 
explanation of this phenomenon. 

Eight preparations of bovine serum albumin from four 
manufacturers and one of human serum albumin were 
examined. To test their relative efficiency for inducing 
agglutination, serum albumin solutions were added to 
suspensions of Rh-positive red cells previously incubated 
with serial dilutions of “incomplete’’ anti-D antibody. 
The preparations were also examined by electrophoresis 
in polyacrylamide gelt and analysed by sedimentation 
velocity experiments to assess the proportion of polymer- 
ized material. 

In contrast to the experience of Lovett and Moore with 
“albumin auto-agglutinating factor”, we found the higher 
the proportion of polymers in the serum albumin prepara- 
tion the greater the extent of agglutination of sensitized 
Rh-positive cells. The multiple protein zones that resolved 
electrophoretically in polyacrylamide gel were examined 
serologically; all reacted with an anti-albumin serum. 

Serum albumin preparations containing little or no 
polymer and inefficient as potentiators of Rh cell agglutina- 
tion were precipitated with ethanol’ in order to increase 
the proportion of polymer. In every instance where this 
treatment increased the proportion of polymer there was a 
concomitant increase in potentiating capacity. There were 
no false positive reactions with unsensitized red cells. 
The results of one experiment are given in Fig. 1, which 
displays the formation of a series of polymers, and in 
Table 1, showing a thirty-two-fold increase in titre; the 
factor of increase with other preparations ranged from 
four to one hundred and twenty-eight-fold. Sedimenta- 
tion velocity experiments showed a marked increase in 
the proportion of dimer in the ethanol treated samples 
but the higher polymers detectable by electrophoresis 
did not resolve discretely. An untreated albumin which 
sedimented as a single peak with an asymmetrical leading 
edge was estimated to contain 95 per cent monomer and 
5 per cent dimer; after precipitation with ethanol two 
peaks resolved and the proportions changed to 75 per cent 
monomer and 25 per cent dimer+higher polymers. 
There was an eight-fold increase in potentiating capacity. 


Ax APs = $ 
-p  s@ ee Scale 
| Ha 


Fig. 1. Electrophoresis of bovine serum albumin in 5 per cent poly- 
acrylamide gel with tris-HCl buffer (pH 8-9) (ref. 4). The protein sample 
in 10 per cent sucrose was applied directly to the top of the separation gel. 
A current of 1 mA was passed through each gel for 2 h. The arrow 
indicates the direction of migration. a, Untreated bovine serum 
albumin; b, after treatment with 90 per cent ethanol for®3-5 h at 4° C. 
The broad leading band is albumin monomer; the trailing bands are 
polymers the sizes of which increase with decreasing mobility. 
. 
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Table 1. EFFECT OF INCREASED POLYMERIZATION OF BOVINE SERUM ALBUMIN 
ON THE TITRE OF A SERUM CONTAINING “INCOMPLETE” ANTI-D ANTIBODIES 


Anti-D Serumealbumin 
Reciprocal of titre Untreated Treated 
4 +++ +++ 
2 ++ +++ 
4 + + + 
8 {+} + + 
16 Weak ++ 
32 = ++ 
§4 = ++ + 
3 128 ~ ++ 
25 ~ (+) 
512 ~ Weak 
1,024 m ak 


When bovine serum albumin preparations were treated 
with the bifunctional reagent N,N’-p-phenylene-bis- 
maleimide‘, electrophoresis revealed the expected increase 
in dimer and the formation of a trace amount of one 
higher polymer in most instances. The potentiating 
capacity of the albumin was not significantly affected by 
this treatment, suggesting that the higher polymers are 
implicated rather than the dimer. 

These results establish firmly that the potentiation of 
“incomplete” Rh agglutinins by serum albumin prepara- 
tions is a function of their polymer content. They indicate 
a useful procedure for increasing the sensitivity of the 
titration of “incomplete” Rh antibodies which has impli- 
cations in relation to the standardization of reference 
antisera. i 

„A patent application has been made in the UK covering 
this work, and enquiries should be made to the National 
Research Development Corporation. J. M. J. thanks the 
Medical Research Council for a grant while doing this 
work. 
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Affinity Labelling of Antibodies with 
Aryl Nitrene as Reactive Group 


THE covalent binding of a haptene to its specific antibody 
with a view to identifying the section of peptide chains 
which form the combining site has been pioneered by 
Singer et al.?, who named this approach affinity labelling. 
Antibodies were prepared in rabbits against several 
aromatic haptenes such as benzene arsonate, and affinity 
labelling was performed by reaction with -(arsonic 
acid)-benzene diazonium fluoroborate through the re- 
active diazonium group. The reaction with specific 
antibody was considerably more rapid than that with 
inert IgG because of the concentration of reagent in the 
combining site. Subsequent separation of heavy and 
light chains followed by enzymic digestion led to the 
isolation of one predominant dipeptide (Val-Tyr) from 
the light chain and another (Thr-Tyr) from the heavy 
chain; both of these were substituted on the tyrosine 
residue. No sequence data were available on the peptide 
chains of rabbit IgG, but from comparison with the 
known sequences of the light chains of human and mouse 
IgG it was suggested that the tyrosine residue 86 in the 
light chain may have been the one labelled. 

One difficulty of this technique was that the reactive 
chazonium group was not itself likely to be a part of the 
specificity determining part of the haptene. Further, 
the diazonium group will react with only a limited 
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number of amino-acids, partidularly tyrosine, histidine 
and lysine, so that there was a possibility that reaction 
might occur with a residue relatively near, but not. ia, 
the site. With some antibody preparations no specific 
reaction occurred’, This risk was increased because only 
about 0:5 of the two antibody combining sites per molecule. 
could be allowed to react before the non-specific reaction 
with inert IgG, or with antibody the specifie sites of which 
were protected by haptene, became significant. 

We have therefore attempted to devise an alternative 
method in which the precursor of the reactive species is 
stable during coupling to a protein and subsequent 
injection into rabbits, but which may be activated in 
mild conditions that do not cause dissociation or dis- 
ruption of the antibody~haptene complex. The specificity 
determinants would thus include the reactive group. 
Further, a group was sought which could imsert into 
a C—H bond and hence be capable of reacting with any 
amino-acid residue. 

The only chemical species capable of insertion into 
carbon—hydrogen bonds are carbenes and mitrenes. These 
can be generated photochemically from diazo compounds 
(to carbenes) and azides (to nitrenes). Aliphatic diazo 
compounds are only stable when adjacent to a carbonyl 
or similar electron-withdrawing group, and photolysis of 
such a system gives a classical situation for the Wolff 
rearrangement to a ketene. (This rearrangement has been 
observed to dominate the covalency changes in photolysis 
of an enzyme-bound diazo compound.) Moreover, 
aliphatic diazo compounds decompose very rapidly in 
aqueous solution below pH 3 and they might not survive 
in vivo long enough to stimulate a specific antibody 
response. Acyl azides suffer from even more dis- 
advantages: they are highly reactive; photolysis is only 
effective at wavelengths so short (300 nm) that aromatic 
residues in the protein would be destroyed by the incident 
radiation; and photolysis gives the Curtius or Schmidt 
rearrangement to isocyanate with consequent reduction 
in insertion products. Alkyl azides are also ruled out on 
grounds of instability and short ultraviolet absorption 
maxima. 

Aryl azides, however, fulfil all the requirements above. 
These materials are likely to be stable indefinitely in vivo; 
with appropriate substituents their absorption maxima 
are well clear of protein absorption; photolysis to the 
aryl nitrene is smooth and efficient; and intramolecular 
rearrangement does not compete effectively with inter- 
molecular abstraction and insertion processes, 

We report here the isolation of a specific antibody 
against a phenyl azide determinant, the preparation of the 
antibody—haptene conjugate, and the photolysis of this 
conjugate. Photolytic generation of the nitrene at the 
binding site of the antibody leads to specific labelling of the 
antibody molecule. 

The 4-azido-2-nitropheny] (NAP) group (Fig. 1) was 
chosen as the antigenic determinant because neither of 
the ortho positions to the azide was occupied, and because 
this group could be conjugated to a protein via the 
e-amino group of lysine by treatment of the protein with 
4-fluoro-3-nitropheny! azide (Fig. 1, if R= F). 

4-Fluoro-3-nitroaniline was diazotized and subsequently 
treated with sodium azide at — 20° C to give a 70 per cent 
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Fig. 1. The 4-azido-2-nitropheny! group. If RF this atracture 
represents 4-fluoro-3-nitrophenyl azide, and if H=OH it ig d-agida-9- 
` nitrophenol, 
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yield.of 4-fluoro-3-nit ropheny yl azide (m.p. 52° C) as light- 
s®usitive straw coloured needles (from light petroleum, 
®.p. 405-60" C). Treatment of this compound with aqueous 
methylamine gave 4-azido-( N-methyl) -2-nitro-aniline 
(mp. 1227-1237 C) which had an ultraviolet absorption 
maximum at 460 nm {e 4,800). 

The antigen Was prepared in the dark because the NAP 
group is sensitive to light. Bovine y-globulin (BGG 1 g) 
was cdissolvedemn borate buffer, pH 9-8 (100 ml.j}. and the 
solution was treated wfth 4-fluoro-3-nitr o-phenyl azide 
(10g) in acetone (10ml). The reaction mixture was 
stirred at 40° C ove ruight and then filtered. The filtrate 
was nae sed a water ee ~- cor S, Py q and then 


light- -3€ ae e 
The number of NAP groups per mole BGG was deter- 
mined by analysis of residual lysine residues, by measure- 
ment of absorption at 460 nm, and by measurement of 
N, evolution during irradiation, AH three determinations 
incicated approximately 60 NA P-Iysine residues/mole BGG. 
T welv e rabbits were ig a Lasers subeutaneous 
$ adjuvant. A 
Pan was giv en E R eee ‘either with | mg 
NAP-BGG in adjuvant or with 1 mg of alum-precipitated 
antigen; the second method gave a marginally better 
response. The animals were bled over a period of 4 
months, with intermittent booster injections when assays 
of the sera indicated that they were needed. The anti- 
body response was 400-800 ug/ml. of antibody precipitat- 
ing with NAP-human serum DU, and the antibody was 
the refore assumed to be specifie for the haptenie group. 
The antibodies were P a to the 


and the ead a ce aisalved ov araa: ‘at 
37° C in a saturated solution of 4-azido-2- nitrophenol 
(Fig. L if R=OH) m sodium carbonate-sodium biearb- 
onate buffer, pH 9. The resulting solution was passed 
down a DEAE-cellulose column to remove antigen and 
haptene. (4-Azido-2-mitrophenol was prepared by treatment 
of 4-fluoro-3-nitrophenyl azide with sodium hydroxide. ) 

The isolated anti-NAP antibodies gave a single slow- 
moving electrophoretic band on cellulose acetate, a 
single symmetrical peak soo. 63 on ultracentrifugation, 
and single hne in double diffusion against goat anti-whole 
rabbit serum. These antibodies thus seem to contain 
only rabbit IgG molecules. 

The radioactive haptene, ¢-NAP-[4,5-°H,|h-lysine 
(NAP-PHIlysme) (Fig. 1;  &=¢-amino-L-lysine) was 
prepared by treating a solution of 4.5-[9H,]L-lvsine 
ronohydrochlioride im sodium  earbonate- sodium bi- 
carbonate buffer (pH 10-8) with an equimolar amount of 

4-fluoro-3-nitrophenyl azide in acetone. The reaction 
mixture was stirred overnight at 40° C. After extraction 
with ether, NAP- [PH ]iysine was purified by thin-layer 
chromatography on silica gel plates dev eloped with 
diethyl! ketone-water, 

The affinity constant of the anti-NAP antibody with 
NAP-[PH] lysine as measured by equilibrium dialysis! was 
6-7 x 10° L/mole at 4” C. 

Anti-NAP antibody (3 mg/ml.) was treated with a 
five-fold molar excess of NAPT H yain at 47 C in 
0-03 M phosphate buffer (pH 7-4) and left for 2h in the 
dark; the mixture was then passed down a ‘Sephadex 
G-25 column which hae previously been equilibrated with 
107 M NAP-PH lysine in the same buffer, and the protein 
fraction collected. The protein had absorbed approxi- 
mately 2 moles of NAP-[WH liy sine per mole of antibody, 
The antibody-haptene conjugate thus prepared was 
irradiated at 4° C for I8 h by two Mazde 125 W MBIV 
pearl glass lamps immersed in a solution of sodium nitrite 
(to absorb any radiation of shorter wavelength than 
a) e 
reaction Ae, ind the. hei was aa with 
trichloroacetic acid; the precipitate was washed and then 
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dissolved in 0-1 M sodium hydroxide and the radio- 
activity in this solution determined. This method 


indicated that 1-1 moles of NAP- PH jlysine was bound per 
mole of protein. In a second experiment 12 moles haptene 
was bound per mole protein. 

When the affinity constant of the reacted antibody for 
NAP-[3H jlysine was remeasured, it was found to be tos low 
to obtain è satisfactory figure. The association constant 
was certainly less than 104. The rather low value of bctund 
haptene per molecule in unreacted antibody was probably 
a result of partial blocking of the sites with nonradioactive 
haptene during isolation of the antibody, and of the 
presence in the radioactive haptene of a small proportion of 
molecules nen had been accidentally = activated by light 
before the reaction. When radioactive NAP- lysine was 
diluted with a twenty-fold excess of nonradioactive haptene 
no significant radioactive labe ‘hing could be detected, and 
if mert rabbit IgG was used in place of antibody no label- 
ling occurred. Hence it seerns that the photogenerated 


nitrene is localized specifically within the antibody 
combining site. 
After a total reduction with dithiothreitol in 6 M 


guanidine’ the reacted antibody was dissociated into its 
peptide chains by chromatogr aphy on a ‘Sephadex G-200° 
column in 5 M guanidine. The ratio of label was found 
5/10 in the heavy/lght chains respectively. Ina 
preliminary experiment, treatment of the heavy chain 
with cyanogen bromide® showed no significant labelling 
in the peptides from the C-terminal half of the chain. 
It seems therefore that this is a satisfactory method of 
positioning a covalently bound reagent specifically in 
the part of the peptide chains which form an antibody 
combimng site. Because most of the amino-acid sequence 
of the N-terminal half of the heavy chain of rabbit IgG has 
been determined® it should be possible to define the section 
or sections concerned. 


We thank Dr G. T. Stevenson for “supervising the 
immunization of the rabbits and the isolation and 


characterization of the antibody. 
G. W. J. FLEET 
R. R. PORTER 
MRC Immunochemistry Unit, 
Department of Biochemistry. 
` oe n A l J. R. KNOWLES 
Dyson Perrins Laboratory, 
University of Oxford. 
Received August 13, 1969, 
t Singer. S, F . and Doolittle, R. E., Setence, 158, 13 (1966), 
* Singer, S. J., Sobin, L. L, Thorpe, N. O., and Fenton, J. W., 
Harbor Wini. Quant. Biol.. 23, 99 (1967). 
? Koyama, J., Grossberg, A. L., and Pressman. D., 
(1988). 
*Chaimorich, H., Vaughan, 
Sor., 90. 4088 (1968). 
è Bisen, H. N.. Methods in Medical Research, 10, 94 (964). 
* Eisen, H. N., Methods in Medical Research, 10, 106 (1964), 
“Small, P., A.. and Lamm, M. E., Bieckemistry, B, 259 (4966). 
*oivol, D., ame Porter, R. R., Biochem. J., 97, 32e (1965). 
* Froehter, R., Jackson, 5. A., Mole, L. E., and Porter, 
(in the aa 


Cald Spring 


Biochemistry, 7. 1935 


R. J., and Westheimer, F. HL. J. Amer, Cher, 


R. RL. Biochem. J 


Production of the Influenza Syndrome 
in Man with Equine Influenza Virus 


Aw antigenic relationship has been established between 

A/equi-2 influenza virus isolated in 1963 and the 1968 
Hong Kong variant of human type A, influenza virus’ 
This relationship suggests that the Hong Kong variant 
was derived from the equine virus. To evaluate this 
relationship further and to test the possibility of an 
exchange of viruses between species we have carried out 
virus challenge studies with normal volunteers. Here 
we describe the occurrence of clinical syndromes similar 
to those deseribed for naturally occurring influenza after 
inoculation of antibody-free volunteers with a strain of 
influenza A/equi-2 virus. 

+ 
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= We used influenza A joqui-2/Miamı f /68, a hare 
originally recovered in fertile hen's.eggs from & Hen a D 
infected horse. The inoculum we used was also o | 
in human embryonic kidney tissue cultures (HK) and in 
volunteers?. The final inoculum — had the cae ing 
passage history: eggs HK, man, HK, many HK 3 Nae a 
After preparation, the inoculum was stored at. es L a 
an aliquot was shown to be free of extraneous viruses DY 
‘methods described earlier®. | a 
A 1:20 dilution of the inoculum was given to SIX 
volunteers in March 1965 by nasal instillation and spray 
into the nasopharynx with a Devilbiss No. | 27 atomuzer’. 
A simultaneous titration of that inoculation m rhesus 
monkey kidney tissue cultures (RhM K} rev ealed that the 
dose administered was 10°? 50 per cent tissue © ulture 
n Virus was recovered from 
serum antibody increased in 





four of these individuals; 
five but there was no illness. 

The work described here was carried out in November 
1968. Vials of inoculum, stored at — 70°C since 1965, 
were thawed, and 2 ml. of undiluted virus was immediately 
inoculated into each of fifteen antibody-free prisoner 
volunteers in the way we have described. Thus there was 
no possibility of contamination of the inoculum with the 
Hong Kong variant of type A, influenza virus. Simultan- 
eous titration of this inoculum in RhMK revealed añ 
_ administered dose of 10%73 TCID; Before moculations 
were carried out the health of the volunteers was 
established and their written consent was obtained. 

Throat swab and gargle specimens were obtained on 
each of days 0 to 6, 8, 10 and IL and 0-4 mi. of each 
specimen was tested for virus in RhMK. Neutralizing 
antibody titres were determined on heat inactivated 
(56°C for 30 min) sera using the haemadsorption~ 
inhibition method against 32 TCID,, of virust. Physicians 
looked for signs of illness twice daily. 

The inoculated virus was recovered from all volunteers 
(one to nine positive specimens per man, mean of five; | 
to 6 positive days, mean of 3-3), and fourteen of the 
fifteen developed a four-fold or greater neutralizing 
antibody response to A/equi-2 virus in sera collected 
4 weeks after inoculation. Thus all fifteen men were 
infected with A/equi-2 influenza virus. In addition, 
nine of them developed a four-fold or greater response to 
the Hong Kong variant of Influenza type A, The 
relationship between the magnitude of the antibody 
response to A/equi-2 and the Hong Kong variant of 
influenza is shown in Fig. 1, which suggests that the 
magnitudes tended to be similar (Spearman’s rank 
correlation test, r= 0-4, P< 0-05). 

Thirteen of the fifteen volunteers became iH on the 
second or third day after inoculation. A case report of the 
most common iUlness response is shown in Fig. 2. On the 
second day this volunteer developed a sudden headache, 
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Fig. 2. Neutralizing antibody responses io injection with A/equi-2 


influenza virus, 


malaise, myalgias and weakness whi ch was soon followed 
by fever rising “to 388° C, measured orally. Rhinitis mani- 
fested by nasal obstruction and discharge developed within 
a few hours of the onset of iliness and 1 day after the 
onset he also developed a non-productive hacking cough. 
Fever lasted for 18 h and during the subsequent 2 days 
his symptoms resolved so that by the fifth day he was 
considered clinically well. Isolations and serum neutraliz- 
ing antibody response to A/equi-2 and the Hong Kong 
variant of type A, influenza virus are shown in Fig. 2. 

The pattern of illness responses of all fifteen volunteers 
is shown in Table 1. The most common response m 
eight of the volunteers was a febrile systemic and upper 
respiratory illness (Fig. 1). Two volunteers also exhibited 
significant symptoms of lower respiratory illness 
paroxysmal episodes of coughing, substernal discomfort 
and tenderness of the trachea. One of these volunteers 
also experienced a relapse of these symptoms 10 days 
after inoculation, Three volunteers suffered febrile 
upper respiratory illness only, and two did not become ill 
in spite of proven infection, When symptoms and signs 
were tabulated and frequencies compared with those 
reported for naturally occurring influenza A illnesses, it 
was noted that fever was of shorter duration (mean 1-3 
days), nasal obstruction and discharge were slightly 
more frequent, and there was a slightly less frequent 
occurrence of cough and sore throat among the volunteers 
with equine virus infection. These differences may be a 
result of the method of inoculation used for equime virus, 
for it is known that most of the virus deposited in the 
nasopharynx. But the sudden onset of febrjle systemie 
illness with rhinitis and cough, the most common syn- 
drome in these volunteers, is consistent with deseriptidns 

of naturally occurring human influenza. . 
Possible explanations for the illness of these volunteers 
and not those inoculated earher are a difference in dose, 
loss of virus inhibitor with prolonged storage, different 
environmental conditions at the time of inoculation, anc 
different time of year. An additional question is the part 
prior passage of the virus strain in man and tissue 
Table f. ELLNESS RESPONSE OF ANTIBOWY -FREE VOLUNTEERS TO TNOCULA- 

TION WITH A EGUI-2 INFLUENZA VIRUS 
NO. Of men 

Febrile URY+. LAI. and svats z 
Febrile URI and Syst® . x 
Afebrile URI 3 
NO illness 7 
Total 15 

All volunteers were infected with the virus. 


* One volunteer had a second febrilg episode ou the tenth day after hocu- 


lation, 


t Upper respiratory Hiness. 

* Lower respiratory illness. 

§ Systemic iness. ` 
2 
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H A ETa E7 EET y sg kis i ` 
aR de o play ed in producing the illness 
Ta, n previous moculations, however, passage in 
frequency of a a ee re et eae 
beyond (hat cea he cs for man 
bey iat seen im the initial inoculum which had been 
' passaged in egg ‘and HK only. This suggests that passage 
in man did not contribute to virulence. In spite of hess 
considerations the essential point is that an influenza 
virus of equirfe origin produced typical human influenzal 
illness which lends credence to the possibility that in 
natural conditions equines and equine influenza viruses 
nught contribute to the emergence of new variants of 
human influenza. E 
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Seasonal Dormancy in Tea 
(Camellia sinensis L.) 


TEA is cultivated between latitudes 45° north and 35° 
south, and at or near the equator it produces almost the 
same yield every month. But farther from the equator 
the winter harvest gradually declines and at latitudes 
beyond about 16° there is almost complete winter dorm- 
aney which lasts longer with increasing latitudes. 

The cause of winter dormancy cannot be ascribed solely 
to low temperature because tea flushes throughout the 
year at high elevations near the equator, although tem- 
peratures there are even lower than winter temperatures 
in the plains of north-east India! (25°-27° N), where bushes 
are dormant for about 3 months. Soil water stress and 
nutrition can also be ruled out as major causes of dormancy 
because even with an ample supply of water and nutrients 
throughout the dry winter months tea bushes fail to flush 
at Tocklai (26° 47° N). 

Monthly erop distributions and average day lengths 
for several tea growing regions from the equator to 30° 
north or south indicate that tea bushes pass through 
& period of complete dormancy when the winter day is 
shorter than a critical length of about 11 h 15 min for at 
laast 6 weeks. The longer the period of short days, the 
longer the dormancy. ° : 

To test this suggestion experimentally, pruned and 
unpruned mature tea bushes were exposed to 13 h days 
from November 15 to Marclf 21 by providing weak supple- 
mentary artificial illumination during the morning and 
evening. The intensity of illumination from incandescent 
lamps in the visible part of the spectrum was less than 

1 per cent of the visible solar radiation on a bright summer 
day and was considered t6o weak to affect net photo- 
synthesis. Half the experimental area was irrigated with 
50 mm of water every month from November to March 
and the other half.was not irrigated. Four similar plots 


NATURE VOL. 224 NOVEMBER 1 1969 


were left as dark controls. Irrigation was discontinued 
after March, but rainfall in April and May was sufficient 
to keep the soil fully moist. l a 

Such shoots as were available were harvested from the 
unpruned plots throughout the winter season and subse- 
quently during April and May. The results showed that 
irrigation alone increased the winter crop by about 40 
per cent and illumination increased it by another 45 
per cent. Illumination did not increase the winter crop 
on unirrigated plots, although it must have induced early 
bud break as the crop harvested from this i 


ated bushes. 

In north-east India the tea plant flowers from November 
to January. Tllumination during this period reduced the 
number of flowers from 376 to 65/m? of unpruned bush 
surface. , 

These results demonstrate that increasing the day to 
13 h during winter, using weak supplementary artificial 
Jilumination, enhanced shoot growth, hastened bud break 
and inhibited flowering. 

If winter dormancy of tea induced by short days is the 
result of a decrease in the relative concentration of 
gibberellic acid (GA) in the plant, it should be possible 
to break dormancy and induce growth in short day condi- 
tions by increasing the amount of GA in the dormant 
plants. This possibility was tested by injecting 10 p-p.m. 
and 40 p.p.m. respectively of GA into young, single 
stemmed tea plants on December 30 (1027 h), when all 
tea plants at Tocklai were completely dormant. As well as 
GA, kinetin was injected into dormant tea plants to 
investigate whether it directly or in combination with 
GA affected bud break and subsequent growth. (Kinetin 
has been reported to inhibit IAA activity?) The com- 
pounds were injected into three plants each of two clones 
by the leaf-stalk injection method., 

By the middle of February, the plants supplied with GA 
completed a flush of growth consisting of two to four 
leaves when other plants were still dormant. These 
treated plants started the second flush growth in early 
March, coinciding with bud break and the first flush 
growth of the untreated plants and those treated with 
kinetin. The plants treated with GA completed second 
flush growth by early May. 

Clearly, plants treated with GA grew in the short day 
conditions of winter while untreated plants remained 
completely dormant. Thus gibberellic acid replaced long 
days as it did in the case of Camellia japonica‘ and Pinus 
elliotit®. Kinetin in the concentrations tried had a 
significantly antagonistic effect on GA activity. 

Winter dormancy of tea therefore seems to be a matter 
of short day length (or long night length), acting through 
internal plant growth regulators, and it cannot be broken 
by the conventional methods of commercial management, ; 
but the results reported here open up the possibility of i 
inducing growth in short day conditions either by artificial 
illumination or by treatment with gibberellic acid. 

I thank S. C. Barua for his help and D. H. Laycock for 
valuable, suggestions. : 
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Book Reviews 


WHY GALILEO? 


The Grand Titration | | i 
-Science and Society in East and West. By Joseph Needham. 


"Pp, 350+ 22 plates. (Allen and Unwin: London, September 


1969.) 63s. 

Tue first half of Joseph Needham’s massive Science and 
. Civilisation in China has either been published or is in 
- the press. That the project has progressed as well as it 
has is a tribute to not only twenty years of sustained work 


pE but the synthesizing powers of an encylopaedic mind as 


_ well. Needham possesses another notable quality. He is so 
“fluent a writer that the gap between his harvesting and 


the publie’s consumption of such scholarly fruit is remark-. 


ably slim. Within the space of a year, for example, he will 
- haVe published Volume four, Part three, of the Science and 
Civilisation series and three volumes of essays. 

One collection of essays is called The Grand Titration. In 
a series of articles written between 1944 and 1964, Needham 
has “titrated” the contributions of East and West to the 
development of modern or “oecumenical”’ science. More 
importantly, he has attempted to explain why the scientific 
and technological achievements of one culture surpass in 
given time periods those of another. 

The strongest {or least controversial) element in Need- 
ham’s sociological assay is his analysis of the amplitude 
and depth of the Chinese scientific tradition. Before the 
Second World War a number of Western sinologists could 
assert that China had generated little or no science and 
only a few, albeit significant, technologies. Joseph Needham 
and his collaborators have since almost singlehandedly 
destroyed this myth. In ancient and mediaeval China there 
was a large body of experimental science, all of which 
rested upon accurate observations, elaborate systems of 
classification and laboratory instruments of great refine- 
ment. Such empiricism, Needham suggests, was the basis 
for the technical ingenuity of the Chinese. Aided by a 
number of striking plates and drawings, the reader soon 
learns that gunpowder, paper, printing, efficient equine 
harnesses, the stern-post rudder, the magnetic compass 
and the mechanical clock all originated in China. And the 
number of examples could be easily multiplied. With such 
information at his disposal Needham has been able to 
assist in the breakdown of Europocentrism among 
Western intellectuals, particularly historians of science. 

Perhaps it is just as well that Needham’s cosmopolitan- 
ism will stimulate few controversies at this date, because 
his comparative sociology of knowledge will most 
certainly arouse some hostility. From the very outset of 
his study Needham has sought the answers to two related 
questions. First, why was East Asia between 200 Bc and 
1500 ap far more efficient than Europe in the application 


* of human knowlédge about nature for useful purposes ? 


Second, why did modern science originate only in Galilean 
Europe ? For Needham, the soundest approach to both of 
these problems is to delineate and compare the differing 
social contexts in which Chinese and early modern science 
developed. Obvious as such an approach may be, most 
historians of science have until recently eschewed socio- 
logical hypotheses in their work and have preferred 
instead to concentrate on the intellectual development of 
specific disciplines. To such “internalists” Needham poses 
the following dilemma. If you attempt to explain why the 


that explanation, t 
to either pure chance or 


29 
+ 8 
scientific revolution occurred ony in Europe and, simul 
taneously, to deny yourself the comforts of sociology m 
hen you must ascribe the phonomenot 
European genius (racial supexiority)® 
Neither proposition seems very defensible. : 


How then does Needham relate the scientific traditions 


* 


of China and Europe to their respective soeial structures ? . 


For a start, he draws our attention to the early work of 
both Wittfogel on “Asiatic bureaucratism™ and Zilsel on 
Renaissance craftsmen. The former mainthins that the 
rule of imperial China by a non-hereditary elite prevented 
the formation of mercantile capitalism. The latter argues 
that the needs of European merchants during the Renas- 
sance brought about between the higher artisanate and 
educated scholars an interaction which was crucial for 
the birth of “universal” science. A syllogistic combination 
of these ideas has led Needham to believe that by its 
frustration of mercantile interests the mandarinate also 
prevented modern science’s origination in China. On the 
other hand, China’s bureaucracy gave greater encourage- 
ment to proto-science and related technologists than did 
Europe’s rulers between the rise of Rome and the decline 
of feudalism. | 

The author is of course aware that at the micro-level the 
neatness of such reasoning must yield to a number of 
messy particulars. Among the most difficult is the rela- 
tionship between a general sociology of knowledge and the 
development of specific ideas. Thus he concedes that even 
if a merchant class had come to power in China, it is 
doubtful whether a Galilean breakthrough in mechanics 
would have occurred there. Why? Because the Chinese 
scientific tradition lacked not only a Euclid to geometrise 
space-time but also a personal God whose laws governed 
the operations of a rational universe—a proposition of 
which, pace Laplace, seventeenth-century Western scien- 
tists had great need. 

Needham has much to say about the latter concept in 
his stimulating pieco on “Human Law and the Laws of 
Nature”. He observes that the opposed notions of natural 
law in East and West reflected very different political 
realities. Where Western monarchs ruled with the aid of 
highly codified legal systems, the bureaucrats of imperial 
China administered justice on a case-by-case basis. The 
antipathy of the Chinese toward abstract laws was earried 
over into Taoist reflexions on the inscrutability of nature, 
a world view opposed in many respects to the ethos of 
modern science. By the same token, European philosophers 
were able to reflect very different social and political 
realities. Needham has thus presented a convincing and 
important case study in the social origins of natural 
philosophies. Yet, curiously enough, he has failed te 
integrate such findings into his more general articles on 
the sociology of knowledge. He most certainly ought to. 
Otherwise the Wittfogel-Zilsel-Needham synthesis will 
lose no small part of its persuasiveness in a scholarly world 
shia still regards science as largely a disembodied set of 
ideas. 

The Grand Titration is, in any case, a prolegomena to a 
new discipline—the comparative sociology of science. 
Because the book ranges widely and well over topics of 
considerable historical and contemporary interest, it is 
deserving of the widest possible audience. 

. PAUL Gary WERSKEY 





* 


LEIBNIZ UNFULFILLED 


Leibniz 

By C. A. van, Peursen. English edition translated by 
Hubert Hoskins with additional matter by the author. 
Pp. 128. (Faber: London, September 1969.) 30s. 


Ir is difficult to pass an adveme judgment on a work in 
& few words: one feels that more detailed justification is 
required than if one’s views were favdurabte. @ also face 


+ 
£ 


516 
the additional problem that this is a translation from 
Butch „a language which I-cannot read. So I owe it to 
. @rofessor van Peursen to offer on] y a very | 
conclusion: I do not think that this English version of 
his book fulfils what I take to be į ts purpose. | | 
2 “Clear, comprehensive, scholarly”, says the dust-cover, 
and the words are ironically well chosen. The author 
may be surprised to hear “se holarly’’, for scholarshi p was 
obviously not his intention at all, It is straight exposition, 
with no precise referencesto the texts, and only occasional 
mention of the titles of the works drawn on. “There is no 
exegetical in-fighting. no d elving into such questions as 
the changes in Leibniz’s thin king through his life, though 
this is briefly sketched in the (likewise largely undocu- 
mented) first chapter. The book iS, perhaps, learned- 
it is clear that van Peursen is el osely acquainted with a 
tremendous amount of philosophical literature —but 
scholarly it is not. | 


has only 
i “itas a question of multi- 
platy being transposed into pure, interior concentration” 
(page 32). My coneept of a monad is not advanced by 
this, even if we throw in the subsequent “elucidation”. 
Page 83, to take just one other example. has some trick V 
terram, such as the bit about the innumerable possible 
worlds which, even as mere potentialities, evince an urge 
to existence. 

Much of the unelarity comes from a non-verbal source, 
however, 


that is necessary fully to determine its future develop- 
ment is compared with the genetic code (pages 53-54). 
If you leave out enough details it is surprising what can 
be made to look alike! There is h ardly any discussion of 
the position attributed to Leibniz. Thus on page 93 (the 
most glaring case of several) where the topie is the freedom 
of the will, we are told that his answer to the question 
“Was Caesar not bound to have erossed the Rubicon ?” 
is that: 
“Caesar was free and might even have been unab‘e to cross 
the Rubicon; but in that case the logical subject ‘Caesar’ 
would have had different predicates and so would have been 
a different Caesar.” 
This is transparently hopeless. We did not ask whether 
there might not have been somebody else, very like 
Caesar who need not have crossed the Rubicon ; we asked 
whether Caesar had to cross it. But the book sails on as if 
ail were in perfect order. 


E. J. Craia 


EPIC EXPLORATION 


Lewis and Clark: Pioneering Naturalists 
By Paul Russell Cutright. °Pp. xiii+ 506. (University of 
IHinois Press: U rbana, Ulinois and London. August 1969.) 
$12:50; 119s. 
THE great expedition of Captains Meriwether Lewis and 
William Clark from May 2 1, 1804, to September 21, 1806, 
when they crossed the North American continent to reach 
the Paeifig Ocean ss well known to geographers and 
students of epic exploration. As a scientific expedition it 
© 
: ` 


cautious ° 
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has received scant attention, 
of the tragically early death of Lewis, who died in 1809 


published in 1814, they 
interest in the disciplines of zool ogy, botany, meteorology. 
and ethnology. i carto graph y was 
mas ked, ol place names’ be-' 
stowed by the expedition never received proper recognition. 
study of the expedition. and 
particularly the detailed quotations from the journals of 
the leaders (and several of t heir men), brings the partici- 
pants to life m a remarkable way. The first written 
accounts, some being detailed descri ptions, of many of the 
best known North American animals and plants date from — 
the daily entries in Lewis's journals often written after a 
day of unremitting labour. The prairie rattlesnake, the 
ewlachon or candle fish, the pronghorn, the coyote. the 
prairie dog, the mule deer and the grizzly bear are but a 
few of the animals they were the first to record. The 
tragedy of the expedition surely lies in the failure of 
Lewis, and perhaps Jefferson also, to publish accounts of 
these nondescript forms, m any of which were not formally 
named up to thirty vears later. It is fit ting. however, that 
the beautiful cut-throat trout (Salmo elarki) and Lewis's 
woodpecker (4 syndesmus lewis) should commemorate t he 
leaders. 


approved. ALWYNE WHEELER 


HISTORY OF THE SOUL 
Robert Whytt, the Soul and Medicine 


By R. K. French. Pp. 182. (The Wellcome Institute of the 
History of Medicine: London, July 1969.) 45s. 

THE eighteenth century was decisive in determining the 
course of modern physiol ogy, the problem ef irritability 
and sensibility revived from Glisson, being the operative 
implement. It presented a three-fold aspect ssi o, mecha- 
usm and cause, the latter postulated by nucchanistie, 
animistic and vitalistic views. This historical “same is 
used by Dr French to present a thorough biography long 
overdue, of Robert Whytt. j 





very original, serve as a starting point of his physiological 
investigations. From the maze of involuntary motions 
and of sympathies between organs, assumingly controlled 
by the soul, Whytt disentangles the notion of reflex action 
by using Hale’s brainless frog and relates it to eireum- 
seribed areas of the spinal cord. Theoretical considerations 
—no sympathies without feeling, no communication of 
feelings without nerves. wisdom or purpose---lead Whytt 
to adopt animism as an explanatipn of the nature of 
sensibility and irritability. His views conflicted with 
Haller’s views and their controversy represents the most 
substantial part of the book. The author omits, for want 
of space, the contributions of other contemporary physi- 
ologists. An appraisal of the conduct of the experiments by 
the various protagonists, including Fontana, might have 
cleared some ground of the dispute. The argurhent lies on 
Haller’s side who, cautiously, would not go beyond what 
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experimentation would prove, although there } conf usion 
-in his mind between irritability and elasticity of tissues. 
The statement that Haller denied “any relationshi p 
io between sensibility and irritability” (page 70) 's a mmis- 
p? representation” The continuity between the two was 
~ maintained by the “nervous fluid”. the same In sensation 
and in motion, and Marshall Hall considered Haller’s vis 
nervosa to be the cause of reflex action. To t his example 
of the repercussion of the controversy in the 19th century, 
* may be added Claude Bernard’s: “our opinion is definitely 
established; we are for Haller and against Whytt™. 
Another point of dispute was the significance of glue as 
.. the structure underlying irritability. This was not only 
= Haller’s opinion and for almost a century glue was con- 
sidered as the animal substance. even in plants, and 
rritability characteristic of animality its functional 
‘counterpart. The idea of zoo phyte (animal-plant) and the 
‘experiments initiated by Trembley on polyps, were 
‘arguments used in its favour. 
l Epithets designating philosophical opinions were com- 
‘monplace and Haller could see no difference between 


















materialism.) Nor was Haller a materialist as Whytt 
‘thought. Their time witnessed the dawn of vitalism, not 
the metaphysical vitalism of the unifying vital foree, but 
that of vital properties to which Haller contributed and 
“which was beneficial to the development of physiolog. 
-Qne common feature emerges from the dispute between 
“mechanists, animists and vitalists: they were all mechan- 
ists in their experimental procedures. As a result, Whytt's 
“definition of the reflex is less surprising than it first 
appears (page 91). 
ee To those problems French contributes an important 
~~ book with over 400 bibliographical references. The hope 
of turning his thesis into “a readable book“, is fully ful- 
filled. Chapters like “The problem of the seat of the soul” 
and “The ventricular theory” are a major source of 
information on the history of the soul. J. SCHILLER 


MORGAN CENTENARY 


Genetics and Developmental Biology 

© Edited by Howard J. Teas. (The Thomas Hunt Morgan 
Centennial Symposium.) Pp. vii+ 164. (University of 
Kentucky Press: Lexington, May 1969.) $6.50. 


T. H. Morgan was born at Lexington, Kentucky, on 

September 25, 1866. By a coincidence. this was the year 
-of publicet‘on of Mendel’s great contribution to biology. 
to which 50. years later Morgan and associates were to 
add so aegtably. A symposium on genetics and develop- 
© mental tology was held at Lexington on the centenary 

of Me? gan’s birth. This book contains ten of the contri- 

buciens and also. in an introduction, some brief recollec- 

tions of the man by A. H. Sturterant, T. Mohr. A. Tyler 
icad G. Beadle. 

Reports of symposia are often of limited value because 
the contributions are usually published in journals about 
the same time as the meeting. In the present instance, 
3 years have elapsed since the papers were given, so it Is 
not surprising that virtually all the material in the book 
has already been published elsewhere. Two of the contri- 
butions—by P. Howard-Flanders on genetic repair 
mechanisms, and by W. B. Wood on bacteriophage 
morphogenesis—have been largely rewritten. however, 
to bring them up to date; these articles are authoritative 
and of great interest. They contain such ideas as re- 
combination as a means of constructing undamaged DNA 
molecules from damaged ones, and phage assembly as a 
series of steps the sequence of which is imposed, not by 
the order in which particular genes function, but by the 
way in Which their products interact. It is appropriate 
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Whytt’s and Stahl’s animism. (Leibniz accused Stahl of 
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that J. H. Taylor has contribu ted to the volume because 
the remarkable discoveries about chromosome structure 
and behaviour which he ane his colleagues have “made. 
using autoradiographic and other techniques, . rolage 
directly to Morgan’s work. Taylor reviews “hia own 
findings, including the ev idence that crossing-over—a 
term invented by Morgan-— involves b reakage of DNA 
molecules and their reunion in new ways. There is alse 4 
discussion by N. Sueoka and associates of their studies 
with Chlamydomonas which lead to simular conclusions. 
J. Bonner discusses the controkof gene activity, A. Tyler 
the masking of messenger RNA in embryonic develop- 
ment, W. E. Barnett and colleagues the umque transfer 
RNAs associated with mitochondria and R. Haselkorn 
the suppression of phage mutants by a mutant transfer 
RNA. A contribution by T. S. Matney and J. C. Suit on 
chromosome transfer in bacterial mating and one by 
K. G. Lark on non-random segregation of sister chroma- 
tids are more controversial. Each paper in the volume 
concludes with a reference list, those of Howard-Flanders 
and Tyler being quite extensive. 

The editing of the publication has pot been altogether 
satisfactory: there is no index, several words are misspelt 
and there is a lack of uniformity in the abbreviations 
adopted for transfer RNA and for some journals. The 
discussion following two of the papers appears verbatim 
and includes such trivialities as a slip of the tongue and its 
correction! 

One might ask to whom this volume is addressed. Its 
subject-matter is so diverse that the reader cannot begin 
to obtain an overall picture of the immense fields of 
knowledge in the title. Many of the fragments of the 
picture which are revealed do not now give an up to date 
representation, and to purchase the book for the sake of 
those that do is prohibitively costly. One is left with the 
feeling that better justice would have been deme to the 
memory of a great man if the symposium had concentrated 
on a narrower field and if publication had been immediate. 

H. L. K. Warresousre 


BETTER VICTUALS 


Protein-Enriched Cereal Foods for World Needs 
Edited by Max Milner. Pp. x+343. (The American 
Association of Cereal Chemists: St Paul, Minnesota, 1969.) 
$7.50. 


In May 1968, the American Association of Cereal Chemists 
and the American Oil Chemists’ Society organized a 
meeting to consider world food supplies. The papers given 
at the meeting are printed here along with some supple- 
mentary material mtended to put them into perspective. 
Up to date estimates, compiled by FAO ‘and the US 
Department of Agriculture, are given of the amounts of 
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different foodstuffs eaten in different countries; these 
show that cereals are the principal protein source, Abbott, 
from FAO, analyses these figures further and compares 
people living in rural and urban regions of the same country. 
Where little animal protein is eaten, most of it is eaten in 
the towns. This is a point that should be remembered 
when methods of enrichment are being considered, for the 
enriched products are also Mkely to be eaten chiefly in 
towns. The article is marred by some guesses at the 
probable costs of variowg novel protein sources; if thee 
fatuous figure given for leaf protein is typical, these are - 
not of much value. P 

When people from Europe and North America consider 
the use of any form of food supplement, the first suggestion 
they are likely to make is that the supplernent should be 
added to bread. In accordance with this tradition, 
several papers deal with bread and with the fortification 
of wheat flour with lysine, soya. cotton-seed, quinda seed, 
rice bran and fish flour. Bread making without flour is 
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also possible. There is a paper from the Netherlands on the 
use of a mixture of cassava, soya and glyceryl mono- 
stearate, and one from Sweden on bread made from tef, a 
. aimn extensively used in Ethiopia. 
_ Bread ig convenient and it gains prestige from its 
importance in the industrialized countries, it is therefore 
, gradually ousting gruels and porridges in developing 
countries. This fs unfortunate, for these ancient forms of 
food can be made from a very extensive range of seeds, 
they lend themselves readily to fortification, and they can 
be made from grains tMat, by parboiling and in other 
ways, have been given an extended shelf life and have 
suffered less than ordinary grains from loss of vitamins 
and minerals during mailing. Pence describes the history 
and present status of some of these products. l 
Anybody connected with the production and introduction 
of novel foods is repeatedly told that it is nearly impossible 
to change people’s food habits. A moment's reflexion on 
the changes in our own food habits during the past half 
century shows that this is untrue. It is equally untrue 
elsewhere. There are papers here by Parpia, De Muelenaere, 
Shaw, Dimino, Kapsiotis and Wickström on successes 
with unfamiliar protein-rich foods in India, South Africa, 
Guatemala, Colombia, North Africa and Ethiopia. There 
have been failures elsewhere. It is not always possible to 
be sure about the reasons for them but various suggestions 
are made and this collection of thirty-three articles ends 
with the encouraging forecast that these mistakes can be 
avoided in future. Anybody who is concerned, or is 
likely to be concerned, with the introduction of novel 
foods intended to counteract nutritiona) deficiencies 
should study these articles. Awareness that beneficial 
changes have been made is an important step in gaining 
the confidence on which further mnovation depends. 
Conservative prejudice is undoubtedly an obstacle to 
innovation: the prejudice of officials is more obstructive 
than the prejudice of consumers. These case-histories will 
help to give innovators the confidence needed to overcome 
prejudice in either camp. N. W. PIRE 


CONSISTENT BEHAVIOUR 


The Behaviour of Domestic Animals 

Edited by E. S. E. Hafez. Second edition. Pp. xH + 
647+ 22 plates. (Baillière, Tindall and Cassell: London, 
August 1969.) 120s. 


Ix 1962, Professor E. S. E. Hafez of Washington State 
University produced, with the aid of an editorial board 
and a large number of contributors, an encyclopaedic 
work entitled The Behaviour of Domestic Animals. In 
doing this he broke entirely new ground and the success 
-of the publication has given clear evidence of his pre- 
science, editorial skill and wide knowledge. The book has 
indeed become a necessity on the shelves of all those 
concerned with the behavioural principles involved in the 
commercial utilization, by domestication, of mammals, 
birds and their products. It is a remarkable tribute to the 
work that a new edition should be required after seven years. 
This new edition is in several ways a better and more 
balanced book than its forerunner, and includes a fair 
amount of material suchas that on neural and endocrine 
æ mechanisms of behaviour, and’on early experience, which 


~ ‘was lacking in the 1962 production. This has been accom- 


plished and the work in gengral brought fairly wel: up to 
date without substantially increasing its size. Half of 
the original twenty-four contributors to the first volume 
have, for various reasons, dropped out in the new edition 
and new authors have been brought in to make up the 
new total to twenty-six. The general design of the work 
is very similar but the original chapter on behavioural 
pharmacolagy has been omitted and a greatly extended 
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chapter qn physiological analysis of animal behaviour 

has taken up the available space by enlarging and modify- 

ing the older chapter¢entitled “Physiological Mechanisms- 
and Behaviour Patterns”. This in genergl seems to be a | 
good change because behavioural pharmacology is rather 
marginal from the point of view of the presumed spectrum 
of readership of the book. The useful little chapter by es 
E. B. Hale on comparative behaviour, with which the - 
earlier book ended, is omitted in the new version. . This, 
however, is perhaps a sensible move because the earlier | 






chapter was hardly large enough to be very.effective and 


the available space has been well used elsewhere. | 

The chapters in parts three and four, which deal seriatim 
with the main animals and birds domesticated, on the 
whole fulfil their function excellently. The editor i 
indeed, to be congratulated on having seeured such cor 
sistency from such a large team of associates. The volum 
is well presented and illustrated and the price, in view ¢ 
present-day costs and the size of the work is, perhaps not — 
excessive-—though one would have hoped that the large 
potential sale of such a volume might have justifie 
something lower. W. H. THORPE 












; FOCAL PHOBIAS 


Fears and Phobias : 
By Isaac M. Marks. Pp. 302. (Heinemann (Medical): 
London, June 1969.) 45s. 


THis book has a narrower scope than its title and preface — 
suggest. It discusses fears and phobias largely in be- 
haviourist terms after a rambling first section emphasizing 
innate factors. Marks concludes that desensitization is the 
best available treatment for focal phobias in patients 
without other symptoms, admittedly a small minority of 
those people who feel handicapped by excessive fear- 
fulness. He rejects Eysenck’s canard that two-thirds of 
neurotics get better by themselves, acknowledging the 
rarity of spontaneous improvement in the commonest 
group of people who seek help for their fearfulness-— 
those with varying and multiple fears, panic attacks, 
depressions, feelings of depersonalization, and the pattern 
of fearful constriction of living he calls agoraphobia. 
This important group gets some help from desensitization 
therapy, but the studies cited show that results are not 
significantly better than brief psychotherapy. When it 
does help, desensitization leads to change in the symptom 
alone, a debatable measure of change. Marks believes “ 
that it is complementary to psychotherapy at times. 

In his review of the literature on aetiology, the very © 
sketchy treatment he gives Harlow’s work exemplifies the — 
author’s selective interest. He does not include the 
evidence that the quality of maternal care in infancy | 
strongly influences later fearfulness. Without considering _ 
this factor, it is hard to make sense of the fact that 
“agoraphobics” feel a sense of safety “in the presence of | 
a trusted companion, be this human, animal, or 
inanimate”. 

The book does provide a good deal of information 
about desensitization, the approach with which the author 
seems most familiar. His discussion of psychoanalysis 
and psychotherapy based on it is limited to a few pages. 
Much mare would need to be said to cover the subject in 
contemporary terms than the author’s superficial dis- 
cussion of phobias as a symbolic facade for other fears and 
conflicts “and that the task of psychotherapy is to uncover 
these, upon which the phobias will resolve”. A serious 
evaluation of the psychoanalytic approach must get 
beyond cocktail party Freudianism. The book is repetitive 
and needs careful editing. My strongest objection is to 
the distant stance from which fearful people are viewed ; 
they are stick figures, not persons. : 

LEONARD J. FRIEDMAN 
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ZOOLOGY OF OLD MAPS 


_ Animals and Maps y 
$ nimals P (Secker and Warburg: 


By -Wilma George. Pp. 235. 
don, September 1969.) 63a. 

attraction of old maps must be universal. The 
eonth century map of the world in Hereford Cathedral 


terest of, maps.is due to portrayal on them of animals, 
anging from careful realism to apparent utter fantasy. 
Miss George, with special interest in Animal Geography 
title of a previous book by her), has had the genial and 
_ ingenious idea of applying a zoological eye to available 
| maps older than the nineteenth century. She found some 
350 such maps with significant representations of animals. 
$he has endeavoured to identify those animals, and she 
gas discussed them in the light of modern knowledge of 
geography. The resulting book, with its many illustra- 
ions, clear text, extensive bibliography and unusually 
detailed index, should fascinate both lovers of maps and 
zers of animals. 

In some other quarters there has been an odd tendency 
vo reproach rather than to appreciate the zoological con- 
ents of old maps. A recent student of cartography calleti 
_ them. “atrocious”, and most of us know Swift's ironie 

uatrain, ending: 
_ And o’er unhabitable Downs 
Place Elephants for want of Towns. 





Miss George quite reasonably points out that elephants 
do indeed occur in some places where towns are lacking, 
and that such representation may reveal knowledge rather 

than veiling ignorance. Beyond her factual conveyance 
_ of cartographic and zoological substance, she develops a 
hree-fold thesis: (1) the animals of the old maps are, 






“in the main, identifiable even when apparently fantastic: 
_ (2) they are generally shown within what were in fact 
_ their geographic ranges; and (3) in sum they constitute 
_ original contributions to knowledge and to the history 
fscience. Her first two points are acceptable, with only a 
ew more reservations than she would allow. Her third 
isnot. As to the first, it is just barely conceivable that 
the idea of a basilisk arose from nature, and it is quite 
kely that the original yale (or eale), if one may speak of 
an “original”, was a real animal. Nevertheless, the 
cartographers’ concepts of those and many other creatures 
nd their portrayals of them had become quite divorced 
_from any source in nature. In instances still more extreme, 
some of Miss George’s identifications are made with a 
egree of charity and perhaps even of naiveté that it is 
ard to share. 
_ Animals that are identifiable were generally shown on 
_the proper continents, and the point is made that consider- 
able zoogeographical knowledge existed long before 1800. 
et enthusiasm for the cartographers’ perspicuity in 
showing elephants and giraffes in Africa is tempered when 
: America, and the 
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they are also shown in North and South 
placing of a reindeer in Africa is not an impressive answer 
to Swift’s irony. Ideas of animal distribution, usually 
‘approximately correct but often quite wrong, are indeed 
‘conveyed by the maps. It still is not evident that the 
maps, in themselves, made any advance in such knowledge. 
“Miss George’s claims to the contrary are note tenable, 
even on her own evidence. For example, she says (page 
.206) that armadillos appeared on Ribeiro’s world map of 
1529, thus antedating Oviedo’s notice of them {about 
1535) and that by Eden (1555). But elsewhere she indi- 
cates that the identification of Ribeiro’s animal as an 
armadillo is doubtful (page 63), and anyway armadillos 
had been described at least as early as 1518 (page 69). 
Similar weaknesses are not rare, but they do not spoil 
the value of a handsome book on a fascinating subject. 

G. G. SIMPSON 
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ICY REGIONS’. --, 


Picture Atlas of the Arctic, as 8 
By R. Thorén. Pp. xii+449. (Elsevier : , Amsterdam, 
London and New York, 1969.) 380s. 


Tus admirably produced book presents, in 600 photo- 
graphs, a short text and maps, an introduction to the 
Arctic scene that could hardly be bettered, together with 
the impression that it was meant to be sémething rather 
different. | j ee | 

The Arctic is defined as “regions in the Far North, 
discussed on the basis of a limited polar distance of 23° 27’, 
or 1,407 nautical miles, which corresponds to everything 
north of latitude 66° 33’ ”’, and the author's brief was 
“to touch on all the sciences with the exception of zoology 
and botany”. This exception may have been convenient 
for the author, but with the fairly generous coverage of 
human activities which he includes it does not improve 
the balance of the overall picture he seeks to present. He 
divides his material into nine chapters: eight covering 
geographical regions-—-the Arctic Ocean, the Arctic region 
of Alaska, the Canadian Arctic, Greenland, Iceland, Nor- 
wegian islands in the Arctic, Arctic Scandinavia and the 
Soviet Arctic—and one chapter on floating islands. Each 
chapter includes a sketch map of the area, a fairly brief 
and factual text and a generous selection of photographs 
linked—often somewhat arbitrarily—with points in the 
text. The photographs themselves have full descriptive 
captions, including such useful points as dates and alti- 
tudes, and benefit from Captain Thorén’s expertise 
as a professional photographie interpreter. The treatment 
of the various areas differs both in scope and detail, but 
generally includes material on physiographic. regions, 
natural resources, settlements and transport. The choice 
of material is often arbitrary and uneven and it would 
have produced a less diffuse effect had the author concen- 
trated on fewer aspects and commented on the same 
ones for each region. 

Availability of good photographs obviously dictates 
the amount of space allotted to each chapter, sometimes 
tempting the author to over-elaboration, and it ig unfore 
tunate that many place names referred to in the text and 
photograph captions do not appear on the map—always 
an irritating omission in this type of book, 

But this is, after all, a picture book and the photographs 
are superb; one is awed by the industry and patience that 
the amassing of this collection represents. It is sad that 
the price will put the book out of reach of many who 
would enjoy browsing through it. L. M. Forses 
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MOLTEN SALT RESEARCH 


Molten Salts : 
Characterization and Analysis. Edited by Gleb Mamantov. 
Pp. xvi+ 611. (Dekker: New York and London, August 
1969.) $16.76; 160s. i 


Tus publication is notable for a number of reasons. What 
probably demands most urgent attention is the way well- 
coordinated sponsorship of research can crash into an 
inadequately explored field, and can generate useful work 
in most of the important directions, in a surprisingly short 
period of time. All the twenty, reviews or papers in this 
collection were first given AN 3 

Chemical Society in 1968‘and stem from the United 
States, with Oak Ridge (fourgjeen authors or co-authors), 
Brookhaven (seven) and Argonne (five) well represented. 
Most of the work described is from the past ten years. This 
concentration ‘on American work does not of course mean 
that there is no important research on molten salts 
elsewhere. For example, at the Faraday Society Discus- 
sion held in Liverpool in 1961, only nine out of the twenty- 
five papers were from the United States. But élearly, the 
financial support and much of the inspiration from variousme: 
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a symposium of the American. * ¢ 
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sponsors behind the present collection of American studies 


pect of several important technological prizes, conveniently 
Summarized In a paper on phase equilibria (38 pages 3 
Potential uses infnuclear reactors, and in certain types of 
chemical reactors, depend on the long hquid range o fmolten 
salts, and thew solvent power for many inorganie ions. 
Difficulties arising from their high corrosive power are 
uses in electroplating of refractory metals, or in fuel cells. 
may become critically significant in special cases. Nur- 
prisingly, large-scale almost old fashioned uses of molten 
salts in the older electrometallurgical industries, for the 
production of aluminium, sodium, magnesium or fluorine, 
seem to generate proportionately far less published 
literature. 

The present symposium starts with a very readable but 
necessarily somewhat superficial review (54 pages) of some 
of the theoretical problems that concern both thermo- 
dynamics and structure of molten salts. Several papers 
grapple with the nature of nearest neighbour interac tions 
in molten salts. Novel features include NMR studies on 


chiefly through the use of laser light sources of high 
intensity, though the conclusions are not undisputed. 
Electronic spectra, infrared absorption 
likewise revealed 


though the phenomena described are su 
definitive theories are presented. 

The reproduction of a collection of papers direct from 
typeseript, as in the present volume, should very properly 
help to keep the price down, to m ateh its rather limited 
useful life. The fact that the book presents nearly five 
hundred references concerning molten salts in an orderly 
and logical wav is bound to be helpfu I, but parts of the 
text fail to détine the areas where really major advances 
can be hoped for. A. R. UBBELOHDE 

» * 
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_ CHEMICAL KINETICS 


Quantum-Statistical Foundations of Chemical Kinetics 
By Sidney Golden. (Oxford Mathematical Monographs.) 
Pp. 163. (Clarendon Press: Oxford; Oxford University 
Press: London, June 1969.) 55s. 
Tus is rather a difficult book to review. # Chemical 
kinetics is, of course, a subject of great importance with 
' an enormous literature; nevgrtheless, it 1s fair to say that 
until recently there has beer no basie microscopic theory. 
Lately. however, chemicgl reactions using molecular 
beams have become feasible, and theoretical work has 
by ingenuity and computing power also reached a similar 
level. so that the study of the very simplest reactions with 
experiments to check real quantum mechanical theories 
is prospering. At this levgl, It is. of course, an extension, 
albeit a very complicated one, of normal scattering theory 
and expegment. A proper theory of reactions In aqueous 
eee soltition. for example. is still far off. Now. if one considers 
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the establ$nea scattering theory, a. good many t rich 
mathematical points arise and are indeed discussed 
textbooks which aim to give a complete chenret ice 
treatment; for example, tex ts by Newton and by € | 
and Goldberger. It must be emphasized that:t 
cal development of the subject was a rapid des 
a fairly comprehensive theory and experimer 
subsequent refinement and study of ‘the. math 
p oints which arose. Professor Golden, it 
develops those foundations of quantum statistical mechi 
ies which are employed in chemical kinetics in full a 
rigorous detail, The treat ment is much fullér than © 
finds elsewhere and is illuminated by a large number ¢ 
footnotes which are remarkably well documented and f 
of interest. But no theory of reactions exists in the sens 
of starting with the Schrédinger equation and end 
with a reaction rate. When this theory is complete, : 
doubt numerous tricky points will arise and need to 
sorted out; indeed, they are arising right now. 
are not. at least to my mind, the ones considered i 
book. The book rather deals with the very broad founde 





Schrédinger to chemical constants. € 
ef great interest to the mathematically minded studer 
of the subject who wants to see the foundations elear! 
and fully discussed. S. EF. Enywanos* 


GUIDE TO THE MOON 


Exploring the Moon Through Binoculars 
By Ernest Cherrington. Pp. 211. (Peter Davies: 
September 1969.) 63s. 


London, 


its text. 
most comprehensive works describing the main features 
of the lunar surface. It is indeed a very good guide for. 
the layman of today, who hears about the various stages : 
of the Apollo project and wishes to know where and wha 
are the features mentioned. oe 
There are only a few points which should have hac 
better judgment from the author. There was no need ti 
spend two pages in defence of Galileo, Because Galileo’ 
drawings and the actual figure of the Moon are botk 
included in the book, the reader himself can compar 
them and see whether any similarity oecurs. In the esti 
mation of altitudes of lunar features, there»as_ also 
deceptive accuracy of 100 feet in the text. For examp 
the fact that the high peaks of the Carpathian Mountains 
have an average altitude of about 2 kilometres is presented 
in the words, “The range, which includes peaks 6,600 fe 
high It is obvious how the “precise” value of 
6,600 feet has been produced. The same appears in: 
several cases. Apart from these points and some MAULNoOr 
slips like the statement that the departure of the hinar 
limb from a true circle was not noticed until 1966 (the. 
author should know about the Yakoykin effect), this 
book is the fruit of careful work and the presentation of the” 
material is very successful. The quality of the pri nted, 
pictures is very good and the seven charts included in the” 
text extremely handy. On one eecasion only will the 
reader not find the features described in the text on the 
chart to which he has been referred (Shiller and Docrfel ~ 
Mountains are not visible in Chart IH). l 
At #he time when so much irresponsible “scientific” 
information is being spread th “e the news media, | 
books like this should be welcomed \ cy, waermly. 
M. MouTsouLas 
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Make a successful 
atomic absorption 
spectrophotometer 


-then make it 


even better 


And that's exactly what Pye Unicam have 
done with the world-famous Unicam SP90 
Atomic Absorption Spectrophotometer. 

It's now the Unicam SP90 Series 2, but it's 
not just the name that has changed. 
Absorbance or energy scales can now be 
presented in linear form on the integral 
meter or on a pen recorder, with continuous 
scale expansion of upto 10x forabsorbance. 
Results can also now be shown on a digital 
display and printout accessory. The 
sensitivity specification has been increased 
as a result of improved hollow cathode 


PYE UNICAM 





Precision Instruments 





lamps and excellent optical quality, whilst 
still preserving the outstanding detection 
limits. And, of course, there are all the first- 
class features and accessories associated 
with the original SP90 spectrophotometer— 
like flame emission facilities, a wide choice 
of flame and burner systems (including 
nitrous oxide with anew burner head), 2 
three-lamp turret and automatic sampling. 
For more information and full technical 
details on this new instrument and the 
range of hollow cathode lamps, write to 
Pye Unicam Ltd. 
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Pye Unicam Ltd 
York Street Cambridge, CB1 2PX, England 
Telephone (0223) 58866 Telex 81215 
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Study events 
never “seen” 


before. a 


NEW RCA -C70133B 
QUANTACON 
PHOTOMULTIPLIER 


| are at the forefront for applications in 
/ scintillation counting, biochemistry, and 
l nuclear physics. C70133B offers greatly 
Improved low-light-level performance. 


| C70133B is a high speed RCA QUANTACON 
photomultiplier with an irradiation area of 
Gallium Phosphide boosts the iii 15.9 square inches. This 5-inch device ts an 
single electron resolution of this important tool for scientists studying low- 
newest QUANTACON photomultiplier as much as light-level phenomena. 
10 times over that of tubes using conventional dynode 
materials. As a result, itis possible for this device to 
discriminate between light-producing phenomena 
that generate one, two, three or four photoelectrons. RCA Electronic Components Sunbury-on-Thames Middlesex 


Gallium Phosphide QUANTACON photomultipliers Telephone: Sunbury 55511 


RE ii Electronic 
Components 


Here's an exciting new light 
sensitive device from RCA- 
the C70133B, an RCA QUAN- 
TACON photomultiplier -that 
can open up for study events \ 
never “seen” before. 





For more information on this and other RCA 
QUANTACON photomultipliers, write or telephone: 
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Siow Time for Apollo 


Wires luck, the report of the Space Science Board of 
the United States National Academy of Sciences (see 
page 529) should have made NASA stop dead in 
its tracks, or at least pause in its headlong progress 
to the Moon and beyond, and ask itself what the 
journey is meant to accomplish. For several years 
it has been a great paradox that the most lavish of all 
the exploits of technology to have been mounted in 
the name of science should have been so sparsely 
provided with useful jobs to do. It remains a simple, 
even a blinding, truth that the cost of NASA’s opera- 
tions is more than twice the amount spent each year 
on the government support of fundamental research, 
and more than eight times the puny budget of the 
National Science Foundation, which is nevertheless 
responsible for virtually all of the radioastronomy in 
the United States, a good deal of the conventional 
astronomy and geophysics, 
curriculum development in the sciences and the basic 
bread and butter of university research in the non- 
medical sciences as well. No wonder that people 
have been asking whether the Apollo programme is 
really worth the money, and it is entirely understand- 
able that patience should be wearing thin now that the 
first landings on the Moon have taken place, and now 
that President Kennedy’s rash promise has been 
fulfilled. 

What the academy's committee has to say about 
the changes which are needed in the direction of 





NASA’s strategy for lunar exploration is sensible 
enough. To judge from the way in which people have 


been walking out of the complex at Houston with 
complaints of the neglect of science ringing in the 
air, it has been plain for some time that the need is 
somehow to link the conduct of the Apollo programme 
more clearly with what may be considered scientific 
objectives. Reports that Dr George Mueller, the 
head of the Manned Space-flight Division, may also 
be on the point of resignation tell an optimistic 
version of the same tale, for if the disappointed selen- 
ologists at Houston are doves, Dr Mueller is a hawk. 
iba the erences are Meh that what ee -Spate 
tie a of ho Moon | is alo the dination in 
which the new management at NASA would like to 
move. Dr Thomas Paine, now confirmed in his post 
as administrator, is a level-headed man who would 
probably prefer a continuing if sober objective for the 
Apollo programme and what may follow it to an instant 
spectacular, something to keep the boys happy for 
another six months. The difficulty, of which the 
academy committee is clearly as mindful as Dr Paine, 
is that in the last resort, it will not be for NASA or 


NOVEMBER 8, 1969 


virtually the whole of 


even for the National Academy of Sciences to say what 
the future strategy for lunar exploration will be. In 
us end, tne ae w be aec a by some tug- of- 

$ In a 
year In w chsh Cees is not nie ee ae 
of university research, and when something adventur- 
ous may seem a sensible antidote to disillusion about 


Vietnam, it may well emerge that legislators will set 
their hearts on Mars or bust. Not even the judicious 
compromises of the President's task force on the future 


of space exploration, with the postponement of a 
decision about Mars until the early seventies, will be 
able to head off a bullish Congress. No doubt this 
goes some way to explain how a great many of the 
urgent recommendations of the academy's committee 
turn out to refer to items already secure in the NASA 
programme—vehicles for moving on the surface of the 
Moon, for example. Much of what seems like eriticism 
will merely confirm NASA in the direction in which it is 

already moving. These, at any rate, are matters with 
which Congress will not quarrel. 

That said, it is beyond dispute that much of what 
the committee has to say is entirely germane to current 
problems, and urgently in need of some kind of atten- 
tion. The muddle at the Lunar Receiving Laboratory 
at Houston is one obvious source of irony. Is it 
sensible that money should be spent on recovering 
samples from the Moon only to ensure that they will 
accumulate in some air-conditioned and evacuated 
warehouse in Texas? But there is also the muddle 
about the way in which the experiments are planned. 
Scientists well outside the United States are by now 
well aware of the urgency with which the call for ideas 
goes out in advance of intended spaceflights, Nobody 
should be surprised that many of the ideas thus 
drummed up lack maturity. N ‘obody should be sur- 
prised that much of the equipment which results is 
less well designed than circumstances require. The 
Space Science Board is on sure ground in askmg that 
there should be a more deliberate programme for the 
launching of Apollo rockets, with time in between 
successive flights for careful planning of the work to 
be carried out, and it is useful to have a firm deelara- 
tion about the importance of the chronology of the 
surface of the Moon. The difficulty, unfortunately, 
is that mere complaint will not help to resolve the 
structural problems which have enabled NASA to 
behave—unwittingly, no doubt--as if the design of 
lunar experiments is no more difficult than the 
electrolysis of water. 

The objective is somehow to weld a strategy for 
scientific research to the quite proper concern of NASA 
for the orderly development of its large rocket pro- 
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grammes. It is only honest to admit that comparatively 
little thought has been given to this intricate question, 
which even the Space Science Board has dodged. One 
sign of a programme in which scientific objectives were 
at the head of the list would be that the launching of a 
rocket would be planned only after the scientific 
objectives had been accurately established. Almost 
inevitably, such a requirement is bound to imply 
longer intervals between launchings, as the academy's 
committee suggests. It should also imply, however, 
a more direct involvement of scientific people in the 
planning of individual rocket flights. Is it entirely 
fanciful to ask that NASA should delegate this part 
of its forward planning to an independent group of 
scientists, able to form a more adequate bridge than 
any now available between the rocketeers and the 
academic community ? That, certainly, is the only 
direction in which a more harmonious relationship 
ean be established. 

There remains the question of NASA’s preoccupation 
with other kinds of objectives--the development of 
durable laboratories in orbits about the Earth, rocket 
engines which can be used a second time and the whole 
paraphernalia of what is called space technology. 
First, it is only just to acknowledge that the develop- 
ment of communications satellites has been a great 
boon, and that there may be yet further benefits to 
be obtained from activities like these even though 
the cream may have disappeared from the milk. In 
other words, there is probably a case, outside the 
framework of the National Academy’s latest report, 
for spending a substantial part of NASA's budget on 
the development of several technical innovations. 
The danger is that enthusiasm for these ventures, 
often exceedingly insubstantial, will continue to distort 
the pattern of activity. Just what, after all, are likely 
to be the benefits of constructing habitable satellites 
which remain in orbits about the Earth for days on 
end? Are they means to an end, or simply an end in 
themselves ? It is understandable that the academy’s 
latest statement should have been concerned almost 
entirely with scientific considerations, but this is too 
narrow a platform from which to seek to remedy all 
the defects of the American strategy for rocket flight 


by people. 


OXFORD DEGREE 


Trouble for Human Sciences 


Tae Oxford human sciences course, recently hailed 
as a triumph in the unification of disciplines, has come 
up against: opposition which threatens to prevent. it 
coming into being next year. Forty-four dons, largely 
from the humanities, and including seven senior tutors 
of colleges, have signed a resolution asking the Univer- 
sity Congregation to withdraw the decree which would 
set up the new honours school. The principal objection 
seems to be to the diversity of subjects involved, which 
they feel is incompatible with a strict academic training 
for young people of eighteen to twenty-one. 

The latest development seems to be a continuation 
of the opposition that has faced the supporters of the 
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new course for the past several years. They insist 
that the new course, bringing together related topics 
from the biological and sociological sciences, will not 
sacrifice intellectual depth in spite of its diffuse appear- 
ance. But the forty-four opponents are not convinced. 

One of the signatories of the resolution, Dr F. V. 
Price, a nuclear physicist, feels that, although it is a 
“perfectly splendid idea’ to bring together all the 
topies concerned with a human being’s reactions to 
his environment, such a course would be too much for 
an eighteen year old to assimilate and benefit from. 
The need to study so many different subjects, he feels, 
will prevent the achievement of the primary purpose 
of an undergraduate education, which is to train a 
young mind to sift and analyse information, not just 
to absorb it. Dr Price thinks that human sciences are 
probably better suited to postdoctoral study by people 
already thoroughly trained in one of the disciplines 
concerned, or that a BPhil course in human sciences 
would be appropriate for certain graduates. 

Professor J. W. S. Pringle and his colleagues, who 
of course 


vet 


for the new course. 
forces for the debate in congregation on November 18, 
when the opposition has to gather at least seventy-five 
votes to have the decree withdrawn. 


AGRICULTURE 


Agricultural Revolution (1970) 


A BL, outlined in the Queen’s speech and published 
last week, sets out major changes in the organization 
of British agriculture. These changes are intended to 
improve the egg marketing system, to simplify the 
method of paying capital grants for agricultural 
business, to reorganize smallholdings, to bring up to 
date the law relating to the sale of fertilizers and 
feeding stuffs and to encourage the setting up of 
improved flood warning arrangements. Other legisla- 
tion included in the Bill provides measures to give 
greater security of tenure to occupants of agricultural 
tied cottages and to improve the safeguards for anima. 
health. 

An Egg Authority is to be set up to t ake over many o 
the functions of the Egg Marketing Board (whicl 
will become defunct) and it will be blessed with severa 
other responsibilities which are mainly intended ti 
help phase out the system of guaranteed egg price 
and subsidies in favour of a free marketing arrange 
ment. The Egg Marketing Board at present guarantee 
producers a minimum price, based on the famou 
Annual Review, and it provides subsidies to preven 
the wholesale price falling below nine per cent of thi 
figure. This guaranteed price system will be phase 
out by March 31, 1974, and the Egg Marketing Boar 
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will be replaced by the Egg Authority in March 1971. 
The Egg Authority will be more broadly based than 
the Marketing Board, and it will consist of twelve 
members from all branches of the trade. Its general 
terms of reference will be to improve the marketing of 
eggs, buying them up when necessary, and providing 
a market intelligence service, research and development 
work and advertising and sales promotion. It will not 
take over the Egg Marketing Board’s role of buying 
from the producer and selling on the open market, and 
thus the bulk of the selling will be done by producers 
or their cooperatives. 

The Bill would also simplify the system of capital 


tion of farmland will restrict the use of this land to 
agriculture for fifteen years instead of the previous 
forty-five. As well as helping to establish larger farms, 
the Bill also includes legislation covering smallholdings. 
County and borough councils which now provide small- 
holdings will become “smallholdings authorities’, 
whose general aim will be to provide opportunities for 
persons with agricultural experience to become farmers 
by letting smallholdings which are capable of giving 
full-time employment to one or two men. 

Fertilizers and feeding stuffs must be sold with much 
more information if the Bill is passed and by this 
means the consumer should be protected from buying 
goods which are not fit for the purpose which he 
intends. This part of the Bill will be enforced by local 
authorities. Finally, the Bill provides for a specific 
grant of £150,000 to encourage river authorities in 
England and Wales to improve their flood warning 
arrangements. This follows the recommendations of a 
conference held in December 1968 to discuss the wide- 
spread flooding caused by exceptional rainfall in July 
and September of that year. Similar provisions are 
included for Scotland. 


SHIPPING 


Nuclear Power at Sea 


Wiru the MinTech study group report on nuclear 
merchant ship propulsion expected at the end of the 
year, the struggle to produce plans for an economic 
atom-powered vessel is hotting up. Last week a team 


from Vickers—who share with Cammell Laird an 
intense interest in nuclear merchant shipping— 


released their plans for a 60,000 horsepower container 
ship which, unlike their earher designs, appears to 
have an indisputable economic edge over a conven- 
tionally fired sister ship. 

When Vickers originally made public their plans for 
a container ship—along with the oil tanker the only 
type of vessel with a high enough load factor to justify 
nuclear propulsion—it was for a 40,000 shp model, 
designed to carry 1,100 containers between Britain 
and New Zealand at an average speed of 24 knots. 

It was, however, admitted in the same paper that 
this figure of 40,000 shp was only the break-even point 
for nuclear economics when compared with fossil 
fuels. 

Since then tonnages, load factors and horsepowers 
have increased dramatically to a point where, Vickers 
claim, there is little doubt that nuclear propulsion 
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would be a good deal Jess costly than any other form 
of power. 7 

The operating economics of the new model, which 
the Vickers nuclear team of G. R. Wilkinson, I. A. B. 
Gaunt and J. R. Rouse announced at a meeting of the 
Newcastle University Naval Architects Society, seem 
extremely favourable. 

Powered by a UKAEA burnable poison pressurized 
water reactor, the 43,000 ton vessel would carry 1,800 
containers at an average speed of 27 knots between 
Europe and Australasia. 


120,000 
110,000 
100,000 
90,000 
80,000 


70,000 


shp 


60,000 


50,000 


40,006 


30,000 


20,000 


10,000 





1955 1960 1980 1979 LG7S 
Year 


Trends in container ship horsepower-—ships in service or on 
order, 


The freight rate per container, as calculated by the 
economist of the team, Mr Rouse, would be as low as 
£44 for each voyage, as compared with £49 for con- 
ventionally carried containers. And assuming dis- 
count rates of eight per cent, the ton rate between the 
two terminals works out at £3 18s Od, some 68 per ton 
lower than for an oil fired vessel. 

Mr Wedgwood Benn made it clear in a recent policy 
statement that economic arguments alone would 
decide whether or not this country would go ahead 
with a nuclear merchantman. The fact that Russia, 
America, Germany and now Japan each has such a 
vesse] apparently cuts no ice at Millbank. Whether 
or not this latest Vickers argument—or the presumably 
equally plausible arguments advanced by Cammell 
Laird—wiJl sway the minister remains to be seen. 
Shipowners and shipbuilders await the study group’s 
report—if it is to be made publiec—with interest. 


EUROPEAN SPACE 


First All-German Satellite 


from our Astronomy Correspondent 
THE first satellite to be built entirely in West 
Germany—the German equivalent of Ariel 3--ought by 
now to be in its elliptical polar orbit. The satellite 
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was due to be launched by a Scout rocket from the 
Western Test Range in California on November 6. A 
symbol of West Germany’s burgeoning space pro- 
gramme, the satellite is the final phase of an agreement 
between NASA and the German Ministry for Scientific 
Research which was signed in 1965. The agreement 
allowed for a series of rocket and balloon flights to 
prove the instrumentation of the satellite, and these 
were carried out from sites in Canada, Sweden and 
Brazil during 1966 and 1967. There has been no 
exchange of funds between the two nations—NASA has 
provided the sounding rockets and the Scout launcher 
free. 

Although Germany’s contribution to the European 
space programme is expected to remain more or less 
steady at about DM 150 million into the 1970s, there 
is to be an enlargement of the national programme 
which must be the envy of space scientists in France 
and Britain. Depending on what projects are chosen, 
the national programme in 1971 could be either twice 
or two-and-a-half times the contribution to Europe. 
The latest satellite—to be called Azur once it has 
achieved orbit—comes under the national programme. 








The German satellite Azur. 


The seven experiments which Azur contains are 
aimed at investigations of the Van Allen belts, aurorae 
and solar particles, and come from the Technical High 
School, Braunschweig, the Max Planck Institute for 
Extraterrestrial Physics, Garching, the Max Planck 
Institute for Aeronomy, Lindau, the University of 
Kiel and the Institute of Atmospheric Physics, Ober- 
pfaffenhofen. Five of the experiments are to measure 
protons and electrons at various intensities and from 
different directions, while the sixth and seventh experi- 
ments are a magnetometer, and a photometer for 
detecting auroral lines. With an apogee of 2,000 miles 
and a perigee of 240 miles, the satellite should cover a 
considerable volume of the magnetosphere. 
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100 Years Ago 


From a leading article, Lectures to Ladies, in Nature, 

November 11, 1869. 

Wuat is the meaning of the present stir about the 
“Higher Education of Women’? We have before us 
announcements of courses of lectures intended to be 
given during the coming winter to the ladies of Edin- 
burgh, London, Glasgow, Manchester and Bradford. 
... If both lecturers and students are in earnest in 
trying to make these lectures really educational and 
serious, they cannot fail of producing valuable results. 
But this will require a good deal of determination on 
both sides. The most obvious, and perhaps the most 
serious, danger besetting the teachers, is the tempta- 
tion—arising from an unconscious want of respect 
for their audience—to make their lectures interesting, 
instead of trying to impact the greatest possible 
amount of solid instruction, We confess that one or 
two very attractive looking programmes that we have 
seen have suggested the thought, that possibly the 
lectures they announced might be equally well de- 
scribed as essays, such as constitute the more thought- 
ful kind of magazine articles: and that, if this were 
the case, it was not obvious what greater advantage 
would arise from their author reading them aloud to 
an assemblage of ladies than would result if the same 
ladies could be induced to read them aloud to them- 
selves at home. Thorough teaching, and not entertain- 
ment, of however high a kind, is what we trust that 
every lecturer will strive to give, and every student to 
obtain. 

Ladies who intend to join any of the classes now 
forming will not expect to get any benefit from them, 
unless they give up for them all other engagements, 
at least so far as to be able to attend with regularity. 


APOLLO 


Countdown for Apollo 12 


BEING the third and fourth person to land on the Moon 
does not guarantee a place in the history books, but 
the crew of Apollo 12 does have the important task of 
demonstrating that lunar landings are as deceptively 
easy as Armstrong and Aldrin made it seem four months 
ago. The countdown for the launch is due to begin 
today, November 8, and, if all goes well, the crew 
should be on their way by 1122 EST, November 14. 
They are Richard Gordon (command module pilot), 
Charles Conrad (commander) and Alan Bean (who is 
called the lunar module pilot although it is Conrad 
who does the flying). Once again a landing site in a 
flat mare region has been chosen, not far from the lunar 
equator which is the most accessible part of the Moon. 


NATURE VOL. 224 NOVEMBER 8 1969 





Close-up of the Surveyor 3 landing site taken by Lunar 
Orbiter 3. The spot which the crew of Apollo 12 are aiming 
at is in the top right corner. 


Clearly the intention is to practise walking before 
learning how to run—there will be plenty of time on 
later journeys to explore more interesting regions such 
as the large crater Tycho and the Hyginus Rille. Apollo 
12 is therefore going to be a case of déjà vu as far as the 
lunar geologists are concerned, alt hough the doubling 
of the supply of lunar material will be weleome. 

The site which has been chosen is landing site 7 in 
Oceanus Procellarum—the Ocean of Storms—which as 
far as anybody can tell is going to be similar to the 
Sea of Tranquillity. There seems no reason, for 
example, why the fact that site 7 is in the opposite 
hemisphere to the Sea of Tranquillity should make 
any difference. One possibility which people will be 
watching for, however, is that the surfaces at the two 
sites may have different ages, and this would have 
important implications for the history of the Moon. 

As before, the mission does not have to be cancelled 
if for some reason the rocket cannot be launched on 
November 14. Another launch window opens for 
three hours on November 16. although this will entail 
aiming at a different landing site—site 5, which is 
also in the Ocean of Storms but nearer to the limb of 
the Moon. Otherwise there are two launch dates in 
December for the same pair of landing sites. 

During the first of the two 3:5 hour moonwalks 
which are planned, Conrad and Bean will set out a 
group of five experiments on the surface, which this 
time includes a seismometer. a magnetometer, a solar 
wind spectrometer, a suprathermal ion detector to 
measure positive ions near the surface and a cold 
cathode ionization gauge to detect lunar atmosphere, 
The hope is, of course, that the seismometer will check 
the results from the package left behind in July, 
Which seem to indicate a cold Moon with deep cracks 
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which muffle any shocks which there may be. Another 
explanation for this seismic silence. apparently not 
being taken very seriously, is that the weak vibrations 
were caused by the expansion and contraction of the 
descent stage, which is still standing in the Sea of 
Tranquillity. The plan to fire the ascent stage of the 
Apollo 12 lunar module back onto the surface once it 
is finished with, primarily to keep the environs of the 
Moon clear, should help with the interpretation of the 
seismic records. The intention is to aim it within 
30 km of the seismometer. It is a pity that the seis- 
mometer in the Sea of Tranquillity is no longer w orking 
for comparison. 

The advantage which Conrad and Bean have is that 
their landing site has already been examined at close 
quarters by Surveyor 3 which landed there in April 
1967. During their second moonwalk, Conrad and Bean 
are to descend into the 200 m diameter crater where 
Surveyor landed to see how it has fared during its 
two-year stay on the Moon. Conrad will cut away 
several parts of the spacecraft, including the television 
camera and a length of cable. The bacterial load on 
the cable at launch was well known. and the intention 
is to see what effect the lunar environment. has had. 
The problem is of course to land within comfortable 
walking distance of the Surveyor, and, going by the 
experience of Armstrong and Aldrin, this is not going 
to be easy. 

Oddly enough, an accurate landing is not likely to 
be quite as important for some of the later missions, 
even though visits to precisely defined sites on the 
Moon are planned. This is because the Boeing company 
is developing a roving vehicle, which ought to be ready 
for use on Apollo 17 in November 1971 and on succeed- 
ing missions. The $19 million contract to Boeing which 
was announced last week will provide four of these 
400 Ib vehicles—which, with the driver and passenger 
seated side-by-side will have an odd resemblance to a 
vintage car—and each will be flown to the Moon in the 
lower stage of a lunar module. It sounds like the answer 
to the city driver’s dreams. Each of the four wheels is 
powered by a separate electric motor, and these are 
coordinated so that the rear wheels follow the same 








> Fa : j x * i. 
i ZL à a~ 7j -f de 


Location of Apollo 12 landing site in the Ocean of Storms. 

The lunar equator is along the top. Crater Lansberg, 25 miles 

across, is in the top left corner, and the squares have a side of 
two degrees. 
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track as the front wheels in a turn. As well as allowing 
a tight turning circle, this arrangement reduces the 
power required for steering over the Moon’s dusty 
surface. With a cruising speed of 9-2 miles per hour— 
on a smooth surface-—and a range of 66 miles it looks 
as if the full use of the vehicle will depend on a sub- 
stantial increase in the length of time an astronaut 
can rely on his life-support system. 

Precision of landing on the Moon’s surface boils 
down to the need for an accurate knowledge of the 
position of the lunar module when the descent to the 
surface begins. The crew will no doubt take pains to 
avoid disturbing their orbit prior to this stage of the 
mission. The dumping of water, which is thought to 
have contributed to the large error last time, is going 
to be avoided for eight hours or so before the landing. 
Separation of the lunar module from the command 
module will be done as gently as possible and with the 
axis of the combined spacecraft aligned along a lunar 
radius vector. This should avoid any unknown per- 
turbations in the velocity of the lunar module in the 
direction in which it is travelling. And the pirouette 
vy the lunar module so that the pilot of the command 
module can make sure everything looks all right will 
be shorter than last time; small changes in the orbit 
of the lunar module are believed to have crept in at 
this stage of the Apollo 11 mission contributing to the 
error at the landing site. 

If all this works, Conrad and Bean will touch down 
on November 19 within about 1,120 feet of Surveyor 3 
at latitude —2-98°, longitude —23-39°. If necessary, 
however, this could be up to 3,300 feet from the lunar 
module. It is during the second moonwalk that the 
samples will be collected, and the same methods will 
be used as in July. About 130 Ib of material is to be 
collected, compared with the 48 lb brought back by 
Apollo 11, and will include core samples down to 10 
inches beneath the surface and material from a 6-inch 
deep trench which the astronauts will scoop out. 


FLUID POWER 


Boost for Hydrostatics 


Tue importance of strengthening research on fluid 
power was the message of Dr Ernest Davies, the 
recently appointed Joint Parliamentary Secretary at 
the Ministry of Technology, when he opened the new 
Bramah fluid power laboratory at the National En- 
gineering Laboratory at East Kilbride last week. He 
was optimistic about the hydrostatically controlled car. 
“One of the most exciting prospects for the future,” 
he said, “is a car with a single pedal control, the drive 
going through hydrostatic transmission in place of the 
conventional clutch, gear box and differential. The 
National Engineering Laboratory is now working side 
by side with British Leyland to see how these ideas 
can best be exploited commercially.” 

Hydrostatic transmission systems differ from hy- 
draulic systems in that the power is transmitted as 
internal or potential energy within the fluid rather 
than as kinetic energy. This has several advantages. 
For one thing, it is possible to have outlets that can 
operate either by suction or ejection, which makes it 
possible to combine the action of a motor and a brake 
in a single system. The laboratory has found the 
hydrostatic transmission system useful for producing 
high torque at low speeds. Two successful applications 
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have been in contractors’ dumper trucks and for the 
drive of a 50 foot radar aerial weighing about 10 tons. 

The Bramah building is destined to be a focus of 
research in both the pure and applied sides of fluid 
power. Built at a cost of £400,000, it will house projects 
to study hydrostatic pumps, motors and other com- 
ponents of fluid systems and to follow through the 
applications to machine tools, motor vehicles, ships 
and a variety of industrial equipment. The outlook 
for machine tools operating with hydrostatic trans- 
missions is thought to be particularly bright, especially 
for the new type of lathe in which the work-piece is 
used as the tool. | 

One of the chief factors preventing the more wide- 
spread introduction of fluid power systems is believed 
to be some lack of confidence in replacing proven 
mechanical systems by devices whose value has been 
proved only on paper. This seems to be particularly 
true in the motor industry, although the collaboration 
between NEL and British Leyland offers a way out of 
the vicious circle. The NEL also has high hopes of 
marine uses for its motors with radial pistons, whose 
efficiency at low speeds offers a realistic alternative 
for the tug. 

At present, fluid power research takes up about 12 
per cent of the budget of the NEL, which has an annual 
expenditure of about £2-25 million. 


WHITE FISHERIES 


More Money for Fish 


Tur White Fish Authority in its latest research and 
development report has once again emphasized the 
fact that it wants very much more money for this 
work for which it currently has little more than 
£400,000 to spend each year. Half of this sum comes 
from its own funds and half from the Treasury via the 
Ministry of Agriculture. Even to outsiders, this sum 
seems too small for the range of development work 
the authority wants to do for the fishing industry. 
This includes such wide ranging activities as research 
on the mechanization of fishing operations and fishing 
aids, the handling, processing and distribution of fish 
and the practicalities of marine fish farming (see 
Nature, 224, 205; 1969). The authority finds it difficult 
to cope with many individual projects needing annual 
budgets of more than £20,000. 

It has nonetheless made some significant progress 
recently with such things as boxing and transferring 
catches at sea, and the development of a gutting 
machine. 

While such developments will, of course, help the 
economies of the industry and the safety of the crews, 
the authority’s other objective is more satisfied cus- 
tomers. To improve the image of fresh and frozen 
fish among housewives, the authority has been experi- 
menting with sales of prepackaged chilled wet fish 
in supermarkets and with new fish products such as 
canned soups, fish potato chips, and fish crisps. In 
particular the authority has been directing its efforts 
at schoolchildren in the past two years. The problem 
is that the Department of Education and Science 
recommends that children should be served only two 
fish meals out of twenty in school. If four meals a 
month became the recommended level, the authority 
claims that the British fishing industry could benefit 
by another £2 million a year. But would schoolchildren 
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eat fish twice a week at school ? Five trials, involving 
forty schools and 13,000 children, has indeed shown 
(see Fish in School Meals published by the authority) 
that children like fish as much as meat, provided it Is 
of reasonable quality and attractively served. The 
surveys carried out by the authority and supported 
by evidence obtained by the Ministry of Technology's 
Torry Research Station also showed that fish is cheaper 
than meat and nutritionally just as good. 

The authority now hopes to persuade the DES to 
revise its school meal recommendations, and the local 
education authorities to adopt purchase and handling 
specifications to control the quality of fish for schools. 


SCIENCE FAIR 


World Series in School Science 


Tue International Science Fair (ISF) programme is now 
in its twenty-first vear and growing fast. Every year, 
more and more American students in the tenth, eleventh 
and twelfth grades at secondary schools answer its 
challenge to “try doing your own thing in science”, 
which means finding a scientific project to study, 
either in or out of school, and exhibiting the results 
of their endeavours in the school science fair. From 
this beginning, the aspiring young scientist may find 
that his project has been selected for exhibition in 
one of 200 regional fairs, where it will be judged 
against strong competition for a place in the Inter- 
national Science Fair. Here, the 400 exhibitors will 
have the opportunity to win one of the many awards 
donated by more than thirty national scientific organ- 
izations and federal services, but, as Science Service, 
the non-profitmaking organization for the populariza- 
tion of science which runs ISF, points out, the main 
award is the opportunity to gain a place in the final 
and to achieve the recognition among the scientific 
community which this brings. Consequently, every 
finalist receives an ISF Medal Award—‘‘a rainbow 
ribboned silver medal with a gold science emblem”. 
The selection process for the ISF involves thousands 
of school fairs and millions of students, teachers, scient- 
ists, parents and visitors, and this certainly helps to 
popularize science in secondary schools. Moreover, 
the standard of the entries is usually very high, and 
sometimes they involve complex subjects; for 
example, last year’s winners included projects on 
storing information in crystals, building synthetic 
peptides and an investigation into a possible relation- 
ship between mathematical formulae and marine 
molluse growth. However, the International Science 
Fair is more like the “World Series” of science fairs, 
because its entrants are predominantly American— 
out of forty-two major prizewinners last year, only one 
was not American—and it seems that the twenty-first 
International Science Fair, which will be held in 
Baltimore in May 1970, will follow a similar pattern. 


CHEMISTRY PRIZE 


Conformation Analysis Honoured 


Tus year’s Nobel Prize for Chemistry has gone to 
Professor Derek H. R. Barton at Imperial College, 
London, and Professor Odd Hassel, the distinguished 
Norwegian theoretical chemist, for their work “to 
develop and apply the concept of conformation in 
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chemistry”. The £30,000 award relates to the research 
done by Professor Hassel in the 1940s on the molecular 
structure of cyclohexane derivatives and Professor 
Barton’s extension of the ideas of conformation to 
complex organic structures. 

Dr Hassel used the techniques of electron diffraction, 
under what Professor Barton describes as incredibly 
difficult cireumstances during the war, to make three- 
dimensional images of simple molecules which he saw 
existed in preferred conformations. This helped him 
to realize that the analysis of the conformation of 
organic molecules could help to explain their chemical 
reactions and, in fact, could be used to predict the way 
they would react. Since then, conformation analysis 
has become a powerful tool in predicting the configura- 
tion of natural substances such as steroids, alkaloids 
and terpenes, in the analysis of reaction mechanisms 
and in the synthesis of organic molecules. One import- 
ant application of this type of analysis is In drug 
research to find the part of a molecule at which com- 
bination with other substances takes place. 





Since his original work on three-dimensional analysis, 
Professor Barton has gone on to study the paths by 
which natural substances are manufactured by plants 
and moulds. One of his chief interests now is the 
synthesis of biologically important steroid and alkaloid 
molecules. 

Professor Hassel, who is 72, was a lecturer and later 
professor of physical chemistry at Oslo University 
from 1926 to 1964. Professor Barton, now 51, has 
been interested in steroid chemistry since he was a 
student at Imperial College. He followed up Hassel’s 
work during a period when he was a visiting professor 
at Harvard. and he returned to Imperial College twelve 
years later as professor of organie chemistry. 


PHYSICS PRIZE 


No Strangeness Here 


THE award of the Nobel Prize for Physies to Professor 
Murray Gell-Mann, the man who put forward the 
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classification of the strongly interacting particles known 
as the Eightfold Way, is no surprise. Gell-Mann's 
classification of the strongly interacting particles first 
appeared in a famous Caltech report of 1961. It repre- 
sented a crucial advance in the understanding of 
elementary particles, freeing physicists from the jungle 
of data that had been accumulating during the previous 
decade on strong interactions. It also paved the way 
for the celebrated quark theory, which set out to 
describe nuclear particles in terms of three funda- 
mental quarks, each with a charge a fraction of that 
of the proton (or electron). Gell-Mann apparently still 
likes to think of the quarks as having essentially 
mathematical reality, although here he is in more 
controversial waters. Gell-Mann's Fi ghtfold Way 
theory appeared at almost exactly the same time as 
an independent and very similar theory by Y., 
Ne'emann. 

Gell-Mann’s first major triumph was in 1953, when 
with K. Nishijima he put forward the concept of 
strangeness as a way of explaining the unusual be- 
haviour of the neutral K meson and other particles, 
The puzzle about K mesons was that they were 
copiously produced in certain nuclear interactions, from 
which it was inferred that they interacted with matter 
by means of the strong interaction, and yet they lived 
for a period some 10 times longer than would be 
expected for such particles, Gell-Mann and Nishijima 
managed to extricate theoretical physics from this 
paradox by proposing a formula for relating charge, 
baryon number, isotopic spin and the then new 
quantum number of strangeness. This is variously 
taken as a prediction or definition of strangeness, 

The prediction of the Q- particle by Gell-Mann in 
1962 was perhaps his most characteristic achievement. 
It is said that at an international high energy con- 
ference at Geneva he described a calculation which 
led him to believe that there should be such a particle 
as an Q. The significance of his remark was not 
immediately grasped, but the Q- was duly found in 
an experiment two years later. 

Gell-Mann was also the pioneer of another field 
known as Current Algebras. In 1960 he put forward 
the basic ideas on the algebra of fields which were to 
set the pattern of research in this subject for the 
following decade, and it is still too early to evaluate 
just how important the subject will turn out to be. 

Gell-Mann entered Yale University at the age of 15 
in 1944. After graduating in 1948, he took his PhD 
at the Massachusetts Institute of Technology in 1951. 
After a year at the Institute for Advanced Research 
and three years at the University of Chicago, he went 
to the California Institute of Technology. To those 
attending the Nature centenary celebrations last week, 
it was particularly unfortunate that he should have 
been prevented by illness from taking his place in the 
programme. 


QUEEN’S SPEECH 


Front Seat for Fuel and Power 


Tue fourth session of this Parliament began on October 
28 with the traditional Queen’s Speech, and this outline 
of the government’s programme for the session before 
an election naturally contained few measures likely to 
provoke controversy in the ranks of the Labour Party. 
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It also seems that the Conservatives are in agreement: 
with many of the proposals, and indeed Mr Edward 
Heath prefaced his attack on the speech with the 
statement that “there are some worthy bills that we 
are delighted to see”. The most controversial of the 
twenty-seven proposals outlined in the speech is 
probably that to introduce a bill to force local educa- 
tion authorities to submit plans for comprehensive 
education, but this was no surprise; Miss Alice Bacon 
had already promised such a bill at the Labour Part y 
conference last month and the Conservative Party had 
already attacked the proposal at its own confer- 
ence. 

Proposals for the fuel and power industries have also 
provoked some rather bitter remarks from the opposi- 
tion benches. It is intended to reorganize the elec- 
tricity supply and gas industries and to enable the Gas 
Council to search for, refine and market petroleum, 
This last phrase has caused particular concern among 
Conservatives, who view it as increasing nationaliza- 
tion in a field whieh is being run very efficient] v by 
private enterprise. For example, Mr Patrick McNair- 
Wilson thought it dangerous to risk taxpayers’ monev 
in an enterprise as risky as oil prospecting, and believed 
the proposal to be “a gross interference with the com- 
mercial life of this country”. The coal industry was 
looked on with some favour in the Queen’s speech, and 
although Mr Harold Wilson pointed out that a further 
policy of pit closures is inevitable, he said that the 
government would introduce a measure “to continue 
into the 1970s the programme of transitional help 
which the industry has been able to receive”, 

The best piece of news which the coal industry has 
had for a long time, however, is the announcement that 
the government has approved plans for four power 
stations to be built in the early 1970s at a total cost of 
£400 million, and that these will include the second 
coal fired station at Drax in Yorkshire. The other 
stations will be at Heysham in Laneashire and at 
Sizewell in Suffolk, both nuclear AGRs, and an oil 
fired station on the Isle of Grain. Mr Harold Lever, the 
Paymaster General, who announced these plans, said 
that the building of the Drax B station indicates that 
the government has “a clear determination to achieve a 
prosperous, viable and modernized coal industry with a 
long and firm future ahead of it”. Another proposal 
that will be welcomed, at least bv the Select Committee 
on Science and Technology, is that the government 
intends to establish the nuclear fuel business of the UK 
Atomic Energy Authority as a separate government- 
controlled company. This was recommended by the 
Select Committee in its reports both in 1967 and in 
1969 and was regarded by them as essential for the 
smooth running of the nuclear industry at home and 
for the export drive in nuclear reactors. 

Other proposals outlined in the Queen’s speech 
included an undertaking that the government will 
maintain its application to join the Common Market: 
that they will introduce legislation to rationalize the 
work of the Monopolies Commission and the National 
Board for Prices and Incomes, and to combine them in 
a new body; and that they will make fresh proposals 
about the future of the Health Service. Otherwise, 
very little new policy was outlined and it seems that the 
coming session is likely to be a dour lead up to the 
General Election, with both sides concerned to preserve 
their electoral images. 


NATURE VOL. 224 NOVEMBER 8 1969 


NORTH AMERICA 


No Hats in Air for Apollo 
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from our Astronomy Correspondent 


THE Space Science Board of the National Academy of 
Seiences has come out with yet another quizzical 
report about the conduct of the United States pro- 
gramme of space research (Lunar Exploration— 
Strategy for Research 1969-75). This time, the Apollo 
programme is the centre of the stage, and the board 
is doubtful not merely of the forward strategy for 
lunar exploration but also of the wisdom of the detailed 
planning of the lunar exploration already carried out. 
Thus it complains of the lack of time for preparing 
experiments to carry on the early Apollo flights and 
been imposed on the 


gation. 

Already this year the board has reported on the 
unmanned exploration of the outer solar system and 
on the possibilities of an optical telescope in Earth 
orbit. The telescope report is the most recent (Nature, 
994 409; 1969). The latest report has been produced 
by a study group which met during the last week in 
August to decide the best way of using the remaining 
nine Apollo missions. The study was sadly marred. 
on the first day by the death of the chairman, Professor 
H. H. Hess of Princeton, who had also been chairman 
of the Space Science Board since 1962. Professor 
W. W. Rubey of California took over as chairman of 
the study group. 

The chief theme of the report is that steps should be 
taken to exploit as fully as possible the technology of 
the Apollo project. By implication, there is a lot 
still to be done. In what is no doubt intended as a 
reference to the report of the President’s task force 
on the future of manned space flight, the study group 
says that “we foresee the possibility that a choice will 
be necessary in the early 1970s between funding a 
major new manned exploration technology and the 
adequate funding of the extensions of Apollo lunar 
technology’. The report says that in such circum- 
stances “the present Apollo lunar exploration phase 
should be given priority” even if the result is a “sig- 
nificant hiatus in lunar exploration after the Apollo 
program”. Elsewhere, the study group says that it 
feels “strongly that in the near future the over-all 
NASA program should not be biased in favour of large- 
scale technological innovations involving manned 
spaceflight to the detriment of lunar and planetary 
scientific explorations that fully exploit current 
technology”. 

Among other things, the report suggests that the 
present list of ten landing sites should be supplemented 
by others chosen in “the most ancient highlands and a 
youthful mare”. The study group also urges that some 
attention should be paid to increasing the mobility of 
people on the surface of the Moon in the immediate 
future by arranging that the Apollo landing modules 
could remain on the surface of the Moon for up to 


72 hours and that people could travel for between 
5 and 10 kilometres from the landing point. It asks 
that there should be instruments in orbits about the 
Moon to coincide with the lunar landings, particularly 
in conjunction with the Apollo flights labelled 16 to 20, 
by which time it should be possible to develop suitable 
instruments and even a controlled tracked vehicle 
for moving about on the lunar surface. 

The report gives a great deal of attention to the need 
for an accurate chronology of the lunar surface. From 
this it follows that the collection of samples from the 
surface is a necessary part of exploration. The study 
group emphasizes that the productive planning of this 
activity will be possible only after the first few Apollo 
landings have delineated “the general age range of 
lunar magmatic and impact history”. This, no doubt, 
is why the study group asks that Apollo landings should 
each aim at the recovery of at least 150 pounds of lunar 
material. The report is also critical of the somewhat 
peripheral part which seems to be played by the 
scientific experiments associated with Apollo. First 
of all, the group would like to see a greater interval 
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between successive flights so as to allow more time 
for the design of experiments. Those destined for the 
first few flights had to be assembled in such a hurry 
that only instruments whose development was sub- 
stantially complete could be included. In general, the 
report asks for “changes in management structure that 
will ensure a greater part for science in the Apollo 
program”. 

Specifically, it complains that there is not enough 
financial support for the development of new instru- 
ments needed in the exploration of the Moon- seed 
money”, as the study group puts it. As a result, the 
report infers, fewer people are able to design lunar 
experiments than circumstances require., For one 
thing, the study group asks that NASA should spend 
more than the $1 million to $2 million a year so far 
The committee 


The report also criticizes the process of selection of 


at Houston is up to its task. Acknowledging that 
difficulties of this kind are common at the start of new 
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enterprises, the study group nevertheless says that “if 
serious deficiencies persist, it is of the utmost impor- 
tance that they be corrected in order not to degrade 
the scientific value of the samples. This matter 
requires immediate attention in order to avoid the 
possible necessity of delaying the examination of 
samples returned by future missions”. This raises, 
in short, the horrific prospect of the Houston Laboratory 
as a kind of museum from the start. 


NUCLEAR EXPLOSIONS 


No Panic on Amchitka 


Tue United States Atomic Energy Commission has 
issued a factual but reassuring report of the conse- 
quences of the megaton explosion of a nuclear weapon 
4.000 ft beneath the surface of Amehitka Island in 
Alaska on October 2. By now, of course, it is widely 
known that on this occasion, the explosion did not 
trigger off an earthquake of any size. The AEC says 
that the explosion itself registered 6-5 on the Richter 
seale, which is what had been predicted in advance. 
It does, however, seem that there were “a few ri ck slides 
and earth slumps” along the sea coast, together with 
some cracking of roadways and movement of road 
embankments saturated with water. In some places, 
temporary buildings were moved by the explosion but 
there was no damage to the airfield or to the utilities 
on the island. 

The most serious damage seems to have been imme- 
diately above the point of the explosion, where some 
side panels in a workshop were shaken loose. The 
explosion was recognized easily by people even as far 
away as twenty-eight miles, in the north-west of the 
island, although “the ground motion was barely per- 
ceptible” on the mainland 200 miles away. It has 
already been reported that shock waves were felt 
strongly, about 11 seconds after the explosion, on the 
warship Princeton, about eight miles north-west of the 
island. The AEC says that such water waves as there 
may have been could not have exceeded two inches. 
and that the only earth movements consisted of a 
great many small tremors immediately around the 
cavity that came to an end after broken rock above the 
cavity collapsed into it a day and a half after the 
explosion. The surface of the island is however 
permanently scarred by a saucer shaped depression 
twenty feet deep and some hundreds of feet across. 
By all accounts, there has been no damage to the 
biological environment. Birds are said to have con- 
tinued in occupation and trout and salmon have sur- 
vived the over-pressure produced in Jakes and streams 
although some sticklebacks were killed by concussion 
in nearby ponds. <A variety of animals, including crabs 
and sea otters, are said to have been unaffected by the 
explosion although the AEC promises to keep the 
ecological effects under continuing review. 


DEFENCE RESEARCH 


Half Settlement at MIT 


Tue disturbances at the Massachusetts Institute of 
Technology earlier this week are a surprising sequel 
to what seems to have been a friendly encounter 
between the president, Dr Howard W. Johnson, 
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and the faculty at the institute on October 22. when 
the report of the review panel on special laboratories 
was discussed. By all accounts, only 15 out of 450 
members of the faculty opposed the recommendation 
that the two principal laboratories, the Lincoln 
Laboratory and the Instrumentation Laboratory, 
which have been largely concerned with defence 
research, should gradually shift their emphasis towards 
the solution of “domestic and social problems”. The 
position of the two laboratories was first given promin- 
ence by student protest in 1968. 

In his statement at the faculty meeting, Dr Johnson 
said that the future of the two laboratories was critical 
for the institute. It has been accepted that there 
should be a change in the direction of the laboratories 
—the question was how best to satisfy the legitimate 
interests of MIT and not the government. He said 
that it was also necessary to protect the interests and 
integrity of those working at the laboratories. The 
final report of the review panel, from which four of the 
twenty-two members dissented, recommends that the 
shift in direction should be accompanied by the de- 
classification of a large part of the workers in the 
laboratories, the development of better relationships 
between the faculty and the students at the labora- 
tories, and the creation of a standing committee to 
review the programme of the laboratories. 


GEOPHYSICS 


New Laboratory 
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The Henry Hinds Laboratory for the Geophysical Sciences at the 
University of Chicago was officially opened on October 14. The 
building, which is dominated by ten tower appendages, has been 
designed by I. W. Colburn & Associates Inc. of Chicago and is 
said to be in the “contemporary gothic" style. It cost $5 million, 
partly supplied by the late Mr Henry Hinds, an oil geologist. 
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Chester Beatty seeks Cure for Middle-aged Spread 


from our Special Correspondent 


Tarse are troubled times for the Chester Beatty 
Research Institute. The recent two-day inquisition 
by a visiting subcommittee of the Medical Research 
Council, and the muted allegations of heresy that 
emerged from it, are the least of the institute’s prob- 
lems. The Chester Beatty is facing organizational 
strains that have been building up for several years. 
It lacks the funds to hire new blood and the resolve 
to purge the old. It has lost the full confidence of its 
two rich friends, the Medical Research Council (MRC) 
and the British Empire Cancer Campaign for Research 
(BECCR). And, to prove that misfortunes never 
come singly, it is fighting its battles without the aid 
of a director. Since the retirement of Sir Alexander 
Haddow in March, the institute has been governed by 
a committee, 

What has gone wrong? In its own opinion—and 
indeed that of others—the Chester Beatty is the most 
important cancer research institute in Britain and it 
has the finest output. But the high powered sub- 
committee seems to have been unhappy at what it 
saw. The subcommittee included Dr J. A. B. Gray, 
the secretary of the MRC, and Professor T. Crawford, 
chairman of the scientific advisory committee of the 
BECCR. (These two organizations contribute £500,000 
and £250,000 respectively to the £1,200,000 annual 
budget of the Institute of Cancer Research, of which 
the Chester Beatty is the major part.) Also on the 
MRC subcommittee were Professor J. L. Gowans 
(Oxford), Professor T. Symington (Glasgow), Professor 
K. Burton (Newcastle upon Tyne) and Professor 
P. M. B. Walker (Edinburgh). The subcommittee’s 
report has not yet been published, but Mr N. P. Hadow, 
the secretary of the Institute of Cancer Research, says 
that “at least 50 per cent of the report is highly 
complimentary”. 

It seems, however, that the report is not overlarded 
with compliments. Very few research projects at the 
institute receive unequivocal praise, whilst others are 
criticized, some of them possibly unjustifiably because, 
as the subcommittee admits, it could spare little more 
than 15 minutes on each interview in the course of its 
two day sittings. The report has few words of comfort 
for the immunologists at the institute and has come 
down against the screening of chemical compounds, 
although little work of this kind is done there. 

The subcommittee has also complained about the 
organization at the institute, unfairly perhaps, because 
the best organized research groups there are often the 
dullest. Moreover, the price of strengthening com- 
munications within the institute would not necessarily 
be worth the rewards. 

What will be the results of the subcommittee’s 
visits ? It is unlikely that any staff changes will be 
made on the basis of the report alone, which is often 
too imprecise or ambiguous to support such decisions. 
What seems certain is that the MRC has already decided 
in its own mind to alter the basis of its support 
for the institute. The present five year grant is a 
cheque for £500,000 a year. To gain more control 
over the research carried out at the institute, the MRC 


wishes to replace half of the block grant with grants 
tied to individual projects. These, as is the MRC's 
practice, would run for limited periods of three years 
or so at the end of which they would be subject to 
renewal. Assuming that the bulk grant is reduced to 
£250,000 the project grants are unlikely to total less 
than £250,000 also, for the MRC has said that it “has 
no intention of reducing support in future”. 

Although members of the institute do not go all the 
way with the subcommittee’s report, it is well recog- 
nized that the present arrangements are unsatisfactory. 
The great debate is just beginning on how best to put 
its house in order. The organizational problems go back 
not to recent years but to the time when the institute 
started. As the heritage of a bad structure, or Jack of 
structure, it has proved hard to initiate the right kind 
of discussions and coordinate research to the best 
advantage. At present, the wrong people are at the 
top and the good people have too little say in how the 
institute should be run. There is, too, a heritage of 
dead wood which is the result of an overgenerous 
distribution of permanent appointments im the 1950s 
and early 1960s. In supporting this middle-aged spread, 
the institute has left itself too little slack elsewhere. 
It is not being able to tackle new lines of research 
because it cannot afford to make new appointments 
and buy in new blood. Nor does it have steady through- 
put of staff that should characterize an intellectually 
vigorous institute. 

In the past the organizational ambivalence from 
which the institute has suffered, the pull between the 
desire for academic independence on the one hand and 
the needs of a mission-based institute on the other, 
has been exacerbated by the uneasy relations with the 
Medical Research Council. The previous secretary, Sir 
Harold Himsworth, did not welcome the costly respon- 
sibility of supporting the institute and was firmly 
resolved to hand it over to the University of London. 
The university was as unwilling to accept the gift as 
the gift was to be accepted, and Sir Harold’s successor, 
Dr Gray, agreed to continue the MRC’s sponsorship. 

The middle-aged spread, the dissipation of research 
effort and the problems of grouping all the scientific 
staff under first-class heads of departments, are felt to 
have eroded the confidence of the institute’s chief 
sponsoring bodies, the MRC and the BECCR. It is 
thought that the BECCR could afford to give more to 
the institute if its confidence were to be restored and 
the MRC might be prevailed on to do likewise. Although 
there is no immediate financial crisis, the incoming 
legacies are being used up instead of invested and the 
lack of funds to hire new staff is acute. Professor 
Crawford, however, has pointed out that the BECCK 
already gives £250,000 to the institute, which is a 
quarter of its annual income; the BECCR would be 
rightly criticized if it invested more than this in any 
one institution. The MRC has also denied any intention 
of reducing grants in future. 

The institute is now reaping the harvest of the way 
its system of appointments and administrative struc- 
ture has developed in past years. It has driven itself 
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into a corner where, because of its lack of flexibility, 
it cannot get more money without developing new lines 
of research and cannot develop new lines of research 
without more money. Its greatest need at the moment 
is for a new director. The job specification calls for a 
scientist distinguished in his own field who will have 
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the authority to reorganize both the Chester Beatty 
and the three smaller departments attached to the 
Institute of Cancer Research. It may be that no 
scientist of worth will wish to take on an institute 
which finds itself in such a dilemma. But the challenge 
would be worth while. Applicants should not delay. 


Cheerful Pugwash at Sochi 


THE nineteenth Pugwash conference at Sochi on the 
Black Sea from October 22 to 27 seems to have been a 
euceessful occasion. Participants included more than 
100 scientists from twenty-nine countries. Although 
much of the work of the conference lay in familiar 
Pugwash territory, it appears that the discussions were 
more than usually cordial. Nobody knows to what 
extent this may have arisen because the nineteenth 
conference was the first which has been open to 
journalists. 

A statement issued by the Continuing Committee of 
Pugwash after the conference deals with a number of 
familiar topics but also with the problem of Vietnam. 
It appears that the working group with this problem 
on its agenda decided that “the complete withdrawal, 
as quickly as possible, of American troops from South 
Vietnam is a necessary condition for the establishment 
of peace in that country”. It went on to urge a rapid 
reduction of the concentration of American “troops in 
South Vietnam and, by doing so, abandoned at least 
some of the old Pugwash caution which has kept the 
organization from too direct an involvement with 
strictly political matters. In Nigeria, Pugwash wants 
a cease-fire. Although some participants at the con- 
ference emerged from the discussion on the Middle 

Kast saying “we have fought the Six Day War all over 
again’, mM the event the Pugwash statement is for the 
UN resolution of November 22, 1967, and for a redue- 
tion of tension in the Middle East. 

In Europe, Pugwash wants to see a “system for 
European security and the dissolution of the military 
blocs”. Acknowledging, however, that this is a long 
term objective, the statement goes on to say that it 
would like to see short term agreements for the aban- 
donment of the use of force and a reduction of militar V 
forces in Europe. In this spirit, the working group 
dealing with European problems lent its support to 
the notion of a European security conference, hoping 
that it would lead to the formation of a permanent 
body under the aegis of the United Nations. There 
seems to have been some disagreement about the extent 
to which the United States and Canada should be 
involved in these discussions—a symbol, no doubt, for 
the political obstacles that would have to be overcome 
before problems of European security could be con- 
sidered in isolation. The Sochi Pugwash went on 
record by asking for a recognition of existing European 
boundaries, the German Democratie R epublic im par- 
ticular, but had a number of constructive suggestions 
to make about the greater interchange between East 
and West in Europe. On Czechoslovakia, however, 
the Continuing Committee has nothing to say except 
that there were “conflicting views ” evidently Czecho- 


slovakia will cast a shadow over Pugwash for many 
years to come, 

The strongest part of the committee's report is that 
dealing with nuclear weapons and delivery systems— 
the problems now to be taken up by the Conference on 
Strategie Arms Limitations between the United States 
and the Soviet Union at Helsinki. Pugwash says that 
the development of antiballistic missiles and multiple 
independently targetable re-entry vehicles is bound to 
give another twist to the arms race. Moreover, it says, 
deployment would upset the calculations on which 
present strategies are based, with the result that forces 
would probably be increased in number. This is why 
the group at Sochi gave an unqualified cheer for the 
announcement that the SALT talks are due to begin 
on November 17. There is also some general exhortation 
in the report on the importance of persuading black 
sheep to sign both the Non-Proliferation Treaty and 
the Partial ‘Test-Ban Treaty. 

The working group concerned with strategic arms 
limitation seems to have considered ways in which the 
development of ABMs and NIRVs could be stopped, 
possibly by tacit agreement, by simultaneous unilateral 
declarations or even by voluntary self-denial in the 
hope of reciprocal action, To begin with, a moratorium 
on the testing of both kinds of weapons was held out 
as a necessary step if comprehensive agreements are 
eventually to be negotiated. 

The statement from the group concerned with arms 
limitations goes on to say that a substantial reduction 
in the existing level of armaments would be compatible 
with effective deterrence, As a part of the package, it 
considered that more effective means of controlling 
the production of fissile material ought to be de veloped 
within the framework of the International Atomie 
Energy Agency. It considered that the proposed sea- 
bed treaty would be useful if only as a first step. The 
notion that the partial test-ban should be made com- 
prehensive seems to have been to some members a 
realistic goal in itself and to others to be a measure to 
be combined with the SALT talks. 

The discussion at Sochi on chemical and biological 
weapons gave a blessing to the Geneva Protocol of 
1925, which prohibits the first use of chemical and 
biological weapons, but asked that further steps 
should be taken urgently. One of the problems exer- 
cising the group was the degree to which chemical 
agents could be legitimately used in peacetime and it 
seems to have agreed that the need for a watertight 
definition is urgent. At the same time, it wishes to 
ban the development, production and stockpiling of 
chemical and biological weapons as well as to encourage 
research on rapid detection and identification. 
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NEWS AND VIEWS 


v /BIBIC/ 


THE Campaign for Better Broadcasting (see Nature, 
223, 1086; 1969) seems perversely determined to hang 
on to the wrong end of the stick with which it is seeking 
to beat the British Broadcasting Corporation. In its 
most recent manifesto, the campaign once more takes 
the corporation to task for the plan to reorganize sound 
broadcasting so as to make the four broadcasting 
channels more uniform in content. By doing so, it 
seems quite to miss the point that if there is a crisis in 
British broadcasting, the BBC’s proposals for internal 
reorganization are only a symptom, not a cause. What 
the CBB is really complaining about is that the world 
will never again be as simple as it was in the twenties, 
when Lord Reith found himself blessed with a captive 
and eager audience for all kinds of sound broadcasting, 
rubbish and self-improvement alike. It may be true 
that the immediate problems of broadcasting in Britain 
are complicated by the way in which both television 
and sound broadcasting are supported by licence fees 
collected by the government from the owners of radio 
and television receivers—the supply of money shows 
no sign of catching up with the demand. But in 
Britain, as elsewhere, technical considerations are at 
once more important and even more urgent. If the 
CBB really wished to improve the condition of broad- 
casting, this is where it would begin. 

At the beginning of broadcasting, in the twenties, 
it was only natural that the technical difficulties of 
manufacturing a signal, of modulating it, of transmit- 
ting it, of propagating it and eventually of receiving 
it, should have seemed at once novel and formidable. 
The result was that broadcasting came to be a sequence 
of technical procedures to the end of which the design 
and production of programmes was attached much as 
the tail is hung on a dog. In circumstances like these, 
it was only natural that organizations like the BBC in 
Britain, and organizations like the independent net- 
works in the United States, should consist of a vertically 
integrated organization for producing programmes and 
for broadcasting them. Such tendencies as there may 
have been to separate the technicalities of broadcasting 
from the production of programmes would have been 
restrained by geographical considerations—if a radio 
transmitter can cover only the area of a single city, 
why bother to ask whether there should be a separation 
of the technicalities of transmission from the intricacies 
of programme content ? 

How has this balance changed? The first thing to 
be said is that the tail is now very much larger than the 
dog. The coming of television has meant that the cost 
of providing what Mr McLuhan would call a message 
has multiplied enormously—nobody complains if the 
cost of an hour’s television exceeds the cost of running 
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a local broadcasting station for a year. This, no doubt, 
is why the BBC is constantly in financial trouble. But 
the geographical limitation on the range of broadcast- 
ing has also now been dramatically dispelled by the 
arrival of broadcasting satellites. On paper at least, 
there is now no reason why the television output of a 
dozen countries should not be made available from 
some central receiving station in any one of them. 
With satellites and with distribution by cable tele- 
vision, domestic receivers in London could be switched 
to Moscow or even to Channel 13, New York, if that 
is what the watcher fancies. To be sure, such freedom 
is a facility to be paid for, as is the international 
telephone, but it is a socially desirable objective. It 
is also one which could free broadcasting from many 
of the shackles with which it at present finds itself 
encumbered, 

Why should such improvements come from a simple 
separation of the functions of transmission and of 
designing programmes? One sign of the present im- 
balance in broadcasting is the extent to which the 
potentialities of sound and television broadcasting are 
not used as fully as they might be. International 
direct broadcasts are still a rarity, even in narrow 
regions such as Europe, yet there appears to be an 
unrequited demand for the sight of important happen- 
ings which range from riots in distant cities to the 
public speeches of statesmen and the pubhe appear- 
ances of actresses. In the second half of the twentieth 
century, it is only natural that people should be 
frustrated by the lack of what has come to seem a part 
of their birthright. But the broadcasting authorities 
are themselves frustrated by the difficulty of showing 
the programmes of which they are most proud to as 
wide an audience as that which would wish to see them. 

So is there not a community of interest that would 
be served by a system making most people's broad- 
casts internationally available, even if it were under- 
stood that recipients would have to pay (through cable 
television) for their more exotic demands on the sys- 
tem? People would then get what they wanted, and 
those who spend money on the design of programmes 
would find themselves compensated, in part at least, 
whenever they were able to win the attention of a 
wider audience. To be sur e, the management of such 
a system would be feasible only if the designers of 
programmes were able to use broadcasting facilities 
much as if they were common carriers; but that, in any 
case, is what happens when it comes to using land-lmes 
and coaxial cables. Why not let there be an inter- 
national common carrier, with national appendages 
when appropriate, to perform this common service ? 
Then organizations such as the BBC would be con- 
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cerned not with the mechanics but with the content of 
what they broadeast. As it happens, this should be 
the objective not merely for the Campaign for Better 
Broadcasting but for the BBC itself. 


MAGNETIC VARIATIONS 


Ocean Bottom Profiles 


from our Geomagnetism Correspondent 


THE magnetic anomalies which Vine and Matthews and 
others have used as evidence for sea floor spreading 
were derived from measurements made at the ocean 
surface. The reason for this was simple enough. 
Measurements made closer to the sources of the anoma- 
lies, near the ocean floor, contain high frequency 
variations which obscure the long wavelength variations 
attributable to the normally and reversely magnetized 
strips of the ocean floor. In other words, the high 
frequency variations are usually considered merely as 
noise which tends to conceal the required signal. 
During the past year, however, high frequency noise 
has come to be regarded as an interesting signal in its 
own right. Observations from magnetometers towed 
a few tens of metres above the sea floor have shown that 
a typical linear magnetic anomaly, twenty to thirty 
kilometres wide and several hundred gammas in 
amplitude, comprises a series of higher amplitude 
anomalies, each several kilometres wide. The narrower 
anomalies are parallel to the linear anomalies recorded 
at the ocean surface, which suggests that they too are 
linked with ocean floor spreading. Discussing a 
typical profile within anomaly 10 (about 35 my) in 
the north-eastern Pacific, Luyendyk (J. Geophys. Res., 
74, 4869; 1969) has shown that the best model that 
simulates the observed series of narrow anomalies has 
the volcanic second layer divided into vertical blocks 
between one hundred and five hundred metres wide. 
These blocks are not of course intended as physically 
distinct entities but merely represent the lateral limits 
of appreciably uniform magnetizations. The general 
point is that the narrow anomalies are probably pro- 
duced by magnetic variations of some sort, in a direc- 
tion normal to the strike of the wider anomalies. 
Interest thus centres on the origin of these magnetic 
variations. The two most obvious sources to be con- 
sidered first are topography and variations in the 
height of the magnetometer above the ocean floor. The 
effects of the latter were eliminated by forming a com- 
posite profile from smaller sections of near-bottom 
profiles—a procedure which failed to remove the 
anomalies. Tests designed to look for correlations 
between anomalies and the topography above the 
surface of the oceanie second layer were also negative. 
In short, topographic effects are extremely small and 
probably confined to anomalies of low am plitude and 
very short wavelength. A third explanation, contamin- 
ation of previously magnetized material by vertical 
dykes magnetized in opposite directions, also seems 
unlikely. For example, sea floor produced during the 
Brunhes normal epoch, which is relatively free from 
reversals, also contains well defined narrow anomalies. 
There are two further possibilities between which it 
is difficult to decide on present evidence. The first 
attributes the narrow anomalies to petrographic varia- 
tions within the oceanic second layer. A consequence 
of Luyendyk’s model is a mean susceptibility for the 
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second layer of 0-005 emu/cm? +50 per cent, a varia- 
tion well within reported ranges for oceanic basalts. 
Whether petrology could vary smoothly in the required 
manner seems doubtful but possible. It would, for 
example, imply a varying magma source at ocean 
ridges, which has been reported for shallow-chamber 
eruptions but not for deep fissure eruptions. 

This leaves the final explanation in terms of the 
geomagnetic field intensity fluctuations suggested by 
Bucha, and independently by Smith (P. J.), in 1967. 
During the Quaternary, these variations seem to 
possess periods of about 10,000 vears and are of 
sufficient magnitude to explain the narrow magnetic 
anomalies. If they exist, they should be recorded by 
the spreading ocean floor in the same way as field 
reversals. And if they are so recorded, near-bottom 
ocean magnetic profiles should offer a method of 
determining the relative variation of palaeofield inten- 
sity with time up to the age of the oldest ocean 
anomaly-—a process not possible with continental 
rocks which are not continuous in time. 


SOLID EARTH 


Electricity in the Mantle 


from our Geophysics Correspondent 


Gropuysics has had a remarkable decade. The 
influence of the Upper Mantle Project and the money 
poured into nuclear test detection have borne fruit in 
the form of a much more comprehensive understanding 
of the physics of the Earth than anyone would have 
dreamed of in 1960. Seismology is well instrumented, 
marine geophysics is still growing, high pressure 
petrology is attracting much attention and huge 
computers are now turned on to problems such as 
automatic data inversion and mantle convection. 
The inevitable question is whether the growth can last 
and, if so, in what directions can developments be 
expected. Everyone has his prejudice and personal 
ambition, but one field where much remains to be done 
was outlined by Professor A. T. Price, at the Royal 
Astronomical Society on October 24, giving the seventh 
Harold Jeffreys Lecture, on the electrical conductivity 
of the Earth. 

He traced the development of the use of the magnetic 
response of the Earth to external disturbances as a 
tool for conductivity prospecting, from Schuster in the 
1880s to work done during the past year. Apparently, 
Schuster appreciated the possibility of learning about 
the vertical distribution of electrical conductivity 
from observatory records and put forward the proposal 
that there is a relatively good conductor within the 
Earth extending to within about 300 km of the Earth’s 
surface, but that the outermost part of the Earth could 
be regarded as an insulator. In the 1930s, Chapman, 
Price and later Lahiri were using not only the long- 
period components of magnetograms but were extend- 
ing the response spectrum to shorter periods than exist 
in magnetic storms. More recently, magneto-telluric 
observations have also contributed. Schuster proved 
remarkably near the mark. Although faced with 
uniqueness problems which have only recently been 
given a formalism, Lahiri and Price produced a set 
of aeceptable conductivity models in all of which there 
was a pronounced increase in conductivity at a depth 
between 400 and 1,000 kilometres. They also saw a 
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need to put in a thin conducting layer near the Earth's 
surface, but could not say definitely that this was the 
effect of the oceans. 

More recent work on samples of data spanning 
longer intervals has confirmed the change of conductiv- 
ity in the upper mantle, amounting to five orders of 
magnitude, and has shown the need for a shallower 
condueting layer, possibly extending deeper than 
previously thought. Price, however, suggested that 
the next developments were in the delineation of local 
conductivity anomalies in the crust and upper mantle 
and the theory and observation of rocks at high 
pressures and temperatures—both are being vigorously 
pursued at present. 

It may be asked whether a subject in which only 
order-of-magnitude studies are possible at present 
tells anything useful about the Earth, especially with 
such detailed seismological information now available. 
The answer is clearly - yes. Seismic observations can 
only tell about elastic properties and density varia- 
tions; for the rest we know very little except what 
electromagnetic methods ean tell us. The thermal 
state of the Earth and possible phase changes lean 
very heavily for evidence on what can be learnt about 
the electrical conductivity profile. Here at least is a 
very fertile field for a long time to come. 


VOLCANOES 


Mount Rainier Restless 


from our Geomagnetism Correspondent 


Mount RAINIER is a beautiful, snow-capped volcanic 
peak, 14,410 feet high, in the western part of the state 
of Washington. It has the most extensive single-peak 
glacier system in the United States outside Alaska, 
which makes it a landmark for transcontinental airline 
passengers and a Mecca for ground-based tourists. 
Encyclopaedias and local residents describe it as 
extinct; but a recent announcement by the US 
Geological Survey suggests that it is merely dormant. 

According to a new geological history of Rainier 
(The Geologie Story of Mount Rainier, by D. Crandell, 
US a Printing Office, Washington. DC. 
30.65), the volcano has been characterized by long 
periods of quiescence punctuated by violent activity. 
Its precise age is not known with certainty, although 
it must be at least several hundred thousand years 
old. About 10,000 years ago, the summit built up to 
a height of about 16, £000 feet. About 6 O00 vears ago, 
another violent eruption destroyed the old summit 
and produced a giant mudflow which rolled down the 
White River Valley, submerging an area of more than 
100 square miles. A depression left in the top of the 
voleano by this eruption was later filled by the lava 
cone which exists today. The last eruption from Mount 
Rainier probably took place between 100 and 150 
years ago, although ash clouds were observed as 
recently. as seventy- five years ago. 

Since then, there have been no external signs of 
activity, although an infrared photograph from a 
military aircraft recently revealed a new warm spot 
on the cone. An array of portable seismometers 
which has been monitoring Rainicr for the past two 
summers has not revealed a corresponding increase in 
seismic activity, which suggests no imminent eruption. 
The immediate danger arises more from the possibility 
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of steam emission, which could cause melting of the 
snow and ice, produce flash-flooding of streams and 
thus endanger campers in the national park in w hich 
Rainier stands. Meanwhile, seismic monitoring will 
continue in an attempt to detect patterns of activity 
which might make it possible to predict future 
eruptions. 


PULSARS 


Now a Planet Too 


from our Cosmology Correspondent 


N P 0532 is in many ways the most interesting pulsar 
vet discovered, having the shortest period and being 
directly associated with a known supernova remnant. 
Now the close watch that has been kept on this object: 
during the past few months has revealed another 
interesting feature which suggests that it may possess 
a companion with mass comparable with that of the 
Earth. D. W. Richards, G. H. Pettengille, ©. C. 
Counselman and J. Rankin report a quasi-sinusoidal 
variation in the arrival time of pulses from AP 0532, 
with an amplitude of 600 us and period of three months 
(IAU Circular No. 2178). This behaviour suggests the 
presence of a companion planet, and the figures fit in 
very well with a planet of mass close to that of the 

arth and orbital distance of 0-4 astronomical units 
from a primary of one solar mass. 

Publication of the detailed report from this American 
team will be eagerly awaited by the theoreticians, and 
meanwhile it is noteworthy that there are already 
strong grounds for believing that N F 0532 and X P 0527 
were formed in the same supernova explosion of ap 1054 
so that the existence of another fragment from that 

catastrophe should not be too surprising. 


STEREOQLOGY 


Microstructure Analysed 


from our Materials Science Correspondent 


MEASURING the grain size of a piece of metal may not 
be as straightforward as it seems. The routine method 
for determining the grain size of a metal. alloy or 
ceramic is to superimpose a series of regular honey- 
e grias of different, coarseness on a magnified 


18 eins Pa "But Pog a grain Poe e a 
grids, is subject to many kinds of statistical scatter. 
The maximum diameter, ratio of maximum to murni- 
mum diameters, number of sides, mean diameter, 
mean length of sides and the form of distribution of 
diameters can all be expected to vary from one sample 
to the next; yet some of these variables, such as the 
form of distribution of diameters, may behave more 
regularly than others. The experimental methodology 
and mathematical superstructure involved in investi- 


gating such variables constitute the littl known 
science of stereology. Metallurgists often call it 
quantitative metallography, but the more general 
name is preferred by biologists concerned with the 
quantitative geometrical study of cells and their 
microconstituents. 

An intriguing set of stereological regularities has 
been published recently by Aboav and Langdon 


(Metallography, 2, 171; 1969). They examined the 
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grain structure seen on sections of a batch of trans- 
parent (that is, pore-free) magnesia, of average isotro- 
pic grain size ~10 um. Their conclusions, based on 
the statistical analysis of some 10,000 grains, can be 
summarized as follows. In a plane section of a poly- 
crystal: (a) the average diameter of grains with n 
sides is proportional to (n—2); (b) the distribution 
of the lengths of grain sides is of the same form as that 
of the grain diameters, but has a slightly larger spread: 
(c) the form of the distribution of diameters of grains 
with 2 sides is independent of n; and (d) the propor- 
tion of grains with n sides (» varies from 3 to 12) can 
be expressed as a Gaussian function of log n, or of 
(7 --2)?. 

Aboav and Langdon did not attempt to analyse these 
findings in topological terms; their paper is purely 
empirical. Their last conclusion, combined with an 
earlier finding by P. A. Beck that the proportion of 
grains (in aluminium) with n sides does not vary 
during grain growth, raises the interesting question of 
whether the invariance of the grain morphology as 
expressed by the fourth conclusion can be interpreted 
in terms of the unit processes that govern grain 
growth: these processes, at the lines and points of 
intersection of trios and quartets of grains respec- 
tively, are well understood since M. Hillert’s analysis 
of grain growth. Such an interpretation has yet to be 
attempted, 

Aboav and Langdon’s analysis is comparatively 
straightforward. Many stereological analyses, how- 
ever, are more complex; even though the actual 
measurement may be simple (such as, for example, a 
count of the density of intercepts by phase boundaries 
along a randomly placed line), the underlying theory is 
elaborate. Moreover, the problems become intrinsic- 
ally more complicated when more than one phase is 
present in a microstructure: one may then need to 
know, for example, the volume fraction of the second 
phase, the total area of interface between the phases 
per unit volume, or the degree of anisotropy of the 
disperse phase. Again, for the study of certain forms 
of precipitate coarsening in alloy systems it is neces- 
sary to know the statistical distribution of true dia- 
meters of a population of spherical precipitates of 
various sizes, to be deduced from measurements 
made on cross-sections. Here one must allow for the 
fact that most sections of spheres are non-central 
and therefore appear smaller than the sphere itself. 
A subtle problem recently settled with the help of a 
computer was the question of whether a large array of 
irradiation damage spots in a foil of irradiated copper 
was distributed at random or preferentially in linear 
arrays (F. J. Minter and A. J. E. Foreman, J. Materials 
Sci, 4, 218; 1969). All of these measurements, but 
particularly those concerning volume fractions and 
interfacial areas, prove to be important in micro- 
anatomical studies. 


PRESSURE VESSELS 


from a Correspondent 


SoME of the problems involved in implementing the 
Ministry of Technology's recommendations for the 
design of pressure vessels emerged on October 29 at a 
meeting organized by the pressure vessel group of the 
Institution of Mechanical Engineers. Briefly, the 
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report of the committee of enquiry on pressure vessels 
(HMSO, 1969) recommended that design should be 
on a “rational” basis. Present methods use a basic 
nominal design stress for all conditions with a safety 
factor large enough to cover all contingencies. In 
practice a “rational” approach involves an examination 
of all possible causes of failure, including excessive 
deformation, fatigue, creep, wastage and corrosion, 
brittle fracture, limit loading and instability. 

During the past ten years, largely because of the 
growth of nuclear power plant, great advances have 
been made in the analysis and understanding of the 
behaviour of pressure vessels. It is now thought that 
the sophisticated methods of analysis that have been 
developed, the results of intensified research and the 
experience accumulated are collectively sufficient to 
be implemented. in general design and to bring about 
the modification of British Standard codes. Mr R. F. 


In addition, manufac- 
turers, customers and insurance companies will require 
equal skill in assessing designs on the new basis. 
Rational design will have a radical effect on cost and 
could in many cases lead to increased rather than 
decreased costs. But economies would be forthcoming 
in the long term. 

Mr J. Spence (University of Strathclyde) explained 
how fatigue has become a problem in pressure vessel 
design in the past few years because of a continuous 
trend to increase design stresses and the strength of 
steels without a corresponding increase in fatigue 
properties. Nevertheless, he showed that codification 
of fatigue requirements is possible. Mr C. H. A. 
Townley (Berkeley Nuclear Laboratories, Central 
Electricity Generating Board) dealt with the difficult 
topic of design in the creep range and showed that 
considerable advances have recently been made in 
analysis for creep conditions. He concluded that 
several fairly clear guiding lines could be given to 
assist in design. The general consensus of opinion 
agreed with his conclusion that the most important 
obstacle to a scientific approach to high temperature 
design is the paucity of knowledge about the per- 
formance of welds. 

Fracture mechanics has brought a unifying and 
scientific approach to the subject of fast brittle fracture, 
which is sometimes regarded as somewhat mysterious 
because of its unexpected and catastrophic effects. 
The crack opening displacement (COD) test has gone 
a long way towards providing a convenient and consis- 
tent yardstick which has been notably lacking in this 
field. Further development is required before the 
subject can be codified in more than a qualitative way. 

During the open discussion many speakers advocated 
caution and cited special instances when code methods, 
even advanced, could lead to difficulties, but none 
suggested or even considered that the methods of the 
past could be adequate for the future. 

Bearing in mind that the health of a pressure vessel 
industry has come to be regarded internationally as 
an index of a country’s heavy engineering potential, 
it becomes imperative that the Ministry of Technology’s 
recommendations he implemented in the area of 
rational design. This will allow advances and econo- 
mies to be made in a truly permissive design environ- 
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ment which will ensure that the British pressure 
vessel industry remains economically viable and 
competitive in the world scene. 


RAMAN SPECTROSCOPY 


Separating Molecular Spectra 


A REFINEMENT of the technique of Raman scattering, 
which promises to have wide applications for studying 
the rotational and kinetic properties of molecules, has 
been organized by R. Callender and P. 8. Pershan 
(Phys. Rev. Lett., 23, 947; 1969). They have analysed 
the contributions of high orders to the polarizability of 
an isolated molecule with a certain number of Raman- 
active modes of vibration, and have found that the 
terms usually discarded in deriving the expression for 
rotational Raman scattering contain the makings of a 
technique for studying the motion of isolated mole- 
cules. The most important feature of this theoretical 
study is that the frequency of the scattered light asso- 
ciated with the terms of higher order is markedly 
different from that of the incident light, separated from 
it by as much as 1,000 cm~ or 2,000 cm~. This is 
much greater than the small difference usually found 
in rotational Raman scattering. 

Light scattering spectroscopy has been much invigor- 
ated by the introduction of lasers. Rotational Raman 
scattering has been used for studying the rotational 
motion of anisotropic molecules, but one obstacle in the 
use of the technique is that it cannot be applied to a 
system containing different types of molecules because 
of the difficulty of separating the light from the different 
species. Callender and Pershan have shown that the 
scattering attributable to the higher order terms in the 
polarization differs from the rotational Raman contribu- 
tion by a frequency-dependent exponential factor, 
which is usually different for each molecule. Indeed, 
they claim that it should be possible to study molecules 
with high frequency eigenmodes that couple only 
weakly to the excitations of the surrounding medium. 
These circumstances apply to molecules in many 
organic and inorganic substances, in both solid and 
liquid form, and directly to impurity molecules inside 
a host medium. 

Callender and Pershan have tested the technique on 
two types of molecular impurity in potassium bromide. 
By cooling a specimen containing NO, radicals to 
about 15 K, they found a peak in the scattering spec- 
trum with a width they interpreted as a direct measure 
of the correlation time for the rotational motion of the 
impurity. Similar tests on CN- impurity molecules 
showed that at 70 K the motion of the impurity mole- 
cule was severely inhibited by the cubic (as distinct 
from isotropic) symmetry of the halide lattice. Infrared 
and other techniques have been used to investigate 
these impurity modes in the past, but Callender and 
Pershan point out that their experiments confirm the 
power of the new technique as a general tool for investi- 
gating loosely coupled modes, 

The correlation functions that feature in the light 
scattering formalism are quite similar to those in 
nuclear magnetic resonance spectroscopy, and Callen- 
der and Pershan suggest that light scattering may be 
useful for systems that do not have characteristic 
magnetic resonance signals. In parvicular, light 
scattering is sensitive to time scales of 10-™ seconds, 
many orders outside the NMR scale, and should provide 
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a valuable probe for vibrations in this range. They also 
point out that in large molecules there is often a 
ligand such as CH, with characteristic frequencies only 
weakly affected by the binding to the rest of the mole- 
cule, and the technique could be used to pick out the 
modes of this ligand. A potentially exciting applica- 
tion, they say, lies in the investigation of the regular 
arrays of organic molecules that make up liquid 
erystal systems. They indicate that their preliminary 
light scattering experiments on nematic liquid crystal 
p-azoxyanisole produced sharp spectral features which 
should prove important for studying the solid, meso- 
morphic and liquid phases of the system. 


WATER SNAKES 


Complex Distribution in Mexico 


from a Correspondent 


RoGER Conant’s recent review of the water snakes of 
the genus Natrix in Mexico (Bull. Amer. Mus. Nat. 
Hist., 142. 1: 1969) illustrates well the enthusiasm and 
endurance required if systematic zoology is to satisfy 
modern standards of attention to geographical varia- 
tion. Only three species of Natrix are known in 
Mexico, but to survey the various subspecies and races 
Conant spent a year in the field, examined 1,373 
specimens from forty-seven collections, pored over 
maps old and new, combed the records of museums, 








Some water snakes of the Natrix valida complex from western 

mainland, Mexico. (a) N. v. valida, 771 mm long; (b) member of an 

intergrading population of N. v. valida x isabelleae ~ thamnophisoides, 

544 mm long; (c) N. v. thamnophisoides, 523 mm long. There are 
four races in all, and several cases of intergradation. 
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read the field notes of the dead and wrote letters to 
the living 


mu 3 


N. rhombifera, the 
diamond backed water snake, passes the isthmus of 
Tehuantepec on the Atlantic side and may just reach 
Guatemala. While the overall range is clearly extend- 
ing southwards, there is evidence of local withdrawals 
associated with post-Pleistocene drying of the climate. 
N, erythrogaster, widespread in the United States, 
has a distinct race in the Rio Grande drainage on the 
border between Texas and Mexico and two well 
differentiated populations in high interior drainage 
basins two or three hundred miles south of the border. 
These are now isolated by dry and impassable country. 
N. valida of the Pacific slopes of the mainland has an 
isolated race in small rivers near the tip of the other- 
wise very dry Baja California peninsula. 

N. rhombifera has a northern race in most of the 
Rio Grande valley, occurring alongside N. erythro- 
gaster, the plain bellied water snake. A more southerly 
race, however, occupies most of the Rio San Juan 
tributary; this suggests capture of the latter by the 
Rio Grande, a hypothesis supported by the similar 
distribution of the fish known as the molly (Poecilia 
mexicana). In the Rio Salinas tributary of the San 
Juan is a population intermediate between the northerly 
and southerly races of N. rhombifera, indicating inter- 
breeding between two previously separated and 
differentiated populations. 

N. valida has northern and southern races on the 
west side of Mexico. In about the middle of the zone 
of intergradation between the two is a well differen- 
tiated race occupying a high valley drained by a tribu- 
tary of the Rio Grande de Santiago that flows into the 
ocean. Elements of the colour pattern of this geo- 
graphically restricted highland form are found at lower 
elevations in populations ranging over a much wider 
area, suggesting one way gene flow downstream. 


PROTEINS 


Molecular Weights Made Easy 


from our Molecular Biology Correspondent 


THE introduction of gel filtration methods has brought 
about perhaps the biggest change in the practice of 
biochemistry in the past ten years, and its ramifications 
are not yet exhausted. The determinations of molecular 
weights of proteins, especially in mixed solvents, such 
as are required to effect complete dissociation of sub- 
units, has never been a task to be taken lightly; a 
melancholy history of disputed and endlessly revised 
values for the number of subunits in many enzymes 
bears witness to the practical difficulties in methods 
that are in principle soundly based and well understood. 
The picture may now be changing: new techniques, 
essentially empirical in nature but very possibly almost 
foolproof, have been devised, which must seem to many 
a physical chemist to be making a mockery of his craft. 

These methods are based on one or other type of 
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molecular sieve, and began with the discovery that the 
elution volume of a globular protein from a gel filtra- 
tion column depends on its molecular weight. Very 
asymmetric or unfolded proteins do not, however, fit 
on the same calibration. More recently, Davison 
showed that the determination could be performed in a 
denaturing medium, guanidine h ydrochloride, and in 
the presence of a reducing agent. The fully reduced 
and unfolded polypeptide chains would all then be true 
homologues, the molecular volume of the coil de pending 
almost solely on the number of residues. The scope of 
the method has been further examined by Fish, Mann 
and Tanford (J. Biol. Chem., 244. 4989; 1969). A wide 
range of proteins and peptides were applied to a column 
of agarose beads, equilibrated with 6 M guanidine hydro- 
chloride, and a plot of elution volume (or better, the 
partition coefficient for entry of the protein into the 
bead matrix) against molecular weight gave a smooth, 
broadly sigmoidal curve for the entire range of molecu- 
lar weights from 1,000 to 80,000. Over the central. 
more or less linear, part of the curve the accuracy of 
determinations is estimated to be 7 per cent, and at the 
extremes 10 per cent. The advantages are obvious 
enough: the procedure is simple, requires little materia] 
and makes possible the separate determination of com- 
ponents in a mixture without previous fractionation. 

Another effective but wildly empirical approach was 
discovered in Maizel’s laboratory, and consists in 
determining the rate of migration of the unknown in 
polyacrylamide gel electrophoresis in the presence of 
the detergent, sodium dodecyl sulphate. The quantity 
of sample required is minute, and the demand in time, 
skill and cerebration minimal. The detergent seems 
always to cause dissociation into single chains: the 
mechanism by which the mobility is rendered indepen- 
dent of the charge on the protein is obscure, but must 
be supposed to involve its association with many deter- 
gent molecules, so that the intrinsic charge is effectively 
swamped. Weber and Osborn (ibid., 4406) have 
examined forty proteins by this means, and find that in 
the range 11,000 to 70,000, a logarithmic plot of 
mobility against molecular weight gives a good straight 
line. The method can be extended to embrace chains 
as large as 200,000, but the calibration then curves. 
Again, a whole range of proteins can be observed on a 
single gel. Similar findings are described by Dunker 
and Rueckert (ibid., 5074). With rare exceptions, the 
precision over most of the range is 5-6 per cent, which 
for most purposes is all that even the most fastidious 
biochemist should desire. 


VIROLOGY 


The Rifampicin Target 


from our Cell Biology Correspondent 


Tue discovery of an effective antiviral compound would 
guarantee fame and probably fortune as well. It is 
hardly surprising, therefore, that the rifampicin 
bandwagon still rolls merrily along, although the way 
in which this antibiotic selectively inhibits the replica- 
tion of certain mammalian viruses is as obscure as 
ever. Rifampicin is an antibiotic because it blocks 
the initiation of RNA synthesis by bacterial RNA 
polymerase, and as soon as the compound’s antiviral 
properties were discovered it was obviously tempting 
to suggest that it inhibits viral multiplication in the 
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same way. Both Heller et al. (Nature, 222, 273; 1969) 
and Subak-—Sharpe’s group (Nature, 222, 341; 1969), 
for example, hinted that rifampicin might be blocking 
vaceinia virus replication by selectively inhibiting one 
or more viral RNA polymerases. In the past few 
months, however, this idea has increasingly come 
under fire. Becker et al. (Nature, 222, 851; 1969) 
reported, for example, that, in cells exposed to rifampt- 
cin and infected with vaccinia, RNA is synthesized 
which has the sedimentation characteristics of viral 
mRNA. Because of this they suggested that transla- 
tion of viral mRNA rather than its synthesis is the 
step that is sensitive to rifampicin. Recent results of 
McAuslan (Biochem. Biophys. Res. Commun., 37, 289; 
1969), however, suggest that the pendulum is about 
to swing back again. 

Vaccinia virus particles contain a DNA dependent 
RNA polymerase that even in the presence of rifampi- 
cin transeribes early viral mRNA. This polymerase is 
activated once the virions have been converted either 
in vitro or tn vivo to substructures known as cores, in 
which the DNA and associated polymerase are still 
enclosed in a protein coat. This virion ae i 
insensitive to rifampicin and so are DNA synthes 
and the synthesis of an early viral protein, the enzyme 
thy midine kinase. This suggests that early RNA ‘and 
protein synthesis are not the targets of rifampicin. 

But, in cells infected with vaccinia, two other poly- 
merase activities can be detected. One, which is 
soluble, which can be efficiently primed with the 
synthetic DNA poly dAT, and for which there is no 
known function, is not inhibited by the antibiotic. 
The other polymerase activity is, however, sensitive. 
This is a particulate activity which is probably the 
polymerase associated with the cores of maturing 
progeny virus. McAuslan finds that increase in this 
activity is blocked in cells fed with rifampicin even 
though the synthesis of DNA and late mRNA continues 
unaffected. 

Rifampicin might therefore be an antiviral agent 
because it can block specifically the synthesis of pro- 
geny core polymerase. But an alternative explanation, 
which would suit those who believed that rifampicin’s 
target is a viral polymerase, is perhaps more con- 
vincing. Rifampicin might bind to molecules of viral 
polymerase immediately after they are synthesized 
and before they are protected from the compound by 
being packaged in association with DNA in progeny 
cores. If this is the case, it might well be possible to 
detect radioactively labelled rifampicin bound to the 
polymerase of progeny sub-viral particles. 


CONSERVATION 


More Sport More Game 


CONSERVATIONISTS who are worried about the destruc- 
tive behaviour of the shooting public should be 
heartened by the aims and activities of the newly 
formed Game Conservancy. Based at Fordingbridge 
in Hampshire, this organization has been formed by a 
merger of the Eley Game Research Association, 
founded in 1932 by the makers of Eley cartridges, and 
the independent Game Research Association, which 
was set up in 1960 to deal chiefly with fundamental 
research. The new organization will have a permanent 


team of five or six scientists, backed by a group of 


expert advisers and, to put its findings into effect, an 


539 


equal number of field consultants. All are intent on 
preserving game animals from w holesale destruction 
while increasing the opportunities for the sportsman, 
on whose subscriptions the conservancy depends for 
support. 

A good deal of attention at Fordingbridge is being 
devoted to the survival project, inspired by the dee line 
in numbers of the grey partridge (Perdix perdix) 
since 1960. The chief sign of the trouble is the high 
mortality in the first few weeks after hatching. Lack 
of essential invertebrate food seems not to be respon- 
sible, but investigations are being made of the 
effects of pesticides and disease and of the condition of 
the parents before and during the breeding season. 

Another preoceupation at Fordingbridge is the 
technique of restocking depleted areas with healthy 
game Os _ Selective breeding of grey-legged and 
seated by is m ea 
Natehshility. : 
with any ore were ‘the pes ‘of & ac j 

carried out by the conserv ancy ’s predecessors between 

1947 and 1959, and which le ‘d to the publication of 
Pheasant Egg Production, one of the well known 
advisory booklets. The staff of the conservancy is 
planning to keep a watching brief on incubation tech- 
niques, although there seems very little hope of radical 
improvements of existing equipment. 

By tagging birds when they are released, it has been 
possible to estimate the proportion that survive. 
Recovery of P. perdix released on an estate in Dorset 
varied from less than ten per cent to nearly thirty 
per cent, depending on methods of release and the 
pressure of shooting. On the same estate twenty-five 
to thirty per cent of Alectoris rufa was recovered. The 
cost of experiments of this sort is usually prohibitive, 
and so cooperative estate owners are essential for large 
scale studies. Releases will continue in Dorset, and 
there are hopes of eventually comparing survival of 
partridges bred from game farm stock and from stock 
in which the wild strain has been maintained. 

One of the causes of the decline in pheasants is the 
loss of suitable habitats, a consequence of the replanting 
of oak and hazel coppices with conifers. The problem 
can be overcome, however, by slight modifications of 
forestry practice, at least as far as requirements during 
autumn and winter are concerned. Breeding require- 
ments are not yet fully understood, and work will 
continue until recommendations can be made to 
foresters. 

The sportsman sees the fruits of this research in the 
services offered in return for his £10 annual subserip- 
tion—a post-mortem service, expert advice on how to 
improve his shoot, courses for gamekeepers and farmers, 
and various advisory booklets. To expand its activities 
to other game animals besides birds the conservancy 
needs seven to eight thousand more members— at 
present there are three thousand—for there seems no 
hope of financial support from any other source, 


ICHTHYOLOGY 


South African Clinids 


from a Correspondent 


THE shores of South Africa are enlivened by a group of 
typically littoral viviparous fishes known locally as 
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klipfishes (but as clinids to the academic). The South 
African forms are most closely related to those found in 
southern Australia, New Zealand and South America, 
although the family Clinidae is also well represented 
on the Pacific coast of America and in the Caribbean, 
the tropical Atlantic and parts of the Indian Ocean, 
while one enigmatic species Clinitrachus argentatus is 
found in the Mediterranean. On the South African 
coast, however, they reach a peak of abundance and 
diversity of species, forming a group which is typical 
of the colder Cape waters and which is becoming a 
characteristic element in the fauna. K. H. Barnard 
(A Pictorial Guide to South African Fishes, 190, Cape 
Town, 1947) wrote that Clinus robustus, which grows 
to 31 em long, was a good table fish, while J. L. B. 
Smith (The Sea Fishes of Southern Africa, 350, Cape 
Town, 1961) acknowledged them as good sporting 
fish for the juvenile angler. 

The greatest interest of the clinids lies, however, in 
their speciation, the ecological relationships within the 
group, their systematics, and above all their kinship 
to clinids elsewhere and the bearing this may have 
on zoogeography. The greatest stumbling block to the 
study of the klipfishes has been the confusion in sys- 
tematic studies. The last revision was that of J. L. B. 
Smith (Ann. Mag. Nat. Hist. (11), 12, 535; 1945), who 
recognized fifteen genera (six of them new) of which 
seven were monospecific. This classification was later 
modified by Smith himself and by others. A recently 
published revision “The Systematics of the Fishes of the 
Family Clinidae in South Africa” (Ann. S. Afric. Mus., 
55 (I), 1: 1969) by Mary-Louise Penrith promises to 
provide a more acceptable and better balanced working 
tool for the further study of these fish. 





Clinus superciliosus, the most abundant of South African clinids. 


The intensive collection of intertidal fishes under- 
taken by the staff of the South African Museum since 
1962 has made it possible for Dr Penrith to examine 
fresh specimens of twenty-eight of the thirty-three 
species she recognizes. The generic arrangement veers 
away from the “splitter’s” monospecific genera, which 
can only serve to obscure systematic relationship, and 
only five full genera are recognized, two of which 
contain most of the species described. 

This new systematic treatment makes some com- 
parison possible with the well-studied clinids on the 
American Pacific coast, and consideration of intra- 
familial relationships becomes permissible. The sub- 
family Labrisominae, chiefly American, is seen to have 
an Atlanto-Kast-Pacific origin while the Clininae are 
Indo-West-Pacific. The common stock which gave 
rise to both groups may have been a tropical Tethys Sea 
group, already partly differentiated before climatic 
conditions changed. ‘The now apparent need for studies 
of the Australasian and particularly the Asiatic forms 
may throw further light on the zoogeography of this 


group. 
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CONTRACEPTION 


from our Medical Biochemistry Correspondent 


ONE beneficial side effect of oral contraceptives has 
been the stimulus given to the study of the biochemis- 
try of the normal human female. Never before have 
so many different factors been measured in so many 
different women. These studies have not always been 
well controlled but Wynn et al. (Lancet, ii, 761; 1969) 
have recently shown clearly that serum triglycerides 
and cholesterol increase in women taking oral contra- 
ceptives. A group of 116 women (group A) were 
examined before and while they were taking oral 
contraceptives; another forty-eight (group B) were 
examined while taking the contraceptives and again 
when they had stopped. In both groups there was a 
highly significant increase in the mean serum triglycer- 
ide concentration while they were taking contraceptives 
—95 per cent of group A and 88 per cent of group B. 
In both groups the increase in serum cholesterol was 
much smaller and only just significant. There was no 
evidence of an increase in chylomicron triglyceride. 
The increase was therefore of endogenous triglyceride, 
and was accompanied by an increase in all the low- 
density lipoprotein fractions except the Sp 12-20 group. 

In an accompanying paper Wynn and Doar say that 
they found no difference in fasting plasma glucose, but 
both oral and intravenous glucose tolerance tests were 
significantly impaired when contraceptives were being 
taken. Thirteen per cent of those taking the pill for 
the first time gave reactions characteristic of chemical 
diabetes mellitus after taking oral contraceptives. 
Concentrations of non-esterified fatty acid did not 
seem to be altered, but there was more pyruvate in the 
blood after tolerance tests in women taking contracep- 
tives. Blood insulin was also increased after glucose 
had been given to women taking oral contraceptives 
for the first time. The increase in triglyceride and 
changes in glucose tolerance could not be correlated 
with age, obesity, parity or a family history of diabetes, 
and so it is not possible to identify women who are 
particularly likely to respond in this way. 

Wynn and his colleagues were also unable to 
correlate their effects with the particular steroids 
taken, probably because relatively few women were 
examined. In a study of 797 women taking one or 
more of thirty-four different oral contraceptive 
preparations, Grant (Brit. Med. J., 4, 73; 1969) found 
a significantly higher incidence of leg cramps and vein 
complaints in women taking combined preparations 
containing a relatively high dose of mestranol. Endo- 
metrial biopsies showed that highly progestogenic 
preparations gave rise to an abnormal endometrium 
with many dilated sinusoids, but leg cramps were 
associated with stromal condensation. 

The complexity of the body’s response to oestrogens 
is further illustrated in the same issue of the British 
Medical Journal (4, 82; 1969). An intramuscular 
injection of hexoestrol proved to be just as good as 
the normal oral course of stilboestrol for suppressing 
lactation, but produced a much smaller increase in 
clotting factor LX in the serum. In practice this 
should mean that hexoestro] will suppress lactation 
with less risk of thromboembolic complications than 
the present treatment. Clearly all oestrogenic com- 
pounds do not have the same metabolic effects. 
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Quantitative information on cell 
structures, fast, with the 
Barr & Stroud Integrating 
Microdensitometer GN2 


-in use all over the world 


Cells stained by the Feulgen method absorb light in 
direct proportion to their mass. By mechanically 
scanning the image of a stained specimen, and elec- 
tronically integrating the values for the whole image, 
an absolute measure of absorption in arbitrary units is 
obtained. Similar measurements 
can also be obtained on other 
cell properties. 















The Barr & Stroud Integrating Microdensitometer 
type GN2 has been designed to use this principle to 
provide quick, accurate, quantitative information on cell 
structures. It has gained wide acceptance throughout 
the world, particularly for Cancer research, where 
large numbers of specimens must be 

examined quickly. 


Write for pamphlet No. 1578/N 


BARR AND 


STROUD 
BARR & STROUD LIMITED 


Anniesland, Glasgow W.3. 

Tel: 041-954 9601 Telex: 778114 

Kinnaird House, 1 Pall Mall East, London SW1 
Tel: 01-930 1541 Telex: 261877 
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Will your mind stop growing? 


Will your mind stop growing when 
you've left university? Or will you 
remain flexible enough to join a com- 
pany which is at the centre of change: 
inventing, developing and improving 
its products and processes all the time? 

Flexibility, talent and a taste for 
responsibility is what ICI looks for. 
And if you've got it, you can go to the 
top with it. 

Each year ICI selects about 500 
graduates from British universities. 
That's how many are needed to main- 
tain the present rate of diversification. 

Our research, design, development 
and production departments demand 
graduates from nearly all scientific and 


oe 


technological disciplines: while gradu- 
ates In any subject, including arts and 
social considered for 
sales, marketing, management services, 
personnel, purchasing and distribution. 

But that is just where it starts. Your 
degree subject will not limit you: 
peoples’ talents develop in many differ- 
ent types of job and in many different 
places. 

Thats why, for example, you may 
find engineers, historians, chemists, 
physicists and specialists in other dis- 
ciplines, all working together— build- 
ing a factory in Holland, selling paint 
in Peterborough, giving technical 
advice to customers in Istanbul. 


sciences, are 
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Why not talk to us? 

Each spring term ICI representatives 
visit your university. Ask your Appoint- 
ments Officer to fix up a meeting for 
you and learn about the opportunities 
which ICI can offer you. 


Central Personnel Department, 
Imperial Chemical Industries Ltd., 
Millbank, London, SW1. 


prsoo/s 
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homas Andrews and the Critical Point 





by 


J. S. ROWLINSON 


Department of Chemical Engineering 
and Chemical Technology, 
imperial College, London SW7 


THe Bakerian Lecture! for 1869 given by Thomas Andrews, 
the first professor of chemistry in Queen’s College, Belfast, 
was entitled “On the Continuity of the Gaseous and Liquid 
States of Matter”. It marked the end of almost fifty years 
of confusion over the nature of the relation between gases 
and liquids and was followed by a flood of work which laid 
the foundations for our present understanding of the 
connexion between the physical properties of fluids and 
those of the molecules they contain. 

In 1822, Cagniard de la Tour had found that if ether, 
alcohol or water was heated in a sealed tube the volumes 
of the liquids increased about two to four-fold, but 
eventually the liquid was apparently converted into gas. 
He had discovered what we now call the critical state, but 
had no clear idea of its significance. Progress was slow in 
spite of the fact that such able scientists as Faraday and 
Mendeleeff took up the subject. The former was interested 
in the liquefaction of gases and therefore in the critical 
temperature as an upper limit to the range of the separate 
existence of the liquid state. In 1845 he wrote?: “I am 
inclined to think that at about 90° Cagniard de la Tour’s 
state comes on with carbonic acid’. This estimate is 
322° C, which is close to that found later by Andrews 
(30-92° C) and to the currently accepted value of 31-04° C. 
In a letter to Dumas’, Faraday called this state of the fluid 
the “disliquefying point”, while in 1861 Mendeleeff* used 
the phrase ‘absolute boiling temperature” for the point at 
which the latent heat of evaporation becomes zero. We 
can be thankful that Andrews coined the more convenient 
and descriptive name of “critical temperature”. 


Accurate Measurements 

The importance of his work hes not in a change of name, 
however, but in the fact that, for the first time, he measured 
pressure and volume along isotherms below, at, and above 
the critical temperature. He was thus able to show that as 
this point is approached the liquid becomes less dense and 
the gas more dense until they meet in an essentially 
symmetrical way at the critical temperature. The earlier 
view, as shown by the names chosen for the point and by 
Mendeleeff’s choice of words*, was that the phenomenon 
was in some way unsymmetrical; the liquid disappeared 
into the gas. Andrews then showed that by suitable changes 

* “Als absolute Sledetemperatur müssen wir den Punkt betrachten, bei 
weichen (1) die Cohision der Fiissigkeit=0 ist und... (2) die latente Ver- 


dampfungswirme auch=0 ist und bel welcher sich (3) die Flissigkeit in 
Dampf verwandelt, unabhängig von Druck und Volum” (ref. 4}. 


It is a hundred years since Thomas Andrews delivered the Bakerian 
Lecture at the Royal Society. In it he described work on the critical 
point which formed a basis for the theoreticians who followed him. 


of pressure and temperature it is possible to pass from a 
state that is commonly recognized to be a gas to one that is 
recognized to be a liquid without there being any visible 
change of phase in the system. He deduced that “The 
ordinary gaseous and ordinary liquid states are, in short, 
only widely separated forms of the same condition of 
matter, and can be made to pass into one another by a 
series of gradations so gentle that the passage shall 
nowhere present any interruption or breach of continuity”. 
And for a fluid above its critical temperature he adds “but 
if any one ask whether it is now in the gaseous or liquid 
state, the question does not, I believe, admit of a positive 
reply”. This one paper cleared up all the difficulties of the 
preceding fifty years and henceforth progress was rapid. 

In 1871, his colleague James Thomson? (the elder 
brother of William) suggested that the sharp breaks at the 
gas and liquid ends of isotherms below the critical tem- 
perature could be avoided if the two segments of the iso- 
therm that lay in the homogeneous fluid states were 
joined by a continuous curve which had a maximum and 
a minimum pressure in the two-phase region. He showed 
that the outer parts of his continuous curve could represent . 
the metastable states of supercooled vapour and super- 
heated liquid, but that the central part, between the mini- 
mum and the maximum, was a region where pressure was 
an increasing function of volume, and so must be unstable. 
He went on to speculate, however, that this state, although 
clearly inaccessible in the bulk fluid, might be realizable im 
the “extremely thin lamina of gradual transition from a 
liquid to its own gas”. This idea was later central to the 
theory of surface tension developed by van der Waals*, 
and has been revived in our time by Cahn and 
Hilliard’. 





E aS 





Theoretical Treatments 

It is unlikely that Andrews and Thomson had sufficient 
theoretical understanding to provide either a rigorous 
thermodynamic analysis of the new results or a satisfactory 
interpretation of them in terms of the mtermolecular 
forces. The first task was undertaken by Gibbs and by 
Maxwell and the second by van der Waals. In a paper" 
published in 1873, Gibbs used Andrews’s results to con- 
struct, not a pressure-volume-temperature surface as 
Thomson had dene, but the more fundamental energy- 
volume-entropy surface. This he called the primitive 
surface, because all the variables are extensive functions. 
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He used it to show that thermodynamic equilibrium be- 
tween gas and liquid is achieved at the pairs of points of 
contact with the surface of a rolling tangent plane. The 
loci of the gas and liquid states meet at the critical volume 
where the tangent plane has a single point of contact and 
where its orientation in U-V-S space determines the 
critical pressure and temperature; p= — (ð UIF )s, T= 
(0U/0S)v. Maxwell was sufficiently impressed by this 
work to make a plaster model of the surface for the solid, 
liquid, gaseous and critical states of water. (There are 
photographs of this model in ref. 9.) He also showed” that 
the hypothetical continuous isotherm of Thomson must be 
eut by the true (discontinuous) isotherm of constant 
saturation pressure p* in such a way that the areas above 
and below p* are equal. That is 


gas 
f (p—p*)dV=0 (1) 
liquid 


Thomson’s original curves do not satisfy this condition of 
equilibrium. 

These necessary but rather formal thermodynamic 
considerations were of less general interest than the brave 
attempt made by van der Waals in his thesis at Leiden in 
1873 to provide an explicit algebraic function for the 
surface p=f(V,T) and to interpret the parameters of this 
function in terms of the attractive and repulsive forces 
between the molecules. He called this work “Over de 
continuiteit van den gas en vloeistof toestand”, which is 
a direct translation of the title of the Bakerian Lecture of 
Andrews, although van der Waals did not comment on the 
borrowing. This work in Dutch might not have found 
ready recognition had not Maxwell reviewed it at length in 
Nature, It was translated into German in 1881 and into 
English in 1890. This is not the place to discuss the 
great value, even today, of the ideas on intermolecular 
forces and on the structure of fluids which led van der 
Waals to the particular form of his equation of state, but 
rather to observe that it provided a satisfactory repre- 
sentation both of the results of Andrews’s measurements 
and of Themson’s speculations. It dominated all thought 
op critical phenomena and on the gas-liquid phase transi- 
tion for the next twenty years. 


Validity Questioned 

Eventually doubts arose about even the qualitative 
validity of his equation in the critical region, and current 
interest in the subject is almost entirely in the degree to 
which the classical, or van der Waals, representation is 
wrong. The problem can be approached in the following 
way. Van der Waals’s equation requires that the densities 
of coexistent gas and liquid phases ,({Z') and pT) 
approach each other as T approaches Te according to the 
equation 


p(T) — e9(7’)=constant x (T.—T)é (2) 


where the index 6 is 3. That is, 7 as a function of p isa 
parabola near Te pe Andrews’s results seem to confirm 
such a relation but are not sufficiently accurate for a 
stringent test. It is hard to be sure when the value of 4 
was first seriously questioned. The accurate measure- 
ments of Young" on isopentane in 1895 yield quite clearly 
B = 4, but Young himself did not draw this conclusion. In 
1896 Verschaffelt?4 used Amagat’s measurements on 
carbon dioxide made in 1892 to show that they required 
B = 0-367, at least for measurements 1 K or more from the 
critical temperature. He convinced himself (wrongly, as we 
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now believe) that there was an increase from this value to 
0-521 in the last kelvin, so that the theory of van der 
Waals could be saved. 

His own measurements of the surface tension c of carbon 
dioxide could be fitted to the equation 


s= constant x (7',—T)« (3) 


with p= 1-3 until within one kelvin of the critical point 
when he claimed that the index seemed to rise to the 
classical value of 3/2. He did observe, ho wever, that “the 
agreement found between theory and experiment has 
indeed not yet been proved”. A similar conclusion had 
been reached two years earlier by van der Waals™ from 
an analysis of the measurements of the surface tension of 
organic liquids by Ramsay and Shields, namely that u= 
1-22-1-27, but that it probably increased to about 3/2 in the 
immediate vicinity of the critical point. 

The changes of 8 from } to 0:33-0-37 and of u from 3/2 
to 1-2-1-3 are not mere quibbles over the numerical values 
of indices, but force us to think again about the actual 
nature of the critical state. The reason is that the values 
of } and 3/2 are not peculiar to van der Waals’s equation 
but are found for all the many empirical equations pro- 
posed during the past century. It can readily be shown 
that if the Helmholtz function A, and so the pressure, is 
everywhere an analytic function of V and T then a Taylor 
expansion of A in powers of (V — Fe) and (T — Te) leads 
directly to a limiting value of 8=4. Such an expansion 
was made by van der Waals" in 1894 and in more detail by 
Verschaffelt?® in 1907. The latter at least had sufficient 
evidence at his disposal to show that B was unlikely to be 
è but apparently shrank from drawing the disastrous 
conclusion that A and p cannot be analytic functions of 
V and T at the critical point. 

There matters rested for many years. There was little 
progress from 1914 to 1939, and measurements made by 
Callendar on steam and by Maass on ethylene led to a 
regression in that they suggested that there were much 
greater anomalies in the critical region than a mere 
singularity at a point. More accurate experimental work 
in the past twenty years has restored the statue quo at 
least in this respect. 


Rebirth of Interest 


In 1944 Onsager!’ published his exact solution of the 
two-dimensional Ising problem in zero magnetic field 
(H = 0), and proved for the first time that there was indeed 
a singularity at a critical point (albeit at one of rather a 
different kind from that studied by Andrews). Perhaps the 
most striking feature of this model is the logarithmic 
infinity in the heat capacity as the critical point is ap- 
proached from high or low temperature along the line 
H=0. The van der Waals treatment of the critical point 
of a fluid leads to a simple discontinuity in the analogous 
property, that is, in Cy along the critical isochore, (Vv — Ve) 
=Q. Early measurements on fluids were inconclusive, but 
Voronel and his colleagues first obtained good evidence for 
a logarithmic, or even sharper, singularity in Cy for argon 
and oxygen in 1962 (published in English in 1963, for 
example ref. 18). 

Indices similar to ® in equation (2) can be defined to 
denote the rate at which (1/Cyv) becomes zero on the critical 
isochore as Te is approached from below (let this index be 
a), the rate at which (3pjð V )r becomes zero as the critical 
point is approached through the saturated gas or liquid 
states (index, y), and the rate at 'which (p— pe) becomes 
zero as V approaches Ve on the critical isotherm, T =T, 
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(index, 3). Purely classical thermodynamic arguments 
show that these indices are not unrelated but satisfy the 
inequalities 


a+B(d+1)>2 
at+2B+y22 (4) 
y-B(8—1)20 


(These inequalities are due to Rushbrooke and Griffiths; a 
short derivation is given in ref. 19.) The van der Waals 
fluid has a= 0, 8=4, y=1 and 3=3, and so satisfies (4) as 
equations. The best experimental values” are «= 0-1+ 0-1, 
B= 0-35+0-01, y= L003, §=4:8+0-4. These are irre- 
coneilable with the van der Waals results, but, neverthe- 
less, may also satisfy (4) as equations and not as inequal- 
ties. If so, A, although not an analytic function of V and 
T, has some degree of homogeneity, and Widom and 
Griffiths, among others, have devised explicit but empirical 
forms of A which lead to equations”. 

Onsager’s solution of the two-dimensional Ising problem 
{and results derived directly from it) remains the one 
exact treatment of a critical point by the methods of 
statistical mechanics. Such progress as has been made for 
three-dimensional systems has depended to a great degree 
on exploiting the obvious symmetry of the lattice models 
used (for example, symmetry between spin up and spin 
down in the Ising model, or between occupied and un- 
occupied sites in the lattice gas). We have seen that it was 
perhaps the most significant advance made by Andrews to 
show that, contrary to the beliefs of his predecessors, there 


was a high degree of symmetry between gas and liquid in — 
the critical region. It may therefore be interesting ihata 
true continuum (that is, non-lattice) model has recently 
been developed which has the exact symmetry of the 
lattice models, and which may therefore allow of a more 
realistic statistical treatment of a fluid critical point*’, 

A meeting of the Chemical Society was held in Belfast 
on September 19 to mark the centenary of Andrews’s 
Bakerian Lecture. 
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Thomas Andrews, Calorimeitist 


by The centenary of Andrews’s Bakerian Lecture to the Royal Society 


H. MACKLE 


Department of Chemistry, 
Queen's University of Belfast 


ALTHOUGH Andrews’s chief claim to fame is his elucidation 
of the so-called critical phenomena, long before he became 
national recognition as a thermochemist. He accomplished 
and published accounts of most of his thermochemical 
researches in the period 1840-1848 while still at the Royal 
Belfast Academical Institution!. Although he retained an 
interest in the subject for the rest of his life, he published 
only a few short comments on it after his appointment to 
the chair of chemistry at Queen's University. 

When we remember that he did his calorimetry almost 130 
years ago, we cannot fail to be impressed by his experi- 
mental ingenuity, his acute appreciation of the sources of 
error and his elaborate precautions to minimize these, 
And even if he did not give to posterity any notable 
thermochemical generalization, such as his contemporary 
Hess managed to do, his contributions to the subject are, 


was marked by a conference at the Queen’s University, Belfast, on 
September ; 
abridged form, revealed Andrews as an accomplished thermochemist, 
although he was best known for his work on the critical point. 


19. Dr Mackle’s contribution, printed here in an 


in the context of their time, eminently noteworthy and 
substantial. I cannot discuss all of them here, so I will 
confine myself briefly to what I consider to be the two 
major themes. 

These are: “On the Heat Disengaged During the Com- 
bination of Bodies with Oxygen’; and: “On the Heat 
Developed During the Combination of Acids and Bases”, 
both being the titles of papers to be found in ref. 1. The 
first can be sub-divided conveniently into: G) combination 
of oxygen with permanent gases; (li) combination of oxy- 
gen with solids and fluids. In his experiments on the com- 
bination of oxygen with the permanent gases, these were 
mixed in appropriate proportions in a thin-walled cyiim- 
drical copper vessel (reaction vessel), This was then placed 
inside a larger copper can filled with water (the calorimeter). 
The calorimeter was then placed inside a tin-plate eylin- 
drical can (the jacket), and finally the whole thing was 
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placed in an outer vessel which could be swung to and fro 
round its short axis. Reaction was initiated by electrical 
heating of a thin platinum wire using a voltaic cell. The 
set-up is illustrated in Fig. la. These reactions are 
very fast and, with some water in the reaction vessel 
and agitation of the entire system, the temperature rise 
was complete in about 35 seconds. The system thus 
approximated closely to the adiabatic. For experiments 
on the combination of oxygen with solids and liquids, 
Andrews used a 4 litre reaction can filled with oxygen. The 
solid or liquid was placed in a platinum cup suspended from 
the lid of the vessel by three platinum wires. The firing 
system was quite similar to that used in modern combus- 
tion calorimetry. The entire set-up is illustrated in 
Fig. 16. I will not make any detailed coraparison of 
Andrews’s results with the best modern results because in 
several cases, calorimetry apart, really good results can 
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Fig. i. 

during the combination of oxygen with other substances. a, Combina- 

tion with gases; b, combination with solids and liquids. (From ref. 1, 
page 130.) 


Apparatus used by Andrews to determine the heat produced 


only be obtained using sophisticated purification and 
analytical techniques which were not available to him. 
Andrews was well aware of the need to purify the starting 
materials and, in so far as he could, he did this. For his 
hydrogen/oxygen experiments the gases were prepared and 
purified by the best methods then available, and for the 
earbon/oxygen experiments he took great pains to purify 
the carbon. Wood charcoal was boiled in nitro-muriatic 
acid (aqua regia), then heated to dull red for several hours 
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in dry chlorine and finally raised to strong white heat. 
His results for these two key reactions together with the 
best modern results are shown in Table 1. 
Table 1. ANDREWS’S RESULTS COMPARED WITH THOSE OF TODAY 
Andrews Today 


H, +30,-H,O AH 67-62 68-315 kealories moles! 


gas gas liquid 
C + Q gC © 4 
graphite gas gas 


AH 92-14 944954 kealories mole-! 


His value for AH¢ (CO,) is low probably for two reasons. 
The first reason is incomplete combustion. He worked at 
atmospheric pressure and, even with the 30 atmospheres 
oxygen pressure of modern bomb calorimetry, graphite is 
not always oxidized stoichiometrically. He did test for the 
presence of CO and rejected those runs in which he found 
it. He also weighed what residual carbon he could find, but 
residual carbon is not always easy to locate. The second 
reason for the low value is that the earbon/oxygen com- 
bustion reaction is comparatively slow in his working 
conditions. The calorimetric reaction period was about 16 
min. Thus, by contrast to the fast (35 s) hydrogen/oxvgen 
reaction, accurate evaluation of the heat loss correction was 
necessary. This depends on great stability of the jacket 
temperature, but in Andrews’s jacket there was probably 
considerable temperature drift because of its low heat 
capacity. 

Andrews’s second major contribution was in a paper 
entitled: “On the Heat Developed during the Combination 
of Acids and Bases”. He wrote: “The experiments hereafter 
described were all performed with very dilute solutions by 
which means no correction was required for the heat 
evolved when strong solutions of certain acids and alkalis 
are diluted”. They were carried out in a thin-walled 
cylindrical brass calorimeter. The heat capacity of the 
system (and this applies to all his calorimetry) was evalu- 
ated in the only way that it could then be—by carefully 
weighing the calorimeter and the reacting solutions and 
combining these appropriately with the available specifie 
heat data. He also evaluated quite ingeniously, and I 
beleve accurately, the contribution made to the effective 
heat capacity of the system by the thermometer. Further- 
more, he minimized heat transfer by cooling the system 
down before a run to such an extent that when reaction 
took place the final temperature was only about 1° C 
warmer than the surrounding air. Because neutralization 
reactions are very rapid (calorimetric reaction period is 
about 10 8), the system was essentially adiabatic. 

On the basis of his results, Andrews asserted that heats 
of neutralization are determined by the base and not by 
the acid. It is noteworthy that Hess reached the opposite 
conclusion from rather similar results. The truth of the 
matter is that neither of them had really good experi- 
mental grounds for making either assertion. Both were 
half right, and a proper marriage of their views would have 
produced at the time a generalization of some importance, 
for these were pre-Arrhenius days and the fundamental 
neutralization process was not understood. 

It is interesting, in conclusion, to compare Andrews’s 
value (— 13-1 kealories mole-!) for the HCl/NaOH reaction 
with the currently accepted value for the standard reaction 
(reactants and products at infinite dilution) 


Hag + OH ~aq 3 HH Oneuia AH = mem 13-340 kealories mole-i 


Andrews was a good calorimetrist—as good as any of his 
contemporaries and better than most. I would gladly have 
him in my research group today. 





1! The Scientific Papers of Thamas Andrews (Macmillan, London, 1889). 
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Tur ratio of the total electron content Ne of the line of 
sight to a pulsar to the total neutral hydrogen content 
Ny of the same line of sight continuing through the 
galactic disk will be related to the distance of the pulsar 
if the following conditions prevail in the interstellar 
medium. The medium must be ionized chiefly by an 
extensive process, so that the number of free electrons per 
hydrogen atom is nearly constant in different regions with 
comparable densities. The contribution of interstellar 
electrons to Ne must also be large compared with the 
intrinsic contributions of the pulsars themselves. Several 
authors!-> have related pulsar distances statistically to 
the large scale properties of the interstellar medium making 
such assumptions. 

We have used data on the variation of R= Ne/Nu with 
galactic latitude, observations of interstellar absorption 
at 10 MHz, and directly measured pulsar distances to 
determine a model of the large scale properties of inter- 
stellar electron gas. Our model differs from those of earher 
workers in that we infer the interstellar electron gas to 
occupy a layer of much greater equivalent thickness 
perpendicular to the galactic plane than the layer of 
neutral hydrogen. 

Observations of the frequency dispersion of a pulsar 


i 
give Ne= fnedl, where ne is the number density of free 
0 


electrons along the line of sight and / is the distance to the 
pulsar. In studies of the gross properties of the interstellar 
electron gas it is essential to exclude pulsars for which the 
line of sight passes close to hot stars or stellar associa- 
tions, where local photoionization may contribute appre- 
ciably to me. Pulsars in such directions* have larger 
frequency dispersions than others at similar galactic 
positions and have been excluded from our analysis. 
Observations of 21 em line emission in the directions of 
L 
pulsars give corresponding values of Ng = fnadl, averaged 
0 

over the beamwidth of the instrument used. na is the 
number density of hydrogen atoms along the line of sight 
and L the distance to the edge of the hydrogen disk in 
the direction of the pulsar. We adopt the average of the 
values of Ny given in refs. 1 to 3, and the corresponding 
values of Ne given by Taylor? to calculate R= N./Ny for 
each pulsar (Table 1). For the five pulsars at galactic 
latitudes bH <5, <R> =0-0089+0-0023, while for 
the six at [bU)>40°, < R> =0-011 + 0-03. 

If all the pulsars at |bH] > 40° lie beyond the disk distri- 
butions of interstellar neutral hydrogen and electrons, 
<r>=<nNe>/<na> must be «0-11 in the interstellar 
medium. The low values of F for pulsars at bH] < 5° would 





A thick disk distribution for electrons is suggested by several 
different kinds of observational evidence. 


then imply distances of a few hundred parsecs for these 
objects. This interpretation, which is similar to that 
advanced by Davies’, is inconsistent with more direct 
distance determinations for NP 0532 and CP 0328. 
NP 0532 is probably related to the Crab Nebula, the 
distance of which is 2,020 pe (ref. 7): Davies’s model 
places it at 600 pe. The distance of CP 0328 is known 
from 21 em absorption measurements’ to be > 1,000 pe, 
whereas Davies’s model gives 700 pe. 

This interpretation is also inconsistent with observa- 
tions?” of absorption by the interstellar medium at 10 
MHz. Observations of galactic radio sources at this 
frequency? give a free-free absorption coefficient %(10) = 
0-344 0-07 kpe averaged over spiral arm and inter-arm 
regions of the galactie disk. The latitude variation of 
z(10{ = [x(10)d/] for extragalactic radio sources’, aimularly 
averaged, is consistent with describing the electron dis- 
tribution in the solar neighbourhood by a disk model in 
which the electron density ne is a function of height z 
above the galactic plane alone. The optical depth of the 
equivalent uniform disk distribution for Imes of aight 
towards the galactic poles is 7(10)=0-010+0-02. The 
equivalent thickness of the electron distribution perpen- 
dicular to the galactic plane for low-frequency absorption 
is therefore 


* 


t{ 10), poles | eek ee a, 
ae a : ; <=: 600 + 200 pe 





Observations of absorption of the galactic background at 
10 MHz (ref. 10) give an equivalent thickness of 700 pe, 
in agreement with this value. These estimates are both 
significantly greater than the equivalent thickness of the 
neutral hydrogen disk, which is «200 pe (refs. H and 12). 
ne must therefore fall off more slowly with height z above 
the galactic plane than na, implying that the ionization 
temperature increases with z. The equivalent thickness 
of the electron distribution for dispersion of the pulsar 
signals is determined by ne(z) alone, whereas that for low- 
frequeney absorption is determined by nèl Ta tz) anc 
is weighted to a low value by the distribution of Te. The 
equivalent thickness of the electron disk for dispersion 
must therefore be >700 pe, contrary to the value of 200 
pe assumed by Davies? and by Mills’. 

We therefore consider a model in which the distributions 
neiz) and naiz) have different equivalent thicknesses mn 
the z direction. For simplicity our calculations are mado 
using the equivalent uniform disk distributions. We 
determine the value of r within the hydrogen disk assuming 
N P 0532 to be at the distance of the Crab Nebula. Taking 
the equivalent thickness of the hydrogen disk to be 200 
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pe, the value of R= 0-046 observed for NP 0532 implies 
r<0-023 for this direction within the hydrogen disk. 
The inequality will apply if appreciable dispersion of 
aV P 0532 occurs in the nebula itself. Weadopt <r> = 0-02 
within the hydrogen disk in the following analysis. On 
this model, the value < R> =0-114+0-03 observed for 
pulsars at |b} >40° implies that the electron disk has 
an equivalent thickness 


times that of the neutral hydrogen disk, or > 800 pe, 
allowing for the uncertainty in <R>. The equality 
would apply if the “typical” high-latitude pulsar has a 
value of z equal to the semi-thickness of the electron disk. 
An equivalent thickness > 800 pe is consistent with the 
10 MHz absorption data, which therefore lend support. to 
this interpretation of the latitude variation of R. 

The effective temperature of the electron gas on this 
model may be estimated from the observed absorption 
coefficient of the interstellar medium at 10 MHz. The 
value of <ng> in the solar neighbourhood, making 
allowance for saturation of the 21 em emission from cold 
clouds, is œ] em“, so <r> =0-02 unphes <ne> = 0-02 
cm, If the filling factor of the electron gas is č, <n> = 
<tle>*/E. With <ne> =0-02 cem- and x(10)= 0-34 + 
0-07 kpe-' we find <T.>=240 K for f=1, <Te> = 
1.100 K for —F=0-1 and <Te> =5,000 K for £=0-01. 
The value of <Te> will be a density-weighted average 
over a range of temperature within individual hydrogen 
clouds in the disk and in the inter-cloud medium. Hjell- 
ming et al have shown that a two-component model of 
the interstellar medium is essential to account for their 
observations of 21 em absorption in the directions of 
several pulsars, and it is unlikely that the detailed proper- 
ties of the interstellar gas can be characterized by a single 
temperature. The value of <T.> within the hydrogen 
disk does, however, constrain discussion of the processes 
which may ionize the interstellar medium. The values of 
<r> =002 and <7,.> = 240 K are compatible with the 
low-energy cosmic-ray heating mechanism discussed most 
recently by Field et al.™ if impurities such as C+ are under- 
abundant by a factor «10 in the clouds due to aceretion 
onto dust grains. The observed inhomogeneity of the 
hydrogen distribution suggests that — <1, however, and 
our values for =0-1 are probably more realistic. These 
are still consistent with low-energy cosmic rays providing 
an appreciable fraction of the interstellar ionization if the 
C+ depletion is still greater. This interpretation does not 
lead to Davies’s conclusion’ that ionization by cosmic-ray 
heating is negligible. Tt is likely that the cold dense clouds 
observed in absorption at 21 em are sufficiently ionized 
to account for most of the low-frequency absorption close 
to the galactic equator, but a distributed component of 


Table 1. PROPERTIES OF PULSARS WHICH ARE NOT SCREENED BY HH REGIONS 


Distance Distance 
in pe in pe 
Pulsar Ne NH R DIE assuming assuming 
(em? pe) {cem pe} <p> = <he> = 
0-02 0-02 em? 
CP 0328 26-75 2700 0-01 — 1° 2400 1340 
NP 0527 54-1 1700 0-046 -7° 2280 2550 
NP 0532 56-9 1250 0-046 ~ 8? 2020 2850 
(assumed) 

PSR 0628 10 260 0-038 — 17" 580 500 
CP 0808 577 135 0-043 + $2° 340 280 
AP O82! 19-2 150 0-13 + 32° 1000 360 
CP 0834 12-8 125 O10 + 26° 740 640 
PP 0943 17 160 O11 + 42° 840 850 
CP 0950 2-04 155 0-019 + 44° 135 140 
CP 1133 437 160 040 + §9° 250 240 
AP 1237 #5 7 12 + 87° 460 425 
HP 1508 19-6 105 0-19 + 52° 1000 380 
AP 1541 35-0 190 IR + 46° 1700 1750 

PSR 1642 4 480 0-08 + 26° 1750 2000 

PSR 1749 50-R8 3100 0-016 ~ 1° 4580 2540 
CUP 1919 12-55 2700 0-045 + 3° 370 630 

PAR 1929 8 1800 00044 — 4° 315 400 
AP 2015 14-2 1500 0:0095 ~ 4° 680 710 

PSR 3045 11-40 245 0-047 — 33° 510 570 

PSR 2218 43-8 97 6-045 —~ 8° 1940 2190 
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tent with more direct determinations. Table 1 lists 
estimates made assuming (i) <r> = 0-02 in the h vdrogen 
disk and (ii) <ne > = 0-02 em throughout the interstellar 
medium. The average values for each pulsar may be ex- 
pected to indicate the gross features of the spatial! distribu- 
tion of presently observable pulsars. Detailed studies 
of the interstellar gas on each line of sight, such as that. 
of Hjellming et al., are clearly essential for individually 
reliable distance estimates. In particular, the values for 
PSR 1749 are probably unreliable, for the line of si ght 
passes through inner regions of the galactic disk, where 
conditions are likely to be significantly different from 
those in the solar neighbourhood. It may be noted that 
the number of pulsars in a given distance interval does not. 
increase with distance, as it would if present observations 
gave a complete sample within a uniformly distributed 
disk population. There is a significant deficiency of remote 
pulsars, implying that the observed spatial distribution 
is severely influenced by selection effects. These may be 
due to the difficulty of detecting highly dispersed pulsars, 
or to the observable pulsars being a sample frorn the 
high-luminosity “tail” of a luminosity distribution in 
which objects with the mean luminosity cannot be detected 
at present, even if they are nearby. 

The equivalent thickness of the electron disk in our 
model is comparable with that of the synchrotron emission 
disk, which is 750+100 pe (ref. 15). The z scale of the 
electron distribution must therefore be comparable with 
that of the disk magnetic field, as might be expected for 
equilibrium of the ionized layer. The average line of sight 
magnetic field strength required to produce the observed 
Faraday rotation of the polarization of extragalactic radio 
sources in a disk of equivalent thickness 800 pe with 
<Ne> = 0-02 em? is 2-5x 10-* G. This is consistent with 
observations of Zeeman splitting of 21 em absorption lines 
in interstellar clouds in the solar neighbourhood!*7, The 
higher field strengths required to account!®-2° for the 
synchrotron emissivity and non-thermal radio spectrum 
of the galactic disk may be attributed either to the 
presence of a disordered component of the field. or to the 
effects on these calculations of residual solar exclusion of 
low-energy electrons in the primary cosmic-ray spectrum 
observed at the Earth. 

The 11 cm free-free emission from electron gas with 
<ne> = 0-02 cem, 2-0-1 and <Te> =1.100 K would 
contribute 0-003 K kpe~ to the sky brightness tempera- 
ture observed at this wavelength. The contribution of 
the galactic synchrotron radiation may be estimated as 
<0-07 K kpe from the emissivity!*! and spectrum? 
determined at long wavelengths. The galactic background 
radiation should therefore be predominantly non-thermal 
at Il em; preliminary analysis?? of background surveys 
at 21 and 11 em supports this conelusion. The thermal 
continuum background observed in early high-frequency 
studies with low-resolution instruments (ref. 24. for 
example) may be the result of blending the emission from 
discrete HII regions the effeets of which have been re- 
duced in our discussion by our selection of pulsars on lines 
of sight remote from hot stars and stellar associations. 

If the pulsars themselves contribute appreciably to the 
observed values of Ne. our values of <R>, <ne> and 
<Te> must be decreased accordingly. Such modifiea- 
tion of our discussion would more strongly favour the 
cosmic-ray heating mechanism as the main source of inter- 
stellar ionization. The smallest values of Ne observed 
among the pulsars are ~5 em~? pe; intrinsic contributions 
to Ne on the line of sight are unlikely to exceed this if all 
pulsar atmospheres are similar. 

We conclude that the main features of the data on the 
variation of È with latitude, on 10 MHz absorption by the 
interstellar medium, on pulsar distances, on Faraday 
rotation and on the high-frequency galactic background 
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can all be fitted by a model of the electron gas with 
<ne> = 002 em”, G=O1, <Te> =1,100 K and an 
equivalent thickness > 800 pc in the z direction. The 
ionization of this medium, which presumably becomes 
the galactic halo at high z, can be maintained by cosmic- 
ray heating. An electron disk of this thickness is unlikely 
to be supported by photoionization due to hot stars, as 
» largely confined to a disk of thickness only 100 
in the 2 direction”. 
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Tue situation with regard to the internal pH of electrically 
excitable cells is rather confused'. Unless one postulates 
complete impermeability of the cell membrane to hydro- 
gen ions, which is improbable, or active extrusion of 
hydrogen ions, for which there ig no experimental evidence, 
one would expect to find a Donnan distribution of hydro- 
gen ions across the membrane and a pH which Is about 
1-1-5 pH unit lower inside than outside. Most chemical? 
and in vitro electrometric determinations**, however, 
have shown a pH gradient considerably smaller than this. 
On the other hand, recent in vivo determinations® using 
improved microelectrodes, with precautions against CO, 
loss from the tissues, have shown a Donnan distribution 
of hydrogen ions with very rapid equilibrium to step 
changes of membrane potential. Direct experimental 
comparison of the various techniques is urgently required 
to resolve this apparent conflict. 

Whatever the true internal pH, however, (abrupt) 
removal or reversal of the resting membrane potential 
must alter the electrochemical gradient for hydrogen 
ions across the membrane and must create momentarily 
a gradient of the order of 1 pH unit per 100 A. The 
existence, even momentarily, of so steep a gradient might 
well cause large and rapid changes in hydrogen ion con- 
centration in the immediate vicinity of the membrane, 
and it is my purpose to examine the consequences of this 
possibility, to put forward a simple model to explain 
most of the observed ionic permeability phenomena in 
electrically excitable membranes, including some so far 
unexplained, and to show that such a model is quantita- 
tively feasible. 


Hydrogen and Permeability 


With regard to possible mechanisms whereby hydrogen 
ion movements influence membrane permeability, I shall 





Some experimental results can be interpreted as an indication that 
permeability changes of nerve membranes are mediated by migra- 
tion of hydrogen ions. 


consider first the sodium channel. There is evidence’ of 
channels in which a glass electrode type of selectivity 
(Li> Na>K>Rb>Cs) is present at all times, the chat- 
nels being controlled by non-selective gates, either fully 
open or fully shut, so that the overall conductance for 
any ion is determined by the number of gates open or shut 
at any time. Hodgkin? has suggested that sodium may 
eross the membrane by special holes which are blocked 
when occupied by calcium but which are permeable to 
sodium when calcium is first removed. I shall adopt the 
idea of selective channels blocked by calcium ions and 
postulate in addition that the calcium ions are bound by 
negatively charged sites near the outer end of the channels, 
that the calcium ions can be displaced competitively by 
hydrogen ions and that the channels are only open te 
sodium when all of the sites are in the hydrogen form. 

The only new property possessed by this model is that 
the gates can be opened by raising the hydrogen ion on- 
centration at the outer surface of the membrane, and 
that the opening of the gates is antagonized by increasing 
the external calcium concentration and facilitated by 
decreasing it. 

With regard to the potassium channel, there is evidence’ 
that the permeability is influenced by the composition of 
the internal rather than the external fluid. I postulate 
that this channel incorporates a layer which is in diffusion 
equilibrium with the internal fluid and which acts as a 
cation exchanger of the weakly acidic type with a ph. 
for the ionizable negative groups in the range pH 6°5 to 7. 
On the alkaline side of the pK (for example, above pH 7), 
the negative groups are ionized, and cations (for example, 
potassium) can pass readily through the layer by diffusing 
from one charged group to the next, but in acid conditions 
the groups are suppressed and cation diffusion is pre- 
vented. There may even be an overall net positive charge 
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which excludes cations from the pores, and facilitates 
the passage of anions. 


Movements of Hydrogen lon 


If a membrane which behaves towards the hydrogen 
ion in the manner described by Carter et al.* is polarized 
to the extent of 70 mV (inside negative), the equilibrium 
concentration of hydrogen ions in the intracellular fluid 
will be sixteen times that in the extracellular fluid. 
Reduction of the membrane potential by 17-5 mV reduces 
the equilibrium concentration ratio to 8 and brings about 
an efflux of half of the original hydrogen ion content. 
Similarly, depolarization by 35 mV brings about an efflux 
of three-quarters of the original hydrogen ion content. 

The hydrogen ions which escape across the membrane 
during a depolarization will be dispersed by diffusion and 
buffering in the external fluid, but because of the low 
concentration (of the order of 4 x 10°* at pH 7-4), this will 
be a very slow process unless a steep concentration gradi- 
ent is established. Conditions therefore favour the genera- 
tion at the outer surface of the membrane of a substantial 
temporary increase in hydrogen ion concentration, 
which will attain its maximum with a short time constant 
representing the time required to increase the concentra- 
tion in a thin layer at the outer membrane surface, and 
which will then decay with a longer time constant repre- 
senting the reduction of the inner hydrogen ion concentra- 
tion to the new equilibrium level. If the membrane is 
repolarized to the original resting potential during the 
hydrogen ion efflux, the hydrogen ion concentration at 
the outer surface of the membrane will decrease with a 
time constant comparable with that of the original rapid 
increase, Whereas the hydrogen ion concentration at the 
inner surface of the membrane will increase with a longer 
time constant as hydrogen ions diffuse back into the fibre. 


Table 1. CALCULATED MAXIMUM REDUCTION IN pH AT EXTERNAL SURFACE 


OF MEMBRANE DURING DEPOLARIZATION FROM F, To Fe 


Fy Resting membrane potential F, (mV) 
fmV} 122-5 105 RT-D 70 52-5 3D i7 Q 
32-5 116 O86 O57 28 Ü on 
35 Ld} Iii D82 05i G25 0 
175 L63 1-34 1-04 O75 O48 022 0 

i} 1-81 Lol 122 093 0-65 0-40 3-18 G 
TPB 1-93 1-64 1-34 1:08 9-7% 0-52 0-30 0-12 
— 35 2-07 172 1-42 1-13 PRB 0-60 38 0-22 
~525 2-06 1-76 1-47 118 0-00 065 0-43 (1-25 


It can be shown readily that the maximum possible 
concentration of hydrogen ions which can be produced 
at the outer surface of the membrane by a depolarization 
from a holding potential V, to a lower potential V, is 
greater than the original concentration in the extracellular 
fluid in the ratio of I +exp (V,F/RT) to 14 exp (V,F/RT), 
where the signs of the voltages are such that the resting 
potential 1s positive and the sodium potential negative. 
The maximum pH change is given by the negative logar- 
ithm of this ratio, and the maximum pH changes cal- 
culated by this method are given in Table 1 for a range of 
values of V, and FV.. 


Sodium Permeability 

It is evident that the change in surface pH during a 
large depolarization of a hyperpolarized membrane is 
of the order of 1-5-2 pH units, which is sufficient to dis- 
place nearly all the caleium and open nearly all the sodium 
gates in a model of the type I have proposed. A larger 
pH change, such as might be produced by depolarization 
of a greatly hyperpolarized membrane, will produce no 
significant increase in the number of gates opened. On 
the other hand, not only does reduction of the holding 
potential reduce the maximum possible pH change, but 
it also reduces the quantity of hydrogen ions available 
by a factor of 2 for each 17-5 mV change in potential, 
which diminishes still further the probability of any gates 
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being opened at low values of the holding potential. The 
behaviour of the model is therefore consistent with the 
observation’ that the magnitude of the sodium response 
is nearly doubled for a hyperpolarization of 40 mV or 
more, and abolished for a hypopolarization of 40 mV or 
more. 

The time course of the sodium permeability changes 
resulting from a depolarization can be expected to have a 
brief initial delay, corresponding to the time required to 
attain the critical level of concentration of h ydrogen ions 
at the outer surface of the membrane, followed by a rapid 
S shaped rise, a brief plateau and a slower quasi-exponen- 
tial decay as the supply of hydrogen ions is depleted. 
Increasing the magnitude of the depolarization will pro- 
gressively shorten the time scale of these events but will 
not cause a proportionate increase in the maximum 
sodium conductance, because the pH change produced 
by an infinitely large reversal of membrane potential is 
asymptotic to a value 0-3 pH unit greater than that 
produced by a depolarization to zero membrane potential. 
This is consistent with experimental results’. 

Increasing the external calcium concentration will 
decrease the peak sodium conductance attained during a 
given depolarization, and decreasing the external calcium 
concentration will inerease it. The effect: will be much 
more obvious for small depolarizations than for large 
ones. The effect of varying the external calcium will be 
offset by varying the holding potential (for example. 
hyperpolarization will increase the availability of hydrogen 
ions, and will antagonize the effects of increased ealecium) 
but there will be significant changes in the time course 
of the conductance changes. With high calcium, for 
example, the hydrogen ion concentration will take longer to 
reach the (higher) critical level for gate-opening and will 
fall more rapidly below it. With low caleium, on the other 


very long turning off times with low external caleium. 
All of these factors agree well with experimental results®. 

The gate-blocking calcium ions would probably be 
swept into the axoplasm. The extra calcium entry ob- 
served by Hodgkin and Keynes amounts to three ions 
per channel per impulse with an external caleiurn concen- 
tration of 10 mM if there are thirteen channels per square 
micron?!, 


Potassium Permeability 


I shall now consider the events at the inner surface of 
the membrane. Depolarization produces a decrease in 
the hydrogen ion concentration. The pH change is 0-43 
(Fio Fa) F/RT pH units, which is always larger than 
that at the outer surface, and increases indefinitely with 
increasing amounts of depolarization. In the ease of the 
weakly acid ion exchange model I have proposed. no 
great increase in potassium permeability will occur until 
after a substantial decrease in internal hydrogen ion 
concentration, when the potassium permeability will then 
increase along an S shaped curve to a final value determ- 
ined by the final membrane potential. The overall time 
course of the process will be similar to that governing the 
dechne in sodium conductance and inversely proportional 
to the magnitude of the depolarization. The final value 
of conduetance will increase with the amount of depolariza- 
tion to a limiting value corresponding to full ionization, 
which should be attained with a moderate reversal of 
membrane potential. All of this, plus the fact that a 
similar chain of events should take place in the opposite 
sense and without initial delay on repolarization, is in 
good agreement with the original findings of Hodgkin 
et alè. 
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With regard to the influence of the holding potential 
on the time course of the potassium conductance changes, 
the model predicts that the increased internal hydrogen 
ion concentration resulting from prior hyperpolarization 
will increase the time required to reach the critical level, 
and will therefore delay the onset of the potassium re- 
sponse. The model also predicts that for depolarizations 
from various holding potentials to a constant final poten- 
tial, the plots of permeability versus time should be 
identical after the variable delay has been allowed for. 
Squid axon bas been shown to behave in this manner”, 
On the other hand, although it may be necessary to postu- 
late more than one ionizable group per chain to account 
for the steepness of the permeability-membrane potential 
relationship, it is not necessary to use a twenty-fifth 
power relationship'? to account for the delayed inflected 
shape of the time plots. 

Incidentally. in a system of the type postulated here, 
in which conduction cecurs by the migration of counter- 
ions along a chain of fixed charged groups, the occupation 
of some of the sites by firmly bound (high-affinity, low- 
mobility) counterions is liable to impede the migration of 
mobile counterions just as much as suppression of the 
charged groups in question. Such an effect (which implies 
non-independence of counterion mobilities) has been 
demonstrated in vitro, and this might explain the obser- 
vation that replacement of internal potassium with 
caesium, rubidium or sodium, in that order, decreased 
the late outward currents in perfused squid axon signifi- 
cantly below the values expected from the independence 
principle’. 


Quantitative Aspects 


With regard to the quantitative aspects of hydrogen ion 
movement, the fact that we are dealing with movements 
of an activator instead of a carrier substance means that 
we must look for evidence of this movement among the 
events preceding the changes in sodium permeability. 
In other words, the current carried by the hydrogen ions 
seems to be part of the leakage current. 

The present position with regard to leakage current is 
rather confused, but the observed leakage conductances 
of both nerve and muscle membranes have persistently 
exceeded the values calculated from radioactive potassium 
and chloride diffusion studies. Keynes has concluded 
that an appreciable fraction of the leakage current in 
the squid axon must be carried by some other ton", 
and the fact that the intracellular pH of muscle has now 
been shown® to adjust with great rapidity to changes in 
membrane potential requires that some particle capable 
of influencing pH be transported very rapidly across the 
muscle membrane. I postulate therefore that this particle 
is the hydrogen ion (the fact that electron transfer by 
resonance or superconductivity might yield a similar result 
being regarded as too speculative), and that the hydrogen 
ion carries the unexplained fraction of the leakage current. 

Recent estimates?*15 fix an upper limit for the magni- 
tude of this missing component at about four-fifths of 
the total “anionic” leakage conductance. The Hodgkin- 
Huxley model? of the squid axon has an unallocated 
leakage conductance of 300 umho/cm?, as compared with 
a mean experimental value of 260 umho/em*. If we 
split the difference we arrive at 225 umho/em* for the 
value of the hydrogen ion conductance of the resting 
membrane. 

Combining equations (9) and (13) of Keynes!®, we can 
deduce that at equilibrium, when the outward and inward 
fluxes are equal 


Gu = (F/RTYPuyk FIH W — e7 FFIRT) 
If we assume a resting potential of 70 mV at 18-6° C 


and an external pH of 7-4 (when [H] = 4x 10-4 equiv. / 
em*), the required conductivity of 225 umbho/em® is 
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obtained with Py=0-5 em s. For comparison, m the 
same conditions and with an external potassium concen- 
tration of 10-5 equiv./em? (10 mequiv./l.), a resting potas- 
sium conductance of 225 pumho/em? is obtained with 
Pxr=2x10-*%ems-!. Using the relationship 
Iy= Pr FH] [H iè} 

which is analogous to equation (8-0) of Hodgkin and 
Katz'*, the peak current produced by depolarizing the 
model from 70 mV to zero membrane potential is 29 zA/em?* 
corresponding to an outward flux of 3 x 107 equiv. js. 

The internal hydrogen ion concentration in the condi- 
tions specified for the model is 64x10 equiv. Jem? 
and this corresponds to a total free hydrogen ion content 
of 10-1 equiv. jem? membrane sur face in an axon of 600 
microns diameter. Even without allowing for the effects 
of buffering it is obvious that the overall time-constant 
for equilibration of hydrogen ions must be of the order of 
seconds with the maximum flow rate caleulated above. 
On the other hand, even if we take the self-diffusion 
coefficient for the hydrogen ion to be 8x 10° (its maxi- 
mum nae iri free Caen the oe av ailable « conci ontra- 


a eee of onl y l- 6 microns to ides a diffu usion 
flux of 3x10- equiv./s. This implies that for times 
of the order of a millisecond, the exchanges are diffusion 
limited and are confined to a region a few microns thick 
on either side of the membrane. 

as he n enr to the cee ead involved, ¢ an balsas Pelle 


fe fae would have fallen: to one half of the original aii 
after 0-03 ms with the transfer of 6x 1077 equiv. After 
2 ms the corresponding figures are one tenth and 1-1 x 
10-5 equiv. 

The effect of buffering would be to increase the time. 
constants and the quantities transferred, but there is, of 
course, an absolute upper limit of 3x 10- equiv. /ms. 
It would therefore seem reasonable to assume that a 
quantity of the order of 10-™ equiv. is transferred im a 
time of the order of a millisecond. This corresponds to 
a charge transfer of 10-* coulomb/em?, which is precisely 
the upper limit prescribed by Chandler and Meves’ for 
the charge transferred by “carrier currents’ up to the 
time of occurrence of maximum sodium permeability. 

The number of sodium channels has been estimated from 
uptake of tetradotoxin™ to be not more than 13 per square 
micron. This corresponds to 2 x 107 equiv.jem?® if we as- 
sume only one charged group per channel and 1-2 x 10-14 
equiv./em? if we assume three divalent groups, so that the 
hydrogen ion pulse associated with a depolarization from 
70 mV to zero seems to be sufficient to displace a propor- 
tion of the calcium in our model. On the other hand, in a 
depolarization from a holding potential of 35 mV the 
initial flux is only 6x 10°" equiv./s and the probability 
of displacing much caleium with quantities in the region 
of 2x 10-4 equiv. of hydrogen ion is distinetly lower. 
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Statistical Geometry of Random Heaps of Equal Hard Spheres 
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Dense fluids, clay soils, sand heaps, filter cakes and beds 
of catalyst pellets can all be considered from the same 
viewpoint—as random assemblages of touching particles, 
or “heaps”. They differ from such things as crystals or 
regular stacks of cannon balls, which are not random 
but ordered. Bernal’ has drawn attention to this differ- 
ence by calling the ordered assemblages “piles” rather than 
heaps. Heaps also differ from more disperse random 
particle assemblages such as dust clouds, dilute slurries 
or low pressure gases; particle-particle interactions 
dominate the properties of the heaps but are less important 
in the behaviour of the dispersions. 

Each particle in a heap is in contact with several other 
particles, and is very close to several more; practically 
ail the physical properties of a heap must depend to some 
extent on the numbers and the distributions of these 
contacts and neighbours. These in turn must depend on 
the physical properties of the individual particles, on 
the previous history of the heap, and on the geometrical 
constraints which result from the fact that the particles 
do not overlap or penetrate each other. There are many 
problems in which it is desirable to predict the properties 
of the heap from the properties of its constituents and from 
its history. Before this can be effected it seems to be 
necessary to know more about the geometrical constraints. 
Bernal has coined the phrase “statistical geometry” for 
studies in this field, because the random nature of a heap 
means that a statistical approach must. be used. 


Heaps of Hard Spheres 


The problems of statistical geometry are such that only 
the simple cases have been studied to any extent. These 
are concerned with heaps of the simplest possible particles, 
hard spheres of a single size. While this is a severely 
restricted case, hard spheres have been successfully used 
in theoretical studies of the liquid state, and a number of 
measurements have been made on beds of ball bearings and 
of table tennis balls-——-which are good approximations to 
hard spheres. 

When such beds of real spheres are investigated, 
gravity causes the spheres to pack down. This reduces 
the porosity (the fraction of the total volume of the bed 
which is not occupied by the particles, symbolized by e). 
The lowest possible porosity for beds of equal spheres is 
0-2595, the value found for the densest crystalline packing 
(hexagonal close packing and face centred cubie packing), 
but random beds do not approach this figure unless a regular 
surface allows “crystallization” to start, and a considerable 
amount of energy is also put into the bed (for example, by 
repeated impacts or repeated shearing operations). If 
erystallization is avoided, beds of equal spheres have a 
reproducible minimum porosity of 0-36. This is obtained 
by applying moderate vibration, and gives a condition 
which has been called “random close packing’. Another 
reproducible condition, with a porosity of about 0°40, 
and called “random loose packing”, oceurs when a bed 
is gently agitated. Beds can be produced which have 
higher porosities, but they tend to collapse to somewhere 


Using the porosity and average number of contacts to characterize 
a bed of randomly packed particles, the numbers of contacts and near 
neighbours can be predicted by a set of statistical equations. 


hear random loose packing if any vibration is allowed. 
Most published measurements have been made on random 
close packed beds. 

Porosity is clearly one parameter connected with the 
structure of a bed. A second parameter is the average 
number of contacts on each sphere, symbolized by k. 
There is a rough correlation between the porosity of a bed 
and the average number of contacts, but & can be con- 
sidered to be an independent parameter, for beds of the 
same porosity may have different average numbers of 
contacts. This study takes e and k as the two independent 
constants which describe a random bed of equal spheres, 
and develops two expressions from a statistical model. 
The first of these gives the expected number of spheres 
which have any specified number of contacts, from three 
to eleven, as a fraction of the total number of spheres in 
the bed. The second gives the radial distribution of 
neighbours around the centre of spheres with a given 
number of contacts—the expected number of sphere 
centres within a distance of r sphere radii from such a 
sphere centre. These expressions combine to give the 
overall radial distribution around any sphere centre in the 
bed. The only undetermined constants are z and k, and 
the results are in good agreement with the data of Bernal 
and Mason’. 


Statistical Model 

The statistical model which is proposed is the combina- 
tion of two concepts. The first of these is that the 
structure of a random heap arises from the repeated 
occurrence of some random process (such as movement 
induced by vibration) which causes a small spatial re- 
adjustment of some of the spheres. When the structure 
attains a stable condition, these readjustments will cancel 
out, and any statistical parameter will be unaffected by 
further repetitions of the random process. 

The second concept relates to the chance of a sphere 
reaching a particular position as the result of a readjust- 
ment; it is expressed in terms of ‘fractional occupancy” 
of a surface or locus. It is well established? that the ex- 
pected value of the voidage of a surface through a packed 
bed is equal to the porosity. Voidage is the two-dimen- 
sional analogue of porosity—the fraction of the surface 
which is outside the particles. Consequently, a particle 
which cuts off a fraction A of a surface may be considered 
to “occupy” a larger area A/(1—¢). A surface which is 
intersected by n particles, each cutting off .4;, will there- 
fore have an occupancy which is the sum of n such terms. 
Consider another particle arriving at a position where it 
cuts off a fraction 4a,, of the surface. It needs Anz; /(1-s), 
and so it is postulated that the chance of its arrival at 
this point is proportional to the unoccupied fraction of 
the surface divided by this last term. 

This leads directly to the expression 


n 
chance a (1 —e— E A;)/Ang, (1) 
i 
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Fig. 1, 


which may be applied to the locus of contacts between 
those spheres which touch, or nearly touch, a base particle. 

If the particles are equal rigid spheres of unit radius. 
this locus is the spherical surface SVS’ of Fig. 1, a surface 
of radius 4/3. (Ben Aim and Le Goff have already 
drawn attention to this locus in a related context.) 
P, Q and R are the centres of three spheres of unit radius, 
which are in mutual contact. PS is the radius of the locus 
of contact, and 


pe mm ee stone. 


Furthermore, if Q occupies a fraction A; of this locus, 
A; is equal to the area of the spherical cap SVS’ divided 
by the area of the locus. This is equal to the height of 
the spherical cap divided by the diameter, so Ai= 
UV/2/3. 


= a PS  çěă æ aa 
s UV = 4/3 — PU =/3—- PS. =y 3. 
As 3 U= PQ 4 3 


a o _ 
vies (v3 ” > J2 vī=(2— 35)/4=1/1493 (2) 


so that, for equal spheres, equation 1 becomes 


chance « 14-981] —e)—n (3) 
as Ans = A r4 


and the chance of another sphere contacting the base 
sphere will decrease as the number of contacts (or very 
near neighbours) increases. For random close packing 
and random loose packing, with porosities of 0-36 and 
0-40, the chance of another contact becomes negative if 
n is 10 or 9 respectively, and this provides an indication 
of why crystallization (giving spheres with twelve con- 
tacts) cannot occur spontaneously. 


The Fraction of Spheres which have k Contacts—F;, 


Before applying these concepts to develop an expression 
for the fraction of spheres with k contacts, it is necessary 
to discuss another feature. In any bed there must be a 
minimum permissible number of contacts. Let this be 
represented by m. If the bed is subject to gravity, m 
will be three. This is because any sphere with less than 
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three contacts will be unstable, and must fall or roll down 


until it rests on a containing wall or on three or more 





spheres. If the random process leads to a sphere having. 
less than three contacts, an automatic movement will 
occur to make up the deficiency. The presence of other 
forces, such as electrostatic or Van der Waais forces, may 
alter this situation, but most beds will be subject to this 
effect. and m will usually be 3. Other values of m do 
not affeet the general argument. 

A sphere with k contacts may be said to have an 
“excess” of (k— m) contacts. It will also have a chance of 
gaining a contact which (from equation 3) will be 


chance x 14:938(11—<)—k=(C—k) (4) 


where C has been written in place of 14-:938(1—<), Now 
the random process will result in some of the spheres with 
k contacts (‘(k) spheres’) gaining another contact and 
becoming (k+1) spheres. The rate at which this occurs 
will be proportional to the number of (k) spheres and to the 
factor (C—k), and to some factor B, which depends on 
the frequency of the random process. When the bed is 
in the steady state there must be an equal number of 
(k+1) spheres which lose a contact and become {$} 
spheres. The rate at which this occurs must be pro- 
portional to the number of {k + 1) spheres, the excess cone 
tacts on the (k +1) spheres, and another factor B., so that 

B, (e+ 1—m) Fi, = B, (C| kF (5) 
which is an expression relating the number of spheres 
with k+1 contacts to the number with only k contacts. 
This can be solved for all values of k by successively 
putting k=m, m+1, m+2, ete., up to m+j, where j is 
the largest integer which does not exceed (14-93/(1 ~) 
—m+1). Ifj is made larger, meaningless negative figures 
would be obtained for the fraction of spheres with so many 
contacts. Some algebraic manipulation of the results 
leads to a binomial distribution for Fz: 





Hanimin 


a (6) 


where k is the average number of contacts per sphere, the 
parameter previously discussed. 

B, and B, have been eliminated, for the ratio B/B, is 
found to be equal to (k—m/C-—m), which implies that 
the transition from k to k+1 contacts are proportional to 


while the transition from k to k— 1 contacta is propor- 
tional to 


Because m depends on the physical situation in the bed, 
and because C is derived directly from the bed porosity, 
equation 6 is an explicit solution for the fraction of spheres 
in the bed which have any prescribed number of contacts, 
provided that the average number of contacts { Kk) can 
be determined. 


Distribution of Near Neighbours—N,,, and nx, 


Having established the number of contacts. the next 
step is to find an expression for the number of near 
neighbours. This can be called Nz» symbolizing the 
number of sphere centres within a distance r of the centre 
of a sphere with k contacts. Like Fp this is a statistical 
expression, representing an expectation rather than an 
exact value. 
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If the sphere radius is taken as unity, there will be no 
spheres within a distance 2 of any sphere centre, for this 
would correspond to overlapping spheres. Also Nz, =k, 
as all the contacts are at a distance 2. 

The number of neighbours with centres between r and 


d Nese 


r+dr will be a which can be given the symbol ny,r. 


The random process will make this proportional to the l 


free space on the 4/3 locus, provided that (7 ~ 2) is small, 
and the interchange between contacts and near contacts 
will also make it proportional to the average number of 
contacts, k. Because the space on the 4/3 locus will be 
{(C~k—ny,r), we have 


(Hise) = k (C — k — new) (7) 

which can be integrated to give 
(Ner) =k+ (C-k) (1—-exp [—k (r-2)]) (8) 
and (nin =k (C—k) exp [~k (r—2)] (9) 
provided that ris only slightly greater than two. These 


expressions give the expected number of neighbours 
around a sphere with a given number of contacts. Re- 
placing k by k gives the corresponding relationship for 


Table 1.4, 


RANDOM CLUSE PACKING: 
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the neighbours of an average sphere—which is the general 
distribution around any sphere in the bed: 





i r í 4(1 sis e) zeA F j 
Nir) = A+  — —k-.1—exp [—k(r— 2)]- 
Ni ak yk) tmexpt—kir—2)]; (8a) 
7 4 | e e 
<T = ner =k aie r! [exp [~k (r— 2)]! (9a) 


In these equations, C has been written out in full to show 
that the expression for the radial distribution of very 
near neighbours contains only two constants, e and &; 
these constants are physical properties of the packed bed. 

A more refined theory is being developed, taking into 
account the variation in the locus of contact. A pre- 
limmary result (obtained by numerical integration) 
suggests that equations 8 and 9 are about 5 per cent low 
where r=2-10. The error increases rapidly for larger 
values of r. ği 

Now the random process will produce the same type of 
distribution (the binomial distribution) for near neigh- 
bours as for contacts. Consequently, fraction of spheres 
having k contacts and p near neighbours should be given 
by 


a Erp? p! (bp) ! 


n b-— Ib ht 
sa 2 n \ (10) 


BED OF 476 SPHERES 


Col. No. 1 2 3 4 5 ü ri 8 9 10 
No. of spheres with “p” near neighbours . — 
k Mz,r.p 476 Fy <pMk, rp p 
p 0 l 2 3 4 5 
Measured 3 0 oh 2 1 1 1 5 16 3-20 
Derived O63 O40 1:05 1-53 1:27 O77 2°49 3475 
Measured 4 G Q 5 3 í 2 13 4} 315 
Derived 0-326 LER 361 3°09 2°22 0-52 20-05 26901 
Measured 5 i 20 25 13 6 3 72 148 206 
Derived 3-6 15-4 25-8 20-6 T5 0-3 R43 2 207 
Measured & 12 47 46 21 6 132 226 L715 
Derived 12:5 41-5 pG 24:4 a2 Q 127-74 ive 
Measured 7 31 61 37 4 ü 0 133 47 1105 
Derived 24-3 58-5 42-8 Te i) 139423 1-239 
Measured & 33 52 1G 9 0 0 95 73 756 
Derived 332 490 12-8 0 87-47 0-75 
Measured Q 19 3 Q 0 0 0 22 3 0-136 
Derived 15-2 GS 6 27-76 0-270 
Measured 10 3 j 4 1 0-25 
Derived 4 ü 2-87 p24 
Table 1H. RANDOM LOOSE PACKING: BED OF 420 SPHERES 
Cal. No, I 3 3 4 5 8 7 8 9 10 
No. of spheres with “p” near neighbours = 
k Mr.rp 420 F; EpMer,p p 
p Q 1 2 3 4 5 
Measured 3 ü 1 16 8 2 ü 21 53 2-57 
Derived 0-29 2:23 &41 8-16 3-89 0 138-71 2-625 
Measured 4 6 10 26 24 12 ü 78 182 2-33 
Derived 3:16 Lash 28-63 23-44 7°20 0 7541 2-205 
Measured % 10 32. 45 39 2 0 128 247 1-04 
Derived 12-08 38-79 46-89 25-18 DOF 127-60 1-785 
Measured. 6 17 47 28 L4 2 Q 108 153 1:42 
Derived 20°34 42-14 32:71 11-31 1-46 0 116-66 1-365 
Measured 7 17 28 11 1 0 0 57 53 {3-93 
Derived 16-7 27°4 12-1 0-7 61-33 UO45 
Measured 8 15 o 3 1 0 0 24 14 0-85 
Derived 15-17 7-96 OD ü 1784 0525 
Measured 9 4 ü Q 8 J 0 4 0 Q 
Perived 35 0-5 241 0-205 
Measured 10 0 0 0 
0-05 — (315 


Derived 
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which is equation 6 re-written with p in place of k, b in 
place of (C—m), and p in place of j, as the minimum 
number of near neighbours is zero, and the maximum is 
some number b. 

As the largest number of spheres which can be expected 
on the 4/3 locus” is 14-93 (1—e) (see equation 3), the 
upper limit for b should be given by 

b = {largest integer < 14:93 (1 — e) — k3 (11) 
When & is small there may be a lower limit to 6, as near 
neighbours will usually be resting on two or three contacts. 
If there are few contacts, the number of possible locations 
is reduced for small values of r. This is noticeable in the 
experimental data discussed below. 


Comparison with Experiment 
~ Bernal and Mason? published two tables of the dis- 
tributions of contacts and near neighbours for a random 
close packed bed (case “‘a’’) and a random loose packed 
bed (case “b”), of 1/4 inch ball bearing balls. They used 
a paint spot technique to locate contacts and neighbours, 
and found that it detected neighbours with gaps of up 
to 5 per cent of the sphere diameter. This corresponds 
to r=210. Their tables were obtained from the central 
cores of beds having overall porosities of 0-38 and 0-40; 
because the outer layer will increase the effective porosity, 
and because the accepted figure for random close packing 
is 0-36, the following results employ values of e which have 
been decreased by 0-02 to 0-36 and 0-38 respectively. 
Bernal did not present precise figures for the average num- 
bers of contacts in each bed; the values derived from the 
tables are 6-613 and 5-452, and these are now used, 
Tables 1A and 1B reproduce Bernal and Mason’s tables 
as the “measured” figures. Each row corresponds to 
data on spheres with the same number of contacts; these 
data appeared as diagonals in the original reference. 
Yolumn 8 of the tables demonstrates the agreement be- 
tween the measured distributions of numbers of contacts 
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and the distributions given by equation 6. Column 10 
compares the average numbers of near neighbours with 
those obtained from equation 9. Statistical analysis of 
the experimental data in column 10 leads to the following 
equations 


Pea = 0-495 (9-56 — k) (12a) 
pro = 0-431 (922 — k) (12b) 


while equation 9 gives 
Pea = 484 (9:55 — k) 


pro = 0-420 (9-25 — k) (13b) 


Columns 2 to 7 compare the measured distributions of 
near neighbours with equations 10 and 13. b is found 
from equation 11, except for the top 3 rows of Table LB, 
where b=4 gives a better fit. The small numbers in 
those columns result in large statistical fluctuations, but 
agreement is generally satisfactory. A number of other 
beds will be investigated in more detail. 

From these results it appears that the expected dis- 
tributions of numbers of contacts and near neighbours 
can be predicted in considerable detail by means of 
equations 6, 8, 9 and 11, using the porosity and average 
number of contacts as the two parameters to characterize 
the bed. 

Furthermore. the structure around any sphere in a 
random packed bed of equal spheres may be considered 
as between 9 and 10 statistically equivalent locations, 
which may be occupied by contacts or by near neighbours, 
or which may be empty. 
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east. 
The pre-caldera volcano is composed of a variety of 
yellowish tuffs, including redistributed facies, together 


Eruptions, apparently associated with the caldera fault zone, have 
created a new island and a new 5 km fissure. Several explosive vents 
along the fissure caused a rift in the overlying glacier releasing a 
flood of water carrying ice blocks. 


with some lava flows. Holtedahl? and Olsacher*® suggested 
that this was a single volcano, while Hawkes? favoured 
the existence of four overlapping centres. We regard the 
pre-caldera island as essentially one major volcano with 
subsidiary parasitic centres. 

The caldera was formed by collapse of the upper part 
of this composite voleano along ring faults. Subsidence 
probably occurred in stages by repeated down-faulting 
into Port Foster and may not yet have ceased. Post- 
caldera volcanic activity has been largely concentrated 
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Fig. L The location of Deception Island in relation to the South 


Shetland Islands and the Antarctic Peninsula. 


along the ring-fault zone and it has, in particular, resulted 
in the construction of a number of pyroclastic cones near 
sea-level around the margins of Port Foster. 

Until recent events, it seems that the last voleanic 
eruption was in 1842 on the flanks of Mount Kirkwood?. 
Intense fumarolie activity porsisted after that date, but 
it was not until Decernber 1967 and February 1969 that 
volcanic eruptions were again observed. "The Royal 
Society and the British Antarctic Survey supported 
investigations of these recent eruptions, preliminary results 
of which are presented here. A full account will be pub- 
lished later in the British Antarctic Survey Bulletin. 


1967 Eruption 


After a month of increasing seismic activity, a volcanic 
eruption occurred on Deception Island during December 
4-7, 1967. A report has been published by Valenzuela et 
ai. and carefully documented accounts of the events 
have also been prepared by Adie’ and Clapperton’. The 
eruption began at 1854 h local time on December 4 and, 
within 10 min, ash was falling heavily at Whalers Bay. 
By 2100 h, hailstones and a severe electric storm accom- 
panied the pyroclast fall. Chilean personnel, forced to 
abandon their station at Pendulum Cove, arrived at 
Whalers Bay at 2300 h, making a total of forty-two men 
at the British station. All were evacuated by helicopters 
from the Chilean vessel Piloto Pardo by 1250 h on Decem- 
ber 5. Eruptions were then still taking place and further 
activity was observed from RRS Shackleton when she 
visited the island on December 7. During December 
15-16, 1967, members of the British Antarctic Survey 
visited Deception Island in RRS John Biscoe and made a 
preliminary examination of the effects of the recent 
eruptions. They reported* 7 that a new island had formed 
on the north-western side of Telefon Bay and that a 
second eruptive centre had developed on land to the 
east of Telefon Bay. Pyroclastic material ejected from 
these centres had covered most of Deception Island. 

Following recommendations of the Vuleanological Re- 
search Committee of the Royal Society, in conjunction 
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with the British Antarctic Survey, a party based on the 
island investigated the geological and biological effects of 
the 1967 eruption during December 4, 1968—J anuary 10, 
1969. The party consisted of P. E. B., T. Œ D., 
M. J. R. (geologists), N. J. Colline (botanist), O. H. S. 
Darling (zoologist), A. N. Bushell and B. Gargate (general 
assistants). 


The New Island 


The new island in Telefon Bay developed in 23 m of 
water, partly on a pre-existing submarine platform’. Six 
craters, all closely associated and aligned along a north- 
cast to south-west axis, contributed in varying degrees 
to the construction of the island (Figs. 2-4). At its maxi- 
mum the island measures 934 by 366 m and reaches a 
height of 62 m above sea-level. By December 1968, 
appreciable marine erosion along its south-eastern coast 
had created cliffs up to 15 m high, exposing good seetions 
through the pyroclastic deposits. Along the sheltered 
north-western side, however, erosion had been slight and 
the sea cliffs were less than 3 m high. A low circular islet 
originally reported off the north-eastern end of the new 
island? has since been redistributed as a hooked spit, 
connecting with its larger neighbour. 

Crater 1, at the south-western end of the new island, 
has a diameter of 180 m and a low rim which is partly 
submerged at high tide. The highest part of the rim, on 
the south side of the erater, is only 7 m above sea-level 
and exposes crudely stratified lapilli, ash and bombs. 
Leading off from the eastern side of crater 1 is crater 14 : 
a small feature only 25 m across, which was responsible 
in the closing stages of activity for a small eruption of 
fine ash extending to the north-east. The summit and 
higher parts of the new island form the rim of crater 2 
which was the site of the major vents. Activity at crater 
2, the largest of the craters, preceded that at crater 24 
which is situated eccentrically inside it. The walls of 
crater 2 are largely obscured by the later products of 
crater 2A, but sections of both cones can be seen around 
the crater lake. The products of crater 2 are mostly 
lapilli, with subsidiary ash and bombs, while those from 
crater 24 contain a very much higher proportion of 
bombs. The island has a dense surface cover of bombs 
with the maximum concentration of 60 per cent cover on 
the inner northern slopes of crater 2 where they were 
emitted in the final outbursts from crater 24. Crater 2B 
is a small feature 37 m in diameter which formed at the 
eastern edge of the extinct crater 24 and discharged a 
small quantity of fine ash in a north-easterly direction, 
partly covering the bombs on the surface. Crater 3 has a 
diameter of 220 m, steep inside walls and a broad flat 
bottom containing a shallow lake. Its south-western 
wall has been straightened by the cascade of bombs 
thrown over the rim from crater 24. Bombs and lapilli 
occur in small outcrops on the northern wall of crater 3, 
but, on the whole, exposure of its products is poor. 

Little can be deduced of the events in the earliest 
stages of the eruption, but it is probable that craters 1, 2 
and 3 were active more or less simultaneously. Activity 
persisted longer, however, at crater 24 which emitted 
large bombs that partly filled crater 2 and were built 
into crater 3. In the closing phases of activity, fine ash 
was carried to the north-east. 


The Land Centre 


The other 1967 eruptive centre is situated near the 
northern shore of Port Foster between Telefon Bay and 
Pendulum Cove, and is referred to as the land centre 
(Figs. 2 and 5). The eruption took place within the 
remnants of an older volcanic crater and both the coastline 
and the inland topography underwent considerable 
changes. The main water-filled crater is a new feature 
which is roughly circular with a diameter of about 180 m. 
There are vertical cliffs up to 8 m high along its southern 
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edge, but they diminish to about 1 m on the northern side. the shore the temperature reached 97° C. On the norther 
The stratified pyroclastic deposits exposed in the southern side of the land centre a newly formed gorge cut 
wall look similar to those of the new island. The surface unconsolidated pyroclasts forming the walls 
around the land centre is littered with bombs emitted crater and opens out on to the low ground west o 
in the final stages of activity. A large new embayment crater. A flood of water and debris seems to. 
in the coastline reaches to within 73 m of the new crater down this gorge at the time of the volear 
and occupies the site of a former valley. This coastal depositing material as a broad coastal flat. _ 
embayment is possibly the site of another eruption; in flow tongues emanating from the mouth. of 
March 1969, the sea was still quite warm and in places on traverse this flat area; they evidently formed m th 
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stages of the eruption, because they are pitted by scattered 
impact craters containing bombs, but they lack the 2 m 
covering of pyroclasts found farther away from the centre. 
Along the seaward edge of the new coastal flat are beach 
ridges composed entirely of large vesicular bombs which, 
owing to their low density, may have been washed 
ashore shortly after their eruption. 

The flood of water required to excavate the gorge 
probably resulted from melting of the glacier on the 
slopes to the east. This explanation is even more plausible 
in view of the events of February 1969. Two small lakes 
east of the land centre were infilled during the eruption, 
but their discharge is unlikely to have been an important 
factor in the formation of the gorge. 


CRATER 
1 





Fig. 3. Detailed map of the new island in Telefon Bay indicating the 


distribution of craters. 


North of the land centre crater lake are three small 
pits believed to be subsidence features. The largest, 
about 45 m from the crater’s edge, is a circular pit 30 m 
in diameter and 5 m deep with smooth overhanging walls. 

In view of the volume of pyroclastic material that 
seems to have been emitted from the land centre, it is 
perhaps surprising that no cone was constructed around 
the vent. The crater is set in relatively low-lying and flat 
terrain, the elevation of which is apparently little different 
from that of the pre-eruption relief. The paucity of 
material accumulated around the vent suggests that the 
eruption was accompanied by subsidence counteracting 
any tendency towards the construction of a cone. The 
subsidence hypothesis receives some support from the 
existence of the pit craters which are undoubtedly the 
result of collapse rather than explosion. 


Distribution of the 1967 Pyroclastic Deposits 


Lapill and ash from the 1967 eruptions were traced 
over most of Deception Island but were not found on the 
western side between Crater Lake and Kendall Terrace. 
The originally thin or incomplete cover in this western 
area may have been partly redistributed in the thaws of 
1967 and 1968 and is now unidentifiable. 

“lsewhere, the 1967 deposits often rest on a base of ice 
or snow and may be covered by later falls of snow, 
especially on the higher ground on the eastern side of the 
island. In places, the base to the new ash deposits is 
distinguished by a layer of buried moss, penguin feathers 
or older surface material of a conspicuously different 
character, such as red seoria. The ash is largely concen- 
trated along the eastern side of Deception Island, varving 
in thickness from at least 8 m in the crater wall at the land 
centre to about 2 cm at South East Point. For example, 
there was 50 em of ash and lapilli on top of the Chilean 
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station buildings at Pendulum Cove where, as in many other 
places, a coarse black cinder bed at the base gave way 
to finer material above. Unfortunately, by the time this 
investigation was carried out, most of the lower-lying 
primary pyroclastic deposits had been redistributed. The 
finer ash and dust had been continually reworked by the 
wind and coarser material was being flushed from the 
slopes as alluvial and mudflow debris during the summer 
thaw. The original undisturbed pyroclast fall deposits 
were mostly restricted to higher, flatter terrain and to 
more protected sites lower down. 

The measured thicknesses of the pyroclastic deposits 
at various localities and the proposed isopachs are shown 
in Fig. 2. The isopachs generally extend south-east wards 
from the eruptive centres, indicating distribution under 
the influence of a prevailing north-westerly wind. Al- 
though deposits from the land centre certainly seem to 
have been governed by a north-westerly wind, those from 
the new island, so far as can be judged from the few thick- 
ness measurements available, tend to suggest a west- 
north-westerly wind. On the other hand, the distribution 
of ash emitted by the final explosions from craters 1A 
and 2B implies a south-westerly wind. The isopachs are 
consistent with meteorological information that during 
the eruption the wind direction backed from north-west 
to south-west. From observations? on December 7, 
1967, it is known that eruptions from the land centre con- 
tinued after those from the new island. At this time. 
material was being carried north-eastwards from the land 
centre, but there was not enough to affect the dominantly 
south-eastward extension of the isopachs. 





Steam 


The new island in Telefon Bay viewed from the west. 
rising from the far side of Port Foster marks the position of the 1967 
land centre. 


Fig. 4. 


A study was also made of the distribution of the largest 
pyroclastic fragments at various localities. In the immedi- 
ate vicinity of the new island and the land centre, the 
average diameter of bombs is in excess of 2 m. but it 
decreases sharply away from the centres to only about 
5 em at Pendulum Cove. The size and abundance of 
bombs near Macaroni Point are anomalously high and the 
possibility that a further eruptive centre was located in 
this area was considered, but it was ultimately rejected 
in favour of a land centre origin. The bombs may have 
been thrown from the vent in blasts direeted towards 
Macaroni Point or, alternatively, they may have been 
emitted at a stage when the wind was from the west. 


1969 Eruption 


Occasional slight tremors were felt at the Argentine 
and British stations on Deception Island throughout the 
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period November 1968 to February 1969, but from 
February 15 to 21 the seismic activity intensified, culmin- 
ating in severe tremors on the morning of February 21. 
A simple but effective seismograph was in operation from 
February 7 so that a continuous record of the events 
preceding the eruption is available. From 0334 h local 
time on February 21, tremors occurred with increasing 
frequency until they had become almost continuous by 
0843 h. The only occupants of Deception Island were 
five men at the British Antarctic Survey station and their 
eyewitness accounts are summarized below. 

At 0950 h on February 21, an eruptive column was 
observed rising from the vicinity of Pendulum Cove and 
this was joined a few minutes later by a second column 
about 0:5 km farther east. No other direct observations 
of the eruptive centres were possible because of low cloud, 
snow and falling voleanic debris. When the eruption 
began. the five men evacuated the station and went to the 
slopes east of Whalers Bay. From 0953 until 1240 h 
they were subjected to almost continuous bombardment 
by bombs and lapilli falling in showers of 10-40 min 
duration accompanied by an electric storm. The ejecta 
of the first 20 min shower were coated with ice, but this 
was absent from the later debris which was quite warm 
when it reached the ground. When the party returned 
to the station at 1240 h during a lull in activity, they 
found that a 250 m wide strip of land east of the huts had 
been swept and levelled by a flood of water. The cemetery 
and part of the old whaling station had been carried away ; 
the jetty had been destroyed and the coastline had been 
extended 90 m by the deposition of detritus. Blocks of 
ice up to 1-2 m across were observed in the area over 
which the flood had passed. From 1310 until 1630 h, 
when the men were evacuated by Chilean helicopters on 
to the Piloto Pardo, fine black ash and snow fell, and 
buildings were plastered with this mixture. At this time 
there was only an incomplete cover of pyroclastic material 
in the Whalers Bay area. When the Shackleton visited 
Deception Island on February 23, no ash was falling and 
no tremors were felt, but the Whalers Bay area was 
covered by about 15 em of volcanic debris. Although 
visibility was restricted by low cloud, observers from the 
ship glimpsed a new steaming crater on the slopes of 
Mount Pond above Pendulum Cove and they also noticed 
that the former Chilean station there had been destroyed. 
Professor L. C. King, who was on board the Shackleton at 
the time, noted a large cavity in the ice above Ronald Hill. 

The Royal Society and the British Antarctic Survey 
arranged for P. E. B. and M. J. R. to return to 
Deception Island at the earliest opportunity to investi- 
gate and report on the latest eruptive episode. They 
arrived at Deception Island on March 8 in the Shackleton, 
transferred to the John Biscoe on March 13, and remained 
at the island until March 23. 

The February 1969 eruption occurred largely along 
a 5 km fissure in the permanent ice cover on the western 
slopes of Mount Pond (Fig. 6). Although this may be a 
continuous fissure beneath the ice, at the surface it appears 
as a composite structure with three sections, each slightly 
separated and offset from the next. Apart from the 
activity along the fissure itself, three other minor centres 
of eruption had developed in its vicinity. 


The Fissure 


The southernmost segment of the fissure is between 
305 and 395 m above sea-level (Fig. 7). It starts abruptly 
1-2 km north-east of Ronald Hill as a gaping chasm in the 
ice, more than 100 m wide and 60-90 m deep. With a 
slightly sinuous but uninterrupted course northwards for 
1-5 km. its average width is about 80 m and its depth is 
generally between 45 and 60 m. At its northern end it 
terminates against a broken ice wall from which two deep 
gullies lead directly downslope towards Port Foster. 
Volcanic activity occurred at several places along this 
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fracture and fresh bombs rest on the ice close to the edge 
of the chasm for almost its entire length. Activity was, 
however, concentrated in the central section of the fissure 
immediately north of a conspicuous hill which rises half- 
way along the southern rim. At this position, debris 
from three craters partially fills the fissure, and bombs, 
lapilli and ash thrown from these vents spill over the 
western edge of the fissure on to the ice slopes below; the 
thickness of the material on the lower edge of the fissure 
probably reaches about 15 m here. In contrast, the 
northern side of the fissure is formed by a vertical wall 
of ice 45 m high. 





The land centre north-west of Pendulum Cove viewed from the 
north-east. 


Fig. 5. 


A series of north-south trending crevasses, probably 
formed during the recent activity, occupies a 320 m wide 
zone separating the southern and central sections of the 
fissure. The latter is the widest part of the fissure 
and was the site of the principal vents. It descends from 
440 m on the side of Mount Pond to about 60 m above 
sea-level on the northern side of Pendulum Cove. Its 
width varies from 140 to 180 m and its depth is usually 
between 30 and 90 m (200 m deep on Mount Pond). A 
thick mantle of bombs and lapilli, emitted from craters 
near the northern end of this section of the fissure, extends 
over its lower edge and down the slope towards Port 
Foster. Although the lower side of the fissure has been 
completely buried to a depth of more than 50 m, the 
higher side remains as a vertical ice cliff capped by about 
12 m of voleanic debris. Its width varies from 150 to 
200 m and its depth is between 30 and 200 m. The lower 
northern part is filled by three fairly large craters and a 
number of smaller ones. These are composed of bombs 
and lapilli which extend out over the south-western 
edge and down the slope towards Port Foster. In March 
1969 there was strong fumarolie activity along the south- 
western edge of the fissure and much of the surface debris 
was coated with fummarolic deposits. Red-hot, though solid, 
material visible in cracks along the south-western 
edge within | m of the surface. This part of the fissure 
was almost certainly the source of the “first eruptive 
cloud” observed from Whalers Bay on February 21. 

The northernmost section of the fissure is slightly offset 
from the central part and is separated from it by about 
90 m of highly broken and crevassed terrain. It is about 
$25 m long and at its northern end passes through a right- 
angle turn into a narrow but deep gully running down into 
Pendulum Cove. The south-western edge of the fissure 
falls from a height of 170 m and the depth is 45-60 m. 
Apart from a vent at the southern end which emitted red 
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scoria, relatively little material seems to have erupted 
frorn this section of the fissure. 


Other Centres 


Three other small voleanic centres, isolated from the 
maun fissure but clearly associated with it, developed during 
the 1969 activity. The first is a cirque-like structure 
180 m above sea-level and about 0-4 km south of the fissure. 
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Open to the west, it is 135 m across with an ice cliff up 
to 30 m high on its eastern side. At the foot of the cliff 
is a fractured area covered with red and black ash and 
lapilli, some of which seems to have been redeposited by 
water, There is no sign of an actual vent, but evidence of 
an eruptive centre at this spot is provided by the trail 
of bombs extending downslope from it. Another similar 
centre occurs in a crevassed zone 245 m above sea-level 
near the northern end of the same section of the fissure. 
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Third, there is a particularly well defined and isolated 
centre on the ice slopes between Mount Pond and Goddard 
Hill, 145 m above sea-level and 600 m north of the fissure. 
This is a semicircular hole in the ice, 60 m across and 37 m 
deep, with voleanie bombs scattered on the surface around 
it. Associated with the main fissure is an array of sub- 
sidiary cracks and crevasses which evidently opened up 
when the fissure and craters formed. A series of arcuate 
crevasses above the fissure on the north-western face of 
the Mount Pond ridge is particularly conspicuous, and 
below the fissure the ice cover is also disrupted. 


The Pyroclasts 


The material of the 1969 eruption, like that of the 1967 
eruption, was entirely pyroclastic; there were no lava 
flows. Volcanic bombs are abundant along the edge of 
the fissure, especially in and around the vents, and many 
of them may be as large as 4 m across. The bombs are 
dark grey to black, highly vesicular, often with a frothy 
interior, and some have acquired an almost perfect spindle 
form. Blocks of dark brown lava, sometimes relatively 
dense and streaky and at other times friable aggregates, 
are commonly found in the walls or in the immediate 
vicinity of the craters in the fissure. They are thought 
to be fragments of the 1969 lava which initially congealed 
beneath the ice cover and were ejected later, when the 
vents had cleared a way through the ice. Similar but 
smaller reddish fragments are especially common in the 
new deposits around Kroner Lake and Whalers Bay, and 
in most of the gorges and channels leading down from the 
fissure. This material is thought to have been carried out 
from beneath the ice in the floods which accompanied the 
voleanic activity. 

Unlike the 1967 pyroclasts, those of the 1969 eruption 
consist largely of lapilli-grade cinders which were thrown 
for several kilometres. Measurement of the thickness of 
the cinders in various parts of the island shows that the 
isopachs extend more or less due south of the fissure 
with the zone of maximum fall-out passing over Cathedral 
Crags and Entrance Point (Fig. 6). There was scarcely 
any fall north of Pendulum Cove, and at Bailey Head there 
is only a sparse scattering of coarse lapilli. On the western 
side of Deception Island few lapilli are found north of 
Crater Lake. 

A separate and later fall of fine ash and dust has a 
different distribution, extending across the western side 
of Deception Island between Collins Point and Wensley- 
dale Beacon; it was probably derived from the central 
part of the southern section of the fissure, because the 
bombs in this area are also covered by fine ash. The 
distribution of the 1969 pyroclastics suggests therefore 
that the material was largely carried southwards under 
the influence of a northerly wind, but in the closing stages 
the wind had veered north-eastwards, carrying the ash 
across Port Foster towards Mount Kirkwood. 


The Floods and Lahars 


The development of the fissure was accompanied by 
the release of an immense volume of water, which carried 
large blocks of ice, cinders and occasional blocks of lava 
and tuff, and swept down across the area between Pendu- 
lum Cove and Kroner Lake with a branch passing round 
Ronald Hill into Whalers Bay. Islands of higher ground 
escaped the flood, but from the ice blocks stranded on the 
tops of ridges and wash marks on the hillsides it seems 
that the water depth reached at least 15 m. A tongue of 
this blocky flood entered Kroner Lake from the north, 
causing a 25 m breach in the south-eastern rim. The 
deluge inflicted extensive damage on the old whaling 
station and the British station. British Antarctic Survey 
personnel noticed that one of the large whaling tanks had 
only a few ice blocks on its floor, in spite of the wash marks 
2-5 m high on the walls. Although an enormous volume of 
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water passed over the area, it left very little debris. 
The former Chilean station, already damaged in the 1967 
eruption and subsequently abandoned, was totally 
destroyed in February 1969 both by the floods and by the 
cascade of voleaniec bombs. 

As the volume of water dwindled, the floods were 
followed in places by destructive lahars. A lahar tore 
through the wooden walls of the old part of the British 
station. part of it spreading along the narrow corridor into 
the fibreglass extension to the hut. The lahar deposit 1s 
a solid compact mass of ice blocks with a small proportion 
of mud and rock debris; it yields with difficulty even to a 


pickaxe. 





The highest part of the 1969 fissure north-west of Mount Pond. 


Fig. 7. 


From observations made at the time, it is clear that 
the floods and lahars passed through the British station 
during the first 70 min of the eruption. Shortly after- 
wards, the flow of water had been reduced to a number of 
streams which cut the newly formed deposits. The allu- 
vial channels are free from ice blocks; many are covered 
by later falls of cinders though some continued to carry 
water until after the volcanic activity had ceased. 

The exact duration of the 1969 eruption is not known, 
but most of the activity certainly occurred during Febru- 
ary 21-23. The occurrence of the eruption along a 5 km 
fissure on the western side of Mount Pond strongly sug- 
gests that its location was determined by the caldera 
fault or fault zone. Considered in conjunction with the 
1967 eruptions, recent activity has taken place along 
almost half the circumference of this fault zone. In view 
of the major instability which is implied, the possibility 
of further activity in the near future must be considered. 
The 1969 eruption demonstrated that the greatest danger 
to life and installations on Deception Island is likely to 
come not directly from the products of a voleano but 
from the floods of water which may be liberated during 
an eruption through the ice cover. Simultaneous erup- 
tions along a 5 km length of fissure have also emphasized 
the very large scale on which such events are liable to 
occur. 


Composition of Recent Bombs 


Most bombs from the new island and the 1967 land 
centre are similar in appearance, being highly vesicular 
and fragile with occasional denser, more competent 
samples among them. Spindle bombs found among the 
products of the 1969 eruption were not emitted from the 
1967 centres; most of the 1969 bombs, however, do not 
differ greatly in appearance from those of 1967. 

A sample of a typical bomb from the land centre 
(B.428.1) is composed of dark scoriaceous glass containing 
laths of oligoclase and occasional small clinopyroxenes 


Table I. CHEMICAL ANALYSES OF RECENT VOLCANIC BOMBS 


B.278.1 B.428.1 H.57LI 


SO 61-18 0784 5480 
Al,O, i0 16-863 16-83 
Fe,0; 1:34 1-80 234 


FeO 
MgO 


4-90 
1:83 


6:16 ooo 
273 3°31 


Cad 413 5-54 7-27 
NaO 6-16 477 4-83 
K,O p2 097 0-65 
H,O + O12 0-18 0-11 


Hü- 0-00 
TiO, 1-24 


02 
1-83 


onë 
185 


MnO 1S GES 0-17 
‘Total 90-81 99-93 100-61 


Analyst: J. Wigley. 

B.276.1, New Island: December 1967. 

B.428.1, Land centre; December 1967, 

B.571.1, Central section of new fissure; February 1969. 


and olivines. A specimen from the new island (B.276.1) 
contains microphenocrysts of oligoclase, clinopyroxene 
and olivine in a matrix of pale brown glass. A sample 
from the 1969 fissure above Pendulum Cove (B.571. 1) is 
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even finer grained and consists of microlites of oligoclase 
and pyroxene in a scoriaceous matrix. i 

In spite of close similarities, there is a significant varia- 
tion in the chemical composition of the anal ysed bombs 
(Table 1) with that from the new island being the most 
siliceous and the one from the 1969 fissure being the most 
basic. The high soda content of all three samples conforms 
to that found in other Deception Island lavas and is further 
evidence that the Deception Island suite constitutes an 
alkaline deviation from the normal cale—alkaline series. 

We thank the Royal Society, the British Antarctic 
Survey and the Royal Navy for their support; Dr R. J. 
Adie of the British Antarctic Survey for his help in organ- 
izing the programme; and the British Antarctic Survey 
personnel stationed on Deception Island for their hospital- 
ity and their contributions to this project. 
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High Resolution Proton Magnetic Resonance Studies of 
Fully Deuterated and Isotope Hybrid Proteins 


by 


H. L. CRESPI 
J.J. KATZ 


Chemistry Division, 
Argonne National Laboratory, 
Argonne, Illinois 


THERE has been much interest reeently in the potentialities 
of nuclear magnetic resonance (NMR) techniques for the 
study of protein structure and function. In a review 
last year-—an excellent key to the literature--Bradbury 
and Crane-Robimson! described the principles and tech- 
niques of NMR as applied to the study of biopolymers, and 
assessed various problems in the interpretation of NMR 
data. They point out that difficulties arise because (1) 
proteins consist of many amino-acids with common 
structural features, (2) a particular amino-acid may 
reside in many different environments, and (3) the 
rigidity and large size of the protein lead to broadening 
of peaks. We feel that our research over the past decade, 
which has mvolved massive alterations in the isotopic 
composition of living organisms, offers the means greatly 
to diminish the first two problems. 

Algae, bacteria moulds and yeasts, in which all of the 
hydrogen normally present CH) is replaced by its stable 
heavy isotope *H (deuterium), can be grown at rates 
sufficient to make them practical sources of isotopically 
altered carbohydrates, amino-acids, plant pigments, 
proteins and other cellular components*®. (Similar replace- 
ment experiments have been carried out successfully with 
BO. VO and PN, sequentially and simultaneously. In 
this way, families of isotopically substituted organisms 


Incorporation of 'H-amino-acids into a fully deuterated protein 
simplifies the application of nuclear magnetic resonance to the 
elucidation of secondary and tertiary structure. 


can be produced by a combination of the isotopes of 
hydrogen, carbon, nitrogen and oxygen®.) We have now 
established growth conditions that permit normally 
autotrophic organisms growing in 7H.QO to utilize exo- 
genous ‘H-containing substrates. We have previously 
used a similar procedure in conjunction with NMR to study 
the path of 1H in biosynthesis‘. 


We have defined the term “isotope hybrid protein” to 
signify fully deuterated proteins into which 1H has been 


incorporated in specific molecular positions®. We are 
primarily concerned with non-exchangeable C-H positions 
in the protein molecule; the N-H and O-H positions. and 
— to a considerable extent—-the hydrogen atoms located 


containing 'H-amino-acid side chains 


ionine}—and refer to them as “biosynthetic isotope 
hybrids”. In such proteins only the 'H is detected in an 
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NMR spectrometer adjusted to respond to protons, s0 
that assignment of proton resonances becomes much more 
straightforward. 

A fully deuterated protein may be used for high re- 
solution NMR studies in another way. By treating it 
with 'H-containing side chain reagents, 1H is introduced 
and again gives rise to resonances that can readily be 
assigned?. In the procedure of Tsuyuki ef al.7, for example, 
a small number of !H-leucine residues are attached to the 
¢-amino groups of lysine in a *H-protein by treating the 


protein with N -carboxyanhydride-L-leucine. Amino-acid 
residues are added rather than replaced. *H-proteims 


containing chemically introduced +H are termed ‘chemical 
isotope hybrids” and can be designated as *H-protein 
(+ !H-amino-acid), for example, 2H-phycocyanin( + 1H- 
leucine). 

It is implicit throughout this discussion that the 
conformation of fully deuterated proteins is essentially 
the same as that of the ordinary ‘H-protein. The amino- 
acid compositions and “fingerprint” patterns of ordinary 
and *H-proteins have been found to be identical’. The 
optical rotatory dispersion of ?H-phycocyanin is the same 
as that of ordinary phycocyanin®. Fully deuterated plant 
ribonuclease and a bacterial alkaline phosphatase!’ give 
every indication of differing from the 1H-enzymes only in 
isotopic composition. 


Growth of Algae and Incorporation of 'H-Amino-acids 

in 7H»O 

Most of our work has been carried out with the blue- 
green algae Phormidium luridum, Synechococcus lividus, 
and Fremyella diplosiphon and the green alga Chlorella 
vulgaris. These algae have been mass-cultured in auto- 
trophic conditions in 99-8 per cent 2H.O by the methods 
outlined by DaBoll et al... Determination of the extent 
of incorporation of an exogenous 1H-amino-acid into the 
proteins of blue-green algae growing in *H,O is greatly 
facilitated by the fact that blue-green algae contain large 
amounts of the chromo-protein phycocyanin. Phyeocyanin 
—which at neutral pH and moderate ionic strength is 
a trimer of molecular weight approximately 1x 10°—is 
easily extracted and purified®, and its isotopic composition 
may be taken as typical of that of all the proteins in the 
cell. The extent of amimo-acid incorporation, and 
redistribution of +H into other amino-acids, is determined 
by proton magnetic resonance (PMR) of either an acid 
hydrolysate or an enzymatic digest of the highly purified 
isotope hybrid phycocyanin (analytical details will be 
published elsewhere). 

Table 1 documents the incorporation of certain amino- 
acids into the protein of P. luridum. We have found 


A B 2.267 
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Table 1. INCORPORATION OF 'P[-aAMING-ACIDS INTO PROTEINS OF P. huridum 


_*H-Amino-acid in 
*H,O culture medium 


Fer cent 


Finaj exogenous , i 
incorporation? 


concentration (M) 


L- Leucine 04008 47 
L-Methionine O21 ba 
t-Phenylalanine OO as 
-Alanine geo ag 
L- Valine p00 24 


* Based on the amino-acid composition of phycocyanin reported hy Cope 
et alë. 


that many amino-acids can be incorporated, to high levels 
of replacement, into deuterated algae without the appear- 
ance of large amounts of 'H in other amino-aciuis, 
1H-Leucine, 'H-methionine and ‘H-phenylalanine have 
been incorporated simultaneously and cleanly. Experi- 
ments with alanine indicate a high level of incorporation, 
and high-field proton resonances can be detected which 
we assign to the methyl groups of leucine and valine. In 
the PMR spectrum of a proteolytic digest of *H-phyco- 
eyanin(tH-alanine), the characteristic alanine doublet 
appears at 1-80 p.p.m. together with the single line at 
1-81 p.p.m. from the species ~C*H-CH,-. (All chemical 
shifts are in parts per million downfield to external 
hexamethyldisiloxane; spectra were recorded on a 
Varian HA-100 spectrometer by time averaging 
techniques.) This chemical shift is the same as that of 
alanine dissolved in 2H,O-phosphate buffer. A consider- 
able portion of the alanine methyl lines appear upfield at- 
1-70 p.p.m. and there is a further small alanine resonance 
at 1-67 p.p.m. The incorporation of valine leads to the 
formation of ‘H-containing leucine; roughly equal 
numbers of *H-valine and ‘H-leucine residues appear. 
Initial results with tyrosine, glutamic acid and histidine 
are encouraging. 


PMR of Isotope Hybrid Phycocyanin 


Fig. 1 illustrates the PMR spectra of A, "H-phycocyanin 
(+}H-leucine), and B, 2H-phycocyanin(!H-leucine). In 
the chemically produced leucme isotope hybrid protem 
the chief leucine resonances are quite distinct-—at 1-32 
and 202 p.p.m--and are sharp in comparison, with 
those of the biosynthesized 2H -phycocyanin(}H-leucine). 
Tho chemically attached leucine residues are therefore in 
all probability at the surface of the molecule and can 
rotate more freely. The leucine methyl groups in the 


r 


(biosynthesized) isotope hybrid protem have essentially 
the same chemical shift (1-29 p.p.m.) as free L -leucime 
(1-28 p.p.m.) and the leucine of the chemical hybrid 
(1-32 p.p.m.). The resonance of the -CH CH- group of 
leucine in the biosynthetic hybrid (Fig. 18) may be at a 
lower field (24 p.p.m.) than that for L-leucine itself or 





2-0 1-0 3-0 2-0 1-0 0 2-0 LD £ 
p.p.m. ppm. ppm. 


Fig. 1. *H 
B, native *H-phycocyanin( H-leucine) in *H.O-phosphate buffer, p H 7-6; C, same as B, in 6 M urea. 
2-29 p pamu. (C) are from added acetate. 


KA 


PMR spectra of *H-phycocyanin hybrids in various conditions. 


A, *H-phycocyanin( + H-leucine) in *H.O-phosphate buffer: 
The lines at 2:26 ppm., (B) and 
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for the chemical hybrid (2-0 p-p.m.), perhaps because of 
the proximity of the peptide bond. It seems probable that 
ali the leucine residues in native phyeoeyanin at pH 7-6 
are ina similar environment. At p?H 5-7 the leucine lines 
are broadened, as compared with those at p?H 7-6, pre- 
sumably because of hexamer formation at the lower 
PH. (Acidity, and total protein concentrations greater 
than 1 per cent, favour the formation of hexamer.) A 
small portion of the leucine is still in a relatively mobile 
environment, as indicated by a small, sharp peak at 
1-30 p.p.m. 

The effect of urea on native phycocyanin has also been 
studied. In 2 M urea, the resonances of the biosynthetic 
L-leucine hybrid are a little broadened compared with 
those in buffer alone, but there is a small, fairly sharp 
peak at 131 p.p.m. The solution is still strongly fluor- 
escent. indicating that the protein is not denatured. In 
35 M and 6 M urea (Fig. 10). the fluorescence of phyco- 
cyanin is greatly decreased, and the leucine resonances 
become quite sharp, suggesting denaturation of the pro- 
tein and a high degree of segmental mobility. 

The PMR spectrum of native, biosynthetic, *H-phyco- 
eyanin('H-methionine) is shown in Fig. 2 (left). Individual 
well resolved peaks are observed in the region of 2-5 p-p.m.. 
where the resonance of the methyl group of methionine is 
expected. Experiments with added urea and with 
enzymatic digests suggest that all the peaks of the 
spectrum in Fig. 2 (left) represent methyl protons in 
methionine. The sharpness of the methionine methyl 
lines is not too surprising, for Markley et al. have observed 
two very sharp methionine methyl lines in a bacterial 
nuclease. Fig. 2 (right) is the spectrum of "H-phycocyanin 
(‘H-methionine) in 6 M urea. The denatured protein has 
a highly simplified spectrum, but the -CH,- group at 
about 2-3 p.p.m. is still not clear. 





30 2-0 30 2-5 2'0 


ppm. ppm. 


Fig. 2 Left, PMR spectrum of *H-phycocyanin(‘H-methionine) in 

*H.O-phosphate buffer. The peak at 2-26 p.pin. is that of added acetate, 

The peaks at 2-02, 2-35 (easily detected in the absence of acetate), 2-50 

and 3-O4 p.p.m, are reproducible, and are tentatively assigned to methio- 

nine methyl groups. There may also be a broad peak at 2-72 p.p.m. 

Right, a a a a oe in *H,O-phosphate buffer, 
M urea. 


The PMR spectrum of *H-phycocyanin(!H-alanine) is 
reproduced in Fig. 3 (left). A large fraction of the alanine 
methyl groups appears as a sharp line at 1-77 p.p.m. 
The peaks at 1-56 and 1-44 p.p.m. may likewise arise 
from the alanine methyl group, but the resonance centred 
at 1-28 p.p.m. must be assigned to the methyl groups of 
leucine and valine. The spectrum of enzymatically 
digested *H-phycocyanin(!H-alanine)—already discussed 
—supports the contention that a large part of the alanine 
methyi resonances in phycocyanm appear upfield from 
1-77 ppm. 
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Fig. 3 (right) is the PMR spectrum of "7H -phycocyanin 
(H-phenylalanine). There seems to be a very broad 
band centred at 7-55 p.p.m., a sharper band at 7-72 PPan., 
and perhaps a shoulder at 7-83 p.p.m. The resonances are 
very broad, indicating that most of the phenylalanine resi- 
dues have a rigid environment in phycocyanin. In H,O- 
phosphate buffer, the resonances of the aromatic protons 
of phenylalanine centre about 7-68 p-p.m., from whieh it 
may be inferred that in native phycocyanın most. of the 
phenyl resonances are shifted upfield relative to the free 
amins-seid. 





4:0 3-0 2°90 1-0 0 Bg To To 
p.p.m. ppm. 


Left, PMR spectrum of native *H-phycocyanin(‘H-alanins) 
Right, the PMR spectrum of native *H- 
The sharp 


in *H,O-phosphate buffer, the 
phycocyaninG? H-phenylalanine) in *H.O-phosphate buffer. 
line at 7-04 p.p.m, is an artefact. 


The results indicate the practicality of incorporating 
*H-amino-acid residues into fully deuterated algal proteins. 
Because essentially all the heavy water is recoverable at 
the end of the algal growth cycle, the expense and time 
involved in the preparation of the isotope hybrid proteins 
discussed here are relatively modest. F 


isotope hybrid nuclease that promises to be very useful. 

The protein phycocyanin is, of course, not ideal for 
NMR studies, for it is a very large molecule of largely 
unknown amino-acid sequence. We have therefore 
extended our studies to smaller protein molecules, 1H-22H 
algal cytochromes, ferredoxins and flavoproteins, for 
which the correlation of NMR data with amino-acid 
sequence and X-ray erystallographie structure should be 
simpler. In our view, such isotope hybrid biopolymers 
should help in answering many questions about the 
secondary and tertiary structure of proteins. 

This work was performed under the auspices of the US 
Atomic Energy Commission. 


Received July 10; revised August 25, 1969. 


i Bradbury, E. M., and Crane-Robinson, C., Nature, 220, 1079 (1968). 

? Katz, J. J., and Crespi, H. L., Science, 151, 1187 (1966). 

? Uphaus, R, A., Flaumenhaft, E., and Katz, J. J., Biochim. Biophys. Acta, 
141, 625 (1967). 

* Katz, J. J., and Crespi, H. L., Recent Advances in Phytochemistry, 2 (Apple- 
ton-Century-Crofts, in the press). 

* Crespi, H, L., Rosenberg, R. M., and Katz, J. J., Seience, 161, 795 (1968). 

* Markley, J. L., Putter, I, and Jardetzky, O., Science, 161, 1249 (1968), 

? Tsuyuki, H., VanKleg, H., and Stahmann, M. A., J. Amer. Chem. Soc., 78, 
764 (1956). 

* Cope, B. T., Smith, U., Crespi, H, L., and Katz, J. J., Biochim. Biophys. 
Acta, 133, 446 (1067). 

* Boucher, L. J., Crespi, H, L., and Katz, J. J., Biochemistry, 5, 3796 (1966). 

1° Rokop, S., Parmerter, 8., Gajda, L., Crespi, H, L., and Katz, J. J., Biochim. 
Biophys. Acta (in the press). 

n DaBoll, H. F., Crespi, H. L., and Katz, J. J., Biotechnol. Bioeng., 4, 281 
(1962). 

+ Rosenberg, R. M., Crespi, H. L., and Katz, J. J., Biochim. Biophys. Acta, 
175, 31 (1969), 


NATURE VOL. 224 NOVEMBER 8 1969 


563 


Sulphydryl Groups on the Surface of Intact Ehrlich Ascites 
Tumour Cells, Human Blood Platelets and Lymphocytes 


by 
J. N. MEHRISHI 


Department of Radiotherapeutics, 
University of Cambridge, 
Addenbrooke’s Hospital, 
Trumpington Street, Cambridge 


D. R. GRASSETTI 


Arequipa Foundation, 
Russ Building, 
San Francisco, California 94104 


ELECTROKINETIC studies on normal human small lympho- 
cytes and lymphocytes in leukaemia'-*, Ehrlich ascites 
tumour (EAT) cells? and human blood platelets 35-7 have 
shown that various ionizable groups are present on the 
surface of these cells. In physiological saline at pH 
T2+02 these cells exhibit a net negative charge. The 
small lymphocytes from normal healthy individuals and in 
leukaemia have nearly the same mobility’? and no dif- 
ference between the electrokinetic behaviour of normal 
lymphocytes and lymphocytes in chronic lymphocytic 
leukaemia has been observed??. The g-carboxyl groups 
(pK about 2-8) of the neuraminidase susceptible N-acetyl- 
neuraminie acid present on the cell surface account for 
the bulk of the negative charge on the surface of EAT 
cells, human lymphocytes? and blood platelets’ ?°. 
An unidentified dissociable acid function (pK 3-5-4-0) is 
also present on the cell surface?-+7, 

Ultraviolet absorption studies on the reaction products 
of the EAT cells, human blood platelets and lymphocytes 
following the incubation of the cells with some thiol 
reagents such as the organic mercurials, 5,5’-dithio-bis- 
(2-nitrobenzoic acid) (DTNB), 2,2’-dithiodipyridine, and 
N-ethylmaleimide, and electrokinetic studies on the cells 
treated with these reagents suggested the neues of 
sulphydryl groups in the peripheral regions (about 10 A 
in physiological saline) of these cells". These reagents 
are not suitable for determining the cell surface 
groups: N-ethylmaleimide is not specifie for thiols??-*, 
2,2’-dithiodipyridine enters the cells very readily’*, the 
organic mercurials are too drastic!’, and DTNB does not 
react with all the surface —-SH groups". 

Recently, the usefulness of a more specific and sensitive 
thiol reagent for the reversible blocking of —-SH groups 
on the surface of intact EAT cells has been demon- 
strated’®, Reaction between thiols and 6.6’-dithiod.- 
nicotinic acid (carboxypyridinedisulphide, CPDS) (peak 
of ultraviolet absorption, 290 nm) leads to the formation 
of disulphide bonds with an accompanying release of 
thione (absorption peak, 344 nm) according to the reaction 
scheme shown in Fig. 1. 

The mixed disulphide formed between cell thiols and 
CPDS can be split by treatment with thiols such as 
cysteme, glutathione (GSH) or dithiothreitol’; the thione 
bound to ‘the cell surface is released into the supernatant 
and determined to calculate the number of —SH groups 
on the cell surface that had been blocked. 


mel ion HOOC i 
+2 RSH—>2 
XN s—57 SNF 








+ RSSR 
N S 
i 
H 
(I) (m) 
{6,6'~dithiodinicotinic acid ) (344 nm) 
(290 nm) 
Fig. 1. Interaction of thiols and the disulphide, 6,6’-dithiodinicotinic 


acid è PDS), resulting in the splitting of the disulphide bond of CPDS 
with the accompanying release of thione. 





The number of sulphydryl groups on the surface of norm: 
cancer cells has been determined using a new blocking agen 
physiological pH. | 







Having established that CPDS did not penetrate the 
cells during the short experimental time of 6-20 min, the 
method was adapted for electrokinetic studies on BAT 
cells, human blood platelets and lymphoeytes (suspended 
in saline), following treatment with CPDS at room 
temperature to test if the cell surface --SH groups could 
be blocked reversibly. If the cell surface --SH groups 
reacted with CPDS to form a disulphide bridge, a structure 
bearing an ionizable carboxy! group will be intreduced 
into the peripheral regions of the cells and the negative 
charge on the cell surface—and consequently the electro- 
phoretic mobility of the modified cell-—would be expected 
to increase. Increase of one electron charge on the surface 
of the modified cell would represent the ~ blocking of one 
— SH group on the surface of the cell in the native state 
(Fig. 2). 


The details of the preparation of cell suspensions: (EAP... 






cells, human blood platelets and lymphocytes) for. 
kinetic studies and the calculation of the eleetrol 





parameters ({ potential, surface charge density and ‘sho. d 


numbers of electron charges per cell surface area by the 
computer) have recently been described™. The saline 
washed cells were treated with CPDS (1-12 x 10 M) and 
electrophoretic examination of the cells m an electro- 
phoresis chamber of circular cross-section was began 
within 15 s of the addition of the reagent and followed for 
15 min. The increase in the anodie mobility of the treated 
eells was found to be stable and no damage of the cell 
membrane was observed by phase contrast microscopy. 

Determination of cell surface —SH groups was also 
carried out chemically. The EAT cells carried in Swiss 
mice were washed with Krebs- ringer- phosphate (KRP? 
buffer, pH 7-2, treated with CPDS (2 x 107 M} for 5 min 
at 25° C and. washed four times with the buffer to remove 
the excess reagent and the thione released in the primary 
reaction (Fig. 2). The treated cells were then allowed to 
react with GSH (10-3 M) to release the thione bound to 
the cell surface into the supernatant, which was then 
determined spectrophotometrically. The electrophoretic 
mobility of the cells treated with the reagent CPDS 
increased in accordance with the hypothesis that an ~-SH 
group which does not contr Ee significantly to the 
electrokinetic charge at pH 7-2+0-2 is replaced by one 
electron charge of the sabe yl group of the adduct 
(Fig. 2; Table 1). The cells modified by the chemical 
treatment, on subsequent treatment with evsteine (10-8 M), 
exhibited the same mobility as the untreated cells, indicat- 
ing the reversibility of the reaction (Pig. 2). 

The number of —SH groups per EAT cell of the 
Californian strain of tumour!®:+*-26 was calculated to be 
2-7x 107 and is comparable with the 389x107 -~-SH 
groups per EAT cell of the Cambridge Radiothcrapeuties 
strain of tumour used in other studiesi O11411 2721-28, 
There is a wide variation between the sizes of the EAT 
cells as revealed by the histogram plots for the surface 
area, with a median value of 900 um? in the range 600 to 
1,200 um? (ref. 21). The corresponding number of --SH 
groups per EAT cell for the surface areas of 600 and 
900 um? would be 2-46 x IF and 4-92 x 10’, respectively. 


564 
(1) 
(6,6—dithiodinicotinic acid) 
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Fig. 2. Schematic diagram of the cell surface thiol groups and the reagent CPDS resulting in the formation of disulphide bridges with the 


accompanying release of thione. An —SH 


group is replaced by a structure bearing an ionizable carboxyl group, thus eontributing to the 


negative charge on the cell surface. For clarity, all the + and — charges on the “native” cell have not been repeated in the drawing of the 
modified” cell and the modified cell after GSH treatment. 


Eleetrokinetic studies on EAT cells, human blood 
platelets and lymphocytes treated with citraconic an- 
hydride and 2,3-dimethylmaleic anhydride have demon- 
strated the presence of positively charged amino groups 
(lysine, arginine) on the surface of these cells125, The pK 
of the groups in the high region of pH is about 10:5, 
although the pK of a positively charged amino group may 
be expected to be in the region of 9. The pH—mobility 
plot for n-octadecylamine indicates that its electrophoretic 
behaviour arises solely from the ionization of an amino 
group of pK 8-8 (refs. 25 and 26). The electrophoretie 
behaviour of the EAT cells, human blood platelets and 
lymphocytes in the pH region 9-10-6 is attributed to 
interaction of the amino and —-SH groups as in the case 
of cysteine?’, 

Knowledge of cell surface --SH groups could be of 
importance, particularly because of its relevance to radio- 
sensitization and radieprotection®’-32, Sulphydryl groups 
are possible targets of biochemical damage of the cell 
membrane folowing irradiation of the cells as reflected in 
(a) changes in the cell membrane permeability to potas- 
sium ions!}14,24, (b) modified electrophoretic properties of 
lymphoeytes in vitro, and (ce) the depletion of lymphoeytes 
and blast cells in leukaemia®$-*, 

We thank Professor J. S. Mitchell for help and useful 
discussions, Mr E. King for supplying the inoculated 
mice, Miss Janice Wright for skilled technical assistance, 
and Mr David Juett for help with programming for the 


Table 1. ELECTROPHORETIC MOBILITY OF EHRLICH ASCITES TUMOUR CELLS, 
HUMAN BLOOD PLATELETS AND LYMPHOCYTES TREATED WITH 6,6°-DITHIO- 
DINICOTINIC ACID (CPDS, 1-12 x 10 MY IN SALINE (0-145 M; pH 7-2+ 6-2) 
AT 25° © 
Increase in 
electron charges 
per cell 
(—SH groups 


Electrophoretic mobility 


Cell type (ainis/Viem (with S.p.) 


Control Treated blocked per cell) 
Ehrlich ascites — 1-08 + 0-06 ~ 1-64 + 0-06 3°69 «x 107 
tumour (9 mice)? (120) (200) 
Platelets t ~ 0-84 + 0-04 - 0-98 + 0-04 2-75 x 16° 
{80} (120) 
Lymphocytes -4105+005 — 130 + 0-05 198x 10° 
(100) (200) 


* Cambridge Radiotherapeutics strain of tumour? -4-2446.25.27,25~95, 
+ Normal healthy individuais, W and Z. 


The numbers in parentheses represent the numbers of cells | examined. 
Evaluation of the electrokinetic parameters: & potentials, surface charge 
densities and the numbers of electron charges per cell, standard deviations, 
and so on, by the digital computer have been discussed recently™, The P 
values for all these experiments evaluated for the uny aired t tests: P< 0-001. 
Only the values of electrophoretic mobility are included in this table. For 
explanations, see text. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Optical Variations in 3C 345 


Hunter and Lü! claim that on June 11, 1969 (UT), the 
quasi-stellar source 3C 345 showed a variation of #04 
blue magnitudes within the span of a few hours. The first 
ten of their observations on this night (shown in Fig. 3 
of their article) have a range of only 0-19 mag, while the 
inclusion of their eleventh and last observation mereases 
the range to 0-38 mag. If ten observations have a range 
of 0-19 mag, then the expected r.m.s. deviation of a single 
observation (sc) is + 0-062 mag and the expected probable 
error of a single observation is + 0-042 mag (ref. 2, Table 
6). Because Hunter and Lü give probable errors in the 
range +0-02 to +0-055 for their ten observations, it 
would seem that these ten observations give little or no 
evidence for any real variation in the object. The reality 
of the alleged variation therefore depends entirely on the 
reliability of their last observation on that night. 

In the period June 6, 1969 (UT), to June 15 (UT) 
inclusive, six photographs in the blue were made on 5 
nights with the Crossley reflector and the 20-inch astro- 
graph, and six photographs in the visual were made on 
6 nights with the 12-inch refractor at Lick Observatory. 
Blue (B) and visual (Y) magnitudes of 3C 345 were 
obtained from these plates by measurements with an iris 
astrophotometer using a photoelectric sequence obtained 
with the 120-inch reflector. The blue magnitudes are 
close to the Johnson B system while the Y magnitudes 
differ from the Johnson V system by a constant colour 
term which for 3C 345 is of the order of 0-1 mag. The 
total range of the six blue observations is only 0-14 mag 
corresponding to ao of +0055 mag, while for the six 
visual observations the range is 0-22 mag corresponding to 
aoc of +0087 mag, so that these observations give no 
evidence for a variabilitv of more than a few hundredths 
of a magnitude during this period. The mean values are 
B= 15-99 + 0-02, Y= 15-57 + 0-04 and B~Y = + 0-42 + 0-05. 
Fig. 1 shows a plot of the Yale observations for the nights 
of June 11, 12 and 13 (UT) as a function of the hour angle 
of 3C 345 at the time of the observation. It will be noticed 
that the eight observations made with the object high in 
the sky (hour angle less than 40 min) have a total range of 
only 0-14 mag while the eight observations made with the 
object lower in the sky (00 h 40 m < hour angle < 03 h 30 m) 
have a range of 0-38 mag and there is possibly a systematic 
relation between the Yale magnitude and the hour angle. 
At any site, and particularly at those at low altitude and 
near urban areas, a significant deterioration in the quality 
of a photometric observation may be expected with 
increasing hour angle because of the increase in sky 
brightness and extinction. Systematic effects are less 
predictable but are possible so that the effect shown in 
Fig. 1 is not unusual. 

The evidence for a large variation in 3C 345 on the night 
of June 11 UT depends on the reliability of the last 
observation made by Hunter and Lü on that night. This 










observation (Yale blue magnitude 15-51) is the one with 
the greatest hour angle in Fig. 1 and was made at 02 h 45m 
EST. An exposure with the Lick 12-inch refractor between: 
03h 00m and 04h 10m EST on the same night gave 
Y=15-59 which (taking B~Y = + 0-42) gives B= 16-01, in 





good agreement with the other Lick observations res ee 
ferred to. The mean blue magnitude given by the first — 


ten Yale observations on the night of June 11 UT is 
15-77, while the mean blue magnitude is 15-74 for the 
eight Yale observations with hour angle less than 40 min 
on June 11, 12 and 13 UT. From this latter value we 
suggest that a correction of 0-25 mag be added to the 
Yale magnitudes to bring them to the Lick system. If 
this is done, the mean B magnitude of the first ten 
observations of Hunter and Lü on June 11 UT is 16-02, 
which is in very good agreement with the single Lick 
observation of this night. 


15-5 $ 


Yale magnitude 
nee 
np pci 
— ~~ 
oa aie 
~@- 
~~ 
a 


16-0 


1 2 3 
Hour angle 
Fig. 1. Yale photographic magnitudes of 3C 345 for the nights of 


June 11, 12 and 13. 1969 (UT), ag a function of the hour angle of the 
object at the time of observation, 


Hunter and Lü give a probable error of only 0-02 mag 
for the magnitude derived from their eleventh plate. 
Presumably this error is derived from the seatter in the 
magnitudes of their comparison stars about their calibra- 
tion curve. It is my experience that fluctuations m the 
background can occasionally cause a large error in the 
measured magnitude of a star without necessarily produ- 
cing a significant increase in the errors of the comparison 
stars: such effects are more common when the piate 
background is dark as may be expected at large hour 
angles. For this reason it was stated in an earlier paper? 
that ‘no single photographic observation by itself can be 
taken as sufficient evidence for a change in brightness of 
the object’. I conclude that the rapid variation of 30 345 
on June 11 UT should therefore be treated with consider- 
able reserve. 

This work is supported by a grant from the US National 
Science Foundation. 
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Rotational Properties of Neutron 
Star Models 


It has been suggested that pulsars are rotating neutron 
stars' and that the energy source of the Crab nebula is 
the loss of rotational energy from the Crab pulsar?. 
Because neutron stars are quite dense, general relativistic 
effects are large and cannot be neglected. 

If the Crab pulsar is a neutron star with mass. radius 
and angular velocity of the order of a solar mass, 12 km, 
and 30 revolutions per second, respectively, then the 
gravitational acceleration at the surface is of the order of 
10* times the “centripetal” acceleration. Similarly, the 
square of the equatorial velocity is of the order of 10-4 
times the speed of light squared. Consequently, such a 
star is slowly rotating according to the usual criteria, and 
non-rotating models can be used to describe the density 
distribution. These non-rotating models are to be given 
in ref. 3. 

In 1918, Thirringt showed how to treat rotating bodies 
producing weak gravitational fields. It was later shown 
how to treat rotating bodies producing strong gravitational 
fields such as those produced by neutron stars (refs. 5-11). 
The method given in this series of papers has been 
used by various authors to treat rotating stellar models 
via general relativity. In this communication, we 
use the expressions for the angular momentum and 
rotational kinetic energy of a stellar model! to study 
the rotational properties of neutron stars. In particular, 
we shall consider the question: can a rotating neutron 
star store enough rotational kinetic energy to act as an 
energy source for the Crab nebula ? 

It has been shown elsewhere’! that the angular 
momentum J and rotational kinetic energy Ero of a 
dense stellar model are given by 


R 


J = (87/3) [ (o +p/e?)r#BA- (o — O)dr (1) 
0 
and 
R An 
Eroa = (47/3) f (94+ pjer BA o — QE 4+ O27 1dr 
0 
R 
+ f drrt02c2(12A BG)! 4 GJ?) Rie? (2) 
0 


Here ¢ 1s the density, p the pressure, ¢ the speed of light, 
G the gravitational constant, œ the angular velocity of 
the star, Q the angular velocity of the inertial frames 
along the rotation axis, R the stellar radius, with A and 
B equal to (go)? and (g,,)?, respectively. The components 
of the metric tensor gy» for rotating bodies can be found 
by solving Einstein’s equations using the method given 
elsewhere (refs. 5, 7, 9, 10, 11). Asin Newtonian mechan- 
ics, the “Coriolis forces” vanish in an inertial frame. 
According to general relativity, rotating bodies drag 
along inertial frames. The angular velocity of these 
inertial frames is a complicated vector function of radius 
and of the angle between the radial vector and the rota- 
tion axis’, Along the rotation axis, however, the angular 
velocity of the inertial frames is parallel to the rotation 
axis and equal in magnitude to Q. Outside the star, Q 
takes the simple form 
Q= 24 [rec* (3) 
he results of a machine integration of equations (1) 
and (2), for stable neutron stars undergoing solid body 
rotation in the rest frame of an observer at infinity, are 
given in Table 1. The neutron star models were those 
obtamed in ref. 3. In Newtonian mechanics the moment 
of inertia is equal to J/w and to 2#yo:/@?. From Table 1 
it can be seen that the familar Newtonian relation is not 
valid for strong gravitational fields. This is because 
the angular velocity of the inertial frames makes a 
significant contribution to the rotational kinetic energy. 
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Fig. 1. Dragging of inertial frames versus radius of neutron star. 


The angular velocity of inertial frames along the rotation axis is equal 
to 2 and æ is the angular velocity of the neutron star in the rest frame 
of an observer at infinity. 


As the star rotates, it drags along the gravitational 
field and the inertial frames. The angular velocity of the 
inertial frames along the rotation axis is shown in Fig. 1 
for several neutron star models. The rotating gravita- 
tional field makes a non-negligible contribution to the 
rotation energy. The last term in equation (2) is the 
contribution to the rotation energy from the gravitational 
field outside the star. 

If the neutron star models are given the rotational 
period T and fractional change of rotation period AT of 
the Crab pulsar (ref. 12 and work of Craft, Lovelace, 
Richards and Sutton, T =0-03309014; AT/T = 4-22 x 
10-1), we obtain the rotation energy, Erot and time rate of 
change of rotation energy Erot given in Table 2. The 
rate of rotational energy loss Erot is given by the relation 


2E ro AT 


ona nee se mamaa =: as 


T T S 
The total amount of electromagnetic energy emitted by 
the Crab nebula is variously estimated at 7x10% to 
1-5 x 108° ergs? (refs. 13, 14 and private communication 
from Melrose). This radiation is probably predominantly 
synchrotron radiation arising from energetic electrons 
spiralling in the Crab magnetic field. The energy input 
for the acceleration of these electrons presumably comes 
from loss of rotational energy of the Crab pulsar. The 
energy input thus deduced is only a lower limit, because 
additional energy may go into acceleration of protons and 
other ions, and the accelerated electrons may escape 
from the Crab nebula before all their energy is radiated 
away. From Table 2 we can see that the Crab pulsar 
neutron star must have a minimum mass of ~ 0-4 Mo in 
order to supply 10** erg s~ to the nebula. A total energy 
input one order of magnitude larger could be supplied 
by more massive models in Table 2. If the models do not 
rotate rigidly as viewed by a distant observer, but rotate 
faster in their cores, the rate of loss of rotational energy 
could be mereased over the values shown in Table 2, 


Table 1, ROTATIONAL PROPERTIES OF SELECTED NEUTRON STAR MOBELS 
Central Edge 
Log . dragging dragging 
central Mass/ Radius die 2Erot/o* of of 
density 10%? (km) (g em’) (erg st) Merna inertial 
z em~ i rames frames 
5 } m (Qela) (Neji) 
15-3 4:87 11-87 3-25 x 10*5 5-46 x 198% 6-79 (29 
16:2 4:82 12°41 3°40 x 1045 5-12 x 10% 0-74 0-28 
15-0 4-28 13-39 3-19 x 10% 3-04 x 104 0-60 0-20 
14°58 3-11 13-91 2-18 x 1645 2-36 x 1048 043 012 
14-6 1°73 13-79 9-91 x10% 1:02 x 10% 0-24 0-056 
14-4 0-75 13-80 314104 3°16 «x 10 0-12 OIR 
142 0-28 17-72 TRO x 108 7-90 x 10 0-052 0-002 
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with a corresponding reduction in the minimum mass for 
the Crab pulsar. Such an effect would probably not lead 
to a large correction, however. 


Table 2, POSSIBLE ROTATIONAL ENERGIES ASSOCIATED WITH THE CRAB 
PULSAR 

Log pe Erot Erot 

tg em?) MIMO (ergs) (ergs s71} 
153 2-44 9-8 x 10% 2°52 x 10% 
1532 2-41 93 «x 104 2-35 x 107? 
15 2-14 72 x 10" 1:84 x 10° 
14:8 1-56 4-25 x 104° 1-08 x 10%? 
14-6 0-86 a2 x 10** 4-64 x 1078 
14-4 38 59 «10% 1:50 x 107* 
14-2 G14 1-42 x 10% 3:62 x 16%? 
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Further Search for High Energy 
Gamma Rays from CP 1133 


Last year! we reported results of observations in April 
1968 on the pulsar CP 1133 (ref. 1) which could have 
been compatible with the emission of a pulsed flux of 
y-rays of ~2x 10-8 photons m~? st at an energy of about 
7x10 eV, A similar, apparently positive effect. from 
this source was reported by O’Mongain et al.* at an energy 
3x10: eV; their observations could not distinguish 
between a pulsed or a continuous flux. The observations 
of Fazio et al.*, however, at a similar energy, gave no 
evidence for either a pulsed or a continuous flux. All 
these experiments used broadly similar night-sky Ceren- 
kov light receivers*. Any possibility that fast ight pulses 
might originate in the pulsar itself rather than by Ceren- 
kov radiation in the Earth’s atmosphere has been elimin- 
ated by telescope observations using coincident photo- 
multipliers and small angular fields’. Apparao* has 
pointed out the importance that the observation of any 
y-ray flux, in conjunction with the low limits for any 
optical emission’, has in determining the magnetic field 
at the source. In view of the conflicting evidence for the 


existence of a y-ray flux from CP 1133 we have repeated. 


and extended our earlier observations when this source 
was again favourably placed in the sky. aa 


The basic light receiver system was essentially the same 


as used earlier!, with certain detailed improvements. The 
geometrical full field of view was 3° and the effective full 


field was 2°, as measured by star transits. Adding a 
correction of 1° to allow for the finite size of the Cherenkov 
images, and assuming an effective collecting area of 
10° m2, together with Greisen’s* integral cosmic ray 
spectrum, we find that at the zenith the observed counting 
rate of ~35 min-! for proton showers corresponds to a 
proton primary energy threshold for the equipment 
~1:3x10" eV. The threshold for photon primaries was 
probably about a factor of two lower’. The counting rate 
fell with increasing zenith angle, Z, approximately as 
cos? Z. 

During the observations, the events were recorded on 
magnetic tape together with a 500 Hz time signal derived 
from a crystal oscillator; the latter recorded signal was 
continuously monitored to check that no drop-outs 
occurred. Calibration marks corresponding to the minute 
time signals from the 60 kHz Rugby MSF station were 
recorded at the beginning and end of the tapes to enable 
absolute time to be established, and henee the relative 
phase of any periodic effects recorded on different tapes. 
When analysing the tapes for periodic effects, the 500 Hz 
time signal was used to drive the channel advance system 
of a multichannel analyser working in the multi 
scaler mode, one sweep of the analyser corresponding 
to one pulsar period. This technique has now become 
conventional in this work (see, for example, ref. 10) and, 
in the present case, 297 analyser channels each 4 ms 
wide were used for the 1-1897 s period of CP 1135. The 
settings of the system of preset vernier scalers used to 
generate the analyser sweep signals were adjusted every 
30 min to allow for the changing Doppler corrections 
due to the Earth’s orbital and rotational motion, so that 
the phase drift in any periodic effect corresponded to less 
than one analyser channel over periods of several hours. 


Table 1. DETAILS OF THE OBSERVATIONS 


| Hatimated 
Date Duration Zenith Count Total threshold 
{April ofrun Weather angie rate No, of energy for 
1969) {rnin} range (nin?) showers proton showers 
(degrees) (x 10" eV} 
3-9 Í 282 Haze 39-49 16-13 2,950 3-5 
: i 110 Clear 53-85 8-3 57) fpi 
12-13 308 Clear 36-61 25-5 5485 a 
13-14 229  Cipud 37-48 22-165 1,684 $ 
patches 
15-16 202 Thin cirrus 37-58 25-10 3,038 2B 
17-18 269 Haze 37—54 15-10 3,682 87 
12-18 948 36-61 26-8 13,489 2-H 
inclusive 


Observations of CP 1133 were made on five predomin- 
antly clear nights during April 1969 (Table 1). After the 
tapes had been analysed at the appropriate Doppler 
corrected period, the analyser print-outs were examined 
for evidence of any excess of events at any fixed phase. 
The rather complex radio pulse structure of CP 1133 has 
been discussed by Craft and Comella!!, who find a two- 
component radio pulse, the separation of the components 
decreasing with increasing frequency. We have therefore, 
in the first instance, assumed that any y-ray pulse would 
have a width corresponding to the trailing pulse of ref. 11, 
that is, 12 ms. Serutiny of the results for individual 
nights showed no evidence for any significant clustering 


the largest excess in counts over the mean was always 
< 3-5 standard deviations, which is quite compatible with 
chance. The data for four of the nights could be grouped 
together using the MSF time marks to align the phases 
correctly. Even with the resultant improvement in 
statistics resulting from the use of 13,500 events, no 
peaks greater than 3-5 standard deviations above the 
mean were observed in any grouping of up to fifteen 
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channels (60 ms). Thus the results do not support the 
emission of high energy y-rays from CP 1133 at the time 
that the observations were made. The exact upper limit 
of the flux derived from these results depends on the pulse- 
width assumed, but taking a width of 20 ms and using the 
grouped data for four nights on the assumption that only a 
flux giving an excess of counts at least 4 standard devia- 
tions above the mean would have been detectable, we 
find an upper limit of $8 x 10- photons m? s~! at an 
energy ~3x 10" eV for the emission. 

The present null result suggests either that our previous 
marginal 1968 effect! resulted from an unusually large 
chance fluctuation in the counting statistics or that the 
source itself has lost intensity by a factor > 2-5 at energies 
~5x 10" eV over the period of the year between the 
observations. The latter must be considered less probable 
as the average radio flux at the highest frequency at 
which CP 1133 has definitely been observed (2,400 MHz) 
apparently remained very stable during the period April 
1968 to January 1969 (refs. 12 and 13). It should, how- 
ever, be noted that in the case of the only pulsar confirmed 
as radiating at frequencies higher than the radio band, 
NP 0532 in the Crab nebula, variability is thought to 
occur. Oke has reported changes in the optical bright- 
ness of N P 0532 of about 0-5 magnitudes in a day and there 
is also some evidence for changes in the X-ray flux". 
The absence of a detectable flux of either y-rays or of 
optical emission from CP 1133 relaxes the very low limits 
set on the magnetic field of this source by Apparao’. 
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Further Search for Nanosecond 
Structure in the Light Flashes from 
Pulsar NP 0532 


THE marginal evidence’? for high-energy y-rays from the 
pulsar CP 1133, obtained with Cerenkov light receivers, 
may have been due to light arising in the object. itself. 
Following the discovery? of light pulses from NP 0532, 
there have been several attempts to detect fine structure 
in the light from this particular pulsar (refs. 4-6 and 
D. Hegyi, R. Novick and P. Thaddeus at the LAU Symi- 
posium, No. 37, Rome, May 1969). This communication 
describes a further attempt to detect fine structure in the 
temporal distribution of light from N P 0532. 

The observations were made with a two-channel photo- 
meter (Fig. 1) mounted at the prime focus of the Cambridge 
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Fig. 1. The essential features of the photometer head and associated 
g l 
electronics, 





36-inch reflector, together with the offset guider used in 
earlier experiments’:*. The nearly parallel bundle of 
light emerging from the quartz Fabry lens F was divided 
at the roof of the aluminized 60° prism P, and the two 
reflected beams were directed at the S-4 cathodes of two 
squirrel-cage phototubes PMI and PM2 (EMI type 
9660A, rise-time 2 ns). This method of dividing the light 
was used to minimize local Cerenkov radiation and absorp- 
tion losses. The current pulses from the phototubes 
passed through wide-band amplifiers (8f= 200 MHz) and 
discriminators (not shown in Fig. 1), then through delay 
units ôt, to a coincidence unit having a resolving time 
t= 20 ns. The phototubes were mounted in a solid dural 
housing to avoid optical coupling between them. The 
cosmic-ray contribution to the coincidence rate was found 
to be negligible compared with the random rate Ney = 
27N,,, where the single-channel rates N, and N, were 
contributed by the nebula background, night-sky light, 
light from the star and general city Ulummation. Nor, 
N, and N, were monitored on sealers and chart recorders 
throughout the runs. No periodicity analysis was used in 
this experiment. 


Table L 


DETAILS OF THE RUNS 
Run No, i 


ta 


3 3 $ 3 
Delay (ns) (óf, -6f,) 0) 4+ 92 0 ~ 90 i) 
Duration of run (min) 10 g 10-83 8-83 10 
No. of pulsar periods ( x 10) 1-8 1-4 1-95 1-6 1s 
No. of coincidences recorded 41 Be 36 46 28 
Observed rate (s~) 0-068 0.073 0055 O-O75 O47 
+0011 20012 +0:000 +0012 +6-009 
Chance rate (from monitored 
single-channel rates) (37) 0102 0-089 0-062 0-059 0-057 
Excess rate (8-1), that is (obs~ —0034 ~0-016 -~0-007 +0016 ~O-010 
chance) £0011 +6012 +0009 +6012 +0-009 


The S-p star of the Crab central doublet, now identified 
with NP 0532, was held within a 25 arc s aperture at the 
prime focus PF, and guiding was carried out on stars 
selected with reference to a graticule G, the offset procedure 
being checked by tests on stars of known position in the 
Praesepe group. The observations were made on February 
15, when five runs were carried out under reasonably good 
sky conditions. To search for nanosecond structure in the 
light pulses, we adopted the technique of altering the 
differential delay {f4 — dt.) between neighbouring short 
runs. The results of these observations are listed in 
Table 1. 
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There are no significant differences in the “excess” 
coincidences between the runs with no differential delays 
and those with delays inserted. From runs 1, 3 and 5 we 
find the average excess counting rate, which might be 
attributed to genuine coincidences, to be (— 170 + 85) x 10-* 
detected photons s~', or (— 57 + 28) x 10- detected photons 
(pulsar period). If we demand a significance criterion of 
50, then we could have detected an effect if the excess 
coincidence rate had been 140x10- detected photons 
period. The system was then calibrated on the star 
KW275 in the Praesepe group’ immediately after these 
runs, its elevation in the sky being approximately the 
same as that for NP 0532. KW275 yielded a rate from 
the two phototubes taken together, corrected for sky 
background, of 1-53 x 10' detected photons s-i, or 511 
detected photons per period of NP 0532. With an estim- 
ated quantum efficiency <= 0-1 (50 A/Lumen, data from 
EMI) and allowing for the factor e7! for the KW275 
measurement, and a factor s-? for the comeidences, we 
deduce that we could have detected an effect if there 
existed a component of light from NP 0532 bunched with 
fine structure in the 20 ns region, which had an intensity 
exceeding 2:7x 10-5 of the brightness of KW275. We 
make the assumption that the spectra of NP 0532 and 
KW275 are not too dissimilar, and that the 8-4 cathode 
response is a reasonable match to both. With mp = 10-54 
for KW275 (ref. 10), we conclude that if any light from 
NP 0532 is bunched im a single pulse of ~ 20 ns duration 
in each cycle, then its time-averaged magnitude must be 
mp2 22. If, however, there are n such pulses in each 
cycle, the limit of detection is brighter by a factor m ^. 

It thus seems unlikely that N P 0532 emits light which 
could be detected by existing Cerenkov light receivers. 

Finally, we calculated the time dispersion, over the 
passband, caused by the interstellar plasma and found 
this to be negligible, ~ 10-1? s. We have also considered 
the possibility of dispersion in the neutral atomic hydrogen 
in the galaxy. If we take Ny~ 1-0 atoms cm-t, we find 
that the time-dispersion is again small, also ~ 10-1 s, 
if we make the assumption that the refractive index of 
atomie hydrogen is similar to that of molecular hydrogen. 


J. V. JELLEY 
Nuclear Physics Division, 
AERE, Harwell, 
Berkshire. 
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Intensity Variations of PSR 0833-45 
at 1,720 MHz 


Ix a recent article, Radhakrishnan et ef.) commented on 
the remarkably constant intensity of pulsar PSR 0833-45 
at 1,720 and 2,700 MHz. At these frequencies intensity 
values, averaged over 100 pulses and taken at any time 
over several days of observation in December 1968. 
showed less than 10 per cent variation. Large ef al. 
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have noticed similar behaviour at 408 MHz. This prop- 
erty of the signal, in fact, greatly facilitated the taking: 
of the polarization measurements which were the i 
subject of the article by Radhakrishnan et ai. Ree: 

Observations made at 1,720 MHz on July 20, 1969, . 
indicate that the intensity of PSR 0833-45 had become 
extremely variable. The measurements were made at 
the Parkes Observatory using the 210-foot telescope. A 
linearly polarized aerial feed was used in conjunction 
with the same 1,720 MHz receiver that was used in the 
observations referred to earlier. The Lf band-pass was 
restricted to 100 kHz in order to avoid smearmg of the 
recorded pulse due to dispersion and the pulsar signal was 
recorded using a 400-channel integrator driven at the 
expected pulsar repetition rate by timing signals derived 
from a precise frequency standard. The position angle 
of the feed was set at 135° throughout the present measure- 
ments. Integrated pulse shapes were obtained for a series 
of sets of 400 pulses over a total observing time of about 
40 min. 

The results of the measurements showed that intensity 
variations of approximately 5:1 occurred during the 
observation. This degree of variation is considerably 
greater than reported at 4,800 MHz by Gardner and White- 
oak?, who observed mean variations of about 50 per cent 
of the mean intensity, and at 408 MHz by Wielebinski. 
Comparison between the present results and the earher 
1,720 MHz observations indicates that the degree of 
intensity variation of PSR 6833-45 changes markedly 
with time. 
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Flux Density Variation in VRO 42 22 01 
at 1,420 MHz 


SEVERAL recent papers’? have drawn attention to the 
interesting properties of the radio source VRO 42 22 0I 
and its optical counterpart BL Lac. In particular, 
Andrew et al.4 have reported the results of monitoring the 
intensity of this source at 6,630 and 10,630 MHz since 
December 1967, and point out particularly rapid changes 
in intensity at both frequencies. Seiustad and Yip*® found 
variations at 8,300 and 9,600 MHz, and also reported s 
flux density at 1,420 MHz measured in November 1968 
of 4-2 flux units (1 flux unit=10-°* W m-* Hz), a value 
considerably below the 6-9 and 7-3 flux units reported for 
1964 (ref. 6) and 1965 (ref. 7) respectively. 

Recent continuum flux density measurements confirm 
this change in intensity at 1,420 MHz and show that in 
late December 1968 the source intensity had dropped to 
below 50 per cent of the average of the 1964 and 1965 
measurements, and has now returned to about 80 per cent 
of this value in a period of about three months. 

All the published flux densities at 1,420 MHz for VRO 
42 22 0l are shown in Fig. 1 together with new measure- 
ments made on Decernber 24, 1968, February 6, 1969, and 
July 5 and 10, 1969, with the 25-6 m radio telescope of the 
Dominion Radio Astrophysical Observatory, The flux 
densities, in units of 10-78 W m Hz, obtained on these 
dates are 33405, 49405, 58406 and 59404. Also 
shown is the average of four measurements made on 
April 22, 25, 26 and 27 with the 91 m telescope at NRAO 
Green Bank which gave a value of (59 +02) 10 W mo? 


570 


Flux density (10! W pm? Hz) 
iD Pe 
Sees, 


= 5 m m p n yond mt mA mn pm 
nd ; 2 cw j rs on Pn oe 
| ad 2 3 S g@ & @ EE = 

a > & A Sf A eS HS 
1964 1965 1968 1969 


Fig. 1. Continuum flux density een of VRO 42 22 G1 at 1,420 
MHz. i 


Hz-? (private communication from A. H. Bridle and 
D. G. Macdonell). 

The percentage flux density change at 1,420 MHz shown 
in Fig. 1 is as large as the variations measured at higher 
frequencies by Andrew et al., whereas in the case of other 
variable radio sources the amplitude of the variation at 
1,420 MHz is considerably less than that found at frequen- 
cies above 5,000 MHz. Continued flux density measure- 
ments at several frequencies will show whether the varia- 
bility of VRO 42 22 01 can be explained in terms of current 
theoretical models. 

I thank Dr J. A. Galt of the Dominion Radio Astro- 
physical Observatory for assistance and the National 
Research Council of Canada for an operating grant in 
support of this work. 
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On the Question of 
Interstellar Diamonds 


THE evidence to support the recent proposal! that inter- 
stellar extinction may be caused by small diamond 
crystals is open to substantial criticism. Wickrama- 
singhe? has shown that the optical properties of diamond 
do not readily provide an explanation of the observed 
interstellar curve. Similar calculations made by us sup- 
port and extend Wickramasinghe’s results. It may be pos- 
sible to modify the form of the size distribution until the 
interstellar extinction curve is reproduced as Greenberg 
and Shah‘ have done for “‘dirty ice” grains. For diamond, 
however, considerable variation in the slope occurs in the 
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infrared and it is not obvious that it will be possible 
simultaneously to fit the infrared, visible and ultraviolet 
regions. 

More serious objections exist regarding the suggestion 
by Saslaw and Gaustad that diamonds may form and grow 
rapidly in conditions appropriate to cool stellar atmo- 
spheres. It is well known that graphite is the stable 
carbon phase below about 104 kbar. This occurs because 
of the lower free energy of graphite. The spontaneous 
nucleation rate in the vapour depends critically on the 
free energy, and graphite will also preferentially nucleate, 
as is shown by the very extensive work on carbon con- 
densation in flames. There is no reported case of diamond 
formation in flames although much effort has been 
devoted to the study of soot formation (Combustion 
Symposia l-11, Combustion Society). Flame tempera- 
tures are comparable with those in cool stellar atmospheres 
although flame pressures are about one atmosphere. A 
wide range of carbon to hydrogen ratios have been used 
and the carbon source has varied from methane to 
aromatic molecules. 

Physically, the difficulty is that in order to nucleate 
diamonds, carbon rings with a puckered structure 
characteristic of the diamond lattice must be formed. At 


Thermodynamically 
unstable phases sometimes form instead of the stable 
phase. In the case of carbon, however, it is graphite 
that forms in the stability region of diamond‘, never the 
reverse. Homogeneous condensation of diamond in cool 
stars or interstellar space can be ruled out. 

Another possibility is the growth of diamonds on seed 
nuclei. Growth of an unstable phase on a surface having 
the crystal structure of the unstable phase is well known. 
Experiments® at 1,000° C using diamond as a seed show 
the formation of new diamond layers. In all cases, 
however, the surface becomes covered with graphite. In 
order to continue the experiment the graphite must be 
removed. Although hydrogen reacts faster with graphite 
than diamond, a high hydrogen pressure (10-50 atmo- 
spheres) was used. Because the carbon source in the 
experiment was a gas containing a methyl group (CH,), 
free hydrogen was present but apparently at too low a 
pressure to remove the graphite. 

Finally, we note that in stellar atmospheres the seed 
crystal could not be diamond. Saslaw and Gaustad 
suggested silicon carbide, SiC, which has a crystal structure 
similar to diamond. But although diamond has been 
grown on silicon, no diamond has so far been found when 
SiC is used for the substrate’. 

There does not seem to be any theoretical or experi- 
mental evidence at present that supports the hypothesis 
of diamond growth under stellar or interstellar conditions. 
As no laboratory research has been done with the astro- 
physical problem in mind, not all relevant conditions 
have been examined. A more extensive study of silicon 
carbide as a seed nucleus and the dependence of graphite 
removal on atomic and molecular hydrogen pressure 
would be of interest. 

One of us (K. S. K. S.) is an NAS-NRC resident post- 
doctoral research associate. 
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Are the Libration Clouds Real ? 


It is disconcerting that the existence of dust cloud 
satellites at the L, and L; libration points in the Earth- 
Moon system, first reported by Kordylewski', is so widely 
accepted?-§, in view of negative radar results*, and optical 
results’-!!, some of which report no clouds even to a limit 
twenty to thirty times fainter than the brightness claimed 
by Kordylewski. Other diseussions'?"* have also argued 
against the existence of libration clouds. While there 
undoubtedly exist patches of brightness m the night sky, 
their connexion with the libration points is unproven. 

There are also serious theoretical difficulties in under- 
standing how any cloud of particles could either collect 
there or maintain an orbit against the disruptive perturba- 
tions of solar gravity, radiation pressure and solar wind. 
Although stable orbits at these points have been found 
numerically", the initial conditions are so restrictive that 
it is most unlikely that enough particles could be found 
to produce a cloud. Sehutz has pointed out in a personal 
communication that in any case the delicate stability of 
the orbit could well be destroyed by perturbations due 
to lunar eccentricity. 

Further, because the visual observations are at the 
limit of detectability for the human eye, there can be 
honest differences of opinion over sightings. In fact, 
Backhouse (an independent discoverer of the gegenschein) 
remarked!}, “It is a question whether one may not say 
there are streaks and patches of Milky Way all over the 
sky, for I do not think there is a uniformity of light in 
any part at a reasonable altitude’. There is also the 
possibility that irregularities in the brightness of the 
Earth’s airglow layer can occasionally give rise to a false 
libration cloud report. For reasons like these the NASA 
visual observers! were careful to report observing only 
“luminosities” and did not claim to have observed libra- 
tion clouds. 

But the existence of observable concentrations of dust 
in interplanetary space should not be ruled out. Meteor 
streams and comet tails are two sources of material. 
The Smithsonian Astrophysical Observatory!’ has initiated 
a programme of photographing points of tangency in the 
orbits of meteor streams, while a correlation has been 
found!® between the orbits of low inclination short period 
comets and the interplanetary dust particle events reported 
by both Soviet and American satellite observers?*»**. 

To demonstrate that observable concentrations of inter- 
planetary dust might exist, we have considered the results 
from five American and Soviet satellites which carried 
dust counting experiments and which observed many 
periods of sustained increases in the counting ratet’, The 
fine structure of the Vanguard III event is about 10+ s 
with an impact rate of about 10-5 particles em~? s~. If, 
for simplicity, we assume that this is due to the Earth 
and satellite passing through a spherical cloud with a 
uniform number density of particles, then the cloud has 
a column density N of 10-1 particles cm-?. The brightness 
of such a cloud is? 


B=INAf(8) (1) 


where J is the solar intensity (1-4 x 10° ergs cem-* s~? at the 
Earth’s orbit) and A is the scattering cross-section of the 
particles. The fraction of light per steradian scattered 
in the direction 6 is f(8) and is about 10-2 for an albedo of 
0-1 and isotropic scattering. For dust of diameter 10 ym 
the brightness B is 10- ergs cm? s~ sr, which is half as 
bright as the gegenschein, and therefore well above the 
visual threshold of detection. 

Such clouds near the Earth could explain the many 
reported fluctuations in brightness and shape of the 
zodiacal light and gegenschein?*, and further from the 
Earth might account for the clouds reported by Kordy- 
lewski and others. The time seale for interplanetary dust 
particle events is of the order of many hours, which is 
similar to the time scale of these phenomena. 
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If the dust is distributed along an eccentric orbit with 
sufficiently large aphelion, the cloud would be longer in- 
the direction radial to the Sun. 


Earth concentrates any cloud passing near 15, so that 
as the cloud leaves the vicinity of the Earth it expands 
and decreases in brightness. Finally, the particle size is 
uncertain and the spatial density of particles varies. For 
all these reasons such clouds would range widely in 
brightness and much of this range is observable. 

There are many possible explanations of curious patches 
of light seen in the night sky, and we believe that Earth- 
Moon libration clouds are very unlikely. 
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Tungsten Radioisotopes in the 
Atmosphere near Pisa, Italy 


Our nuclear centre carries out a complete programme of 
environmental radioactivity measurements on air, fall-out, 
surface water and so on. We report high values of 
the delayed beta activity on paper filters collected on 
a daily basis at airborne radioactivity collection stations 
on December 18-20, 1968. We began by locking for 
possible accompanying alpha activity, which was not 
found, but the gamma spectrum had a surprising shape. 

The bulk of counts was not due to the energies of 
fission products or of other usual fall-out components 
(144Ce@-144Pr, 1Be, 1°Ba-°La, Rh" Ru, wéPh—WeRy, 
1370s, *Zyr-99Nb, ®4Mn), but was primarily concentrated 
in the low energy region where it is well known that 
the interpretation of gamma spectra requires a very 
accurate energy calibration. After a careful examination 
we concluded that the peak energy was 58+1 keV. Fig. 1 
shows the peak (background subtracted) which was chiefly 
responsible for the gamma counts. A decay measurement 
of the gamma activity based on peak height or peak area 
showed a half-life of 140+10 days. On the other hand, 






Because the satellite o 
measurement is more nearly of an azimuthal dimension, — 
the actual brightness would be greater than estimated — 
here. On the other hand, the gravitational field of the 





572 


$8 keV 


KeV 


Pulses (arbitrary units) 


50 


Oe 
ar 
NG 
Yr ts 
ia 
me, 
D 
— T t t . ed i 7 EÍ f t 
© 
kae 





eg 
a EPE 
25 50 75 
Channels 


Fig. 1. The peak at 58+1 keV, 
the beta activity decay led to a half-life of 74+5 days. 
Both decays are shown in Fig. 2. 

After discarding a few other reasonable hypotheses, our 
attention was drawn to the tungsten isotopes W and 
1335W., The first has an orbital electron capture decay with 
T ja between 140 and 145 days (depending on the author), 
and the daughter 1*"Ta emits X-rays of 58 keV. The second 
has a pure beta decay with Tja between 70 and 76 days 
(again depending on the author). 

We tried to confirm this very good agreement by a 
chemical separation of the tungsten as WO,.H,O following 
alkaline fusion after previously adding a carrier. More 
than 90 per cent of the activity was recovered and the 
spectrum looked indistinguishable from before. This 
method of investigation was followed in examining the 
fall-out samples of all the days in question and the same 
results were obtained. 


Table 1. 
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We also carried out quantitative measurements of single 
radionuclide activities which are listed in Table 1 together 
with other details of the samples. Only the total beta 
activities and the concentrations of W and 13W are 
daily values; all the others are weekly. In the daily 
filters all the fall-out radionuclides except tungsten were 
insignificant (about 250 m? of filtered air), They could 
only be measured in the filter of a special sampler which 
operates on a weekly basis and draws a very high volume 
of air (about 250,000 më), 
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Fig. 2. 


Neither isotope is a fission product although both have 
been found in fall-out before and, of course, we could 
exclude an origin in our laboratories. The 1958 Hard-tack 
nuclear test programme weapons were provided with 
tungsten, so that by activation, chiefly by fast neutron 
reactions (n, 2n), ***W and 18W could be produced to be 
used as tracers to study the worldwide distribution of fall- 
outi, Since then there has been no news of the use of 
tungsten as a tracer of fall-out. But large quantities of 
radiotungsten were produced in 1962 from the under- 
ground nuclear test in the Nevada Desert. So it is interest- 
ing that tungsten radioisotopes were found in the atmo- 
sphere on December 18-20, 1968, because it seems to 
show that tungsten was present in recent nuclear weapons, 
either for special purposes (as in 1958) or as a component 
of the devices. 


DETAILS OF THE FALL-OUT SAMPLES 


. Height Concentration (pC me) . 
Sampling Coordinates Alti- above Date Totals re- Zr rR Ba Ce 
station Latitude Longitude tude ground (Dec. ferred to Be 5Mn + Ru + CS + + Hy iW 
north east, level 1968) "Sr-*"Y “ND ERD OLS. Mepy 
CAMEN 1 43°40 45° 10°19’ 36” 3 2 A 0-06 0-038 <0-0002 06-0015 <0-0006 0-0079 06-0011 <6-0021 O-0008 <013 <0-006 
i 1-22 3} 140 
19 0-24 On peak days, when the 2 activity is almost exclusively due to tds (+ 22 
20} 0-08 sy, n a are greater than oe concentra- < PHI < 000E 
(ane eee oqo AA m i tions. In fact total 8 activities are conventionally referred to AAT? 
CAMEN 2 43° 40°45" 10°19 36 3 2 ee a *Sr-°Y (maximum energies 0-5 and 2-2 MeV) standard. ` nae are 
19 6-28 whereas for W (maximum energy 0-43 MeV) we measured 0-058 0-86 
20 0-12 the absolute activities, <0-013 <0-006 
CAMEN 3 43°40 457 10° 19’ 36” 3 2 17 0-06 <O-018 < 0-006 
18 1°35 0-33 1-56 
19 0-25 HO 023 
20 0-10 <OG183 < 0-006 
CAMEN 4 43°40 45” 10° 19’ 36” 3 2 7 0-O6 <H <06-006 
18 113 1-28 129 
19-025 G50 0-23 
7 20 0-13 < Mü <0-006 
Calambrone 43° 36 02” 10° 23’ 32” 1 2 17 006 <0013 <0-006 
18 1:33 0-81 1-41 
2 0-16 <OO13 < 0-006 
ise 43° 41’ 24" 10° 28’ 32” 5 2 17 0-08 <O018 <0006 
Pis 18 0-04 0-24 1-07 
19 0-30 7-063 9-29 
<OOls <O-006 
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It must be emphasized, however, that fission products 
were present on the days in question only in the normal 
daily average quantities and they did not show any 
activity peak. If we assume that tungsten has not been 
used in weapons in large quantities for special purposes, 
but simply as a component of the devices, the absence of 
relevant fission product activity peaks in connexion with 
the W and 18W present in the atmosphere would lead 
us to suppose that the nuclear devices were extremely 
clean. In this connexion we should point out that an 
underground nuclear test in the US Plowshare programme 
on December 8, 1968, produced two small radioactive 
clouds. 

L. DE FRANCESCHI 
A. GENTILI 
G. GREMIGNI 
P. GUIDI 
Servizio di Fisica Sanitaria, 
Centro Applicazioni Militari 
Energia Nucleare (CAMEN), 
San Piero a Grado (Pisa), Italy. 
Received March 4; revised April 22, 1969. 
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Lead-210 Production by Nuclear 
Devices: 1946-1958 


Tue possible production of Pb during weapons testing 
by the reaction Pb (2n,y) "Pb was suggested by 
Peirson et alo, who observed unusually high ratios of 
20Phþ in tropospheric air in 1962 and 1963, and by 
Jaworowski?, who reported increased *#°Pb concentrations 
in lichens and deer antlers in 1958-59 and 1962-63. On 
the other hand, Bhandari et al. and Crozaz* found no 
corresponding increase in the amount of this isotope in 
air or glaciers, and Krey? reported no unusually high 
levels of 24°Pb in the stratosphere in 1966. Resolution of 
this conflict is important because it has been postulated® 
that nuclear devices used in excavating a canal in Central 
America would produce ?4°Pb in amounts comparable with 
Sr- Y as a radiological contaminant. 

If #°Pb is produced in significant amounts during 
nuclear or thermonuclear explosions, it would be present 
at former test sites at Bikini and Eniwetok Atolls. The 
presence there of Bi (ref. 7) probably formed by re- 
actions such as Pb (p,n), °°7Bi or *°*Pb (py) Bi 
rather than by the 2°*Bi (n,3n), *°*Bi reaction, suggests 
that stable lead was present in shielding or structures 
adjacent to the nuclear devices. I therefore determined 
the *!°Pb content of soil and sediment samples from areas 
of high radioactivity in the Pacific Proving Ground and, 
for comparison, samples from areas of the Pacific with 
negligible fall-out. Three of the samples contained 
207Bi. Biological samples were not included in this study 
because the natural levels of 24°Pb and ?!°Po are not well 
established in tropical biota’; therefore, results would be 
equivocal, for marine organisms concentrate both *'Pb 
and Po. 

The samples were taken from locations contaminated 
with local or intermediate fall-out except for those from 
` Japtan Islet and Palmyra Island. The most radioactive 
samples were sediments taken from craters produced by 
test detonations. The soil samples from Kabelle Islet. 
Rongelap Atoll, were contaminated with fall-out from a 
thermonuclear device detonated at Bikini Atoll, 80 miles 
to the west, in March 1954. Gammia-dose rates three fect 
above the ground at Kabelle Islet were about 20 Rh-? on 
D+. 

The naturally occurring concentrations of ?!°Pb in the 
island soils and sediments can be estimated from published 
data. Broecker? measured the ***Ra content of cores 
drilled at Eniwetok Atoll. Surface samples contained 


972 





Table 1. LEAD-210 IN SELECTED ATOLL SAMPLES 
Collec» Collec- men yey 
tien Hon id/mi/g/ dry 
Location Sample date depthiem) wt) 
Bikini Atoll . 
Bikini Lagoon Sediment 1849 
Aomen-Yurochi Islet Soil 1907 
Aomen-Yurochi Islet Soil 1967 
Bokonejien Islet Crater sediment tabi 
Bokonejien Islet Crater sediment igGd 
Bokonejien Islet Crater sediment 1987 
Namu Islet Soil Log 
Eniwetok Atoll , 
Japtan Islet Soil 1952 it 
Elugelab Islet Crater sediment Lon 0-12 
Belle Islet Soll 15654 G2 
Belle siet soil 1954 1-3 
Rongelap Atoll 
Kabelle Islet Soil 1961 {pO 43+ O08 
Kabelle Islet Soil 1961 5-1-2 Led te ODE 
Kabele Islet Soil 196] os 27 + OGG 
Palmyra Island Sol! 1962 ih s GB e GOS 


0-1-2-2 djm ***Ra/g dry coral, while concentrations m 
samples from depths of 60 m were 23 d/m Ra/g dry 
coral. 


imately 5 d/m/l. (refs. 10 and 11), and therefore a reasonable 
estimate of the naturally occurring *"Pb concentration 
in coraline soils is several d/m/g dry soil. 

My results, Table 1, show concentrations of *!°Pb that 
do not exceed those expected to occur naturally. The 
226Ra content of crater sediments and deep core samples 
should be about the same, as they are. Soils would be 
expected to contain concentrations of Ra of l-23 
d/m/g dry soil, depending on the depth sampled, the degree 
of equilibrium between ***Ka and its parent, 280" and the 
amount of particulate matter associated with the fallout; 
the latter is a mixture of coral from various depths and 
hence variable in Ra content. Thomas! reported the 
207Bi content of the crater sediment collected at Bokonejien 
Islet in 1967 as 200 d/m/g dry sediment. Bv contrast, 
the ?°Pbh content of the same sample is 3-3 d/m/g dry. 
If 2°Pb had been produced in significant amounts during 
the testing programme, the concentrations in the crater 
sediments would be much greater than they are. 

It seems unlikely that the US tests of 1958-59 or 1961-62 
contributed significantly to the "Pb content of the 
atmosphere. Production by USSR tests cannot be 
discounted due to differences in structural materials in 
and around the device, but the absence of any reported 
207Bi in worldwide fallout associated with these testa 
casts some doubt on this possibility. 

I thank Professor E. E. Held for selecting the sarnples 
This work was performed. 


sion and the University of Washington. 
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Can Demagnetization explain 
Seamount Drift? 


CALCULATIONS of the direction of magnetization associated 
with seamounts usually employ a method first deseribed 
by Vacquier!, The seamount bathymetry is approximated 
by rectangular blocks, and the direction of magnetization 
is found which minimizes the least-square error between 
computed and observed anomalies at the field points. 
Irving and Robertson? recently summarized the most 
relabie of these results?-*, 

Most of the thirty seamount anomalies and basalt 
borecores are scattered across the North Pacific Ocean 
and almost all exhibit a lower thermo-remanent (TR) dip 
than the geomagnetic inclination presently found at the 
seamount sites! ‘This implies that they have moved 
northward from their place of formation, either by being 
carried on the backs of the great crustal plates, or by 
polar wandering—a movement of the entire lithospheric 
shell with respect to the axial dipole field?. But both 
explanations lead to difficulties?, Sea-floor spreading has 
been primarily east-west in both the Atlantic and Pacific. 
The north-westerly spreading in the eastern Pacific only 
began several million years ago, too recent to have caused 
significant latitude shifts of seamounts. Alternatively, if 
polar wandering were the cause, this should also produce 
an antipodal distribution of seamounts which appear to 
have travelled south after allowing for plate movements. 
The present data span some 230° longitude, implying that 
if an antipodal distribution exists, at least some of the 
measurements are in error. Moreover. it would be for- 
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tuitous that only the northward moving hemisphere was 
sampled, and the antipodal distribution, if real, would 
have to be found in the eastern Atlantic and Indian 
Oceans. 

Recent evidence suggests that ordinary sea-floor spread- 
ing magnetization is very intense, being confined to 
a few hundred metres of pillow basalts’. Similarly, sea- 
mounts may consist of highly magnetized pillowed flows 
intercalated between relatively non-magnetic, randomly 
oriented’ ash and talus. Even if the seamounts are 
assumed to be homogeneously magnetized—an assump- 
tion usually made in the least-square analysis for direction 
of magnetization—they are still relatively thin sheets, 
with a diameter to thickness ratio of about twenty, For 
such sheets, demagnetization cannot be neglected’. This 
reduces the true susceptibility by the factor 1/(1+Nk), 
where k is the susceptibility and N is a constant, which, 
depending on the shape of the body, ranges from 0 to 4x. 

In the following discussion, let D(k), defined as 100 
[Nk/(1+Nk)], be the percentage of reduction in suscepti- 
bility caused by demagnetization. The significance of 
demagnetization for seamount drift studies is that in a 
sheet-like body, D is aeleotropic, becoming zero in the 
plane of the body (Dy) and Dy =100[42k/(1+42k)] for 
the vertical component of magnetization’®. This effect can 
be visualized as a rotation of the magnetization vector 
into the plane of the body. If the magnetization is 
represented by a fictitious “pole density”, and if the 
seamount (or the individual pillow basalt flows) are good 
approximations to the mathematical ideal of a thin sheet, 
then the pole density on the top and bottom of the sheet 
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Computed anomalies across east-west trending two-dimensional seamounts at 45° N (left) and 30° N (right) in the Pacific Ocean at 


180° W. Thick line is induced; lines containing dots represent various degrees of demagnetization (D). Thin continuous or dashed tines 


represent seamounts drifted to 45° N or 30° N from lower latitudes. 


model was magnetized in dipole fleld at first latitude and then drifted to second latitude. 
i Model cross-section is shaded. 


defined in text. 


Legend contains two latitudes and a number for each anomaly curve: 


Number following latitude is demagnetization (D) 





tion effect, Da, related to the TRM. 
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is reduced by D over what it would be by simple induction 
theory. The pole density on the sides of the seamount will 
be relatively unaffected. Clearly a relative reduction of 
pole density on the tops and bottoms of the seamounts 
18 Similar to formation of a seamount in a magnetic latitude 
lower than that in which it is presently found. 

This discussion applies strictly to true susceptibility, 
which is usually quite small in dredged sea-floor basalts’. 
The bulk true susceptibility may be larger, because of the 
slow-cooled intrusive rocks in the interior of the sea- 
mount. There should, however, also be a demagnetiza- 
As the pillowed 


flow cools, the first grains magnetized will sense only 


* 


the geomagnetic field and will not exhibit demagnetiza- 
tion, but the last such grains will sense virtually the 
total opposing field of the surrounding flow. This de- 


~ magnetization effect depends only on the TRM at the 


if Nka is small. 


“which means that k can then be replaced by ka in the 
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time of cooling, including any unstable components. 
As a rough measure of Da, which is smaller than D(k), a 
weighted average may be defined as 
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It is easily shown that Da/D(k= ka) is approximately 0-5 
For NkgS>l, this ratio approaches 1}, 


expression D(k). 

The effect described also applies to the strips of 
alternately magnetized sea-floor generated at the axis 
of the Mid-Oceanic Ridge. If the magnetized layer is, 
say, 0-5 km thick, the bodies can be considered infinitely 
long and, with the exception of a few short magnetic 
epochs recorded by slow-spreading ridges, between ten 
and one hundred times as wide as they are thick. Thus 
any argument deducing plate movements with respect 
to the geomagnetic field from shapes or amplitudes of old 
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sea-floor spreading lineation must allow for demagnetize- 
tion. Simple two-dimensional model calculations (Figs 
l and 2) suggest that demagnetization (D or Da), if suffic 
ently large, will impart to a seamount or sea- floor spreax 
ing lineation an anomaly very similar to one resulting o — 
from drifting from lower magnetic latitudes. Demagnetize- 
tion was approximated by reducing the induced field pole 
density on the top and bottom surfaces of the model 

by a percentage, D,, which was assigned values of 6, 10, 

33 and 50. For comparison, model anomalies reflecting 

15° and 30° northward latitude shifts were also caleulated 

and various difference curves constructed (Fig. 2). A 
northward drift of 15°, representative of the published 
results*-7, corresponds approximately to =33. If N 

is about 10, this could be achieved by a true susceptibility 

of about 0-05 emu (hardly likely, even for slow-cooled 
intrusives) or an Initial apparent susceptibility of about 

0-09 EMU. 

Although dredge samples and model studies on sea- 
mounts both yield typical values of 0-005 to 0-02 for kz, the 
initial values for submarine extrusive flows may have been 
considerably higher, with the unstable component of 
TRM disappearing with a half-life less than a million 
years. Basalt pillows dredged by de Boer from the 
Brunhes on Reykjanes Ridge showed ka exceeding 0-1 
EMU®, and initial values must have been stil higher. 
Significantly, TR inclinations were lower than ambient’, 

The seamount calculations!-? usually assume a homo- 
geneous distribution of magnetization, resulting in bulk 
values which would generally underestimate k, ka and N 
and therefore D and Da. Some geological models for 
inhomogeneously magnetized seamounts could be highhy 
magnetized flows alternating with non-magnetic ash 
horizons or metamorphic greenstones; or lughly magnet- 
ized pillow basalts restricted to a thin carapace enclosing 
the seamount, based on the hkelihood that as the oceania 
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lithosphere is forced into the mantle along a deep-sea 
trench, the relatively fragile seamounts will be clipped off. 
The only likely geological candidates for such seamounts 
are the “‘ophiclites’—ultrabasic complexes usually diag- 
nostic of the early stages of an orogenic cycle™. The 
ophiolites, surrounded by carapaces of pillowed basalt, 
are associated with apparently deep-sea sediment. Baked 
contacts on the bottom point to an extrusive origin, but 
other field relationships suggest tectonic emplacement, 
which is not surprising if they represent clipped off 
seamounts. Their size, shape and occurrence in chains also 
suggest seamounts, and in such bodies the demagnetiza- 
tion effect would be quite pronounced. 

Demagnetization does not explain those few seamounts 
which appear to have drifted across the equator?-?. There 
are two obvious tests for the demagnetization hypothesis. 
First, Pacific seamounts south of the equator would appear 
to move south or, if they moved north because of polar 
wandering or continental drift, by significantly lesser 
amounts than seamounts north of the equator. The 
second test, suggested by Professor Strangway, applies if 
significant true susceptibility demagnetization occurs, 
when reversely polarized seamounts will appear to move 
south in the northern hemisphere or, if they move north, 
by lesser amounts than their normally polarized counter- 
parts. A given seamount anomaly is probably influenced 
by both demagnetization and drift or wandering pheno- 
mena, and more detailed investigations are required to 
isolate the relative importance of the two effects. 

IT thank Professor D. W. Strangway for reading this 
manuscript and offering helpful criticisms. 
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Occurrence of Fatty Acids and 
Aliphatic Hydrocarbons in a 3-4 
Billion-year-old Sediment 


THe existence and composition of organic compounds 
of possible biological origin in Pre-Cambrian rocks provide 
clues for the understanding of biological evolution and 
the origin of life. It is known that, after a sufficient 
length of time, all organie material in sediments tends to 
be reduced either to aromatic condensates resembling 
graphite or to aliphatic hydrocarbons. Elevated 
temperatures accelerate this process. Most biological 
compounds have low thermal stability, so that they will 
not be preserved through geological time. Some of the 
biogenic compounds, for example, porphyrins, amino- 
acids, fatty acids, ethers and ketones, are somewhat 
more stable, however, and diagenesis occurs slowly 
enough for some of the original material to be preserved. 
Porphyrins'* and amino-acids® have been investigated by 
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others and, recently, fatty acids in ancient scdiments have 
seen reported by Van Hoeven et al.*. 

We have analysed a slightly metamorphosed sediment 
from the Onverwacht Series of the Swaziland System for 
aliphatic hydrocarbons and fatty acids. The Onverwacht 
is stratigraphically the lowest and therefore the oldest 
exposed strata in a series of sediments some 20,000 m 
thick. Cloud (personal communication) considers the 
Onverwacht to be 3-4 to 3-7 billion years old, and as such 
represents one of the oldest sedimentary rocks known on 
Earth. 

Our preliminary chemical analysis showed 45-2 per cent 
Si, 0-68 per cent Al, 0-24 per cent Fe, 0-08 per cent C, and 
less than 0-01 per cent for N, S, Cl and P. Organice 
analysis was carried out in a clean cabinet through which 
a filtered air stream was continuously passing. The 
analytical procedure and techniques have been described 
in detail elsewhere’ *. The outer surfaces of the sample 
were broken off; the remainder was thoroughly washed 
with solvent and pulverized to approximately 200 mesh 
with a disk mill. 400 g of powdered sample was extracted 
with a 3 to 1 mixture of benzene and methanol using the 
standard ultrasonic method and, after extraction, the 
solvent was removed and evaporated in a rotary evapora- 
tor to give the “total extract”. This was then fractionated 
by liquid-solid chromatography on neutral alumina. with 
the n-heptane eluate containing aliphatic hydrocarbons, 
the benzene eluate containing aromatic and less polar 
organic compounds, and the methanol eluate containing, 
among other polar compounds, the fatty acids. The 
methanol eluates were methylated with BF, in McOH. 
Final purification of the methyl ester fraction was achieved 
by silver nitrate thin layer chromatography. The 
n-heptane eluates and purified methyl ester fraction were 
used for free aliphatic hydrocarbon and free fatty acid 
analyses respectively. 

After mitial extraction, the insoluble residue was 
digested with a 4:1 HF: HCI solution for 10 h. then 
washed with distilled water and dried. The acid-treated 
residue, containing the hydrocarbons and fatty acids 
tightly adsorbed to the mineral grains, was then re- 
extracted with benzene and methanol. Again. separation 
was effected by hquid~solid chromatography on neutral 
alumina. The n-heptane fraction contained bound 
hydrocarbons and the methanol fraction was used for 
bound fatty acid analysis, the analytical procedure of free 
and bound fractions being carried out in an identical 
manner. 
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Fig. 1. Gas chromatogram of free hydrocarbons from Onverwacht. 


An Aerograph model 204 gas chromatograph equipped with a flame 

ionization detector was used, with a 100 feet x YOL inch I.D. stainless 

steel capillary column coated with Apiezon L. Helium pressure, 20 

pounds/inch®, no aplitting, pn gale programmed at 2° C/min, from 
© ta S00" C, 
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_. All fractions were analysed by combined capillary gas 
chromatography and mass spectrometry. Free aliphatic 
hydrocarbons (Fig. 1) represent 0-05 p.p.m. w/w of the 
rock, while there were no detectable bound hydrocarbons. 
In contrast, there were three times more fatty acids in 
the “bound” fraction as in the free fraction, representing 
0-03 p.p.m. and 0-01 p.p.m. w/w of the rock, respectively. 
The distribution of fatty acids with carbon number was 
identical in the bound and free fractions and is shown in 
Fig. 2. The organic compound constituents of the 
Onverwacht Series are higher than the limit of 0-1 p.p.m. 
of contamination determined by parallel control runs 
with granite. 





150 


250 


200 

°¢ 
Fig. 2. .A, Gas chromatogram of the free fatty acids from Onverwacht; 
B, gas chromatogram of bound fatty acids. All the conditions are iden- 


tical to those in Fig. 1 except that the temperature was programmed 
from 90° to 250° C and held isothermally. 


Contrary to the results of MacLeod! the normal paraffins 
from Onverwacht, ranging from C,, to C, are found to be 
present, and the odd-numbered homologues and the even- 
numbered ones are about equal. It appears that the 
paraffins are not contributed by higher plants, which 
contain normal hydrocarbons ranging from C., to Cas with 
more odd than even carbon-numbered paraffins. This 
may indicate that photosynthetic microorganisms and 
anaerobic bacteria are a major hydrocarbon source in 
the Onverwacht Series. The regular isoprenoid hydro- 
carbons are well known in biological systems. These 
alkanes are considered’® to be derived from the side 
chain of the chlorophyll molecule, phytol and farnesol. 
By a sequence of abiological diagenetic processes such as 
dehydration and reduction or oxidation and decarboxyla- 
tion, it is possible to convert these alcohols to isoprenoid 
hydrocarbons. To our knowledge this is the first finding 
that pristane (C,, isoprenoid) and phytane (C, isoprenoid) 
are less abundant than C,, and C,, isoprenoids among all 
the isoprenoid hydrocarbons. This may possibly indicate 
that the microbiological activity in the older Pre-Cambrian 
sediments was different from the microbiological activity 
in those of younger geological age. 
. In the fatty acid fraction the n-C,, is the most abundant 

acid. Because microorganisms are known to contain 
large quantities of palmitic acid, this also suggests that 
those organic compounds have a biological origin. 
Additional research will have to be carried out, for 
example examination of the 1°C-C isotope ratio, to 
determine whether these organic compounds are indi- 
genous to the sediment. 

We thank Walter E. Reed for valuable discussion, and 
William Newman for technical assistance. The samples 
of the Onverwacht were supplied by Professor Preston E. 
Cloud, jun., of the University of California, and the work 
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Four Macroscopic Vectors of 
Electromagnetism 


ASSOCIATED with the change to SI units, there has been 
considerable discussion of the roles of the vectors H and D 
in electromagnetism. Much of the confusion arises from 
the fact that many people do not appreciate how the 
macroscopic vectors H and D arise when the macroscopic 
theory of electromagnetism is developed from a miero- 
scopic theory. In a microscopic classical theory, for field 
points in the space between electrons and atomie nuclei, 
the microscopic electric intensity e and the microscopic 
magnetic induction b suffice in Maxwell's equations. If 
the positions and velocities of every atomic charge and 
atomic magnetic moment are given, then in principle 
e and b could be calculated. The force on a pomt charge 
q would be given by the Lorentz force expression 


f= qe + qu^a b i 
where u is the velocity of the test pomt charge. 

The scale of many phenomena is such that flnctuations ` 
on the microscopic scale average out. As an example, 
consider mass density. On the atomic scale there are 
enormous fluctuations in the mass density, which is very 
large “inside” atomic nuclei and is very much lesa else- 
where. For most laboratory phenomena, one averages 
the mass density over a volume large on the atomic scale 
(say, a 10-7 m cube which would contain of the order of 
10° atoms) to obtain the macroscopic mass density. which 
is then treated as a smooth continuous function of position. 
Similarly, the scale of many electromagnetic phenomena 
is large on the atomic scale, and one can use the macro- 
scopic electric intensity E and the macroscopie magnetic 
induction B inside materials, defined in terms of the 
microscopic fields e and b by the relations 








7 | 

me e . D 
E AY edV (2) 

AY 

and 
1 

B= | | 
AP bAaV (3) 

AV 


where AF is large on the atomic scale, but small on the 
laboratory scale, say, a 10-7 m cube. The microscopic 
fields should also be averaged over times much longer 
than atomic periods. 

When a dielectric is in an electric field it becomes 
polarized, and this polarization contributes to the macro- 
scopic electric field inside and outside the dielectric. It 
is convenient to introduce a new. vector into the theory 
to deseribe the macroscopie properties of the dielectric. 
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The polarization vector P is defined as the average 
electric dipole moment per unit volume by the relation 


n 
£ pi (4) 


where p; is the dipole moment of one of the n molecules 
in the volume AV, which is large on the atomic seale, but 
small on the laboratory seale. In a macroscopic theory P 
is treated as a continuous function of position. It can be 
shown (for example, ref. 1) that for purposes of calculating 
the macroscopic electric intensity E defined by equation 
(2), the dielectric can be replaced by a volume charge 
distribution p= — div P and a surface charge distribution 
Pin, where n is a unit vector normal to the surface. 
Hence for field points inside a dielectric the divergence of 
the macroscopic electric intensity is 


div E = (p+ p)/e, = (e-div P)/e, 
or (5) 
div (eE + P) = 


where s is the true charge density. 

Similarly, when magnetic materials are present, it is 
convenient to imtroduce a new macroscopic vector to 
deseribe the magnetization of the material. The vector M 
is defined as the average magnetic dipole moment per 
unit volume by the relation 

M = LS 6 

Vie 4 

where m; is the magnetic moment of one of the n atomic 

magnetic dipoles inside the volume element AV which is 

large on the atomic scale but small on the microscopic 

scale. It can be shown (for example, ref. 1) that, for the 

purposes of calculating the macroscopic magnetie induc- 

tion B, defined by equation (3), the magnetice material 

can be replaced by a volume current distribution of 
current density 

J’ = curl M 


and a surface current Mxn A/m. Thus for field points 
inside magnetic materials the curl of the macroscopic 
magnetic induction B is given by 


curl B = uo (J+J) = wo (J+ curl M) 
or 
B \ Š 
sores M)=J (7) 
Ho 
where J is the trus current density. 
If the electric fields are varying, equation (7) must be 
extended to include the displacement current giving 
i B 0E rn oP 
curl | — — 
Ho ot ot 
Thus for field points inside stationary magnetic dielectric 
materials, Maxwell’s equations for the macroscopic fields 
E and B are 


(Ta) 


- M) =J + e 


div (eE + P) = ọ (5) 
div B = 0 (8) 
oB 
curl E = — A (9) 
rB CE ðP $ 
curl a -— M) = J + e SE + T (Ta) 


Apart from the macroscopic charge and current densities 
eo and J, we have four vectors, E, B, Pand M. The macro- 
scopic fields E and B are defined in terms of the micro- 
scopic field e and b by equations (2) and (3). The other 
vectors P and M are necessary in a macroscopic theory to 
deseribe the dielectric and magnetic state of the medium. 
Hence the need in a macroscopic theory for the four 
macroscopic vectors E, B, P and M. It is conventional, 
and convenient, but, of course, not necessary, to introduce 
the abbreviations D and H defined by the relations 
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D = &E + P (10) 
B 
and H=- ~M 
eo 


Using the abbreviations D and H given by equations. 
(10) and (11), equations (5) and (7a) simplify to 


div D = (12) 


(13} 


curl H = J + = 
at 
When it is realized that D and H are convenient abbrevia- 
tions, it does not matter if D and E have different units. 
and dimensions and if B and H also have different units 
and dimensions. This is just a matter of mathematical 
convenience to simplify Maxwell’s equations. There is no 
deep metaphysical plot in this. Too many people try to 
look for physical interpretations for D and H instead of 
accepting E, B, P and M as the basic vectors. Some 
people try to define D and H in terms of the forces and 
couples acting on imaginary macroscopic test bodies 
inside magnetic dielectrics. The calculation of these 
forces is a complex problem best tackled at an advanced 
level using either energy considerations or the stress 
tensor. To try to define D and H in this way is bound to 
lead to confusion at the introductory level. I am not 
advocating the sole use of equations (5) and (7a) instead of 
equations (12) and (13). The introduction of the abbrevia- 
tions D and H does simplify the mathematical form of 
many of the equations of advanced electromagnetism a 
great deal and this is very useful, provided P and M are 
thought of as the basic vectors. It is very doubtful, 
however, if it is worthwhile introducing D and H at 
A level. 
Anybody really worried about the different dimensions 
of D and E and of B and H could introduce different 
abbreviations 


D* = E + Pie, (14) 
and 
H* = B— uM (15) 
Equations (5) and (7a) can then be rewritten as 
div D* = op/e, (16) 
oD* 
curl H* = upd + Hoto ~z (17) 


ot 


This would make Maxwell’s equations a little more com- 
plicated. One could also replace uo by l/sec? as is done, 
for example, in the Feynman Lectures on Physics, Volume 
2; 

At a field point in empty space M and P are zero, and 
Maxwell’s equations, equations (5), (8), (9) andj(7a@) become 


div E = 0; div B = 0 
curl E = — tin 
ot 
CE 
curl B = er 


Thus, as pointed out by Temp: seis it appears that in 
empty space one only needs the two vectors E and B in 
Maxwell’s equations, which are the resultant electric field 
intensity and the resultant magnetic mduction at the 
field pomt in empty space due to the complete system. 
The polarizations and magnetizations of bodies in other 
parts of the system contribute to the resultant fields E 
and B so that in a macroscopic theory P and M must be 
known throughout the system to calculate E and B even in 
empty spaco. One could calculate E and B in empty space 
using a microscopic theory, if the position and velocity of 
every electron and atomic nucleus were known. In such 
an approach one would only need the two vectors E and 
B. It is far easier, however, to treat dielectrics and mag- 
netic materials in a macroscopic way and introduce P 





NATURE VOL. 224 NOVEMBER 8 1969 


and M, making four macroscopic vectors in addition to 
J and p. 

Another point which continues to give rise to unneces- 
sary worry is the fact that the constant s has dimensions 
and a numerical value. The imtroduction of c into 
Coulomb’s law is analogous to the introduction of the 
gravitational constant G into Newton’s law of universal 
gravitation. Both s, and G have dimensions and must 
be determined by experiment®. It would strip €a 
of much of the mystical properties of empty spaco it 
seems to conjure up in the minds of some people if it 
were called the electric space constant or just the electric 
constant rather than the absolute permittivity of empty 
space. Similarly, if uo is used instead of L/ege*, it could 
be called the magnetic space constant or the magnetic 
constant. 

W. G. V. Rosser 
Department of Physics, 
University of Exeter. 
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* Corson, D., and Lorrain, P., Introduction to Electromagnetic Fields and 
Waves (W. H. Freeman, San Francisco, 1962). 


? Temperly, H. N. V., Nature, 222, 806 (1969). 
2? Rosser, W. G. V., Phys. Bull., 19, 196 (1968). 


Essential Failure of Giorgi Systems 
of Electromagnetism, and a Basic 
Error by Sommerfeld 


‘THE adoption of four base quantities for the representation 
of electromagnetic quantities does not imply a formulation 
of electromagnetism which assigns different dimensions to 
the two magnetic field vectors, usually symbolized B and 
H. Systems which do satisfy this condition have been 
called “Giorgi systems’. It is assumed that in formula- 
tions in which B=u, H in vacuum, also D=<,E in vacuum. 
There are three distinct Giorgi systems which have prae- 
tieal significance. There are also sysbəms of equations, 
which are not of the Giorgi form, but which are appro- 
priate for use with SI units, namely the SI-Gaussian and 
Sil-Electric’. It is the purpose of this communication to 
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show that the Giorgi condition leads essentially to con- 
fusion, and in practice to error. 

The basic problem to be considered in this paper is the 
treatment and interpretation of the pairs of field vectors, 
B and H, D and E. These pairs of vectors only have 
independent significance in the context of s macro 
theory; atomistically there are not two pairs: EN 
but only one electric and one magnetic. Any discus 
of the relation of B and H (as also of D and E) must 
therefore be conducted within a macroscopic theory; on 
any other basis there are no two things to be related. 
One of each pair, D and E, B and H, is the basic force 
vector in macroscopically static conditions, and the other 
includes the local polarization. The identifications for the 
electrical pair are non-controversial: E is the basic force 
vector, which acts on a stationary charge, and (ignoring 
dimensions) one can say-—D-field = E-field + polarization. 
For a Giorgi system, t this is written Do, =eE+P; tor a 
non-Giorgi system it is written Dg= E+ Pjes (The sub- 
seript Æ stands for Sl-electric.) What is the interpretation 
of the magnetic fields ? We will show that Sommerteld’s 
treatment led him to factual error. 

Certain fixed points are necessary for the consideration 
of alternatives. We will suppose that the measure of 
electric current J is already defined, for example, A 
SI. The measure of B will be taken as defined | by the 
relation F=I1A B, where F is the force on an element of 
length 1 of a conductor carrying a current J. In solid 
media, minimal slots are cut to allow measurement of all 
forces. The measure of the H-field is defined in such a 
way that for Giorgi systems B=y,u,He, while for non- 
Giorgi systems B=u,Hr. The measure of ur 1s assumed to 
be well defined. The measure of the magnetic dipole 
moment m of a magnet or electric circuit is defined by the 
torque on the object, when acted on by a specified mag- 
netic force field; the torque depends on the configuration 
of the object, and the specification of the chosen field 
differs from system to system. The relation will be stated 
in Table 1, equation (7), for each system, for an ideal bar 
magnet. The measure of the polarization M of a magnetic 
medium differs from system to system; it is defined so 
that it stands in a certain relation to B and Ħ, this 
relation being stated m Table 1, equation (5), for each 
system. M and m will be unmarked, or marked with 
superscript ł, * and t, to show the different definitions 
considered. A crucial relation is that giving the dipole 










Table i, ELECTRIC AND MAGNETIC EQUATIONS IN GIORGI AND NON-GIORGI SYSTEMS OF ELECTROMAGNETISM 
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moment m of an ideal bar magnet equivalent to a long 
thin solenoid, the core of which is evacuated. The solenoid 
has total effective area A and carries current J. The 
relation is given as equation (9), Table 1, and m is marked 
as indicated. We will examine here the appropriate- 
ness of considering a vacuum cored solenoid and also 
consider the relation between the macroscopic polarization 
M and the elementary polarizations which make it up: 
we will write M=nm, with superscripts as appropriate, 
where there are n elementary dipoles per unit volume, 
each of moment m. The relation M=nm, with appropriate 
marks, holds in each system (other than Sommerfeld, 
where it becomes somewhat obscure). 

We will examine alternative Giorgi systems, and we 
will first restrict ourselves to purely formal considerations. 
We can approach systematically the construction of a 
system of magnetic equations, for a fundamental formal 
relation limits the possible structures. Dimensional 
homogeneity requires that there shall lie a force constant! 
between Band J. This follows from the comparison 

Ps url tab, A (L AT) 


CË? te4-rrr? 


F=11AB 


where t, is the electrice force constant. This shows that 
t ; a 
— x {kinematic term) 
Te 
Now, the relation M=nm always holds dimensionally; it 
follows therefore that there must either be a force constant 
between B and M, or between m and J-~and there are 
only these two significant alternatives. We first consider 
the traditional interpretation of the magnetie field H, 
which looks on it as the basic magnetic force vector, in 
this being the magnetic analogue of E. This interpretation 
of magnetism is expressed formally by the parallelism 
between E in electric and H in magnetic equations. The 
adoption of the Giorgi conditions in conjunction with 
the traditional interpretation of H leads naturally to 
two alternative systems of magnetic equations, if one 
bears in mind the dimensional relation between B and J. 
In one system u appears in equation (5), in the other in 
equation (9). We limit consideration to ‘‘sensible’’ 
systems. There are actually eight physically possible 
Giorgi systems, but the others do not merit elaboration. 
Two additional “Kennelly type” systems involve em- 
barrassing appearances of ur; and two further ‘““Sommer- 
feld type” systems involve embarrassing appearances of np. 
The first of these two alternatives is the system de- 
veloped by Kennelly®, which is given in Table 1 under 
that name. The second will be called “Proto-Sommerfeld’’. 
The definitions given here, together with the location of 
tu, either in equation (5) or equation (9) for Kennelly and 
Proto-Sommerfeld respectively, completely determine the 
occurrences of u, in the relations given. The formal 
parallelism between the electric equations and the Proto- 
Sommerfeld set of magnetic equations is broken by occur- 
rences of uo uo disappears from unwanted locations, how- 
ever, if the equations are rearranged so that He and B 
are interchanged. This point of view will now be developed. 
The formal rearrangement of the Proto-Sommerfeld 
equations, so that B, not He, corresponds to E in the 
electric equations, is the formal expression of a new 
interpretation of magnetism, in which B is the magnetic 
force vector, corresponding to E. In this interpretation, 
Hg plays the part of Dg. The difference in the dimension 
of B and Hg means that in this interpretation the force 
constant appears automatically between B and J, as 
required by the dimensional considerations noted here. 
But the ratio of B and Hg is not py, but ruo Thus 
casting B in the part previously played by He requires 
that ur now be considered. u is removed from unwanted 
appearances, but ur appears unexpectedly. Accepting 
the treatment of u arrived at in “Proto-Sommerfeld”, 
there are tivo alternative systems of magnetic equations 
in which B corresponds to E. and He to Deg. These are 


B= 


NATURE VOL. 224 NOVEMBER 8 1969 


shown in Table 1 as “Sommerfeld”? and “Coulomb Law 
Committee’’*. In accordance with the interchange of B 
and He, we use the reciprocals of u, and ur, namely 
Hox l/u, and nr= l/r. These are now the magnetic 
analogues of ec, and er. 

Sommerfeld’s system is widely misinterpreted, possibly 
following the misinterpretation committed by the Coulomb 
Law Committee. The equations attributed to Sommerfeld 
in Table 1l are justified as follows: (5) and (6)-—see text 
here; (7)—equation (2.6), p. 10; (8)—equation (7.11), 
p. £1; (9) follows deductively from the rest of the system. 
Sommerfeld writes in terms of poles, but a genuine di- 
pole is equivalent to the ideal bar magnet assumed for 
equations (7) and (8). The system attributed to Sommer- 
feld by the CLC we call the “Coulomb Law Committee 
System”; it is not Sommerfeld’s system. Ref. 3 was not 
available to the CLC. The “Coulomb Law Committee” 
equations given in Table 1 are justified as follows: (5)— 
equation (2-44c), p. 22; (6)—see text here; (7) equation 
(2-19c), p. 12; (8)—equation (2-15e), p. 11; (9) follows 
deductively from the rest of the system. 

Two points on the interpretation of the authors need 
to be considered, namely the use of y in place of u in the 
Sommerfeld-type systems “Coulomb Law Committee” and 
“Sommerfeld”, and Sommerfeld’s intentions on polariza- 
tion and pole. The symbol na (but not nr) is introduced by 
the Coulomb Law Committee (ref. 4, p. 21) for the same 
purpose as is given here, and for the same reason. Sommer- 
feld introduces u’=1/y (ref. 3, p. 21), again for the same 
purpose and reason. Sommerfeld regrets being “un- 
fortunately obliged to follow general usage”, however, and 
so he writes his book in terms of the “illogical” u rather 
than u’ (p. 21; compare p. 41-2, 90). We are not bound by 
pre-judgment, so we follow the logic of his position, and 
use n=. Turning to polarization, Sommerfeld stresses 
that M*, not Mt (which he calls M), is the appropriate 
choice of sign (p. 79, 80, 90). This determines the (a) 
form of the “Sommerfeld” equations, for the sign of M 
in equation (5) determines the sign of m in (9) and (7). 
Sommerfeld’s definition of pole strength P, however, 
corresponds to our m+ (p. 87, equation (12.13)). He also 
introduces what he calls P (equation (12.14)), which 
corresponds to our mt but he disparages this. We must 
consider two difficulties in Sommerfeld’s treatment of 
pole: the absolute value of its measure, and its sign. In 
his discussion of pole he only considers two possible 
measures, both with the same sign. But this sign for pole 
implies the (b) form of the “Sommerfeld” equations, not 
the (a) form implied by his choice of sign for polarization. 
He makes no cross-references between his discussions, and 
it appears that he was unaware of the inconsistency. We 
will not consider this point further, but I shall consider 
here factual questions arising out of his choice of measure 
for pole. 

So far our considerations have been purely formal, 
based chiefly on the dimensional relation of B and J. We 
thus arrive at four alternative systematizations of mag- 
netism. The formal correspondence between the electrical 
equations and the Sommerfeld magnetic equations is 
perfect---we are troubled only by the occurrence of 7, in 
equation (9). We now consider the physical relevance of 
each system. It is clear that the occurrence of us in the 
Kennelly form of equation (9) is entirely without physical 
justification, and Bleaney and Bleaney have pointed out 
that its presence here leads to “inconsistency” between 
the theories of para and dia-magnetism®. In place of 
equation (9) these authors referred, at p. vi, to “m= 
uuytdS”, because they were considering a coil through 
which the medium permeates. The equation for a vacuum 
cored solenoid in the system of Bleaney and Bleaney 
(first edition) is m-=u,/dA—their first edition is pure 
Kennelly, as it is shown in Table 1. Their objection 
quoted here refers to the ue not to the uw.  “Proto- 
Sommerfeld” has nothing to recommend it—it merely 
leads on to the two other versions of Sommerfeld. 
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There seems to be no physical appropriateness in the 
occurrences of 7, m the Coulomb Law Committee version 
of Sommerfeld. We therefore turn to the true Sommerfeld 
system itself {or the (6) version thereof). ny occurs in the 
Sommerfeld form of equation (9) because of our initial 
decision to compare a bar magnet with a vacuum cored 
solenoid; if the comparison were with a circuit through 
which the medium penetrated, then ny would be absent. 

We may pick out three features of the Sommerfeld 
formulae which carry physical implications: first, that 
B, hike E, is the field apart from the polarization at the 
location considered, so B, like E, is the macroscopic 
field relevant to the excitation of the polarization; second, 
that m* (or mt), like g, unlike m., is the property of a 
given source which is independent of the surrounding 
medium, so m* (or mf) is “internal” to the source; third, 
that the physically significant analogue of a dipole shaped 


penetrates, not a vacuum cored solenoid, for then the 
disconcerting yr of (9) Sommerfeld would not be present. 

Each of these three physically significant conclusions 
drawn from the Sommerfeld formulae is false: each has 
been drawn by many writers. The basic points at issue 
are simple matters of fact, not of convention. In this 
short communication I shall only examine the second and 
third, and we will restrict ourselves to consideration of 
Sommerfeld’s book®. 

If the Sommerfeld system were physically appropriate 
mt would correspond to q, and behave physically in a 
similar way. In particular it would be true that, as 
Sommerfeld claims: “While P, according to (13) [P= 
fH,do], may be regarded as an internal property of the 
[bar] magnet, P also depends, according to (15) [P =P, 
where ue is the permeability of the surrounding medium), 
on its surroundings. This evidently arises from the fact 
that an environment differing from vacuum contains itself 
magnetic moments which, quite understandably, are 
included in P” (ref. 4, page 87 n: italics original). The 
fact is, of course, that if P and m, or P and mt, are actually 
measured in a real bar magnet. it will be found that 
secondary effects will prevent the simple relations stated; 
but this is not the point—if the magnet is “hard”, and if 
its shape is long and thin, and if the medium is “elass A’’, 
then the relations found experimentally will not depart 
seriously from the simplified ideal. 

The point at issue is not a matter of mere detail but 
the order of the facts. The critical experiment consists 
in taking two hard permanent magnets of long thin shape 
and immersing them in a magnetic medium. The notion 
of a “hard permanent magnet” is well defined outside 
the present discussion. Then if mt and P do not depend 
on the surrounding medium, equation (8) Sommerfeld 
shows that the force between the magnets will vary 
inversely (approximately) as nrn while if m and P are 
independent of the surroundings then equation (8) CLC 
shows that the force varies directly (approximately) as 
tr. The contradiction is clear. The observable facts are 
against Sommerfeld. 

Of course, purely as conventions, equations (7) and (8) 
in Sommerfeld’s form are as consistent as any other 
conventions; but they are misleading. Because they are 
misleading, if one combines them with common sense one 
lands in error. 

The physies of the situation is easily understood if one 
analyses it atomistically. The Ampérian theory of 
magnetism says that a magnet or magnetized medium 
simply “is” a set of rotating electric charges on an atomic 
scale. If one then replaces these moving charges by a 
current flow in regions where the polarization is changing, 
one arrives at an equivalent system. The system of cur- 
rents which is equivalent to a uniformly magnetized 
section of magnetic material is therefore a current sheet 
surrounding a region of the required shape which is voided 
of magnetic material. This is true whatever the form of 
the magnet. The physical analogue of a bar magnet is a 
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solenoid with vacuum core. 
uniformly polarized electrically is equivalent to a voided 
region with a distribution of stationary charges at the ends. 
The electric and the magnetic cases are parallel; the force — 


on a polarized solid (electric or magnetic) depends on its oe 


shape, the dependence being the same in the two cases, 
with E corresponding to H, D to B. If the body, or the 
equivalent voided distribution, is long and thin the torque 
is proportional to E in the electric case and H in the 
magnetic. 

The yr which disfigures the Sominerfeld form of equation 
(9) is required by the physics. It is, however, only the 
obvious formal sign of the physical incorrectness of 
Sommerfeld’s system. The ineorrectness hes ip the 
characteristics he attributes to the macroscopic field 
quantities and to the source quantities. Central to his 
view is the correlation of E to B. Dg to He and q to mt 
or m*, In this note we have only examined one particu- 
larly clear example in which Sommerfeld’s system leads 
its author into trouble or inconsistency. We have 
restricted ourselves to the macroscopic theory, for only 
in this theory are there four vectors to be correlated; one 
considers quite a different type of correlation im the 
atomistic theory. The discussion of E. D. H and B as 
force vectors, in Maxwell’s equations, in the relativistic 
tensor theory, and in relation to polarization, must be 
taken up on another occasion. We now return to the 
broader question of Giorgi systems in general. 

We have considered the four principal ways of treating 
magnetism, subject to the Giorgi condition. The Ken- 
nelly and Coulomb Law Committee forrnulae are less 
seriously misleading, but they are more obviously un- 
acceptable; the Sommerfeld system taken seriously 18 
factually wrong. If one accepts the Giorgi condition, one 
is driven to formal inappropriateness or physical falsity 
by the formal relationships indicated here, and our 
original claim is substantiated. The fundamental source 
of this difficulty lies in the fact that physically all four of 
E, H, D and B act as “force vectors’. Thus a dimensional 
difference between the members of each pair, as in the 
Giorgi systems, results in distortion. Everything falls 
into place when one rejects the Giorgi condition, as in 
SI—electric, shown at the bottom of Table 1. 
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Wave Functions of the Conduction 
Electrons in Crystalline Aluminium 


Many of the properties of metals are satisfactorily 
accounted for in terms of relatively simple models. ‘The 
cohesive energy even of pure metals presents problems, 
however, and any experimental evidence that helps with 
an understanding of the behaviour of the conduction 
electrons is valuable. 

In solid aluminium, the conduction band of the over- 
lapping 3s* and 3p! electron states extends from — 40 to 
-157 eV, but, as Weiss! points out, calculations of the 
solid state electronic wave functions have not been very 
successful. 

Aluminium is a face centred cubie metal with a nearest 
neighbour separation of 2-863 A, If it is assumed that the 


Similarly a body which is < 
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solid is a condensed array of spherically symmetrical 
atoms, then the simple linear relationship (F(hkl)= 
4f(hkl)} between the X-ray structure factors and the 
atomie scattering factors can be used to yield the latter 
from appropriately corrected X-ray diffraction intensities. 
We have used these solid state scattering factors to give 
an empirical time and space averaged wave function 
amplitude for the three conduction electrons. 

The best calculated free-atom scattering factors have 
been those of Freeman and Watson? using the Hartree- 
Fock method and these are, in general, satisfactory for 
structural analyses. On the other hand, the most reliable 
experimental scattering factors for solid aluminium are 
those of Batterman, Chipman and De Marco? and of 
De Marco’. These solid state values are limited to the 
first eleven or so reflexions and are consistently smaller 
than the free atom values. Arlinghaus® found that he was 
unable to reconcile these data for solid aluminium with 
calculated solid state wave functions. Accordingly, we 
collected accurate X-ray scattering factors for the fifty- 
eight reflexions accessible with Mo Ka radiation to test 
the significance of any differences in the core and conduc- 
tion electron probability distributions for condensed and 
for theoretical free atoms. 
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Fig, 1. The atomic scattering factor for solid aluminium. @, Experi- 
mental values; =- -, free atom values. 
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Fig. 2. The 25 electrons/A‘ electron density surface, 


NATURE VOL. 224 NOVEMBER 8 1969 


36 K shell 






L shell 





CM sheh” 





foot 


4ar? pir) (eleetrons/A) 


0-01 


0-02 008 005 OF 02 03 O65 1 2 3 
r (A) 


Fig. 3, Total radial probability density distribution in solid aluminium. 
©. Experimental values; -— , free atom values. 





Two cylindrical single crystals (diameter about 4 mm) 
were selected from a batch of about twenty and three sets 
of equi-inclination Weissenberg photographs were taken. 
The intensities of nearly 4,000 reflexions were recorded 
photographically and structure factor errors due to film 
effects are claimed to be of the order of + 0-2 per cent for 
the weakest reflexions and +1 per cent for the strongest. 
Intensities were corrected for absorption, Lorentz polar- 
ization, anomalous dispersion and primary and secondary 
extinction. Multiple diffraction effects are not significant 
and thermal diffuse scattering corrections were rejected. 
We have obtained from these data an accurate value of the 
room temperature (293 K) Debye parameter of B= 0-816 
+ 0-003 A*. This corresponds to an X-ray Debye tempera- 
ture of @p=401+1 K and an RMS vibration for isotropic 
harmonic oscillation of 0-102 A. Proportional counter 
measurements have been made on the (511) reflexion for 
a range of temperatures, and the variation of Op with 
temperature has been determined. The final observed 
scattering factors (f) are shown in Fig. 1. Experimental 
values are seen to be less than theoretical free-atom values 
for sin@/A«0-8 A~ and greater for sin8/Awl-2 Å- The 
results for the two erystals resembled each other more 
closely than they did the free-atom values. The residual 


2 F ro F e 2 , nt 
R= (SEEN is 35 per cent. Hartree-Fock type 
f 


calculations of the free-atom scattering factors show that 
the effect of varying the number of conduction electrons 
is significant only for small and unobservable values of 
sin8/ and is less than I per cent for the observable values 
of the scattering factors. It is very unlikely that the core 
electron distribution is substantially different in the free- 
atom and the solid cases and we therefore assume that the 
Hartree-Fock scattering factors are sufficiently incorrect 
for condensed aluminium atoms to justify further analysis 
of the experimental data. 

Fourier synthesis shows the 10 core electrons to be 
effectively within a radius of 0-49 A from the atomic 
centre, as for the free atom, but it suggests slight aniso- 
tropy of the order of 0-3 eÅ- (1 per cent) at a distance 
of 0-3 A from the atomic centre. Difference Fourier 
synthesis with calculated spherically symmetrical atoms 
reduces the series termination ripple and confirms the 
anisotropy which is shown qualitatively in Fig. 2. This 
anisotropy is considered to be real for r< 0-35 A but to be 
not proven for r>0-35 A. Cooper® claims an increase of 
charge in the short contact direction in NiAl and CoAl 
alloys, and Brill’ suggests that homopolar-type bonds 
might occur in alloys but not in pure metals. Bensch, 
Witte and Wolfel® report that aluminium atoms are 
spherical in the solid state, but our work shows that this is 
not so. It is difficult to distinguish unequivocally between 
room temperature electron density anisotropy due first to 
isotropic atoms vibrating anisotropically and due secondly 
to anisotropie atoms vibrating isotropically or otherwise. 
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Fig. 5. The conduction electron density distribution in solid aluminium. 


This work suggests that in aluminium there is some 
electron sharing of the core electrons in the [100] direction 
of next nearest neighbours. 

We then considered our observed scattering factors to 
be correct for solid aluminium, and, assuming spherical 
symmetry in spite of the small observed anisotropy, 
obtained the radial probability density by the inverse 
Fourier transformation of the scattering factors as follows 


f N sin( $7 EN l en 
A A A 


sing 
A 





Anrtp(r) = 32nr | 


Observed values of f were available to sinO/,~ 1-4 A- and 
further values to sinO/27~12 A- were calculated from the 
theoretical free-atom wave functions of Watson and 
Freeman’. The final radial probability density distribu- 
tion is shown in Fig. 3. There is good agreement as 
expected between theoretical and experimental values out 
to a radius of 0-5 A; that is, for the core electrons. The 
Hartree—Fock free atom core electron contribution was 
then subtracted in order to display that of the conduction 
electrons alone. This is shown in Fig. 4 for the “M shell’, 
the values for smaller radu being identical with the 
Hartree-Fock values; the normalization is for three 
electrons. Also shown is the distribution for Harrison’s}® 
pseudoatom in metallic aluminium. Our experimental 
values show that, on the average, the conduction electrons 
in the metal are restricted to a narrower shell than in the 
free atom. Although we found no evidence of the oscillat- 
ing tail given by Harrison there is evidence that the 
pseudopotential method does give a more realistic distri- 
bution of the conduction electrons than is given by the 


Hartree-Fock free atom method. It might be argued that 


our distribution is a consequence of the use of interpolated 
scattering factor data between the origin and the first (111) 
reflexion in reciprocal space. We are able to show that 
that argument is not valid. 

The radial electron density distribution of the conduc- 
tion electrons has also been determined and, as shown in 











Fig. 5, is substantially different from the constant vi 
of 0-19 eÅ- given by the free electron model. The fı 
of the shielded ion potential experienced by the co 
duction electrons within each Wigner-Seitz cell” 
undetermined. 

We have also obtained a composite wave function 
amplitude for the three conduction electrons. Suppose 
that the amplitude for the conduction electrons of one 
atom in the solid is |e], then 4nr? p (r)= [vel* and [pe] = 
rr? pl(r); the experimental value. Further, and with 
respect to the conduction electrons only, if condensed 
aluminium atoms reflect X-rays as if they were an 
array of free atoms with different and non-interacting 
electrons, then 





and this theoretical amplitude can he determined from the 
Hartree-Fock wave functions. 
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Fig. 6. The combined radial wave function for the conduction electrons. 
in solid aluminium. @, Experimenta! values; - -~, Hartree-Fock values. 


Fig. 6 shows these two distributions of [ġe]. It is not, 
of course, asserted that this simple manipulation of the 
Hartree-Fock wave functions is physically justifiable. 
The exercise has been done to highlight the real difference 
between such a theoretical model and the actual model, 
yet to be interpreted, that will account for this empirical 
composite wave amplitude of the conduction electrons in 
solid aluminium. 
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Orifice Flows of Polyethylene 
Oxide Solutions 


THE mechanism of some high molecular weight polymers 
to reduce the frictional resistance of liquids is the subject 
of considerable speculation and research!, and many 
investigators have noted exceptionally high pipe entry 
losses’. In the course of such experiments, this author 
observed that high pressure losses (of the order of ten 
kinetic heads) similarly existed across the turbulent 
suppressant sereens positioned upstream of the pipe 
inlet nozzle. Such an effect could have a substantial 
influence in the free stream turbulence level as well as 
being germane to flowmeter calibrations and a variety of 
design situations. 

Consequently, a series of experiments was conducted 
with aqueous solutions of polyethylene oxide (‘Polyox’ 
coagulant from Union Carbide) in orifices. The results 
(Fig. 1) indicate a marked viscous-hke reduction in the 
discharge coefficient. With these relatively high con- 
centrations, the increase in pressure loss suggests an 
apparent viscosity roughly three orders of magnitude 
greater than the solvent viscosity. The actual solution 
viscosities, as measured in capillaries, however, are only 
two to four times greater than the solvent viscosity. 
These results are in direct contrast to friction reduction 
as reported by Bate’, using dilute solutions of polyethylene 
oxide (30 p.p.m. of ‘Polyox WSR3OL) in a sharp-edged 
orifice calibration, As the flow is further reduced the 
discharge coefficient rapidly and irregularly recovers 
Newtonian values, sometimes producing a deep trough 
notch characteristic and sometimes producing a truncated. 
notch in the discharge coefficient-Reynolds number 
curve, 

By discharging directly to air. on the downstream side 
of the orifice (Fig. 2), a qualitative assessment of the entry 
versus the exit losses may be made. For example, at an 
average velocity of 30 inch/s roughly sixty-five per cent 
of the total pressure loss (twenty-five times the kinetic 
head) is attributable to the orifice inlet. 

Further experimentations with different sizes of orifice 
(Fig. 3) indicate that average velocity rather than 
solvent based Reynolds number is a more relevant correla- 
tion parameter. Excellent agreement is noted between 
two different diameters of square-edged orifices, and, 
similarly, two sharp-edged orifices. In the latter case, the 
sharp-edged orifices as well as the slot are discharged into 
air, As previously shown m Fig. 2, there is a substantial 
exit loss when discharging into liquid and hence no 
correlation between the square and sharp-edged circular 
orifices is anticipated, but a marked difference is evidenced. 
between the slot and the sharp-edged orifice. This further 
suggests that the correlation parameter should more 
accurately be a product of strain rate and opening, for 
this produce is 33 per cent higher in axisymmetric 
Poiseuille flow than in the two-dimensional ease. (While 
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Fig. 3. Velocity correlation of orifice flow with 600 p.p.m. of ‘Polyox’ 
coagulant solution. 


fully developed flow does not exist, such an estunate 
provides an indication of the relative strain rates.) 

For flow visualization, experiments were conducted in 
a 3/4 inch bore plexiglas tube with a 0-10 inch diameter, 
sharp-edged orifice using a dye injection rake and upstream 
honeyeomb, With water, there is a characteristic potential 
With 


25 in./s) until the streamlines nearly impact at the orifice 
wall (Fig. 4d) and the discharge coefficient 
increases. As the flow is further reduced, 
the flow resumes a potential flow appearance 
(Fig. 4e). The most striking aspects of these 
observations is the elastic behaviour in 
regions of low shear stress such as near 
separation. The formation of inlet separa- 
| tion mitigates the pressure loss by allowing 
| amore gradual acceleration of the flow and 
—| propagation of the shear wave. Further 
| observations of the submerged jet indicated 
a laminar-like appearance in a large toroidal 
vortex. 

Thus with high polymer solutions this 
elastic fluid behaviour can contribute signifi- 
cantly to pipe inlet losses, as suggested by 
10° Metzner and White®, and could help explain 

discrepancies between experiments and 
theory. Another point of interest is the 
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question of whether or not solution elasticity is the 


dominant property influencing frictional reduction. 
Brennen and Gadd‘ have noted that the normal- 
stress difference can be reduced through ageing or 
shear degradation without impairing the ability of 


the solution to produce turbulent drag reduetion. To 
explore this point further, two solutions of approximately 
equivalent friction reducing ability (30 p.p.m. *Polyox’ 
coagulant and 2.400 p.p.m. guar gum) were tested for 
their orifice flow characteristics as an indication of elastic 
properties. The ‘Polyox’ solution indicated a slight inm- 
crease in pressure loss. while the guar gum yielded Newton- 
ian values of discharge coefficient. This lends further 
support to the contention of Brennen and Gadd. 
W. B. GILES 
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Flow of Non-Newtonian Liquids 
under a Varying Pressure Gradient 


InN papers presented at the 1968 autumn meeting of the 
British Society of Rheology and the Fifth International 
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Congress on Rheology held at Kyoto, Japan, 
in 1968, we discussed the flow behaviour of non- 
Newtonian liquids in straight pipes of circular 
cross-section under the action of a pressure 
gradient P which varied sinusoidally about a 
non-zero mean. We considered a pressure gradient 
of the form 


P = Rip(l+ee™)] (1) 


where R denotes the “real part”. We were particu- 
larly interested in the relation between the mean 
pressure gradient and the mean flow-rate. In 
particular we showed theoretically that, for a fixed 
frequency n, one should expect an increase m mean 
flow-rate (for a given mean pressure ñ) for low mean 
pressures and a decrease in mean flow-rate at higher 
values of g. The theoretical predictions also indi- 
eated a “resonance” effect where quite large 
percentage increases in mean flow-rate could be 
expected in the low mean-pressure region. 

We have recently performed experiments to test 
the theoretical predictions by adapting our previous 
experimental arrangement'. Figs. | and 2 contain 
graphs of percentage increase in mean flow-rate F 
against mean pressure gradient ñ for two aqueous 
solutions of polyacrylamide: In the experiments, 
the radius of the pipe was 0-16 cm and the frequency 
of the fluctuation was 0-14 Hz. It is clear that 
the observed results are in qualitative agreement 
with the theoretical predictions. We think that 
these preliminary findings may have interesting 
industrial applications. It would therefore be useful 
to be able to predict the general shape of the 
experimental curves with the minimum amount of 
information about the mechanical properties of the 
liquids being investigated. Our theoretical work 
has indicated that to do this in any detail would 
require a knowledge of not only the material func- 
tions (apparent viscosity and normal-stress differ- 
ences) but also the equations of state of the material ; 
and this would be impracticable at the present time. 
We take the view, however, that a qualitative idea of 
the shape of the (F.P) curves would be significant from 
a practical point of view, and this led us to modify 
our earlier theory to cover a non-Newtonian inelastic 
liquid characterized by an apparent viscosity. 

We refer all physical quantities to a cylindrical polar 
coordinate system (r, 9, z), the z axis being along the axis 
of the pipe. The boundary of the pipe is given by r=a. 
The relevant velocity distribution is taken as (0, 0, w) 
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Fig. 1. Graph of F against p for a 1-0 per cent aqueous solution of 


polyacrylamide. «=0-2. 
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A w= r,t), and we write y for the velocity gradient 
wjr. 


_ If + is the shear stress, the relevant equation of motion 
is 


1 ð 
i eee 5 BEY ma dares 
Par IEA een oe, (2) 


which has to be solved subject to the boundary conditions 


y=O0Oonr=0; w=Oonr=—a (3) 


In equation (2), p is the density of the fluid. 
We consider & fluid which is characterized by its 
apparent viscosity nly) and we write 


T = (y) (4) 


To obtain a solution of the relevant equations, the velocity 
oa shear rate are expanded in ascending powers of ¢ as 
ollows: 


w = wlr) + e[wP(r) + w® et] 


4 ewt (r) + w2)(r) eht iD r)en] (5) 
¥ nese volt) + ely P(r) +P rei” ] 
-} e*fy'P(r) +'2(r) e™t pyr) emt] (6) 


where terms of order e? are ignored. Substituting (4)—(6) 
into (2) and equating powers of s, we obtain on separating 
powers of e™ 
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Fig. 2. Graph of F against P for a 1-5 per cent aqueous solution of 
polyacrylamide, s=02. 
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Fig. 5. Pressure traces for 1-0 per cent aqueous solution of paly- 
acrylamide corresponding to a mean fow rate of 4-8 ml./min, a, Without 
oscillation; & with oscillation (n= 063 Hz) 
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where tp=Yon(y¥o) and ~ denotes the complex conjugate. 
(8) integrates to give w® (r)=0 and (10) is essentially an 
equation for w'P, which determines to order e? the varia- 
tion in mean flow-rate due to the pressure fluctuation. 

A numerical procedure is used to solve the equations, 
utilizing the function 7,(y)) obtained from steady pipe- 
flow experiments. 

The theory outlined has been used to predict the (F, p) 
curves given in Figs. 3 and 4 for the two aqueous solutions 
of polyacrylamide considered in Figs. I and 2, respectively. 
A comparison of Figs. 1 and 3 and Figs. 2 and 4 indicates 
that the theoretical curves based solely on the apparent 
viscosity of the liquids are sufficient to predict the genera] 
shape of the experimental curves. We are led to suggest, 
that a similar exercise may well repay the effort in many 
practical situations where non-Newtonian liquids are 
transported through pipes. 

Finally, in regions of enhanced flow-rate, it is of interest 
to know whether the increase is likely to be of practical 
significance. Fig. 5 contains curves (representative of the 
“resonance region”) of pressure gradient against time for 
a constant pressure gradient and a fluctuating pressure 
gradient giving rise to the same flow-rate in the case of a 
l per cent aqueous solution of polyacrylamide. It is 
suggested that the difference between the two pressure 
traces is sufficient to indicate the practical potential of 
the resonance region. 
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Measurements made on a Drag Reducing 
Solution with a Laser Velocimeter 


Ir has been known for some time’ that very dilute solu- 
tions of certain macromolecules can have a dramatic 
effect in reducing drag in turbulent conditions. In the 
experiments reported here, a 0-01 per cent solution of 
‘Separan A P30", a polyacrylamide made by tne Dow 
Chemical Co., was used in a 0:5 inch square pipe. The 
Reynolds number was about 50,000 and the wall stress 
in the pipe was 190 dynes/em? with water, but only 100 
dynes/cm? with the additive. 

The laser velocimeter differs somewhat from those 
previously deseribed?*. The light from an Elliott HNL8 
0-5 mW laser is diverged by a lens to cover a mask con- 
taining two slits 0-6 mm wide and 7 mm separation so 
that two beams are produced. These two beams are then 
focused on to the fluid by a second lens and the trans- 
mitted light is collected by another lens and focused on to 
a silicon photodiode. This system is very easy to set up 
because the two beams must overlap at their focus if the 
second lens is free from aberration. The theory of this 
system has been previously givent. The size of the focus 
can be very small (10 umx 100 umxi mm) so that a 
resolution of about 10 ym can be expected in one direc- 
tion. Measurements must, however, be made in a square 
pipe, for the aberrations introduced by a curved wall 
spoil the coherence of the system. So far only the velocity 
component in the direction of the mean flow has been 
measured. 

The photodiode output, after amplification, was fed 
into a Tektronix type 1Z5 spectrum analyser, whose 
output, after time averaging, was displayed on a UV 
recorder. The overall signal to noise ratio could be as 
high as 60-70 dB. 

Fig. 1 shows a velocity profile scan across the pipe for 
water and polyacrylamide with nearly the same maximum 
velocity. The Newtonian profile (and intensity measure- 
ments) are consistent with other velocimeter results®. The 
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Fig. 1. Mean velocity profile across pipe. O, Separan AP30; +, water. 





587 
16-0 l 
14-0 
12-0 
m 10-0 
2 
3 
n 80 
” 6p 
4-0 
2-0 
0-03 0-1 0-3 LO 
pja 


Fig. 2. Velocity defect law. ©, Separan APSO; +, water. 


polymer has a flatter profile than for water, whereas a. _ 


more laminar profile would be more pointed. One would, 
however, expect a flatter profile even for an ordinary 


Newtonian fluid because the wall stress and hence the ~~ 


Reynolds stress is lower. This can be seen by plotting 


the results (Fig. 2) in the form of the velocity defect law 
Umu |... 
rae el fiy ia) 
üi k 

where um equals maximum velocity. x, local velocity, 
ur, friction velocity =(t/p)'” where t= wall stress and 
o=fluid density, y=distance from pipe wall; 2a, width 
of pipe, and k is a constant u,, 13-8 cm/s for water and 
10-0 cm/s for the polymer. The constant k is not seen to 
differ significantly in the two cases and hence the polymer 
does not significantly affect the “eddy viscosity”. Thi 
in agreement with other authors*, and is consistent with 
the effect of the polymer being on the viscous sub-layer, 
the thin layer, a few thousandths of an inch thick, near 
the wall controlled by viscous stresses*. For a Newtonian 
fluid, about half the velocity rise takes place in this 
region and thus if the effect of the polymer were to extend 
the layer, that is, increase the wall “slip”, it could merease 
the bulk flow dramatically, or, alternatively, reduce the 
drag. 

For a Newtonian liquid, the following well known rela- 
tions? (Townsend, 1956) describe the mean-flow velocity 
profile 


rae U uy 
Inside viscous sub-layer: = = =- y 
the k 
; | a E. Yule | 
Outside layer, “logarithmic law": -- = 7 log == -4B 
i ür k Y 


The transition from the sub-layer to the “logarithmic law” 
v z a ee : Yu, ce Of z 
occurs, for a Newtonian fluid, at about =-= 12 (ref. 7). 
¥ 


In Fig. 3, the velocity profile for the polymer solution 
(Re = 50,000) is compared with water (Re = 14,000). Tt can 
be seen that the polymer does indeed increase the thick- 
ness of the viscous sub-layer by the amount required to 
account for the drag reduction. The axial turbulent 
intensities were also measured and Fig. 4 shows the 
profile across the pipe. Water and the polymer solution 


are not thought to differ significantly in the centre of the- oie 


pipe, but the polymer has a considerably higher intensity 
towards the wall. Fig. 5 again compares water and the 
polymer in the viscous sub-layer, and it will be noticed 
that the intensity is increased in direct proportion to the 
increase in thickness of the sub-layer. In other words, 
the axial intensity, expressed as a fraction of local velocity, 
is constant in the sub-layer at about 40 per cent. 
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These results are consistent with the effect of the poly- 
mer additive being to stabilize the viscous sub-layer close 
to the wall, but this is not achieved by general turbulence 
suppression. No information is, however, given by these 
experiments regarding the transverse components of 
turbulence, so that it is not yet known how they might be 
affected by the polymer. Because these measurements 
were conducted in a square tube, secondary flow may 
affect the results. These effects are expected to be small, 
for the secondary flow speed is only twenty per cent of the 
friction velocity. 

I thank Dr A. A. Townsend of the Cavendish Labora- 
tory and Professor A. B. Metzner, at present in the 
Chemical Engineering Department, University of Cam- 
bridge, for their helpful suggestions. 
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Model for predicting Bearing 
Performance from Profiles of Ball Races 


AN analytical technique for predicting precision bearing 
performance from race profilometry has been developed 
in this laboratory. This development is an outcome of 
research directed towards improving the torque ripple 
characteristics of angular contact bearings operating at 
very slow speeds. Race profiles are frequently used during 
the manufacturing process to measure the effects of finish- 
ing operations and as a final quality control check on 
individual races. They are obtained by monitoring the 
radial displacement of a stylus as it traces the ball path 
on a bearing race. Sensitivities as low as 5 winches are 
easily obtained with most standard equipment and the 
resulting data are recorded on polar charts which are 
easy to read. Determination of the torque ripple 
characteristies of an pase ICG Bag a howev ver, has in 
Poritaky et on i decoa ah sane for ‘detent mining ie 
steady state frictional torque in a pivot bearing of ideal 
geometry based on the slip mechanism in the contact 
areas between ball and race. Local deviations from ideal 
geometry and the resulting change in ball-race contact 
forces give rise to the variations in steady state frictional 
torque referred to here as torque ripple. 

There are no doubt many factors which contribute to 
the torque variation in an operating bearing, and isolating 
each mechanism is a formidable task. We beheved, how- 
ever, that the most important source of torque variation 
is the load-deformation change which can oceur in each 
ball as it moves from point to point in the ball path. The 
analytical tools for establishing the relationship between 
local changes in ball load and normal approach are deriv- 
able from basic Hertz contact stress theory and are given 
by Jones?. Certain assumptions must be made regarding 
changes in local conformity, material behaviour and sup- 
porting conditions. 

Thus it is possible to determine the total energy 
absorbed in deformation of balls and races during a differ- 
ential angular displacement of the bearing and equate 
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this energy to the external work done in rotating the 
bearing over that interval. In this way, one obtains an 
expression for torque variation in terms of local change 
in normal approach and rate of change of normal approach. 
If the assumption is made that all variations in surface 
profile are absorbed in deformation of the ball and race, it 
is possible to convert profilometry data directly to torque 
variation. 

The first. evidence that this approach had merit was the 
ability to reproduce typical friction signatures obtained 
in single-ball rolling experiments conducted in this 
laboratory. The recorded patterns obtained for a ball 
rolling across certain surface anomalies were identical in 
shape to those predicted for the same shape using the 
analytical model. It was then necessary to obtain 
profilometry data for a bearing and, by applying the model 
to these data, to compare the result to measured torque 
variation obtamed from tests. 

Because of the kinematic constraints on real bearing 
operation, it is necessary to sample the profiles for inner 
and outer race contact points at different angular intervals. 
These input data are generated for each ball location and 
the total torque contribution is summed for all the balls 
to obtain a predicted torque trace. 

Preliminary analysis was done on a bearing which had 
been tested as part of a development programme to 
determine the validity of the model. The bearing tests 
conducted showed peak-to-peak race profile variations 
on the order of 25 winches for the inner race and 190 
winches for the outer race. Computations were done on 
a GE 650 computer for three different preloads. The 
correlation between measured and predicted torque 
variation as determined from a root mean square (RMS) 
analysis was excellent. The measured and predicted 
values of RMS torque variation in a typical bearing are 

Preload (pounds) 


RMS torque from test RMS torque predicted 


inch-ounce inch-ounce 
1-0 0-0050 0-0061 
5-0 0-0084 0-0085 
12-5 60108 0-0100 


Although the model assumes purely elastic behaviour 
and no gross change in local conformity, it appears to 
give a reasonably accurate means of predicting torque 
variation for the bearings tested. 

A more complete discussion of the model and how it is 
used to predict bearing performance will be published later. 
It is important, for the present, to introduce the concept 
of matching the profilometry data for both races to predict 
the torque performance in operating conditions. 
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BIOLOGICAL SCIENCES 


Structure of Ferroverdin 


FERROVERDIN, a green iron-containing pigment, was 
isolated in 1955 by Chain, Tonolo and Carilli! from an 
unidentified species of Streptomyces. It was at first 
assigned the formula C,,H,,0,N.Fe and the iron was 
shown by measurements of magnetic susceptibility to be 
in the ferrous state*, Later the ligand present was proved 
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to be the p-vinyl phenyl ester of 3-nitroso-4-hydroxy- 
benzoic acid®:*, X-ray crystallographic measurements 
were undertaken to find the atomic arrangernent in this 
unusual complex; they show, in two different crystal 
structures, that each iron atom is attached to three 
nitrosophenyl ligands and that the charge is balanced by 
sodium ions. z 
The two crystal structures studied are (1) rhombohedral, 
and (If) monoclinic, the first obtamed by solution im 
methanol and precipitation with carbon tetrachloride, and 
the second by solution in acetone and precipitation with 
light petroleum. The crystal data for the two forms are 
as follows: 


I Rhombohedral: a= 16-06 A, c=88-78 A; space group 

f& 3 e; density, approximately 1-42 

g/jem®; M, asymmetric unit, 471; 

M calculated for Fe/3-Na/3-C, ,H,,O,N 

‘CCI, CH OH, 480 

If Monoclinic: a=38-°88 A, b=13-62 A, e=18-43 A; 
B= 96° 41°; space group C2/e; density, 
1-43 g/em®; M, asymmetric unit, 1,043; 
M calculated for Fe-Na-C,,H,,0,.N, 
-2(CH,),CO, 999 


The rhombohedral crystals were studied first and X-ray 
data collected photographically. The structure was, 
however, solved first from data obtained much later for the 
monoclinic crystals; the measurements here were made 
both photographically and on a Hilger and Watts 4-cirele 
diffractometer. In neither crystal structure did the 
asymmetric unit correspond with that suggested by the 
chemical analysis; in both there were forrnally possible 
positions that could be assigned to six iron atoms 
associated with twelve ligands, but these were not sup- 
ported by calculated three-dimensional Patterson maps. 
The monoclinic distribution exhibited clearly peaks 
corresponding with one heavy atom per asymmetric unit 
and the solution of the structure proceeded by normal 
heavy atom methods from this assignment. (This was 
later checked, using direct methods, by J. Hodder.) The 
solution of the rhombohedral structure then followed by 
similar processes. The current R values are 11 per cent 
and 16 per cent, respectively. 

The atomic arrangement found in the monoclmiec 
crystals is illustrated in Fig. 1. Each iron atom is sur- 
rounded by three nitrosophenyl ligands in an approxi- 
mately trigonal manner (Fig. 1b). There are molecules 
of acetone between the ferroverdin molecules and an 
additional “heavy” atom which appears as an electron 
density peak rather less than half the weight of the iron 
atom. At first we thought this peak might indicate a 
site half occupied by won atoms, but the kind of co- 
ordination sphere of atoms around it suggested an 
alternative solution-——that it was occupied by a sodium 
ion. It makes contact with six oxygen atoms in an 
irregular octahedron, three from phenolic groups, one 
from a nitroso group, one from a carboxy group and one 
from an acetone molecule. The metal-oxygen distances 
vary from 2-3 to 2-7 Å. 

A similar situation occurs in the rhombohedral erystal 
structure (Fig. 2). Here the ferroverdin units are exactly 
trigonal and enclose large spaces in which are trapped six 
carbon tetrachloride molecules, forming a compact but 
somewhat disordered group. Electron density peaks 
corresponding in weight with sodium ions appear above 
the iron positions along the trigonal axes, surrounded by 
three carboxy oxygen atoms and three oxygen atoms of 


solvent methyl alcohol. The octahedron of oxygen 
atoms is more regular here, with metal-oxygen distances 


of 2:37 A and 2:43 A, respectively. 


That the extra metal ions in our crystals are sodium 
ions has been checked by an X-ray spectrographic analysis 
carried out by Dr E. J. Whittaker by the electron probe 
technique on individual crystals of both the monoclinic 
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and rhombohedral form. Because of the small quantities 
of material available and the volatile nature of the 
crystals, the measurements are not very precise; the 
figures obtained were 2-1-2-3 per cent Na and 6-3-7-0 
per cent Fe. 

The structure of ferroverdin as found in the two crystals 
is interesting first in relation to the iron binding within 
the complex, which is strong and very difficult to decom- 
pose, and second in relation to the situation of the 
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alkali metal ions. The interatomic distances in the iron 
nitrosophenol system are very similar in the two crystals 
and are shown in the figures; they correspond with 
covalent bonding of the expected dsp, type. The alkali 
metal ions are attached in more casual and varying ways. 
It seems possible that in different ferroverdin preparations 
they may be replaced by other ions—even perhaps 
sometimes by additional ferrous ions—-according to the 
methods of isolation used. Either such substitution 
or the partial decomposition of the crystals may account 
for the early iron analyses reported which conflict with 
our present solution of the structure. 

We thank Dr A. Ballio and Sir Ernst Chain for the 
samples of ferroverdin, and the Istituto Superiore di 








Fig. 1. a, Projection of the crystal structure of ferroverdin IL along 
axis b. b, View along the pseudo-irlgonai axis of the ferroverdin ion 


present in ferroverdin TI. 
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Projection of about half of the crystal structure of ferroverdin F 
along axis č. 


Fig. 2. 
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Relationship between Absorption 
Spectrum and Molecular Conformations 
of Il-cis-Retinal 


THe absorption spectrum of 1l-cis-retinal is strongly 
influenced by the presence of a cts bond between carbon 
atoms 1] and 12. The cis bond in this position results in 
two important spatial properties of the molecule: first, 
steric hindrance between the C,s-methyl group and the 
C,)-hydrogen atom; second, a bend in the system of 
conjugated double bonds. Both the steric hindrance and 
the bend in the molecule give rise to particular absorption 
bands. We now report the results of experiments which 
allow the identification of these absorption bands in the 
11-cts-retinal spectrum. . 







The absorption spectra of carotenoids contaiming the. 
sterically hindered cis configuration . 





have features which those of their nonhindered cis and 
trans isomers do not possessi, The solution spectrum 
of ll-cis-retinal at room temperature (Fig. 2, heavy line) 


shows, for example, three distinct bands at 27, 030 em, 


35,460 cm-t, and 39,600 cm, respectively. The maximal 


decadic molar absorption coefficient (e max) of the low waves 


number band of 11-cis-retinal, like that of sterically 


hindered carotenoids, is much smaller than the gmas values ae 
of the nonhindered cis and trans retinals. This property ~~ 


was first detected in the spectra of isomers of refre-vitamin 
A methylether by Oroshnik, Karmas and Mebane’, who 
attributed the low absorption of one isomer to a break in 
coplanarity of the conjugated system resulting from 
steric hindrance. 2 
absorption bands for the segments of the conjugated. 
system of carotenoids should appear at higher wave- 
numbers than those of the main band. 


coplanarity should decrease on cooling. 
reliable data for the interesting high wavenumber reg 
of sterically hindered carotenoids at low temperatures. 





prompted us to measure the spectrum of 11-eis-retinal at 


low temperature. 

The absorption spectra of I] as eena al im diethyl 
ether--2-methylbutane—ethanol (5: 5: 2, by volume; EP. A) 
at room temperature and liquid nitrogen temperature 
(Fig. 2) are characterized by the opposite changes in 
size of the two prominent absorption bands (A and os E DY 
with temperature. When the temperature is de erbaeed. 
the low wavenumber band (A) goes up, and the high 
wavenumber band (C, D) simultaneously goes down. 
When the cooled sample is heated back to room tempers. 
ture, the original spectrum reappears. For the low wave- 
number band A the ratio of emax at 77 K to Emax at 205 Kis 
1-75, and the ratio of the oscillator strengths (fy_/fs95) is 
approximately 1:35. At low temperatures the maxima 
of the two major absorption bands are shifted to lower 
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Fig. 1. Structural formula of il-cis-retinal, The arrows indicate the 
directions of the transition moments for the different absorption bands 
(see Fig. 2), The transition moments for the bands A and B are supposed 
to be in an identical plane. B designates the cis-peak. Thermal excita- 
tion of vibrations around the Cy), bond breaks the coplanarity of the 
conjugated chain giving rise to the two new segments, C and D, the 
transition moments of which are in different planes. The C,=€, bond 
in A-ionylidene compounds is generally not completely in plane with 
the conjugated side-chain’. 


If Oroshnik et al. are correct, the ~ 


Wald and co- 
workers’ measured the spectra of three sterically hindered ~ 
compounds, including 1]l-cis-retinal, and observed that 
the size (oscillator strength) of the low wavenumber o> 
bands increased markedly on cooling (see also ref. 12). If > 
cooling of a sterically hindered carotenoid restores  — 
conjugation by restoring coplanarity, then it follows that — 
the high wavenumber bands which arise from a break inm - 
The lack of > 
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Fig. 2. Absorption spectrum of 11-cis-retinal in EPA at 28° C (heavy 

line) and liquid nitrogen (ight line) temperature, Optical path length, 

Imm; concentration, 2-69 x 10-* M at 28° C. Contraction factor of EPA 
for cooling from 295 K to 77 K, 0-771. 


wavenumbers, and the region between these two bands 
has distinct fine structure, with an equal distance of 
1,450 cm~ between the bands. In contrast, the main 
absorption band of all-trans-retinal in EPA (Fig. 3) 
shows only a small change in the maximal extinction 
(€77/€295 = 1:15) and no detectable change in the oscillator 
strength (fo;/fo9;= 1-0). The minor absorption bands at 
higher wavenumbers are nearly unchanged in their size. 
Other features of the low temperature spectrum of all- 
irans-retinal are, however, the same as for ll-eis-retinal. 
The maximum of the main band is also shifted to a lower 
wavenumber with decreasing temperature, and fine 
structure with an interband distance of approximately 
1,500 em"! appears. 

The two spectra in Fig. 2 suggest that dramatic changes 
in the n-electron system of the 11-cis-retinal molecule 
occur with change of temperature. Models reveal that 
steric hindrance between the C,,-hydrogen and the 
C,,-methyl could be relieved by rotation around the 
Crp Gy, Cy = Cy, or CeCi bond (or a combination of 
these). We interpret the changes in the absorption band 
sizes of ll-ezs-retinal as arising from a thermal excita- 
tion of torsional vibrations* predominantly around the 
Cig, bond of the molecule (Fig. 1, circular arrow). 
The partial double-bond character of single bonds in 
conjugated systems of this length normally restricts 
rotation around these bonds at room temperature, This 
holds for all-trans-retinal, but in Ll-ets-retinal the steric 


* in an isolated 11-cis-retinal molecule the energy used to excite torsiona 
vibrations around the C,,-C,, bond should be strictly quantized, and only the 
occupation of distinct states should be allowed. The distribution of molecules 
between two vibrational states is determined by the Boltzmann factor 
ëe AEikT, where AF is the energy difference between these states. Each of 
these states has its intrinsic electronic absorption spectrum, At very low 
temperatures (near 0 K) most of the vibrations are in their lowest energetic 
state, which in the case of L1-cis-retinal corresponds to a planar or nearly 
planar conformation of the whole conjugated system. In solution (as opposed 
to the case of the isolated molecule) rapid energy exchanges between 11-cis- 
retinal and the solvent molecules do not allow the full development of vibra- 
tionally excited states with energies of the order of kT. A shorter vibrational 
lifetime will broaden AK. If the molecule passes through more than one 
minimum of potential energy during one vibration, atropisomers might form 
depending on the temperature and the size of the energy barrier between the 
minima, 

Loeb ef ai, (ref. 10, page 618, Fig. 5) measured the temperature-depen- 
dence of emax for 11-cis-retinal from room temperature to Hquid nitrogen 
temperature, and found that on lowering the temperature “smag rises in two 
linear stages’, witha “break” the significance of which they could not explain. 
Under the assumption that most of the molecules are already in their lowest 
energy state at liquid nitrogen temperature—emay is near its highest value— 
it is possible by using the data of ref. 10 to calculate AE as 2-5 x 10-™ erg/ 
molecule and simulate the curve obtained by Loeb, Brown and Wald. 
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hindrance caused by the overlapping of the C,,-methyl 
group and the C,,-hydrogen atom lowers the resonance 
energy-—which is normally gained by the conjugation of 
six double bonds—-and the thermal energy at room 
temperature is sufficient to force the C,,/C,, segment out 
of conjugation with the C,/C,) segment. Steric hindrance 
is maximal at low temperatures when the resonance 
system is in a planar form; at higher temperatures 
steric hindrance is relieved and two new partial 
chromophores are created, each with three conjugated 
double bonds (C and D, in Fig. 1; combined 
spectral band, C, D, Fig. 2). The absorption spectra of 
analogous polyenes with three double bonds are known. 
trans-8-lonylidene-ethanol, which represents the C,/C,5 
segment, has a broad absorption band? with two maxima 
at 38,600 cem“! (¢max=13,500 1. mole em^) and 
42,300 em (13,400), respectively. trans-3-Methylpenta- 
2,4-dienal, representing the C,,/C,; segment, has maximum 
absorption at about 38,700 em-! (23.000). The band 
“, D of 11-cts-retinal (Fig. 2, room temperature spectrum) 
shows maximal absorption at 39,600 cm- in EPA, which 
agrees quite well with the absorption maxima of these 
model compounds. 

Patel!’ recently concluded from NMR data that the 
steric strain between the C,)-hydrogen and C,,-methyl 
is reheved by a skew geometry around the C—C, bond 
with the C,y>-—-C,, bond remaining s-trans planar. Our 
spectroscopic data do not agree with Patel’s assignment. 
A break in conjugation at the C,,—-C,, bond would result 
in a partial chromophore with two double bonds which 
should absorb at higher wavenumbers than our spectra 
show. (The Vmax of ecrotonaldehyde is 46,950 em~ in 
cyclohexane.) Furthermore, we found that 11-cis-retinol 
has a steric hindrance band at 42,900 cm- in EPA, the 
size of which is temperature dependent. Because the 
steric properties of 11-cis-retinol should be similar to those 
of the retinal, the appearance of a partial chromophore 
band at 42,900 cm~ (two double bonds) would again 
support a vibration around the C,,—-C,, bond. We feel 
that the discrepancy between our and Patel’s interpreta- 
tion needs further investigation. 

(Patel apparently uses a static model in which all 
l l-eis-retinal molecules would be equally twisted around 
one of the single bonds. We picture a dynamic equilibrium 
between the planar ground state and vibrationally 
excited states with many of the molecules in the ground 
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state at any time. Fast exchanges between different 
states at room temperature would average the spin 
coupling constants of all these states. The probability 
distribution function for the deviation of the C,, and the 
C,,-hydrogen atoms from the planar conformation in the 
first vibrationally excited state should not have its 
maximum too far from the planar conformation. Accord- 
ing to Karplus'* the coupling constant Jio, would 
decrease only slightly for the first 20 to 30 degrees rotation 
around the C,,—-C,;, bond. Because of the averaging 
effect and the high proportion of the molecules in the 
planar ground state, the decrease of Jio might be rela- 
tively small.) 

The disruption of the conjugated system at the 
C,>—C€,, bond by thermal vibrations does not seem to be 
restricted to the 11-cis-retinal molecule, but probably has a 
bearing on the properties of rhodopsin as well. Yoshizawa 
and Waldi’ found that when rhodopsin in a glycerol- 
water mixture was cooled from room temperature to 
liquid nitrogen temperature the extinction of the 498 nm 
band rose about 1-6 times while Amax moved to 505 nm 
(the oscillator strength also changes with temperature). 
This suggests that the Schiff base of ll-cis-retinal in 
rhodopsin has conformational properties similar to 
ll-cis-retinal in solution: vibrations around the C,,>—C,, 
bond at room temperature result in a lower light absorption 
by rhodopsin in the visible region than theoretically 
possible if the chromophore were in a plane. 

The ll-cis bond in the molecule causes a bend in the 
conjugated system and gives rise to an absorption polarized 
in a direction perpendicular to the main axis of the mole- 
cule. This “eis peak” has alternatively*:* been assigned 
to the 39,600 cm- and the 35,460em-! band. Our 
assignment of the 39,600 em-! band to partial chromo- 
phore absorption suggests that the remaining band at 
35,460 cm- represents the cis peak. No experimental 
evidence has yet been given. Eckert and Kuhn’ identi- 
fied the cis peak of another cts-carotenoid, the non- 
hindered 15,15’-cis-8-carotene, by measuring the dichro- 
ism of the carotene dissolved in a stretched polyethylene 
film. 

In the case of 11-cis-retinal the identification of the 
cig peak is experimentally more difficult: the cis peak 
appears at a higher wavenumber in the ultraviolet 
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region; it is relatively small, and strongly overlapped by 
both the main absorption band and the steric hindrance 
bands. Absorption spectra of 11l-cis- and all-trans-retinal 
in stretched polyethylene film are presented in Figs. 4 and 
5. Fig. 4 includes the spectrum of 1 1-cis-retinal measured 
with light with its electric vector polarized parallel (|) and 
normal (,) to the stretching direction. The upper curve 


shows the dichroism D= an plotted agamst the 
byt fy 


wavenumber. E, is the absorbance (E =log 1/4) of the 
film measured with light parallel, By with light perpendi- 
cularly polarized to the stretching direction. Fig. 4 
shows the corresponding data for all-trans-retinal. It is 
reasonable to assume that both all-trans- and |1-cts- 
retinal orient themselves with their long geometric axis 
parallel to the polyethylene molecules in the stretching 
direction of the film. Figs. 4 and 5 demonstrate that, 
in agreement with theoretical expectations!’, the transition 
moment of the main absorption band lies in the direction 
of the main geometric axis for both retinals. For both 
all-trans- and Ill-cis-retinal the dichroism Di is very 
large at low wavenumbers, diminishes with mereasmg 
wavenumber, and levels off in the region of the mam 
absorption band. The dichroism curve for 11-cis-retinal 
begins to form a shallow trough at 32,000 om, goes 
through a broad minimum between 36,000 em and 


38,500 em-?, and levels off at about 40,000 cem-!. The 
all-trans-retinal Di curve sharply decreases above 


31,000 cm~, goes through a minimum at about $8,500 cm", 
and forms a positive peak at 41,400 em. 

The trough of the |]-cis-retinal Di curve represents an 
absorption band oppositely polarized from the maim 
band A. Because it also falls into the region of band B, 
this band is apparently the cis peak. The spectrum above 
39.000 em-! is predominantly the sum of the absorptions 
by the partial chromophores C and D, the third electronic 
transition (second overtone), and residual cia absorption. 
The steric hindrance bands C and D should be polarized 
differently from both the main absorption band and 
the eis band (see Fig. 1). Overlapping of these differently 
polarized bands results in unspecific and low dichroism 
above 39,000 em}. 

The origin of the all-trans-retinal dichroism band at 
38,500 cm~, which is differently polarized from the main 
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absorption band, is not immediately evident from the 
structure of the molecule. One possible explanation is 
that a predominantly s-ets configuration of the C,—C, 
bond in all-trans-retinal causes a deviation from linearity 
of the conjugated system, so allowing higher electronic 
transitions which are perpendicularly polarized to the 
main absorption band and which are forbidden in a 
completely linear conjugated system. In contrast, 
l l-cis-retinal may prefer the s-trans configuration at the 
tg, bond, a configuration which could be indirectly 
foreed on the ring by the steric hindrance of the C,;-methyl 
and the C,.-hydrogen (the energetic difference between 
s-cis and s-étrans configuration in the §-1onyhdene group 
is small and favours one or the other in different coin- 
pounds’), An s-cis configuration in all-trans and an 
s-trans configuration in 1]-cis-retinal would aid in explain- 
ing why the value of Ymax of Il-cis-retinal (EPA, 25,790 
em, 387-5 nm) is low compared with that of all-trans- 
retinal (25,820 em?4387-2 nm) at liquid nitrogen tem- 
perature (normally one would expect a higher wave- 
number maximum for the cis than for the trans form). 
The reason for the high Di value for both retinals in the 
low wavenumber region is probably a small difference in 
the absorption of retinal molecules lying parallel or per- 
pendicular to the polyethylene molecules. This would 
have its most noticeable effect on the dichroism at the 
low-absorbing sides of absorption bands. 

Fig. 1 summarizes our assignments of the three principal 
absorption bands of 11-cis-retinal at room temperature to 
the corresponding electronic transitions. The arrows 
indicate the directions of the transition moments for the 
different bands. There is no doubt!’ that the main band 
(A) at 27,030 cm- corresponds to absorption by the whole 
conjugated system. The small band (B) at 35,460 cm~? 
arises from the bend within the plane of the conjugated 
system (cis peak), whereas the band at 39,600 cm 
results from the absorption of partial chromophores 
arising as a consequence of steric hindrance. The transi- 
tion moments of A and B are supposed to be in the same 
plane; those of C and D are in different planes. 

Polyethylene film, 0-125 mm thick, was stretched in a 
stream of warm air to about 400 per cent of its original 
length, presoaked in n-heptane for one day, soaked in the 
retinal solution for 1 h and dried. To measure the 
absorption spectra, the films were placed in quartz 
cuvettes containing water as an immersion medium. 
The spectra were corrected with a baseline run with 
a blank polyethylene film prepared under identical 
conditions. All spectra, including those in EPA, were 
measured with a Cary 14 spectrophotometer. 

All-trans-retinal was purchased from Distillation Pro- 
ducts, Eastman, Rochester. 11-cis-Retinol was prepared 
by a modification of the methods of Dieterle and Robeson? 
and Brown and Wald’, 11-ezs-retinal by reducing the 
aldehyde with KBH,°. Seed crystals of Ll-czs-retinal 
were kindly provided by Y. Maeda and T. Isemura 
(Division of Physical Chemistry, Institute of Protein 
Research, Osaka University). 

This research was supported in part by a grant from 
the US National Institutes of Health to D. G. McConnell. 
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Physicochemical Studies of 
L-Asparaginase from Erwinia carotovora 


SOME L-asparaginases (L-asparagine amidehydrolase, EC 
3.5.1.1) are able to destroy asparagine dependent tumours 
in animals and bring about regression in some cases of 
acute lymphatic leukaemia in man?. The anti-tumour 
property of this enzyme was first recognized by Broome? 
with the asparaginase from guinea-pig serum and has since 
been observed with the enzyme from chicken hver*. 
Most of the clinical work, however, has been carried out 
with the more readily available asparaginases from 
bacteria. An asparaginase from Escherichia colt’, and 
more recently the enzyme from Erwinia carotovora’, are 
both being used in clinical trials on leukaemia. One 
interesting aspect of the clinical use of asparaginases is 
that not all preparations are effective against tumours. 
For example, the enzymes from guinea-pig hvert, Bacillus 
coagulans* and yeast’ are ineffective. In fact, only one 
of the two asparaginases present in E. coli exhibits this 
property. Furthermore, those which are effective differ 
in their efficacy towards the 6H3HED tumour in mice 
which is normally used for the assessment of anti-tumour 
activity. Information on molecular structure may shed 
light on those features of the asparaginase which confer 
this property and suggest ways of enhancing it. 

The molecular weight of the active asparaginase from 
E. coli has been reported as 139,000 by Whelan and 
Wriston® using sedimentation equilibrium, We have now 
determined the molecular weight of the E. carotovora 


the range 1-10 mg/ml. Estimates of 94-08 per cent 
homogeneity were obtained from measurements of the 
refractive increments across the sedimenting boundary 
and the refractive index of the enzyme solution against its 
diffusate. Some instability was indicated by the gradual 
decrease to 85-90 per cent homogeneity when solutions 
were stored at 4° C for more than 2~3 days. 

The molecular weight was determined on freshly 
dialysed solutions by the “short column” sedimentation 
method using Rayleigh interference opties with high 
speed centrifugation to establish equilibrium®. Using 
concentrations of 0-05-1-0 mg/ml. and centrifuging at 
17,250 r.p.m. for 17 h in 20-25 mm columns, Mr D. 
Miller (Microbiological Research Establishment) obtained 
molecular weights in the range 132,900-145,000. This was 
confirmed by Dr P. A. Charlwood (National Institute for 
Medical Research, London), who obtained values of 
128,400-142,100 using low speed methods!*1! and con- 
centrations of 1-5-3-5 mg/ml. 

The active asparaginases from both Æ. colt? and 
E. carotovora have been crystallized and large crystals of 
the latter enzyme have been grown in alcoholic solutions. 
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An aqueous solution of this enzyme (50 mg/ml.) was 
adjusted to pH 9 with NaOH and treated slowly with 
0-82 volume of ethanol at 30°C. The solution was 
filtered through ‘Millipore’ membrane (0-45 um porosity) 
and allowed to erystallize in sealed glass chambers, each 
of which was constructed from a microscope slide, a 
stainless steel spacer and a coverglass. Large crystals 
were obtained after standing at 20° C for 2 months. 





A crystal of Erwinia carotovora asparaginase, The scale is 1 mm 
ong, 


Fig. 1, 


The crystals (Fig. 1) were well formed with a prismatic 
habit and grew up to 3mm long. The subsequent 
analysis showed that the direction of greatest elongation 
was parallel to [001] and that the crystals exhibited {110} 
and {011} faces. Crystals were mounted for X-ray 
diffraction experiments in the manner usual in protein 
studies, sealed in quartz capillaries together, but not in 
contact, with a small quantity of mother liquor. Zero 
level precession photographs were taken with the crystals 
mounted about their long dimensions and established 
that the unit cell is orthorhombic, with characteristics as 
follows 


a=918A 
b=177:1A 
e=784A 


h00 unless A even 
00 unless k even 
001 unless 1 even 


1-215 g ml." 


Cell dimensions: 
Systematic absences: 


Density observed: 


Precession photographs (12-5°) of the kOl and Okl zones, 
covering spacings down to about 3-5 A, showed h00, OkO 
and 00] to be systematically absent for h, k and l odd, 
respectively. The space group is therefore probably 
P2,2,2;, 

The unit cell volume is 1-275 x 10* A’, that is, 3-19 x 
105 Å? per asymmetric unit. The density of one of the 
crystals used for the X-ray diffraction work was measured 
on a bromobenzene-xylene density gradient column! 
which had been calibrated with small drops of salt solution 
of known density. The observed unit cell volume and 
density yield a value of 233,000 daltons for the molecular 
weight of a single asymmetric unit. It has not so far been 
possible to measure the liquid content of the crystals, but 
a liquid content of the order of 40-50 per cent by weight— 
such as is commonly found in protein erystals'*—would 
lead to a molecular weight of protein per asymmetric 
unit in the range 116,000-140,000. The analysis of 
Matthews'* makes it most unlikely that the liquid content 
is so high that the asymmetric unit of the crystal is only 
half a protein molecule, and the cell volume and density 
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observations clearly rule out two molecules as the asym- 
metric unit. 

We therefore conclude that the asymmetric unit of 
structure is a single molecule, of molecular weight about 
130,000. There is no indication from these preliminary 
studies that the asparaginase molecule has any subunit 
structure, but it is very common for molecular symmetry 
not to be revealed directly in the symmetry of the X-ray 
diffraction pattern. 

Although the molecular weight of the asymmetrie unit 
is twice that of the largest protein molecule the structure 
of which has so far been determined (chymotrypsin), the 
quality of the crystals and the reasonably favourable unit 
cell dimensions and symmetry lead us to hope that it will 
be possible to use this material for a structural determina- 
tion. 

We thank Mr J. R. Hunter for photography. Work 
on the preparation of the enzyme was supported by a 
grant from the Ministry of Health and Social Security. 
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Structural Relationships in Microbial 
Peptides 


THE biosynthesis of a considerable number of peptide 
antibiotics is independent of the processes involved in 
protein biosynthesis'*, Mauger has suggested? that 
microbial peptides are derived wholly, or in part, by 
enzymatically controlled condensations and ring expan- 
sions of diketopiperazine units (DKPs) because they are 
virtually all cyclic and they often co-oceur with DKPs 
containing amino-acids found in the peptide. In addition, 
Mauger drew some interesting correlations between the 
observed distribution of D-amino-acids in some peptides 
and the possible role of epimerized DKPs as biosynthetic 
precursors. No mechanism was advanced, however, for 
the epimerization step, apart from an analogy drawn with 
the base catalysed chemical epimerization of cis (L—L) 
ety to the thermodynamically more stable trans (L-D) 
orm’, 

Various amino-acid racemases occur in certain micro- 
organisms‘ and D-alanine is incorporated directly into the 
peptides of bacterial cell walls’. There is strong evidence, 
however, against the direct incorporation of D-amino-acids 
into peptide antibicties':*. The p-amino-acids are derived 
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from the L-isomer after incorporation mto a peptide 
intermediate and, with amino-acids containing more than 
one chiral centre, inversion of configuration occurs only 
at the x-centre; the so-called rule of «-epimerization®. 
An alternative explanation for these observations is 
that D-amino-acids are derived from the L-isomer after 
incorporation mto a biosynthetic intermediate by a 
dehydrogenation/hydrogenation sequence (Fig. 1). Such 
a process is in accord with the rule of x-eprmerization and 
could operate on DKPs, but the mtermediacy of such 
compounds would not be obligatory. It is interesting 
that although N-methylamino-acids frequentiv occur in 
antibiotics, they never possess the b-configuration, 
implicating an amide hydrogen in the inversion step. 
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Fig. 1. Epimerization of L-amino-acids by dehyvdrogenation/ hydrogenation. 


Furthermore, the common ceecurrence of amino-acid 
residues at higher oxidation level may well represent 
blocked forms of the intermediate I in the sequence 
outlined. An addition of an oxygen function to an 
intermediate imine of the type I would account for the 
formation of the «-hydroxyalanine and «-hydroxyvaline 
systems found in ergotamine and ergocristine’, whereas 
a rearrangement of I to an enamine type structure H 
would explain the formation of the x. B-dehydroamino- 
acid units so often encountered m peptide antibiotics 
(Table 1). 

Frequently intermediates 


dehydroamino-acid are 


masked by further modifications. During biosynthesis of 


penicillin, L-valine is the precursor of the D-penicillamine 
moiety! and it has been proposed that the p-configuration 
results from a stereochemically controlled addition of a 
thiol group to a dehydrovalme and not by an « a-epimeriza- 
tion. Similar arguments have been apphed to cephalo- 
sporin!? and an inspection of other eyelic untts found in 
peptide molecules lends support to the idea of dehydro- 
ammo-acid precursors (Table 2). 
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A recent study!? of the chemistry of the antibiotic 
viomycin has revealed the presence of two such units; 
a tetrahydropyrimidylglycine residue (Table 2) the bio- 
synthesis of which can be rationalized in terms of an 
internal Michael type addition of the guanidine to the 
double bond in a dehydro arginine moiety, accompanied 
by the necessary hydroxylation step. Similar arguments 


can be invoked for the formation of the guanidine residues 
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found in stendomyein and capreomycin. In addition, 
viomycin, as well as capreomycin, contains the unit TIT 
which can be regarded as the ureide of a dehydroserme. 
We have recently demonstrated that models of this system 
can readily be synthesized by condensation of N -acyl 
dehydroserme esters with urea!’, 

Recent surveys*®”l of the amino-acid composition of 
known peptide antibiotics reveal that most possess at 
least one D-amino-acid and quite a number, for example, 
penicillin N, stendomycin, griseoviridin®? and thio- 


strepton, contain both p-amino and dehydroamuino- 
acids. Thiostrepton is of particular interest because it 


contains both the thiazoline system (Table 2) and a D- 
cysteine residue. It would also appear to be significant 
that those peptides known not to contan nanamn acids, 
for example, viomyem, capreomycin, oestreog 
telomycin, ergotamine. and 80 on, an possess § at eae one 
dehydroamimo-acid unit. 

Although all this evidence does not represent a final 
proof, it serves as strong support for the view that there 
may well be a common biosynthetic pathway for the 





Table 1. DEHYDROAMINO-ACID UNTES 
Peptide Unit Dehydroamino-acid 
Q 
l ONH 
NI s 
Telomyein® H’ x Pee ee Tryptophan 
E 
a TET 
H 
CH, 
IN 
CH, | 
Albonoursin® Os, A Leucine 
ü Soren ro oN Phenylalanine 
Oy 
E SO 
li 
a 
“Ph 
| 
EA A 
Oestreogrysin?? A | i Proline 
| O 
Lm. 7 
/ “Q 
CHa CH, 
Phalloin™ Pee ae Valine 
A ‘AN y” ka 
Ho 
Q 
O. CH: 
Nisin}? Pa NA as Alanine” 
H ¢ 
) 
H, CH 
Stendomycin® A A UNA, Butyrine* 
£ NN a 
H O 


*An alternative possibility is that these units are derived by dehydration 
of a serine and threonine moiety respectively. 
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Table 2%. CYCLIC DEHYDROAMINO-ACID UNITS 





Peptide Unit Dehydroamino-acid 
precursor 
N SH 
PA X Pa 
T Ss l 
re X ee 
Penicillins!* aNu / a __N. fe Valine 
ae v 7 
COOH 
ASH 
eng i 
| ; ERA 
Cephalosporinst* ee NY A í Valine 
i 
COOH 
MEERE N HO 
omi ` 
Lo > 
: i 
Oestreogrysin A ZANIAN ! ie Serine 
(8) j 
a 
ee HA. 
So] : 
mY o 1 
Micrococcin’® J 7 Ay ll | Cysteine 
Thiostrepton!® NN? i Ns Ne ig net 
Oo 
H g 
R H H é 
Viomyein!’ \ UN NBs PN 
R,=OH, R,=H E |o 
N bagi 
Capreomycin!® o (CS NR, O 3 NH, fete 
R,=H, R,=H l Y i Arginine 
| j 
Stendomycin Re ip PP sn o N 
os Do va N Ne “ON NS f 


formation of the p-amino and dehydroamino-acid residues 
found in microbial peptides. 
B. W. BYCROFT 


Department of Chemistry, 
University of Nottingham. 
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Partial Deletion in the Heavy Chain 
Disease Protein ZUC 


Heavy chain disease}? is characterized by the presence 
in serum and urine of a protein associated structurally 
with the Fe fragment of immunoglobulins’-’. ‘These 
proteins are not extracellular degradation producta and 
seem to contain segments that are not normal com- 
ponents of the Fe?. The presence of PCA -Val-Gin at the 
N-terminus of one of these (ZUC*) suggests that they 
could result from abnormalities of gene expression. We 
now present the sequence of the first fifty-five residues 
of protein ZUC (y3 subclass) and compare it with a stretch 
of the myeloma protein KUP which imcludes the five 
interchain S—-S bonds characteristic of [gG3 proteins’. It 
is in this stretch that the abnormality in protem ZUC 
could be defined. 


3,000 - 
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Fig. 1. Separation of CNBr fragments of protein ZUC. The totally 
reduced and C-carboxymethylated fragments were applied on a 
‘Sephadex G-75' column equilibrated with 5 per cent formic achki, 
Sequence determination of fragment Z-IF is described in the text. 


To characterize the N-terminal fragment, a cyanogen 
bromide digest of ZUC was fully reduced and blocked 
with MC-iodoacetate*. This gave three radioactive peaks 
on ‘Sephadex G-75’ (Fig. 1). A pronase digest of ZI 
was passed through a ‘Dowex 50° column (X2, H*)** and 
subjected to electrophoresis at pH 65; this gave two 
ninhydrin-negative chlorine-positive spots. The more 
strongly reacting of these had the same mobility as 
PCA-Val (0-65 relative to aspartic acid), and the second 
(mobility 0-60) the same as PCA-Val-Gln. It was con- 
eluded that Z—IT contained the N-terminal CNBr fragment 
of protein ZUC. Z-H was then digested with pepsin 
(enzyme : substrate ratio 1:40; 0-02 M HCL pH 2, 16h 
at 37° C) and fractionated on ‘Sephadex G-25’ in 01 M 
acetic acid. The unretarded fraction containing most of 
The retarded ones 


and 3-5. 
digestion {enzyme : substrate ratio 1:50; Ol M ammon- 
ium bicarbonate buffer, pH 8, 6 h at 37° C). The sequence 
The radioactive | 


IgG3 myeloma proteins. 
of protein ZUC has a different N-terminal sequence 
represented in Z—IIT is not excluded and further work is 
necessary to elucidate this point. 

To characterize the hinge peptide of IgG3, a peptic 
digest of protein KUP was applied on a ‘Sephadex G-50 
column in 5 per cent formic acid. After performic acid 
oxidation and total hydrolysis, the cystine content of the 
fractions was analysed by paper electrophoresis at pH 2. 
Fractions were pooled and the cystine peptides present 
identified by the diagonal technique after tryptic digestion 
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Ca rbohydrate 





} 10 i 20 
PCA-Val- Gln- Val- Val- Gin- Ser- Gly- Ala- Asp- Leu- Val- Lys- Pro- Gly- Gly- Ser- Ser- Glu- Pro- Lys- Ser-Cys- Asp- Thr- Pro- Pro- Pro 
nanas a ne pt arene ati annaa ae anime eel le le nane a 
arena PB amie wortmannin, POP SY E Bh an enema hi in ec E E E PONE iran E EE AEEA Ber Rea) E E E TE E AA A AE 
<~Pr]-> 
a EP O E 
guitara bea deepal ininum aman aan PANEON ORS T E aa areren nrernamaman i ata aooaaeoa irae nan n 8 oa i oo jiin 
te 30 PEI 40 5 
Cys- Pro- Arg- Cys- Pro- Ala- Pro- Glu- Leu- Leu- Gly- Gly- Pro- 5er- Val- Phe- Leu- Phe- Pro- Pro- Lys- Pro- Lys- Asp- Thr- Leu- Met 
ie meene menmman e mee eee aaa a $e wera Pe meeen aeeie e mananan eea a ad aeaee ate wian a Be ereenn 
pincers alana ee A EREN E CEAS daa LNA A E A ANET, os Ses nares rato E E E A P3n EEEIEI A AE ERT E A SE EAA EE AE EE S ALEL EEE ER P AISNEN ise LRN A INEEN vasene 
SE ae a RE ENO TE Ei ear lean a ae ccc ES A a aT ae we i wie pte et T3-~. aati 





Arrows show the results of the dansyl-Edman procedure, 


The presence of carbohydrate was detected as a galactosamine peak in the amino-acid 


analyser. After removal of the indicated serine the amount of galactosamine in the residual peptide was 50 per cent lower. 


The sequence between residues 22 to 37 is taken from ref. 7. 


Fig. 2. The sequence of a CNBr fragment from the N-terminal of heavy chain disease protein ZUC, 


Fd fragment 


eh tenet tt nt ters CARER ht EPA A rene 


Lys- Thr- Pro- Leu- Giy- Asp- Thr (Cys, Thr, Pro, His} Arge Cys- Pro- Glu- Pro- Lys- 


a a E nee 


E E E, E a 
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Mervin oA ere uen E aera Ie mannana J 
artnet rt abenia aaran aa it TEPENE E RE AAA A ENET EREN K Pi P ee em E A E EA EEEE E E m 











Ser- Cys- Asp- Thr- en Pro (Pro, Cys, Pro) Arg- Cys, Pro- Ala (Pro, Glu, Leu) 
- Th- ~ . 


D aaan aa aana a BE E O ttt cnmULLyt ead tene core S -TA EA E N, > 
Fig. 3. A section of y3 chain KUP including the five interchain S--S bonds. This section was obtained as a single peptic peptide (N— PD; the arrow 


shows a site of papain cleavage. 


Sequence of peptides Tb and Ta is taken from ref. 7. 


The ordering of peptides Td and Tb was taken to be as for protein 


ZUC (Fig. 2). 


of a sample of each pool. The disulphide bridged peptides 
of KUP have been described previously? and we were 
able to identify a fraction (K—P1), near the exclusion 
volume, containing the interchain disulphide bridged 
peptides. The peptides from a tryptic digest of performic 
acid oxidized K—P1 are shown in Fig. 3. 

The five inter-heavy chain bridges characteristic of the 
TgG3 subclass are thus clustered in a section approximately 
twenty residues long at about the centre of the heavy 
chain. In fact we can place a site of papain cleavage in 
Y3, for the interchain cystine present in TI (Fig. 3) was 
the only one present in the Fab fragment’. Papain 
cleavage must therefore occur after TI (which, based on 
trypsin specificity, probably ends with Arg) and before 
the next cystine residue, as shown in Fig. 3. This implies 
that, unless the S—S bond is reduced during papain 
treatment, the Fab of KUP was a dimer. 


Protein i 


i 5 i Q 
aN PCA.) Val. Gin. Val. Val. Glu, Ser. Giy. Ala. Asp. 
Po | i 


Leu. Val. Lys, 


rae 45 
Pro.) Gly. Gly. 


The nature of protein ZUC abnormality was determined 
by comparing the N-terminal fragments of several 
pathological proteins with that of protein ZUC (Fig. 4), 
and comparing part of the N-terminal section of protein 
ZUC with the fragment containing the interchain disul- 
phide bonds of y3 and yl chains (Fig. 5). The first 
eighteen residues of protein ZUC are not identical to 
those of any other known protein but can be easily 
recognized as homologous to the N-terminal sequence of 
other heavy chains (Fig. 4). At present there is no way 
of distinguishing N-terminal sequences of the various 
subclasses; in fact the variable N-terminal sections 
may be shared by the different subclasses. Thus it is 
not possible to say whether protein ZUC starts 
specifically as a y3 heavy chain. A gap, which includes 
the remainder of the Fd fragment, is necessary to show 
the identity of the rest of the ZUC sequence with KUP 
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Fig. 4. A comparison of the N-terminal sequence of protein ZUC with the N-terminal sequence of the heavy chains of several myeloma proteins and a 




















macroglobulin. 

220 230 Ref. 
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Fig. 5. A comparison of the N-terminal sequence of protein ZUC with the sequence around the middle of the heavy chain of y3 and y1 heavy chains. The 
. arrows in protein KUP and CAR show the suggested site of papain cleavage. Solid lines indicate identity with DAW. 
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heavy chain. It therefore appears that protein ZUC is 
an aberrant protein derived from a partial deletion of 
the heavy chain (Fig. 6). | 

There are at least two possible explanations of the 
origin of the deletion: (1) deletion of a section of a gene, 
which could have arisen during cell division due to 
mispairing of DNA strands; (2) deletion of a whole 
‘variable gene” (v gene), if integration with the “invariant 
gene” (c gene) did not take place and only the ¢ gene 
was expressed. This is unlikely, however, because the 
part that is deleted docs not correspond to the variable 
section!?8, If the deletion occurred after v-e gene 
integration the situation is sunilar to (1). 


ki 









as 


~> 


In conclusion, our analysis of the 55-residue fragment 
from the N-terminus of the heavy chain disease protein 
ZUC, and comparison with other heavy chains of the same 
and different subclasses. shows a gap of about 200 residues 
starting at 17-18 residues after the N-termmus and 
including the two intrachain loops of the Fd fragment and 
the inter-heavy—light and two of the inter-heavy—heavy 
bridges. The protein becomes identical to the invariant 
sequence of y3 from a glutamic acid residue at the middle 
of the heavy chains. Protein ZUC is the first abnormal 
immunoglobulin molecule to be defined with such a 
deletion. 

B. F. thanks the US Authorities Foundation for a special 
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The hatched section represents the ZUC protein: it 
lacks the light chains and it has a partial deletion of the heavy chains of about 400 residues. 
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Glucose-6-phosphate Dehydrogenase 
Mosaicism for studying the Development 
of Blood Cell Precursors 

Recexrt work in which clones derived from single haemo- 
poietic cells repopulate the erythroid, myeloid and lym- 
phoid tissues of lethally irradiated mice suggests a common 
or single stem cell eoncept for the cells of the haemopoietic 
svstem!-, In man, however, studies of the distribution of 
the Philadelphia (Ph) chromosome marker of chronic 
myelogenous leukaemia suggest a common stem cell for 
erythrocytes and granulocytes and a different stem cell 
for lymphocytes; this follows from the fact that the Ph 
chromosome is found in erythrocytic and 
granulocytic precursors but not im circulat- 
ing lymphocytes’. We have examined the 
inter-relationships of the blood cells m 
normal human subjects, utilizing the 
mosaicism resulting from X chromosome 
inactivation; specifically, we are asking 
whether erythrocytes (E), granulocytes (G) 
and lymphocytes (L) arise from common 
or from different stem cells. 

X chromosome inactivation, occurring 
early in development, leads to the produc- 
tion of two cell populations in individuals 
heterozygous for sex-linked genes’. The 
differentiated cells-—that is, cells that have 
either a paternal or maternal X active-— 
reproduce true to type sornatieally and 
form a natural system of cell markers for use in develop- 
mental studies’, If two or more cell types share 
common stem cells, their mosaic composition in a hetero- 
zygote should be alike; if not, these cell types should in 
some cases exhibit mosaic composition differences, This 
approach will discriminate between tissues of different 
embryological origin, as we demonstrated in recent work 
showing mosaic composition differences between erythro- 
cytes and skin}! and erythrocytes and hair follicles’ in 
glucose-6-phosphate dehydrogenase (G6PD) heterozygotes. 

In this study, two types of G6PD heterozygotes were 
used: the Mediterranean (GdB/GdMediterranean) and electro- 
phoretic (GdB/GdA) variants, GdMediterranean js charac- 
terized by low G6PD activity, while GdA has essentially 
normal activity but a fast electrophoretic pattern relative 
to the common (@dB) and the Gd Mediterranean forma. Hetero- 
zygotes may express only a single phenotype or any 
combination of two phenotypes. This variation reflects 
in part differences in mosaic composition among hetero- 
zygotes generated by X chromosome inactivation. We 
have used this G6PD variation in heterozygotes to 
estimate mosaic composition, and have examined correla- 
tions between erythrocytic, granulocytic and lymphocytic 
levels to determine whether the cellular composition of 
these tissues is similar or not. 

Twenty-three Mediterranean variant heterozygotes were 
selected by family study from Ferrara County, Italy: 
twenty-five apparently homozygous normal { GABIG 
females and twenty-seven hemizygous normal males (Gd) 
from the same area were used as control groups. Hleectro- 
phoretie variant heterozygotes (GdB/GdA) were obtained 
by screening blood specimens obtained from women 
attending an obstetrics clinic in Seattle. Blood fractiona- 
tion, quantitative G6PD assays and G6PD electrophoretic 
separations were carried out as described previously? 148, 
The relative intensities of the G6GPD bands after electro- 
phoresis were visually scored, using runs set up with 
artificial mixtures of red cell lysates of A and B enzymes 
adjusted to equal specifie activities as standards, Seven 
classes were distinguished ranging from only A detectable 
to only B. 

The results of the assays of relative amounts of A and B 
enzyme in the different cell types are shown in Table 1. 
Of the forty-nine possible comparisons, forty-eight agree 
perfectly; that is, in forty-eight cases, the A: B class 





YZ, 
f 
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Table 1. MOSAIC COMPOSITION OF ERYTHROCYTES, GRANULOCYTES AND 


LYMPHOCYTES IN Gdi}/GdA HETEROZYGOTES* 


Case No, Erythrocytes Granulocy tes Lymphocytes 
16 B>A B>A Boa 
18 B>A B>A Boa 
20 B>A B>A A 
24 A=B A=B aee 
29 B>A B>A B>A 
31 A>B A>B A> 
35 BPA B>A Bea 
38 A=B A=B — 
40 A=B A=B ~~ 
45 A> B A> B a 
47 B>A A= Bo wm > 
70 A> B A> B — 

108 A=B A=B ås B 
135 A> B A> B A> B 
140 A> B A>B A>B 
152 åS B A>B ABB 
154 A=B A=B A=B 
156 B>A B>A == 

162 B>A B>A B>A 
168 A> B A> B A>B 
170 A=B A=B A=B 
181 A=B A=B — 

183 BPA B>A aa 


à> B 
and B (10-0). 


A (100-90); AS B (90-75); 
5); AS B (25-10); 


* Classes in terms of percentage A’ 
(75-60); A= B (60-40); A < B (40-2 


values for two tissues in an individual are identical. In 
one case, number 47, erythrocytes (B>A) differ from 
granulocytes (A=B) by a single class. Tables 2 and 3 
present the results of the studies on the Mediterranean 
G6PD variant and controls. Normal males and females 


have similar G6PD levels m all tissues studied, while 
heterozygotes have significantly lower enzyme activity 


than normals in the three cell lines tested. The correlation 
coefficients between G6PD levels of different tissues in 
heterozygotes are all significant—E:G 0-54, E:L 0-48 
and G:L 0-50. None of the correlation coefficients for 
normals is significant. The findings in these two studies 
are therefore in general agreement, though the correlation 
coefficients found between cell lines in the Mediterranean 
variant heterozygotes are considerably lower than the 
near perfect. correlations of the electrophoretic variant 
heterozygotes. Possibly the lower correlations observed 
m the eee ee can be pune for by d 


TO oe m a vies CASES. 


Table 2. 
CYTES OF WETEROGZYGOLS 


C:6PD LEVELS IN RED BLOOD CELLS, LYMPHOCYTES AND GRANELO- 
8, HOMOZYGOUS AND HEMIZYQOUS SUBJECTS 


A Absorb- 


ancejmin/g A Absorb- A Absorb- 
No. haemoglobin- anee/min/10° anece/min/10° 
erythrocy a lymphocy tes g ranuloeytes 
Heterozygotes 23 16-6 + 2- 9613 2002-2 
(Qd GdbigaM: editerrane an} 
Homozygotes* 25 8354423 231421 = 4322-8 
(Gd®/Gd°) 
Hemizygotes (Gd) 27 S07 +21 1909417 4-7 42-7 


* Parents, siblings and offspring all normal G6PD levels, 


CORRELATION COEFFICIENTS FOR G6PD LEVELS IN THE THREE 
CELL TYPES STUDIED 


Table 3. 


Heterozygous Homozygous Hemizygous 
(Gd 3/Gd- Mediterraneany (Gd B/GdB) (Gde) 
Erythroeytes/aranuloey tes 054” Qil — O04 
Erythrocytes/lymphocytes 0-48* 0-26 0-02 
Granulocy tes/lymphocy tes 0-50" 0-27 O27 


* Significant at the 1 per cent level. 


‘These findings of positive correlations between the 
mosaic composition of E, G and L in G6PD heterozygotes 
are compatible with the model of a common precursor 
or totipotent stem cell for these cell types. This is in 
agreement with the results of bone marrow repopulation 
studies of lethally irradiated mice already mentioned 
where a totipotent haemopoietic stem cell was also 
indicated. This conclusion suggests that the distribution 
of the Ph chrernosome in erythrocytic and granulocytic 
precursors, but not in lymphocytes, in chronic granulo- 
eytic leukaemia may reflect. some aspect of the malignant 
process rather than normally occurring multiple haemo- 
poietic stem cells. 
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Interpretation of DNA-RNA 
Hybridization Data 


THe mechanism of DNA-RNA hybridization is not well 
understood, and several different approaches to the inter- 
pretation of experimental results have been proposed. 
One such approach? seems to have gained fairly wide 
acceptance’*. "The purpose of this article is to show that 


this interpretation is not compatible with what is now 
known about the mechanism of the reaction. 

The rate of DNA renaturation is primarily determined 
by the collision frequency of complementary sequences?:®. 
The collision frequeney in turn is determined chiefly by 
sequences 


the concentration of the in solution. The 





Fig, 1. Diagram representing hybridization between RNA and im- 

mein ad DNA, to illustrate the interpretation proposed by McCarthy 

and Bolton’. A constant amount of DNA is annealed in constant 

conditions with different amounts of RNA. The abscissa, R, re present 

RNA added expressed in any convenient unit. The ordinate, S S, repre- 
sents RNA hybridized to DNA, 


NATURE VOL. 224 NOVEMBER 8 1969 


basie structural similarity of DNA and RNA, 
the similar optimum conditions for DNA- 
RNA and DNA-DNA duplex formation’, 
and the similar thermal stabilities of the two 
types of duplex all suggest that the basic 
mechanisms of the two reactions must be 
very similar. Direct evidence is provided by 
the work of Nygaard and Hall? and Gillespie 
and Spiegelman*, who showed that the rate 
of DNA-RNA hybridization is proportional 
to the initial RNA and DNA concentrations. 
Recently, I extended these experiments and 
found that the hybridization observed over 
long periods can be represented by a fairly 
simple function of the initial RNA concentra- 
tion’. Using DNA from different micro- 
organisms and homologous in vitro RNA, I 
found that the more sequences an RNA Fig. 3 
preparation contains, the slower is the rate lab 
of DNA-RNA hybridization under given 
conditions. This is analogous to the DNA 
renaturation studies of Wetmur and David- 
son? and shows quite clearly that the rate- 
determining concentration in DNA~RNA 
hybridization is the absolute concentration 
of the complementary sequences. 

In DNA-RNA hybridization experiments, the amount 
of DNA available for hybridization with RNA is reduced 
if DNA renaturation is not prevented. Bolton and 
McCarthy described a method of preventing DNA re- 
naturation by trapping the denatured DNA in agar?®. 
When agar containing denatured E. cols DNA was annealed 
with different amounts of E. coli RNA, a characteristic 
hybridization curve was observed! (Fig. 1, continuous 
line). MeCarthy and Bolton! argued that this curve 
reflected the frequency distribution of the mRNA 
sequences, suggesting that if equal numbers of all 
mRNA sequences had been present, hybridization would 
have followed the broken line in Fig. 1. This repre- 
sents the complete hybridization of all hybridizable 
RNA added, up to the point at which the amount of 
hybridizable RNA is equal to the amount of comple- 
mentary DNA (D). Thus the assumption is being made 
that complementary DNA and RNA sequences always 


Hybridization (ug RNA/100 wg DNA) 


Hybridization (e.p.m.jug DNA) 





0-2 0-4 0-6 0-8 1-0 


RNA added, mg/zg DNA 


Fig. 2. Hybridization of galactokinase and transferase mRNA. 
Two separate experiments are shown, with mRNA of different 
specific activity. RNA was prepared from E, coli K}? {(Ei/F'gal 8) 
grown in giycerol-casamino acids medium containing 0-05 M p-fucose 
and pulse-labelled for ł per cent of the generation time with 
4C-uracil. DNA was prepared from two transducing variants of 
bacteriophage 4: Adg 17-8, which varries the entire galactose operon, 
and Adg T166, which carries only the epimerase cistron. The transducing 
phage were free of wild-type A, except that a very small amount (about 
1 per cent) of *P-labelled phage was added just before phenol extraction. 
The DNA was immobilized on nitrocellulose membrane filters’? and 
annealed with RNA dissolved in 2x SSC for 40 h as deseribed pre- 
viously’, The points plotted show the difference in hybridization 
(c.p.m./eg2 DNA) between Adg 17~8 and Adg T166 DNA. 





Time-course of hybridization of **P-labelled F. 
4C-labelled E. coli DNA. To prepare RNA, the labelled cells were grown for two genera- 
tions in unlabelled medium, harvested and disrupted by grinding with alumina. 
somes were prepared by differential centrifugation and RNA purified by phenol extrac- 
tion, sedimentation on a sucrose gradient, treatment with DNase, and passage through 
The hybridization was as for Fig. 2 except that the annealing time was varied. 
Curve 1, 80 zg DNA, 10 zg RNA; 


‘Sephadex’. 





10 2 
Annealing time (h) 


eali total ribosomal RANA and 


Ripo- 


eurve 2,8 ug DNA, i ug RNA; 


2 RNA; curve 3, 60 ag DNA, 
enrve 4, 60 ug DNA, 0-5 ug RNA, 


1 eg RNA; 


react completely, with the exhaustion of the rarer species. 
If this were so, the amount (A) by which the observed 
hybridization of mRNA fell below the broken line 
would represent RNA sequences which were present in 
excess of complementary DNA sequences. The hybrid- 
ization (B+C) would represent the sum of B, the RNA 
hybridized to the already saturated sites, and C, the RNA 
hybridized to sub-saturated sites. Then the proportion 
of DNA sites which are saturated at any RNA input Æ 
would be given by B/D and the RNA complementary to 
these sites by (A +B)/R. (The method used to obtain B 
is described in the original paper.) An integral frequency 
distribution would be obtained by plotting (44+ BR 
against B/D, 

The agar method of immobilizing the denatured DNA 
has now been largely superseded by the membrane filter 


method’. Apart from the prevention of DNA renatura- 
tion, the filter-bound DNA seems to react as though 


it were distributed throughout the solution’ although 
probably at a slower rate. This may be because of 
the much greater mobility of the RNA molecules, which 
are generally very much smaller than the molecules 
of DNA. All of the experiments described and quoted 
below were carried out with the filter technique, and 
are directly relevant to the application of the McCarthy~— 
Bolton method to this technique. Their relevance to 
the agar method itself is less direct; but the principles 
established should be applicable to all situations in which 
hybridization is rate-limited by the collision frequency 
of complementary sequences. 

The objection to the McCarthy~Bolton interpretation is 
that its basic assumption is incorrect. The hybridization 
of a mixture of equally concentrated RNA sequences is 


not quantitative and linearly proportional to RNA 
input. There are several examples of this. In every case 


the saturation curve takes the form of the continuous 
line shown in Fig. 1. In Fig. 2, for example, the hybridiza- 
tion of a specific part of galactose mRNA iw shown, 
Tryptophan mRNA?!)!2, tyrosyl tRNA! and Æ. colt 
SSRNA™® produced the same type of saturation curve. 
In none of these cases does the amount of RNA hybridized 
bear a linear relationship to the amount of RNA added. 

These experiments are incompatible with the MeCarthy~ 
Bolton interpretation but are readily explained im terms 
of a collision-dependent hybridization reaction. The rate 
of hybridization of any pair of complementary sequences 
"i noronined by their absolute concentration, AS the 


Ts wi 
(a) one of the 


aa PA a T A falls. ad ho rea u a rake fale 
extreme situations may be considered: 


602 


pÁ Á— Á m M Mii Mi Mii i 


A! 





-pt af 
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Fig, 4. Transformation of Fig. 1. The continuous lines represent the 
relationship between RNA hybridized/unit DNA (S’) and RNA input/ 
unit DN Atinput (R) for two different input levels of DNA, Da and Da. 


reacting sequences is in such excess that its effective 
concentration is unaffected by withdrawal into hybrid; 
(b) the reacting sequences are equal in amount, and the 
concentration of both is reduced by hybrid formation. 
An experiment was carried out to measure the scale of 
these effects. 

Curve 1 (Fig. 3) shows the rapid reaction obtained þe- 
tween 80 ug DNA and 10 ug ribosomal RNA (ratio of 
RNA to complementary DNA 40:1). Keeping the ratio 
of RNA to DNA the same, but reducing the concentration 
of both reactants, a slower approach to the final value was 
observed (curve 2). (The shghtly lower final value ob- 
served at the higher DNA concentration may be caused 
by the occurrence of some DNA renaturation during the 
loading of the membrane filters.) With RNA in excess 
the rate of the reaction clearly depends on the concentra- 
tion of the reactants. 

For the present purpose the more important condition 
occurs when the amounts of the reactants are approxi- 
mately equal. Curves 3 and 4 (Fig. 3), by comparison 
with curve 1, show the effect of reducing the amount of 
RNA to five times and two and a half times the amount of 
complementary DNA. After 24 h of annealing, only 90 
per cent and 80 per cent of the complementary DNA 
sites were hybridized with RNA. The inference is clear, 
that were the amount of RNA to be reduced still further, 
the reaction would become even slower. That this effect 
results from depletion of the RNA is shown by comparing 
curves 2 and 3. The RNA concentration was the same in 
both cases; but the amount of DNA was lower for curve 2, 
which nevertheless shows a more rapid approach to 
saturation. 

Although slow, the reactions shown in curves 3 and 4 
are probably more rapid than they would be using 
comparable ratios of mRNA to complementary DNA, 
instead of ribosomal RNA. Æ. coli contains five to six 
copies of the ribosomal DNA* #617 and a corresponding 
multiplicity of RNA copies is required to produce any 
given RNA/DNA ratio. For mRNA, the absolute con- 
centration of each RNA sequence would be five to six 
times less, and the reaction would therefore be slower. 

Despite this, it is still conceivable that in practice the 
MeCarthy--Bolton method, for unknown reasons, produces 
the correct results. The following experiment tests the 
method directly. Fig. 4 shows a transformation of the 
plot shown in Fig. 1. Instead of RNA input (R), RNA 
input/unit DNA input (R’) is plotted; instead of RNA 
hybridized (S), RNA hybridized/unit DNA (S°). Hybrid- 
ization with two imaginary levels of DNA (Da and Dp) is 
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shown. For each level, B/D=B’ and (44+ B)/R=(A‘+ 
BYR’. We ask the question, when B'a = B's does {(A’+ 
BYR a= { (A4 B'E}. Tf not, the form of the distribu- 
tion depends on the level of DNA, and does not character- 
ize the RNA in any absolute way. It can readily be shown 
that when B’,= B's then {(A’+ B'E ya will equal {(A’+ 
B')/ F’ y» only if the two curves of S’ against R’ are identi- 
cal. An experiment was carried out with three different 
amounts of T4 DNA and T4 “early” mRNA! (Fig. 5). 
A completely different curve of S’ against R’ was produced 
for each amount of DNA. Applying the McCarthy— 
Bolton method here, we would generate three different 
“frequency distributions” for the same RNA preparation. 
It is thus quite clear that the method does not characterize 
the RNA preparation in any absolute way. 

Kennell* used the McCarthy—Bolton method to measure 
the percentage of #. coli DNA which is complementary 
to mRNA prepared from cells grown in minimal medium, 
and arrived at an estimate of 10 per cent of the DNA 
(20 per cent of one strand). We have seen that the 
exhaustion of one of the two complementary sequences is 
promoted by annealing for as long as possible, and by 
using as high as possible a concentration of the comple- 
mentary sequence. An attempt was therefore made to 
saturate E. colt DNA with mRNA in this way (Fig. 6). 
Despite the use of a very long annealing time, the DNA 
was still not fully saturated at the highest RNA concen- 
trations used. Full saturation was estimated by plotting 
the reciprocal of hybridization against the reciprocal 
RNA concentration, and extrapolating to infinite RNA 
concentration (Fig. 6b). It was estimated that 14 per 
cent of the DNA (28 per cent of one strand) would hybrid- 
ize with mRNA. This estimate, then, is 40 per cent 
higher than Kennell’s* estimate. 

This value is very likely still to be an underestimate 
of the proportion of E. coli DNA transeribed. Recent 
results’ suggest that complete hybridization underesti- 
mates complementarity by a factor between 1:5 and 2. 
If so, the extrapolated value of 14 per cent indicates that 
21-28 per cent of the E. coli DNA is complementary to 
the hybridizing sequences. Again, RNA sequences which 
are lower in concentration than the average by a factor 
of about 100 or more are likely to remain undetected’. 
Thus 21-28 per cent may still be an underestimate of the 
percentage of the DNA transcribed. 

The experiments described here show that when the 
number of complementary DNA and RNA sequence is 


S’, hybridization (¢.p.m./ug DNA) 


500 
PR’, RNA input (az RNA/ug DNA) 


Fig. 5. Hybridization of T4-speeific “early” mRNA with T4 DNA 
at three different input concentrations (x, 0-3 ug; O, 15 ug; @, 
7-6 pg) of DNA. The purification cf **P-labelled bacteriophage T4 
and “C-labelled messenger RNA is described elsewhere’**. Hybrid- 
ization was as for Fig. 2 except that annealing was for 16 h, 
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Fig. 6. Hybridization of E. coli mRNA with E. coli DNA. a, Direct 
plot; b, reciprocal plot. Two separate experiments are shown. P- 
labelled #. coli K12 (MRE 600) DNA was prepared as described 
previously’. RNA was C-labelled by growing the same strain in mineral 
salts-glucose medium and adding “C-labelled uracil (2 yg/ml.) for 
exactly one generation in mid log phase. The specific activity of the 
mRNA was taken to be twice that of the bulk RNA. RNA was 
prepared as described in the legend to Fig. 3. Hybridization was as for 
Fig. 2, except that the annealing time was 40 h. 


equal, the hybridization reaction cannot be assumed to 
go to completion. Conclusions drawn by making this 
assumption are very likely to be erroneous. This restric- 
tion should apply to all experimental situations in which 
the rate of DNA-RNA hybridization is limited by the 
collision frequency of complementary sequences. 

I thank Miss M. Irving for permission to use the data 
shown in Fig. 2, Miss M. Richardson for technical assist- 
ance, the Medical Research Council for financial support, 
and the MRC Microbial Products Division, MRE, Porton, 
for preparing Adg 17-8. 
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Does Hydroxyurea inhibit Chromosome 
Repair in Cultured Human Lymphocytes? 
HyDROXYUREA is a powerful inhibitor of normal, semi- 
conservative DNA synthesis'-*. It has been suggested 
that hydroxyurea may exert its effect at the level of the 
conversion of ribonucleotides to deoxyribonuctlectides. 
While the search for the precise mechanism of action of 
hydroxurea continues, its properties, especially for cell 
synchronization, have made it extremely useful?-’, 

The most interesting effect of hydroxyurea is that, 
although it inhibits normal, semi-conservative DNA 
repheation, it does not seem to prevent unscheduled DNA 
synthesis following irradiation’. This is believed to be 
repair synthesis® 9, and so we have asked, Does chromo- 
somal repair or rejoming occur during treatment with 
hydroxyurea ? 

Human lymphocytes were obtained from peripheral 
blood of two normal men and cultured’. The X-ray 
source was a standard therapy Keleket operated at 
250 keV and 15 mA with 1 mm Al added filtration. The 
dose rate was 100 r./min. Treatments with hydroxyurea 
or X-rays or both were begun 1 h after the initiation of the 
cultures. This meant that the lymphocytes were in the G, 
stage’? attached to the culture flask. Repair time (the 
time required for X-ray induced breaks to be altered so as 
not to be available for exchange with subsequently 
induced breaks) was measured as described elsewhere", 
We saw the result of such an exchange as a dicentric chros 
mosome. We used a range of fixation times in all group- 
to ensure that the peak aberration frequencies were ob- 
tained and only the peak frequencies are reported here. 


Table 1. EFFECT OF VARYING CONCENTRATIONS OF HYDROXVUREBA ON 
TRANSFORMATION AND MITOTIC ACTIVITY IN HUMAN LYMPHOCYTES TREATED 
IN G, STAGE 


Final concentration Per cent 


treatment No. celis transformed MLF 
time 90 min count cells per cant 
5 mM 2,197 4% Less than 0-1 
4mM 2,825 a°3% 0-8 
3mM 2,493 95% 1-0 
2 mM 2,268 31°8%, 3-2 
1 mM 2,101 28-56% TOL 
None 2,991 38:2% BF 


* M.I., mitotic index. 


Table 1 shows the results of the hydroxyurea treat- 
ments over the entire range of concentrations used. Fre- 
quencies of transformed cells (stimulated by phytohaem- 
agglutinin) and mitotic indices are clearly reduced when 
the concentration of hydroxyurea is equal to or in excess 
of 3 mM and present for 90 min. A concentration of 3 mM 


or less does not seem to alter the frequency of transformed 


cells and the mitotic indices as compared with the control. 
The aberration frequency (both chromosome and chromatid 
types) in the treated cells at concentrations of either 
2 or 4 mM was no different than the control rate (Table 2). 
No dicentrics or other exchanges were observed after 
treatment with either 2 or 4mM hydroxyurea. Hydroxy- 
urea at the concentration used (2 mM) in the combined 
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study with X-rays does not induce chromosome breaks 
which can be seen in the first post-treatment division. 
This supports the observation reported by Yu and 
Sinclair!® that hydroxyurea, at a concentration of 2mM 
for 1 or 6h, does not induce any observable chromosome 


aberrations im Chmese hamster cells in the G, stage. 
Even though there is no evidence for chromosome 
aberrations m metaphase cells that survive 4 mM 


doses, it should be noted that there is a decrease in 
the frequency of transformed cells and the mitotic index, 
which probably means that hydroxyurea at high con- 
centrations will not allow cells to enter the S stage and 
subsequently divide. 
Table 2. EFFECT OF HYDROXYURBA GN CHROMOSOME 
IN CULTURED HUMAN LYMPHOCYTES 
Per cent chromatid 


ABEERATION RATES 


Final con- Per cent chromosome 


centration of  Nurmber aberration aberration 
hydroxyurea metaphases Dele- Ex- Frag- Picen- 
15h scored Gaps tion change ment tric Ring 
4 mM 50 138 2 0 2 G Q 
2 mM 100 17 0 Q 9 0 9 
None 100 14 J 0 4 Q 0 


To test the effect of hydroxyurea on chromosome repair 
time, it is necessary to find out the normal repair time. 
Cultured human lymphocytes were irradiated with 300r. 
of X-rays in two equal doses with varying time intervals 
between them. When the time interval was zero (300 r. 
in a single burst) or as long as 60 min, the frequencies of 
dicentrics were 29 per cent and 30 per cent respectivel) y; 
whereas when the time interval was increased to 90 min, 
the frequency of dicentrics was only 19 per cent, which is 
about the same as if the two 150 r. doses were given 
separately (Table 3). This indicates thet the breaks 
induced by the first 150 r. were repaired by 90 min so 
that they were no longer available to interact with the 
breaks induced by the second 150 r. dose. The result. of 
two 150 r. doses separated 90 min is the same as if they 
were given independently. The repair time of the chromo- 
some breaks is 90 mim or less, but longer than 60 min. 
When hydroxyurea at a concentration of 2 mM was added 
to the medium durmg the 90 min interval between the 
two 150r. doses, the frequency of dicentrics rose ee 
26 per cent—-a figure which is close to that yielded by : 


single 300r. burst. Hydroxyurea seems to alter ae 
normal chromosomal rejoming activity after the first 


150r. dose. The breaks remain and are able to interact 
with the breaks induced subsequently by the second 
150 r. dose. The effect is not the result of additional 
breaks caused by a sensitizing action of this drug because 
hydroxyurea at a concentration of 2 mM for 90 min following 
a single dose of 150 r. does not increase the frequency of 
dicentrics from that observed after 150 r. alone (Table 3). 


Table 5. EFFECT OF HYDROXYUREA (2 mM FOR GD MIN) ON CHROMOSOME 
REPAIR TIME 


Per cent aen 


Meta- Calculated* 
X-ray treatment phases Ob- Tf addi- for 
scored served tive interaction 
150 r. 150 8 
150r, Hydroxyurea for 90 min 80 6 
806 r, . 190 24 
130 r— Time interval 60 min—-140 r. 200 30 16 32 
150 r-—Time interval @0) min--150 r. 200 19 416 3? 
150 r.—Time interval 90 min with 
hydroxyurea~-~150 r. 143 26 16 32 
* Per cent dieentric caleulated for interaction obtained from 


(4/8 + 4/8)? = 32. 


Our data support the theory that hydroxyurea used 
at this concentration inhibits the repair of the chromosome 
breaks, but does not by itself induce chromosome breaks. 
This finding is interesting because Painter and Cleaver? 
have found that hydroxyurea failed to imhibit un- 
scheduled DNA synihesis” following X-ray treatment. 
One explanation of these apparently contradictory results 
is, of course, that these processes are unrelated. But 
to see “unscheduled DNA synthesis’ *, 8H-thymidime is 
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added to the medium and its uptake observed. Exo- 
genously supplied thymidine is beyond the step believed 
to be blocked by hy droxy urea and its msertion would not 
be expected to be inhibited by that drug. Moreover, none 
is added when chromosome rejoming is being tested. 
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Inhibitory Effect of a Synthetic 
Interferon Inducer on Murine Sarcoma 
and Leukaemia Virus Infection in vitro 


SYNTHETIC polyribonueleotide complexes stimulate the 


synthesis of host interferon in vivo and in vitro, The 
protective effect of polyinosinic.polycytidylic RNA 


(poly I.poly C} on virus infection in vivo and in vitro has 
been deseribed (refs. 1-5 and personal communication 
from N. B. Finter). Poly I.poly C was reported to sup- 
press the growth of transplantable murme tumours of 
known or unknown viral aetiology®:?. We have recently 
described the inhibitory effect of poly T.poly C on the 
induction of sarcomas in newborn mice by the murime 
sarcoma virus (MSV Va. 
we here aad t he in v ritro inhibit ory ereer o n a 


complex: A study pany irming our cae was re- 
cently reported’. Teehniques for the preparation of tissue 
cultures, virus stocks and poly I.poly C have been de- 
seribed>®%10, The effeet of poly I.poly C on MSV and 
murine leukaemia virus (MuLV) was examined by the 
procedure used in studies of the effect of interferon on 
these viruses!®, A determination was made of the capacity 
of the virus to induce cell transformation and/or to repli- 
cate in mouse embryo fibroblast (MEF) cultures in the 
continuous presence or absence of poly [.poly C in the 
culture medium. ‘Treatment began 18 h before virus 
infection and was withdrawn during the period of virus 
adsorption (6h for MSV, 18h for MuLV). Culture medium 
replacements with poly L.poly C containing and control 
media were carried out at 3 day intervals. MSV foei 
were counted 5 days after virus infection. Cultures 
infected with MuLV were transferred once at 10 days 
and maintained for 20 days. Focus titres of MSV™ and 
complement fixation (CF) antigen induction titres of 
MuLV"® in treated and parallel control cultures were 
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‘compared. Virus replication in these cultures was exam- 
ined by reassay of cell-associated virus in MEF cultures’’. 
Preliminary experiments indicated that the degree of 
suppression of MSV foci in MEF cultures was dependent 
on the concentration of poly I.poly C in the culture 
medium. The reduction in focus titre was 85 per cent at 10 
ug/ml. and > 95 per cent at 50 ug/ml. of culture medium. In 
the experiments reported here, poly I.poly C was used at 
100 ug/ml. of culture medium, Higher concentrations 
tended to be toxic for MEF cells. An experiment designed 
to determine the best period of treatment indicated that 
the greatest focus suppression was obtained only by con- 
tinuous treatment starting 1 day before virus infection 
(poly I.poly C was removed during the period of virus 
adsorption). 
Table 1. EFFECT OF CONTINUED TREATMENT OF MOUSE EMBRYO FIBRO- 


BLASTS WITH 100 pg/ml, OF POLY I. POLY C ON FRIEND PSEUDOTYPE MURINE 
SARCOMA VIRUS-INDUCED CELL TRANSFORMATION AND VIRUS REPLICATION 


MSV foci/dish MSV yield FFU/0-2 mil. 


Exp. No, Contral Poly I. Poly © Control Poly I. Poly € 
1 54 9 31 0 
2 65 2 38 5 


The medium containing poly I. poly © was removed by three cycles of 
pear ey Cae a virus adsorption period of 6 h, after which treatment 
continued. 


Table 2. EFFECT OF CONTINUED TREATMENT OF MOUSE EMBRYO FIBROBLASTS 
WITH 100 ug/ml. oF POLY I.PoLy C ON THE REPLICATION OF VARIOUS 
CHALLENGE DOSES OF MURINE LEUKAEMIA VIRUSES 


Virus Control Poly I. Poly C 

Leukaemia challenge CF titre’ Virus yield; CF titre* Vi irus yield/ 
virus dose 0-2 mi, o-2 ml. 
Rauscher i 4 10° <4 < 10! 
10 16 104 <4 1a! 
100 32 10 <4 10° 
Friend t 16 10° <4 <10' 
10 32 103 < 4 108 
100 32 10* 16 108 
Gross 1 2 10? <2 <10" 
10 4 10° <2 < 10° 


The medium containing poly I. poly C was removed by three cycles of 
washing poeng & Virus adsorption period of 18 h, after which treatment 
continue 


*Reciprocal of titre. 


Poly I. poly C suppressed the cell transformation as well 
as replication of MSV (Table 1). Similarly, continuous poly 
I. poly C treatment, begun before virus infection, sup- 
pressed the replication of up to 100 input challenge doses of 
Friend leukaemia virus (Table 2). On the other hand, we 
have found that when poly I.poly C treatment is started 
after the establishment of virus infection (treatment began 
20 days after virus infection with 10* infectious units of 
Friend leukaemia virus), neither the CF antigen titres 
nor the yield of infectious leukaemia virus is significantly 
altered. We are exploring more intensive dose schedules 
and use of enhancing compounds? to determine whether 
an established virus infection can be inhibited. 

Both poly I. poly C and interferon (refs. 10, 13, 14 
and personal communication from G. F. Fitzgerald) 
suppress the viruses of the murine leukaemia—sarcoma 
complex. It appears that the suppression of virus replica- 
tion may be caused by the induction of interferon. Other 
modes of action of poly I. poly C remain to be explored. 
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Isolation and Growth of Mycoplasma 
in Human Embryo Trachea Cultures 


WE are able to report the use of human embryo trachea 
cultures as a convenient means of isolating and growing 
mycoplasma. 

Trachea cultures have been used to cultivate respiratory 
viruses!. They are more sensitive than cell monolayers? to 
certain viruses, and the ciliated epithelium makes i 
possible to see the condition of the culture and to tell that, 
when activity ceases, cells are damaged or killed. 

The isolation of mycoplasma on solid or in Uquid artificial 
media is not always successful*, and is sometimes tedious 
as, for example, in the isolation of M. pneumoniae, an 
important pathogen of man}, 

Various types of cell cultures are contaminated by 
mycoplasma and can support the growth of certain 
mycoplasma deliberately introducedë:$, but specifie cyto- 
pathic effects are rarely detected, and the system has not 
been widely used for isolating mycoplasma from clinical 
samples? , 

Cultures were prepared by suspending thin transverse 
slices of human embryo trachea in 1-0 ml. Eagle’s medium 
containing 0-1 per cent sodium bicarbonate without 
antibiotics in 6 x 0-625 inch test tubes incubated on a 
roller drum at 37° C (ref. 9). The cultures were incubated 
for one day, examined for evidence of motile cilia and then 
inoculated with 0-1 ml. of mycoplasma sample. Subse- 
quently the cultures were tested for the presence of 
mycoplasma by inoculating 0-02 ml. drops of infected 
culture fluid onto mycoplasma agar medium; the plates 
were incubated m an atmosphere of 5 per cent CO, in N, 
at 37°C. The trachea cultures were incubated for up to 
fourteen days without a medium change and, periodically, 
samples were removed, fixed, stained and exarined for 
evidence of structural changes. 

The mycoplasma tested were strains of M. hominis (NTCC 
10111), M. pneumoniae (NTCC 10119) and M. mycoides 
var capri (a strain of known pathogenicity for goats", 
provided by Dr G. Smith, Nuffield Institute, London). In 
addition, strains of M. orale type 1, M. saliverium and 
T-strain mycoplasma, present in throat swabs, were used. 
These were obtained from volunteers known to be chronie 
carriers of these mycoplasma species and were provided by 
Dr J. Inglis, Brompton Hospital, London. The specirnens 
were collected in 1 ml. transport medium (Hanks saline 
containing 0-1 per cent sodium bicarbonate, 0-5 per cent 
bovine albumin with no antibiotics) and inoculated into 
trachea culture immediately or after brief storage at 
— 20° C. The mycoplasma were also grown on agar 
medium (Difeo PPLO broth solidified with 0-75 per cent 
Oxoid ionagar No. 2 and enriched with 20 per cent horse 
serum, Burroughs Wellcome No. 3, and 10 per cent yeast 
extract, from the Wellcome Research Laboratories, 
Beckenham, Kent; penicillin was incorporated at 1,000 
ujmi. and thallium acetate at 0-05 per cent). 

Repeated tests in trachea culture of one throat swab 
sample containing M. salivarium demonstrated that good 
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growth of the organism could occur, but some trachea 
cultures did not support growth and in others the survival 
of the organism was brief (Table 1). Various throat swab 
specimens in trachea cultures and on agar showed enrich- 
ment of mycoplasma, although trachea cultures were 
probably not as sensitive as agar for direct isolation 
(Table 2). No culture was contaminated with bacteria, but 
this probably reflected the care with which the samples 
were collected. 


Fabie 1. GROWTH OF M. salivarium IN DIFFRRENT TRACHEA CULTURES 


ALL INOCULATED WITH THE SAME THROAT SWAB SAMPLE 


Trachea. No, of colony forming units recovered after incubation for 
culture 3 days 5 days 7 days 13 days 

1 1-0* a7 4:9 17 

2 Nil Sö iF i4 

4 Nil Ni il Nil Nil 


* Log, colony forming units/ml, 


Table 2, GROWTH OF MYCOPLASMA ON AGAR AND IN TRACHEA CULTURES 
INOCULATED WITH (1) THROAT SWAB MATERIAL OR (2) WITH A CULTURE OF 
M. hominis ADAPTED TO GROWTH IN TRACHEA CULTURE 


Growth Growth in trachea culture tested after 
Mycoplasma species on agar 6 days 14 days 
M. salivarium (A*) 3At 2/4 (D 46 0/4 
{ii} 5-3 
3 z {C} a7 Ofd 0/4 
a 4 (D) 2-3 2/4 GD) 54 0/4 
GD 3:3 
‘i 33 (E) 36 4/4 (i) 3:3 1/4 Gi) 17 
GH 52 
(iii) 4-2 
{iv} 4:7 
AM, orale type 1 3°5 2/4 (i) BE 0/4 
GH 4:3 
T-strain 22 j4 O/4 
AM. hominis QR 3/4 G) 15 4/4 (i) 47 
(ii} 2-4 fii} 48 
(ii) 3-6 Gif) 3-9 
{iv} 4-1 


* Code number of donor. 

+ Logis colony forming units/ml. 

t Denominator gives number of trachea cultures inoculated, enumerator 
gives number from which mycoplasma isolated on agar on the day stated. 
Figures indicate the number of colony forming units isolated from the 
positive trachea cultures. 


No test in which evidence for survival and growth of 
mycoplasma was obtained showed any alteration in the 
activity of the cilia, and no structural changes were noted 
in stained sections of trachea specimens. In studies on 
trachea cultures inoculated with M. mycoides var capri, 
however, cytopathic effects were observed. These changes 
were dose-dependent and the first effect, cessation of the 
activity of the cilia, occurred when the culture contained 
about 10° colony forming units of mycoplasma. At this 
stage, epithelial cells were rounded up in stained sec- 
tions, and about one day later the epithelium had stripped 
off. Changes in the cartilage were simultaneously observed, 
the cells rounding up and the nucle: becoming densely 
stained; but, in contrast, the matrix lost its capacity 
to retain stain and virtually became transparent. Un- 
infected control cultures showed neghgible alteration 
in the tissue throughout the 14 day period of the test. 
A preliminary test of M. pneumoniae showed that after 
inoculation of high titre laboratory grown material 
(10%? colony forming units/ml), trachea cultures were 
damaged in much the same way as with M. mycoides var 
capri, but the organism was not recovered from the 
infected culture. 

These results seem to support the view! that the trachea 
culture system may be valuable for assessing the patho- 
genicity of mycoplasma species. F urthermore, the system 
offers an interesting possibility for studying pathogenicity 
of mixed mycoplasma and viral infections and the control 
of these by chemotherapy. 
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Neutralization of Graffi Leukaemia Virus 


GRAFFI leukaemia virus (GiLV) can be neutralized by 
specific antisera prepared either in rabbit! or in mice®, but 
very little is known about the antigenic relations between 
GiLV and the other murine leukacmia viruses. Graffi et al. 
reported that an anti-AKR strain leukaemia rabbit anti- 
serum can neutralize GiLV*, while Steeves et al. observed 
that anti-GiLV mice antisera are inefficient against Friend 
and Rauscher viruses?. The latter result contrasts with the 
existence of a cross-reacting “FMRGi” antigen at the 
membrane of leukaemic cells induced by Friend, Moloney, 
Rauscher and Graffi viruses®:®. Studies on the neutraliza- 
tion of GiLV reported here indicate that the antigens 
revealed by virus neutralization are different from FMRGi 
cellular antigen, and that an antigenic specificity of GiLV 
neutralization can be detected only by mice antisera. On 
the contrary, rabbit and rat antisera show a cross- 
reactivity between Gross, Graff, Moloney and probably 
the other murine leukaemia viruses, 

Mice antisera were prepared either in C57B1/6 or in 
BALB/e adult mice rreaalated three to seven times intre 
peritoneally, at weekly intervals, with one of the fallowing 
materials: (a) Moloney leukaemia virus (MLV) purified 
from the plasma of BALB, je mice by a routine method’; 
(b) GiLV prepared in the same way from the plasma of 
C57B1/6 mice; (c) BALB/e MLV induced YC 2 lymphoma 
cells; (d) BALB/e GiLV induced GiC2 lymphoma cells; 
(e) C,H/An mouse tissue culture cells (L strain) spon- 
taneously infected by a non-leukaemogenic virus; (f) 
Moloney pseudotype of the murine sarcoma virus 
(MMSV) kindly provided by Dr J. B. Moloney (N.LH., 
Bethesda, Maryland): (g) Graffi pseudotype of the same 
virus (GiMSV) prepared following Huebner et al.8. The 
properties of GiMSV have already been deseribed, the 
most important being its oncogemeity for C57BI1/6 rather 
than for any other inbred strain of mice which has been 
tested®. Rabbit antisera were obtained by three sub- 
cutaneous inoculations of MLV in complete Freund 
adjuvant, followed by three intravenous inoculations of 
purified MLV. Rat antisera, W/Fu anti-C58 (NT) 
Gross leukaemia, were kindly provided by Dr Boyse 
(Sloan-Kettering Institute, New York) or prepared in 
the laboratory with the original materials. 

Cytotoxicity and immunofluorescent reactions were 
performed as previously described’ using sera and target 
cells of the same C57BI/6 inbred strain of mice. Neutral- 
ization tests were made with GiMSV or MMSV incubated 
for 1 h at room temperature in 1:2 diluted sera; the 
mixture was then inoculated in newborn of the more 
sensitive strain and its oncogenic potency was compared. 
with that of the same batch of virus preincubated in 
normal serum. MSV pseudotypes were preferred to 
murine leukaemia viruses in these tests because this 
method is much more sensitive and less time consuming. 
We confirmed that the behaviour of MSV pseudotypes is 
identical to that of the corresponding “helper” leukaemia 
virus in neutralization tests'®14, The existence of a 
“competent’’ MSV, population in the MSV strain is not a 
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Table 1. 
Sera GIMSV (1074) MIMSY (16-*) 

C57 B1/6 anti-GiMSV 2/8 0/9 
C57BU6 anti-GiLVt 6/7 0/8 
C57B1/6 anti-Graffi l 

leukaemic cells 7/7 0/7 
C57B1/6 anti-MMSV 8/8 8/8 
C57B1/6 anti-MLV t 12/14 6/6 
C57B1/6 anti-Moloney 

leukaemic cells 8/8 7/8 
C57B1/6 anti-L strain cells 7i8 8/10 
BALB/c anti-GiMSV 2/7 0/12 
BALB/c anti-MMSV 7{7 6/6 
57BL6 normal serum 28/31 26/31 


* Number positive mice/number inoculated mice. 
+ Grafh leukaemia virus. 

t Moloney leukaemia virus. 

ND, Not done. 


Table 2, 
Sera MMSY (107) MMSY {10-2} 
Rabbit anti-Moloney 0/8 6 
Normal rabbit RIR TIR 
W/Fu rat anti-Gross 2/8 0/7 
Normal W/Fu rat sera 9/9 BIS 


* Number positive/number inoculated. 
t MMSV has been tested in BALB/c mice, and GIMSV in C57B1/6 mice. 


problem because it has been shown that MSV, has the 
antigenicity of the “helper” virus". 

The results of neutralization tests by mice antisera are 
given in Table 1: anti-MLV, anti-Moloney leukaemic cells 
and anti-MMSV have a strong neutralizmg effect on 
MMSV but are not able to neutralize GIMSV. On the 
contrary, anti-Graffi as well as anti-GiMSV strongly 
neutralize GiMSV but never MMSV. Anti-L strain sera 
are inefficient against M and GiMSV. The results of 
neutralization tests with heterologous antisera are given 
in Table 2. W/Fu rat anti-Gross leukaemia sera as well 
as rabbit anti-Moloney sera strongly neutralize GiMSV 
and MMSV. The results of cytotoxicity or immuno- 
fluorescence tests confirm previously published data‘-* 
and can be summarized as follows: (a) anti-GiLV anti- 
Graffi leukaemic cell antisera, anti-MLV and anti-Moloney 
leukaemic cell antisera are all efficient either against YL 3 
(C57B1/6 MLV induced leukaemia) or GiL10 (C57B1/6 
GiLV induced leukaemia) on which they detect the 
FMRGi antigen; (b) anti-Gi-MSV have a similar but 
generally weaker potency which is better revealed 
by immunofluorescence as previously observed with 
MMSV?#5; (c) anti-L strain antisera contain anti-FMRGi 
antibodies. They are cytotoxic for FMRGi leukaemic cells 
and total absorption of anti-FMRGi antibodies was always 
obtained with L cells coming from three different labora- 
tories, 

Clearly an antigenic specificity of GIMSV and GiLV is 
revealed by neutralization of GIMSV and MMSV by mice 
antisera; moreover, It must be mentioned that C57B1/6 
anti-Moloney serum cannot neutralize the leukogenic 
power of GiLV. Similarly, Steeves has observed that an 
anti-GiLV serum prepared in mice does not neutralize 
Rauscher and Friend viruses*. It is reasonable to con- 
clude that type specific antigens of murine leukaemia 
viruses are detected by mice. Two subgroups at least are 
probably evidenced by mice antisera: the first, Friend. 
Moloney, Rauscher viruses; the second, Graffi virus. It 
would be interesting to know if an interference can be 
detected in vitro between these subgroups. The Gross 
virus cannot be classified in one of these two subgroups, 
for it has not yet been possible to neutralize this agent by 
mice antisera'®17, This property may be important in 
the comprehension of the biology of Gross virus which 
probably constitutes a third subgroup. 

The same results mdicate that the antigens which are 
concerned with neutralization of the virus particles and 
cellular “FMRGi” antigen®* are certainly different. It 
has already been shown that no relationship is found 
between immunosensitivity and viral production of 
Moloney lymphoma cells'*. It was, furthermore, reported 
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NEUTRALIZATION OF GiMSV AND MMSV* BY MOUSE ANTISERA 


Viruses (dilution) 


GiMSYV (10-*) MMSY (1074) MMSY (10) MMSY (10+) 
0/8 8/8 ais 3/7 
0/7 6/6 10/12 ND 
0/4 ND dj4 U7 
ND 2/8 0/9 O15 
1/6 0/10 0/7 Qg 

ND 0/8 UE: ofa 
ND 717 &/10 ND 
0/6 B/S 6/7 ND 
ND 1/7 1/13 07 
6/14 17/17 25/31 15/30 


NEUTRALIZATION OF GIMSVY AND MMSV BY RABBIT AND RAT ANTISERA” 


Viruses (dilution) + 


GIMSV (10°) GIMSY (10%) GIMSV (10-5) 


0/5 Of? 0/6 Of4 
4/8 8/9 7/8 3/8 
0/8 0/7 0/10 og 
5/8 77 9/10 3/9 


that the virus does not absorb cytotoxic antibodies!-”*, 
Different results have, however, been reported?*, and it 
cannot be stated with certainty whether qualitative 
rather than quantitative differences have always been 
stressed. Our results confirm the non-identity of viral 
and cellular antigen, because FMRGi is a common cross- 
reacting antigen of Moloney and Graffi leukaemias, and 
the antigens which are involved in neutralization of these 
two viruses are different. Moreover, L strain cells which 
bear on their membrane “FMRG?i” antigen are able 
to absorb anti-FMRGi, but they cannot absorb the 
anti-MMSV neutralizing potency of the same serum 
(Table 3). In conclusion, FMRGi is not the structural 
virus antigen which is revealed by neutralization, but we 
cannot tell whether or not it is present in the virion; 
further studies using ferritm labelled antibodies may 
clarify this. The non-identity of viral and cellular virus 
induced antigens should probably be extended to Gross 
virus because immune reactions can be induced against G 
cellular antigen, but cannot be detected against the virion. 
The immunity against leukaemic cells rather than against 
viruses is probably the most important factor in the 
natural defence of the mice: resistant mice are able to 
recognize leukaemic cells but not the virusi® t, 

The use of rat or rabbit antisera provides very different: 
results. Anti-Gross rat sera strongly neutralize not only 
Gross and Rauscher viruses** but also MMSV and GiMSV 
as shown in the present experiment. Me’Coy et al. have 
already obtained the same result with Molonev, Rauscher 
and Friend viruses’, and Igel et al. with several MSV 
pseudotypes including KMSV"™. Similarly, an anbi- 
Moloney rabbit antiserum strongly neutralizes GiMSV and 
it has been shown previously that anti-Gross rabbit anti- 
sera can neutralize Gross, Moloney and Graff viruses**-"*, 
Rabbit and rat antisera are therefore different from mice 
antisera in two respects: they neutralize Gross virus and 
they reveal some degrees of cross-reactivity between all 
murine leukaemia viruses. It is difficult to explain these 
differences; but we suggest that rabbit and rat anti- 
murine leukaemia virus antisera are able to reveal on the 


Table 3. ABSORPTION OF ANTI FPMRGi CYTOTOXIC ANTIBODY AND ANTI- 


MOLONEY NEUTRALIZING ANTIBODY By L ORLLS 
Cytotoxic 


Sera indices* on Neutralization of MMS¥ + 


GIL10 cells MMSV:107% MMSY : 10> 
Unabsorbed C57B1/6 
anti-MLV 0-45 0/103 2/9 
C57 BiY6 anti-MLV 
ahsorbed with 10* 
L cells 0-10 6/10 1/8 


* Positive when 0-20. 
+ Controls: MMSY 10-*, 10/10; MMSY 10-3, 7/10. 
t Number positive/number inoculated mice, 
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virions some cross-reacting group specific antigens which 
are not identified by mice. For this reason it is question- 
able to use rabbit and rat antisera in identification of 
murine leukaemia viruses. 
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Morphological Changes in the Adrenal 
Cortex of Experimental Animals 

after Injection of Sera containing 

the Long Acting Thyroid Stimulator 


THE long acting thyroid stimulator (LATS), found in the 
serum of some thyrotoxie patients, has been shown to 
be an immunoglobulin G and its absorption by homogen- 
ates of thyroid glands suggests that it is an antibody 
to some component of thyroid cells'. These facts have 
led to the proposal that LATS may cause primary 
thyrotoxicosis®. 

During some experiments designed to test systemic 
effects of thyroid stimulation by LATS in mice, the weight 
of the adrenal glands was slightly but significantly de- 
pressed in a group of animals injected daily with LATS 
for 10 days. In view of reports*-* that there may be 
histological changes in the adrenal gland in hyperthyroid- 
ism, we decided to investigate the effects of LATS on 
adrenal morphology and function. 

Groups of between eight and ten adult male or female 
white Swiss mice from an inbred colony, weighing 18-22 g, 
were used. Litter mate controls were selected as far as 
possible. Each animal was injected intraperitoneally with 
0-5 ml. of the test or the control substances daily for 
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periods of 1-10 days. The animals were weighed daily 
and the amount of food consumed by each group was 
measured. At the end of the experiment, the animals were 
killed, their adrenals removed, dissected free of fat, 
weighed and processed for light and electron microscopy. 

Sections for light microscopy were prepared from glands 
fixed in 10 per cent formol saline, embedded in paraffin, 
cut serially 7 microns thick and stained with haematoxylin 
and eosin and with a trichrome stain. Frozen sections were 
fixed in formol calcium, cut 10 microns thick and stained 
for neutral fats with oil red O. 

Tissue for electron microscopy was fixed in glutaralde- 
hyde phosphate buffer, pH 7-4, embedded in ‘Araldite’ 
and cut with an LKB ultramicrotome to be approximately 
80 mmicrons thick, mounted unsupported on grids and 
stained with Reynolds’s lead citrate for 10 min. 

Sera with LATS activity were obtained from five 
thyrotoxic patients. The control sera were obtained from 
three euthyroid subjects. The biological activity of each 
serum was assayed in mice at the beginning of each 
experiment by a modification of McKenzie’s method’. 
The thyroid stimulating activity at peak of the LATS 
sera used ranged from 822 per cent to 1,757 per cent. 
The sera were also examined for adrenal cytoplasmic 
auto-antibodies by immunofluorescence’®. 

The immunoglobulin G fraction (IgG) of two LATS 
sera and two control sera were obtained by fractionation 
on DEAE cellulose by a method described previously’, 
and the LATS activity was re-assayed before use. 

In addition to the control sera and IgG fractions from 
normal sera, groups of mice were injected with 5 ug/day 
of triiodothyronine (T;), with 5 ug/day of methimazole 
(‘Tapazole’, Eli Lilly), with 100 mu/day of thyrotrophic 





land of mouse injected with 

T Ok Gen nattarn Of ODANA Ut 

oil red O (x30). There is a rev pattern 0 ution o 
lipid in the animal injected with LATS. 


Fig. 1. a, Frozen section of adrenal 
control serum: b, injected with LATS, 
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The Ultrotome III, 

specifically designed to meet the demands 

for measuring knife angle, and clearance angle 

and maintaining the correct sectioning speed and smooth 
continuous specimen feed. 
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Difficult Specimens are no Problem 
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Not if you have an LKB Ultro- _ 
tome III. This universal instru- 
ment combining precision and d 
utmost convenience with un- 
matched versatility enables the . = 
toughest sectioning problems to f č 
be quickly, confidently and reli- 
ably tackled. 
The Ultrotome II has the 
broadest range of cuttingspeeds 
of any marketed ultramicro- 
tome, from 60 mm per sec. to 
0.1 mm per sec. Real knife 
angle can be measured to an ac- 
curacy of 1°. Three feeds allow 
reproducible production of ul- 
trathin, thin and thick sections 
of uniform thickness. 


All sizes of glass knives, from 
4—10 mm thick, and with 
30°—60° scoring angles, and 
diamond knives from all the 
leading makers can be used. 
The orientation head and knife 
holder have universal move- 
ment, to make transversal, lon- 
gitudinal and radial sectioning 
of the same specimen block a 
Toutine operation. Sections can 
be quickly and efficiently col- 
lected with the unique LKB sec- 
tion collector. 


It is DIFFICULT to tell you 
all about it here, we can only 
provide a SPECIMEN, write 
for the LKB fully illustrated 
brochure for the ANSWER, 
or phone the number above. 
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‘VITREOSIL 
~ keeps pace 
in space... 





“Vitreosil"” pure fused silica, has kept pace not only with that epic walk, 
but also the almost incredible acceleration in the development of 20th 
Century technical ability. 


For its very special properties ‘‘Vitreosil’’ has been valued throughout 
the world for over 60 years—in Physics, Chemistry, Optics and 
Electronics, and remains indispensable to space research for its 
refractoriness, excellent electrical properties, even at elevated 
temperatures, and its markedly low coefficient of expansion. 


Transparent “Vitreosil" consists of 99.99% Si0,, thus its freedom from 
metallic impurities renders it non-magnetic. 


The physical properties of 
"Vitreosil” tubing ensured for 
it a place as a material of 
construction in an astatic 
magnetometer furnace designed 
by Professor K. M. Creer at the 





Nuffield Palaeomagnetic Moon samples (magnetised possibly to less than 1 1,000,000 of an 
Laboratory at Newcastle t ordinary hand magnet) will be made available to Professor S. K. 
University. Runcorn, Head of the Department of Geophysics and Planetary Physics 


at Newcastle University for analysis to show whether there has ever 
been a lunar magnetic field and only ‘Vitreosil” pure fused silica can 

: meet the exacting demands of these delicately balanced determinations 
under furnace conditions. 


THERMAL SYNDICATE LIMITED 
P.O. Box No.6, WALLSEND, NORTHUMBERLAND. Tel: Wallsend 625311. Telex: 53614 
9 BERKELEY STREET, LONDON W.1. Tel: 493-1711. Telex: 263945 
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hormone (‘Thytropar’, Armour) and with isotonic saline. 
One other group of mice was injected with normal serum 
to which had been added 5 ug of T, per dose. 

There was a decrease in the wet weight of the adrenal 
glands of the mice injected with LATS, This decrease 
was at its greatest after one to three injections, when It 
was as much as 43 per cent of the normal weight (P < 0-02). 
The weight of the adrenal gland increased after this initial 
loss. In five groups it returned to the normal range within 
10 days, in three it was still slightly depressed. 

The changes observed in the adrenal cortex under the 
light microscope were characteristic and striking. They 
were produced by all five different sera that contained 
LATS and were seen in each of the fifty-six mice injected 
for 6 or more days. The outer layer of the zona fasciculata 
became eosinophilic and its cells compact. In contrast, 
the inner zones of the cortex stained with eosin less than 
normally. These changes were observed equally in the 
animals injected with the IgG fraction of sera with 
LATS activity. 

Sections stained for neutral fats had lost all lipid from 
the outer fasciculata and there was some diffuse staining 
of the inner layers of the cortex (Fig. la and 6). This 
appearance closely resembles the reversed lipid distribu- 
tion after severe stress described by Sarason?’ in the 
human. 

These changes were not seen in any of the mice which 
received injections of normal serum, normal IgG, Ts, 
TSH, methimazole or of normal serum to which T, was 
added, 

Changes were observed under the electron microscope 
in adrenals of mice which had received three or more 
daily injections of LATS or of IgG—LATS. These findings 
will be reported in detail elsewhere; most striking was 
the gross swelling of the mitochondria of the inner zone 
of the cortex and the large number of highly osmiophilic, 
regular, round droplets in the cells of the fasciculata, of 
the reticularis and of the X zone. These had a diameter 
of approximately 0-2-0-4 micron, and were present in 
variable numbers, up to 150 per cell section (Fig. 2). 

The possible role of the X zone found in female mice 
before the first gestation" and present in several of our 
experimental animals has not been studied. But the 
histological changes described were seen equally after 
injection of LATS into male animals, who do not have 
the X zone. 

We have shown that the injection of sera with LATS 
activity causes a transient loss of adrenal weight, and 
changes in the pattern of distribution of lipid within the 
cortex. These changes may be ascribed either to LATS 





Fig. 2. 


Electron micrograph of cellstof the fasciculata showing swollen 
mitochondria and osmiophilic droplets ( x 12,000), 
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itself, or to an immunoglobulin G closely associated with 
it. Immunofluorescence tests showed that the sera of 
patients contained no adrenal cytoplasmic antibodies. 
These preliminary experiments do not exclude the pos- 
sibility that all five thyrotoxic sera used might contain an 
unknown adrenal specific stimulating antibody. It seems 
more likely that these changes are due to a direct or an 
indirect effect of LATS. El Kabir et al.*-* have provided 
some evidence of a reaction between LATS and homo- 
genates of various non-thyroidal tissues, though adrenal 
cortex Was not examined. 

A direct effect of LATS could be a consequence of a 
cross-reaction between antigenic sites in the adrenal cortex 
with those of the follicular cells of the thyroid, whereas 
an indirect effect might be mediated through the adeno- 
hypophysis; increased secretion of thyroid hormone may 
or may not be a factor. Fortier and his colleagues'* have 
shown that thyroxine increases the binding of cortico- 
sterone to plasma proteins, and such an effect could have 
produced the changes. We investigated the possibility 
that the changes in the adrenal cortex could be a result of 
stimulation of the mouse thyroid by LATS to give an 
excess of thyroid hormone, which, in combination with 
the stress of the injection of human serum, could have 
produced an excessive stimulation of adrenal cortical 
activity. But no reversal in lipid distribution was observed 
when large doses of triiodothyronine were injected to- 
gether with normal human serum. This suggests that 
LATS (or a closely related immunoglobulin) may either 
have a direct action on the adrenal cortex, or may 
produce these changes by a mechanism mediated by the 
adenohypophysis. 

We thank Michael Richards and Miss Pauline Mitchell 
for technical assistance, A. Jackson and Miss Tania 
Williams for the histology and Harry Elvidge for breeding 
the mice. We also thank Professor G. W. Harris, Professor 
T. Symington, Drs D. Doniach, A. Mackay and P. 
Dandona for their help and advice. 
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Cyclic 3!,5'-Adenosine Monophosphate 
in Human Blood Platelets 


ALTERATIONS in the intracellular concentration of cyclic 
3’,5’-AMP have been implicated in the action of many 
hormones and pharmacological agents in a variety of 
tissues'. In many cases, drugs, the action of which in 
liver, myocardium, adrenal and other tissues has been 
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attributed to their effects on cyclic AMP concentrations, 
are known to influence aggregation of blood platelets, for 
example, platelet aggregation is inhibited by methyl 
xanthines? and reserpine*®, which inhibit cyclic nucleotide 
phosphodiesterase**, and is augmented by epinephrine’, 
which stimulates adenyl cyclase in liver, fat cells and 
myocardium’,  5-Hydroxytryptamine induces platelet 
aggregation; it stimulates adenyl cyclase in the liver 
fluke*. Prostaglandin PGE, is a potent inhibitor of 
platelet clumping’; it increases the level of eyclic AMP 
in adipose tissue! but in some circumstances may lower 
its concentration in isolated fat cells!, 

Because of the possible relevance of the effect of these 
agents on cyclic AMP to their action on platelets, we have 
examined the amount of this nucleotide in platelets. The 
influence of adenosine diphosphate, a powerful stimulant 
to platelet aggregation!?, was also assessed. 

Cyclic AMP was measured by a modification of the 
method of Pauk and Reddy". After incubation with 
various agents, citrate treated human plasma rich in 
platelets was extracted with half volume of cold 1N per- 
chloric acid containing 0-02 wCi 8-4C-3’,5’-AMP (Schwarz 
Bioresearch, specific activity 40-9 mCi /mmole) as an in- 
ternal standard. The supernatant after centrifugation was 
neutralized with KOH, the KCIO, precipitate was ro- 
moved by further centrifugation, and the supernatant 
was applied to a ‘Dowex-1-X8’ formate column and sub- 
sequently treated according to the published technique". 
Acetylation was performed with *H-acetic anhydride 
(New England Nuclear Corp., specific activity 400 mCi/ 
mmole), Platelets were counted by phase microscopy". 

Platelet-rich plasma contained 3-10+0-22 S.E.M. mu- 
moles cyche AMP/10! platelets (twenty-two determina- 
tions). Incubation of platelet-rich plasma with epinephrine 
ox 10-7 to 1x 10-5 M for 2 min decreased platelet cyclic 
AMP between 15 and 54 per cent (average 33 per cent, 
nine determinations). Incubation with caffeine 10-2 M 
for 5 min increased platelet cyclic AMP 28, 87 and 119 
per cent (three determinations). Addition of ADP 5 x 10-7 
to 1x10-°M to platelet-rich plasma for 2 min before 
HCIO, extraction reduced platelet cyclic AMP between 
19 and 41 per cent (average 28 per cent, sixteen determina- 
tions). The response to ADP appeared independent of the 
ADP concentration in the range of concentrations tested. 
The reduction of platelet cyclic AMP did not appear to 
be a nonspecific consequence of the platelet release 
reaction’, because it occurred at concentrations of ADP 
at which neither secondary aggregation!* nor release of 
4C.5-hydroxytryptamine!? (New England Nuclear Corp.) 
from labelled platelets could be shown. 

These observations suggest a role for cyclic AMP in 
platelet aggregation produced by ADP and epinephrine 
and the inhibition of these phenomena by caffeine. Adenyl 
cyclase activity has been shown in platelets by Scott 
(unpublished observations cited by Sutherland et al.) 
and more recently by Wolfe and Shulman!*, Abdulla?®, 
and Zieve and Greenough”, who found the activity 
sensitive to prostaglandin PGE,, fluoride, glucagon, 
thrombin, epinephrine, norepinephrine and serotonin in 
platelet homogenates produced by ultrasonic disruption 
or by freezing and thawing. The changes in platelet cyclic 
AMP concentrations reported here are consistent with 
their observations on adenyl cyclase activity. A reduction 
in platelet cyclic AMP by epinephrine is reminiscent of 
the report of O’Brien® and of Rysanek et al.*! that platelet 
aggregation by epinephrine is blocked by «-adrenergic 
blocking agents and supports the view! that agonists 
acting at «-adrenergic loci may lead to reduction in tissue 
eyclic AMP. 

N°.2’.0-Dibutyryl cyclic AMP has been shown to simu- 
late the effects of cyclic AMP in intact tissues and in 
vivo, We have recently observed that ADP-induced 
platelet aggregation is inhibited after incubation in plate- 
let-rich plasma, of this compound. Purification of di- 
butyryl eyclic AMP obtained from commercial sources 
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(Schwarz Bioresearch) by descending paper chromato- 
graphy (ethanol/0-5 M ammonium acetate : 5/2) did not 
reduce the inhibitory effect, indicating that the inhibition 
of ADP-induced platelet aggregation did not result from 
contaminating 5’-AMP. These data will be reported in 
detail elsewhere. 

Inhibition of adenyl cyclase activity in adipose tissue 
cells by guanosine diphosphate was recently described 
by Cryer et al.2°, but the effect of ADP was not reported. 
The locus of action of ADP in its effect on platelet cyclic 
AMP remains to be established. The influence on platelet 
eyche AMP of other agents affecting platelet aggregation 
is under investigation. 

This project was supported by the National Heart 
Institute, US National Institutes of Health. We thank 
Dr William J. Reddy for advice. 
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Profiles of Activity in Rodents of 
Some Narcotic and Narcotic 
Antagonist Drugs 


THE narcotic analgesics and their antagonists form a 
series ranging from morphine, which is a powerful and 
highly addictive analgesic, to naloxone, which is a potent. 
antagonist of morphine’. One of the drugs between these 
extremes is pentazocine, which has both analgesic and 
antimorphine properties. In man, pentazccine is an 
effective analgesic drug; but, unlike the narcotic anal- 
gesies, if does not support morphine dependence and it 
precipitates abstinence effects in persons dependent on 
morphine?. Unlike cyclazocine and nalorphine, penta- 
zocine rarely causes hallucinations in man. These 
properties render pentazocine a useful analgesic of a new 
type; but tests in animals that show its profile of activity 
are not well developed. For example, pentazocine is poorly 
effective in antinociceptive tests based on mechanical pres- 
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sure, in which morphine and other narcotic analgesics are 
active; whereas in the antinociceptive tests in animals in 
which pentazocine has proved effective*~*, it cannot clearly 
be distinguished from other narcotic antagonists not useful 
as analgesics in man (cyclazocine, levallorphan and 
nalorphine) nor from antipyretic analgesics, such as 
aspirin and mefenamic acid. We deseribe here new tests 
in rodents that we have devised to indicate those features 
of the activity of pentazocine that are important for its 
clinical usefulness in man. 

When a 4 per cent solution of sodium chloride in water 
(hypertonic saline) was injected intraperitoneally into 
rats, from one to five abdominal constriction responses 
similar to those previously described in the mouse’ 
occurred within 30 s of challenge in > 95 per cent of rats 
and ceased within 1 min. Intraperitoneal challenge with 
distilled water or with 0-9 per cent w/v sodium chloride in 
water did not elicit any abdominal constriction responses 
in control rats. When hypertonic saline was injected 
intramuscularly in the rat, it caused limping and in man 
it causes pain®. We therefore conclude that the abdominal 
constriction response of the rat to hypertonic saline is 
nociceptive. For reasons previously discussed’, the 
brevity and consistency of this response recommended it 
for antinociceptive testing. 

To perform an abdominal constriction test in the rat, 
test drugs in coded solutions were administered sub- 
ecutaneously to male, weanling albino Wistar rats of 
40-100 g body-weight. Twenty minutes later, each 
animal was challenged by an intraperitoneal injection of 
hypertonic saline. All substances were administered in a 
dose volume of 10ml./kg body-weight. Immediately 
after challenge, the incidence of abdominal constriction 
responses was observed during 1 min and animals were 
then tested for discoordination on a rotating drum as 
previously described for mice’. An animal was taken as 
responding to the challenge when at least; one abdominal 
constriction was observed. From the quantal results, 
the value of the median effective antinociceptive dose 
(ED; and its fiducial limits were calculated by logit 
analysis?®. 

Tests of drugs against nociception induced by com- 
pression of the tail in the rat or mouse or of the toes m 
the guinea-pig were performed along lies previously 
described''-™4, Antimorphine tests were based on antagon- 
ism of the antinociceptive effect of morphine against 
such compression of the tail in the rat and mouse. The 
test drug was administered subcutaneously in solution, 
together with the dose of morphine that suppressed 
nociceptive responses to tail-pressure in 95 per cent of 
animals treated. In the rat, this dose of morphine was 
12-4 mg/kg and, in the mouse, it was 22-2 mg/kg. A 
median effective antimorphine dose (AMD) was that 
increasing to 50 per cent the proportion of animals 
showing @ nociceptive response after morphine, This 
value was also calculated by logit analysis". 

Morphine-like drugs elicit tail erection in the mouse’ 
and this has been used?’ as an indication of their presumed 
euphoric activity in man. To test the ability of drugs to 
elicit a tail erection, they were administered subcutane- 
ously to groups of ten mice. Twenty minutes later, each 
mouse was observed during 10 s for a tail erection, which 
was taken as one where the tail was lifted through an 
angle of 90° or more to the horizontal. The score was 
the percentage of animals responding. 

Large doses of cyclazocine elicit hyperactivity and 
bizarre behaviour in the rat and this has been used as a 
test of presumed hallucinogenic activity’. Test drug was 
administered subcutaneously and, 20 min later, rats were 
observed for turning the head repeatedly from side to 
side, pivoting on the hind feet and walking backwards. 
The intensity of the behavioural effects was scored as 
previously described”. 

Table 1 gives the results obtained with some known 
narcotic and narcotic antagonist drugs in the abdominal 
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constriction test in the rat. For comparison, results 
obtained in the rat with the tail-pressure test are also 
given. This table shows that, in suppressing abdominal 
constrictions induced by hypertonic saline, morphine, t 
profadol?® and pentazocine were effective, whereas 
levallorphan, nalorphine and naloxone were not, and 
eyclazocine was fully effective only at a very high dose. 
Aspirin was also ineffective in this test, although it was 
highly effective against abdominal constrictions induced 
by acetylcholine in the mouse’. The ED, value of nalox- 
one, given subcutaneously, in the mouse abdominal con- 
striction test, was 63-7 (28-3-197) mg/kg. At 160 me/ke. 
naloxone suppressed abdominal constrictions im eighteen 
of twenty mice. Against abdominal constrictions induced 
by ATP or tryptamine in the mouse, naloxone was about 
equally effective as against those induced by acetylcholine. 


Table 1. ANTINOCICEPTIVE POTENCIRS GF SOME NARCOTIC AND NARCOTIC 
ANTAGONIST DRUGS IN AN ABDOMINAL CONSTRICTION AND A TAIL-PRESSURE 
TEST IN THE RAT 


Abdominal constriction test Tall-pressure test 


Drug EDs EDys EDs 
Morphine 0-9 (0-6-1-2) 11:8 6-1 (5-4-6-7) 
Protadol 1:2 (05-23) 12-4 5-8 (3-8-8 7} 
Pentazocine 55 (3-6-7-6) 25-2 N.O, 
Cyclazocine 0-8 (02-38) > 20 K.O 
Levallorphan N.O. N.O KER 
Nalorphine N.O. N.Q. wO, 
Naloxone N.O. N.O. KO. 


Test drugs were administered subcutaneously 15-20 min before challenge. 
Doses are expressed as mg base/10 ml./kg body-weight. EDs. modian 
effective dose; EDs, dose effective in 90 per cent of animals. Figures. in 
parentheses are the 95 per cent fiducial limits. N.O., Not obtainable. In the 
abdominal constriction test, rats were challenged with 4 per cent NaCl 
solution. All compounds were given as soluble salts, doses being ealewated 
as active base. 


Table 2. ANTIMORPHINE POTENCIES OF SOME NARCOTIC ANTAGONIST BRUGS 
IN THE RAT AND MOUSE 
Rai 2y Mouse or 
nd AMD, eae 
Drug AMD 3s, AMD. 13D D5, 1 Da 
Pentazocine 1-21 (0-71~1:97) 4-54 6-23 (2-83~-11-9) 0-433 
(Cyelazocine 0-03 (0-02-1-04) 26-7 0-06 (0 G4- DGA 1-33 
Levailorphan 0-11 (0-06-0-40) => 100 0-06 (0-03-0117) 71-7 
Nalorphine 0-22 (15-032) > 106 0:54 (0-32-0933 aaa 
Naloxone 0-06 (0-03-0-:12) > 100 0-01 (0-01-0-02) 6,870 


Drugs were administered with an antinociceptive EDs of morphine 
(12-4 mg/kg in the rat and 22-2 mg/kg in the mouse), The AMDs, was the 
dose that increased to 50 per cent the proportion of animals showing è 
nociceptive response after morphine. Other details as in Table 1. 


In the mouse tail-pressure test, the drugs in Table 1 
had activities comparable with those in the rat tail- 
pressure test. In the multiple toe-pinch test in the 
guinea-pig, the maximal antinociceptive effect of morphine 
was 100 per cent, of profadol 67 per cent and of pentazocine 
50 per cent; cyclazocine and nalorphine were ineffec- 
tive. 

Table 2 gives the results obtained for anti-morphine 
activity in the rat and mouse. This table also gives the 
ratios of antagonist to agonist activity in both species, 
derived from the ED, values in our abdominal constriction 
tests and the AM D, values against morphine antinocicep- 
tion. In both species, pentazocine had the lowest and 
cyclazocine the next lowest ratio. In the mouse, the 
antagonists may be placed in the following order of 
increasing antagonist/agonist potency ratio: pentazocine 
< cyclazocine < nalorphine < levallorphan < naloxone. 

Table 3 gives results obtained in behavioural tests with 
some narcotic and narcotic antagonist drugs. Cyelazocine 
and levallorphan and, to a lesser extent, pentazocine and 
nalorphine excited bizarre behaviour in the rat, whereas 
morphine, profadol and naloxone were inactive. Morphine 
and, to a lesser extent, profadol elicited tail erection in 
the mouse, whereas pentazocine, cyclazocine, levallorphan, 
nalorphine and naloxone had little or no activity. 

Table 4 shows the activities of the narcotic and narcotic 
antagonist drugs tested, to show the transition in proper- 
ties from a strong agonist (morphine) to a strong antag- 
onist (naloxone). The order of these drugs in the table 
emerges from the results we have described here and pre- 
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viously?12.17;\ and it is the same as that of Kosterlitz 
and Watt', based on the relative agonist to antagonist 
potencies in guinea-pig isolated ileum. Morphine was 
effective in all the five antinociceptive tests used, three of 
which are based on pressure and two on abdominal 
constriction responses to intraperitoneal injection of a 
noxious fluid. Profadol was fully effective in four of 
these antinociceptive tests and partly effective in one of 
them. Pentazocine was ineffective in two and only partly 
effective in one of the pressure tests; but it was fully 
effective in both abdominal constriction tests. Cyclazo- 
cine was ineffective in the pressure tests, partly effective 
in one abdominal constriction test and fully effective in 
the other. Naloxone, at high doses, levallor phan and 
nalorphine were antinociceptive only in the abdominal 
constriction test in the mouse. 


Table 3. EFFECTS OF SOME NARCOTIC AND NARCOTIC ANTAGONIST DRUGS 
ON BEHAVIOUR OF THE RAT AND MOUSE 
Bizarre excitation in rat Tail erection in mouse 
Dose used Dose used 
Drug (mg/kg sub- Maximal (mg/kg sub- Maximal 
clhtaneously) score cutaneously) score 
Morphine 160 0 40) 97 
Profadol SO ü 34 70 
Pentazocine 60 27 108 10 
Cyclazocine 5 84 10 0 
Levallorphan 40 80 40 0 
Nalorphine 320 7 2°5 10 
Naloxone 160 9 40 0 


In the rat, bizarre behaviour took the form of turning the head repeatedly, 
pivoting on the hind feet and walking backwards. The incidence of these 
reactions was scored and the values obtained are as previcusly described’, 
In the mouse, the score is the percentage of animals showing a tail erection 
20 min after subcutaneous treatment. ‘The doses used are those producing 
the maximal score. Other details as in Table 1. 


Table 4. ACTIVITY PROFILES OF SOME NARCOTIC AND NARCOTIC ANTAGONIST 
DRUGS IN VARIOUS TESTS IN RODENTS 


Bizarre 
Fai Straub Toe- Abdominal excita- Anti- 
pressure fail pinch constriction tion morphine 
Drug Rat and Guinea- Rat and 

mouse Monse pig Rat Mouse Rat mouse 
Morphine + + + + + ~ — 
Profadol + + + + + — ~ 
Pentazocine a = + + + f + 
Cyclazocine ~ m — RN + + + 
Lev allorphan ~ ~ N.T. — + + + 
Nalorphine = ~ ~ + t + 
Naloxone ~ =- N. 0 _ È ~~ + 


+, Effective at low doses; 
doses; ~, ineffective. N.T. 
2 and 3 and text. 


+, partly effective or effective at very high 
Not tested. For details of tests, see Tables 1, 


In the behavioural tests, tail erection in the mouse was 
marked only with morphine and profadol, whereas 
bizarre behaviour was str ongest in ecyclazocine and levallor- 
phan and present to a lesser extent in their neighbours 


on either side—pentazocine and nalorphine. Frem 
pentazocine to naloxone, antimorphine activity was 


demonstrable. In descending the series from pentazocine, 
the proportion of antimorphine to antinociceptive activity 
increased. Antimorphine potency was therefore not 
directly related to ability to excite bizarre behaviour in 
the rat. 

These profiles of activity in rodents seem to reflect 
clearly the performances of these drugs in man, insofar 
as the aar nor e been estab ihon For o the 


ae precence “of E ona of the ie to 
antagonize morphine in man. Of the tests outlined, the 
antinociceptive test, based on the suppression of abdominal 
constrictions induced by intraperitoneal injection of 
hypertonic saline in the rat, distinguishes between drugs 
of the types tested that are useful as clinical analgesics 
(morphine, profadol and pentazocine) and those that are 
not (cyclazoeme, levallorphan, nalorphine and naloxone). 

We thank Miss C. D. Brown, Mrs C. A. Dinneen and 
Miss V. A. Dickinson for technical assistance, Dr S. Archer 
of the Sterling—-Winthrop Research Institute for cyclazo- 
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cine and pentazocine, and Dr G. Sunagawa of the Sankyo 
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Time Course of Rat Brain GABA Levels 
following Methionine Sulphoximine 
Treatment 


ADMINISTRATION of methionine sulphoximine (MSI) 
produces sensitivity to sound-induced seizures in animals 
whick are not genetically so sensitive. No success has 
been achieved in repeated attempts to demonstrate some 
significant change induced by MSI administration in 
brain levels of serotonim, nor adrenaline or dopamine, or 
in the activities of tryptophan hydroxylase, tyrosine 
hydroxylase, choline acetylase or acetylcholinesterase!. 
y-Aminobutyrie acid (GABA) is another brain constituent 
whick has been frequently invoked as a neurotransmitter 
and » thought to be important in seizure phenomena. 
DeRobertis and his co-workers have reported that in 
rats given 400-800 mg/kg of MSI and killed during con- 
vulsions, the MSI is preferentially fixed to a subfraction 
of nerve endings which appears to be related to glutamate— 
GABA metabolism. They also found that there was 
some slight inhibition of glutamic acid decarboxylase in 
MSI-treated rats and a strong inhibition of glutamine 
synthstase?. Dogs killed 16-2 22 h after receiving 6-10 
mg/kg of MSI have been reported to have significant 
changes in the cerebral levels of various amino-acids 
including glutamic acid and glutamine; in these dogs 
there was a slight, but insignificant, decrease in GABA 
ey oe aniar, results were op rved in cats 18-24 h 


The pine course “of § susci e to audiogeme stimuli 
in rats following treatment with MSI is well establishedë:®, 
It therefore seemed that some clarification of the possible 
effect of changes in brain GABA levels in MSI-induced 
convulsions might be achieved by determining these 
changes at different times. 

Male Wistar rats (140-180 g) were screened for sus- 
ceptibility to audiogenic stimulation by exposure to such 
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Table 1. LEVELS OF GABA IN WHOLE RAT BRAIN AT VARIOUS TIMES APTER 
ADMINISTRATION OF 250 MG/KG MSI 


Group No, of moles GABA perg P for difference 
(h after MSI) animals (mean + S.D.) from control 
Control 27 236 +057 
& 5 1-60 +027 PRG 
9 4 1-21+0°31 P < 00l 
12 3 1354031 P< 000i 
15 3 1-62 + 0-40 Hole P< 0-08 
20 5 1-6440-°37 OQI e P< 0-05 
30 > 2-99 + 0°29 Gi<f 


stimulation every other day for 12 days in the test condi- 
Non-sensitive rats which 


any effect. of rhythmic changes in brain GABA levels. 
Control rats injected with saline were killed with each 
group of MSI-treated rats. 

The rats were decapitated, the brains rapidly removed 
and immediately weighed and homogenized in chilled 
75 per cent ethanol. GABA was determined as previously 
described? in the brain extracts by a chromatographic 
separation and colorimetric reaction with ninhydrin. 
The results are summarized in Table 1. Control levels 
of GABA are almost identical with those found by Wood, 
Watson and Ducker’?. There seems to be a highly signifi- 
cant decrease in GABA 9-12 h after treatment with MSI, 
with a gradual recovery subsequently. Previous studies 
in this laboratory have indicated that in non-sensitive 
rats in these conditions, sensitivity to audiogenic stimulus 
develops 6-8 h after they receive the MSI; it has a peak 
at 10-14 h, and disappears at 18-20 h (ref. 6). The period 
of significantly lowered GABA levels therefore spans the 
time during which MSI-treated rats develop and show 
high sensitivity to audiogenic stimuli. A fall in body 
temperature has also been found in MSI-treated rats with 
a nadir 5-7 h after injection’; this seems unlikely to be 
related to the lowering of brain GABA because a similar 
lowering of body temperature has been found in guinea- 
pigs in hypoxie conditions, which cause a highly significant 
elevation of brain GABA levels’. 
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Rapid Eye Movements and Dream 
Imagery: Are they Related ? 

Ir has been suggested that patterns of physiological 
activity during rapid eye movement (REM) sleep are 
directly related to concurrent dream experiences! *. 
Roffwarg et al.* reported a correspondence between REM 
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visually “active” dreams are associated with more REM 
activity than are “passive” dreams involving little visual 
activity?” 

We have been unable to confirm the findings of Roffwarg 
et al.*. although similar procedures were followed except 
in the methods of data analysis. In their study one 
investigator, who had not previously seen the electro- 
oculographic (EOG) records, made predictions of the 
eye movement patterns before each awakening, which were 
formed on the assumption that the eve movements were 
scanning movements of the final visual events of each 
associated dream report. Subsequently, two investigators 
rated the degree of correspondence between cach predic- 
tion and the actual eye movement pattern in the associated 
EOG record. Quantitative criteria by which ratings were 
made were not reported, and the investigators might have 
overrated the correspondences. 

We adopted blind matchings of EOG records with dream 
narratives. The subjects were three female and one male 
college student volunteers, who came to the laboratory 
about 1 h before their normal bedtime. having previously 
abstained from including alcohol. Standard 
placements were used for recording the electroencephalo- 
Bipolar 


tends to be poor in this period’. 


Table 1. NUMBER OF CORRECT MATCHINGS OF DREAM REPORTS WITH ROG 
RECORDS FOR EACH SUBJECT 


Subject 
1 2 3 4 Totais 
No. correct 6 4 3 5 18 
Total No. 16 12 12 16 5G 
The same observer (E. M.} assigned code numbers to 


the polygraphic records and associated dream reports, 
and passed these data to the other investigator (R. J. B.) 
who had not previously been involved. R. J. B. then 
selected the maximum number of reports divisible by four 
in which a clear and detailed description of the last visual 
events of the dream was given. A total of fifty-six reports 
met these criteria (Table 1). R. J. B. then arranged the 
coded polygraphic records into groups of four for each 
subject in such a way that each member of the four 
represented, as far as possible, a different pattern of eye 
movement according to the scheme of awakenings de- 
seribed. E. M. then informed R. J. B. which four dream 
reports belonged to each group of four records, and R, J.B. 
attempted to match each record with each report for each 
group, forming his choices on the assumption that the 
visual dream imagery was directly correlated with the 
pattern of REMs. The records and dream reports 
were then decoded. Eighteen of the total of fifty-six 
matchings were correct (Table 1). This score was not 
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Fig. 1. EEG and chin EMG tracings of one subject before awakening from an REM 
movement pattern (R, right; L, left; P, parietal; 


significantly different from that of fourteen expected by 
chance (P=0-14; one-tailed binomial test). A qualitative 
analysis of the data was also performed. Each of nine 
reports contained very clear deseriptions of visual events 
occurring at the end of the dream which should have been 
associated with distinctive patterns of eye movement 
according to the “scanning hypothesis”. Yet only three 
of these nine reports were matched correctly with their 
associated records. In all but one of the other six cases, 
the EOG pattern was totally inappropriate to the dream 
events. One subject, for example, stated that at the end 
of her dream she was looking at vertical rows of buttons 
from a distance of about 2 feet. When asked how she 
looked at them, she replied, “I was looking vertically”, but 
the EOG record was almost entirely horizontal before 
awakening (Fig. 1). Alternate up-and-down vertical 
eye movements were absent throughout the entire REM 
period, so that the lack of a relation between the eye 
movements and dream imagery could not be ascribed to 
faulty memory of the time when the events occurred. 

Our failure to confirm the findings of Roffwarg et al.‘, 
when considered together with other data on the physio- 
logical characteristics of REMs’?, casts doubt on the 
validity of the “scanning hypothesis”. REMs can be 
present in the absence of visual imagery in the neonate®-2 
or decorticate human”, and visual imagery can be present 
in the absence of REMs during stages of non-REM 
sieep-17, The patterns, frequencies, velocities and 
interval distributions of the REMs have been found to be 
remarkably constant in cat, monkey and man!*-*1, while 
visual imagery is highly variable from one REM period 
to another. Taking account of this, one of us has recently 
proposed the hypothesis that REMs represent the fune- 
tional output of mechanisms maintaining the integrity of 
oculomotor control throughout sleep?*. 

Eric Mosxowrrz 
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Received April 17; revised August 18, 1969. 
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Possible Basis for the Evolution of 
Lateral Specialization of the Human 
Brain 


Work carried out during the past few years with patients 
whose neocortical commissures have been surgically 
divided for the control of epilepsy has revealed an 
organizational differentiation of the hemispheres for 
perceptual and cognitive functions!)?, 

There is evidence that the minor hemisphere possesses 
some minimal ability to express language!*, but it is 
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difficult to observe because of competition from the major 
hemisphere for control of the motor mechanisms for the 
production of language. These interference effects 
support a rationale for the evolution of a unilateral control 
of language expression, namely that such lateralization 
was an adaptation permitting control of the unique vocal 
apparatus, uncomplicated by competitive antagonism 
between the hemispheres. 

Separate testing of each hemisphere for its ability to 


visualize in three dimensions? showed that not only was | 


the right, minor hemisphere superior to the left, but it 
apparently used a different strategy in solving the prob- 
lems. While the left hemisphere seemed to analyse the 
stimulus properties, the right hemisphere seemed im- 
mediately to abstract the stimulus Gestalt—that is, as 
an integrated whole. It was as if the speaking hemisphere 
processed stimulus information in such a way that the 
stimulus could be described in language. Gestalt apprecia- 
tion seemed to be actively counteracted by a strong 
analytic propensity in the language hemisphere. It is 
therefore not illogical to suppose that during the evolution 
of the hominids Gestalt perception may have lateralized 
into the mute hemisphere as a consequence of an antagon- 
ism between functions of language and perception. 

If this idea is correct, it suggests that people with 
bilateral language centres or even with partial language 
competency in both hemispheres would perform relatively 
poorly in tests of perceptual function. To assess this 
possibility, ten lieft handed and fifteen right handed 
graduate science students at the California Institute of 
Technology were compared with each other on the verbal 
and performance scales of the Wechsler Adult Intelligence 
Seale (WAIS), for sinistrals are known to have less well 
differentiated hemispheres with respect to linguistic 
capacity than dextrals®’. The WAIS was used as a 
measure because it has been shown that the verbal scale 
reflects major hemisphere abilities and the performance 
scale reveals what are usually minor hemisphere abilities*®.’. 
Although graduate science students constitute a select 
population, there is no a priori reason for supposing them 
to reveal a differentiation between left handers and right 
handers which would not be present in the population at 
large. 

The results of this comparison fully confirmed the 
initial idea. While the groups did not differ on verbal 
intelligence (IQ) quotient (left = 142, right = 138, P > 0-10), 
there was a large difference on the performance scale 
(eft=117, right=130, P<0-002). More remarkable 
than this difference in performance scores, however, was 
the difference between the two groups in their discrepancy 
scores, that is the difference between verbal and perform- 
ance IQs. The dextrals had a discrepancy of eight 
IQ points, but the sinistrals a discrepancy of twenty-five 
IQ points. A difference this large between the groups 
would occur by chance less than twice in 10,000. 

In summary, bilateral language capacity seems to 
interfere with abilities usually associated with the minor 
hemisphere. Whether it is the presence of language 
per se, or whether it is some pre-existing brain organization 
which permits the development of language which is 
responsible for disfavouring Gestalt apprehension could 
not be determined from this study. In either case, it 
is reasonable to conclude that, given a hemisphere later- 
ally specialized for language, the evolution of lateralized 
perception can be accounted for by the foregoing inter- 
pretation. 
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Fluid Mechanics of the Mitral Valve 


Tae exploitation of trapped vortices and flow deceleration 
by the aortic valve to ensure maximum efficiency and to 
make possible laminar flowt? suggests a similar mechanisrn 
for the atrio-ventricular valves. These are the inlet 
valves to the two ventricles, the mitral valve on the left 
side and the tricuspid valve on the right. 

A model of the left ventricle was built, incorporating an 
aortic valve (A in Fig. 1) and a mitral valve. The ven- 
tricle was simulated by a transparent rubber diaphragm 
(B) which was alternately expanded and contracted by 
applying external forces to simulate muscular action. 
This simulation was carried out by placing the ventricle 
in a rigid ‘Perspex’ box (C) which was filled with water and 
connected by a tube (D) to a pulsatile pump’. The base of 
the ventricle (Z in Fig. 2) was rigid, and incorporated 
both the mitral and aortic valves. The mitral vaive 
consisted of a sleeve (F) of a flexible membrane of silicone 
rubber reinforced with nylon mesh 0-1] mm thick and of 
maximum length 30 mm. The sleeve was shaped like the 
physiological valve, with two major cusps which were 
connected by inextensible chordae tendineae (G) to a 
fixed support (H) 48 mm from the base of the ventricle (E). 
In the absence of forces the cusps (F) assumed a cylindrical 
shape with the chordae tendineae slack. In the physio- 
logical valve the chordae tendineae (also inextensible) are 
connected to the papillary muscles which prevent mitral 
valve inversion during ventricular contraction and may 
assist in valve opening and cusp positioning’. In the 
model valve the support points of the chordae tendineae 
remained at a fixed distance from the base of the ventricle 
so that they could prevent mitral valve inversion without 
the help of papillary muscles. They could not, however, 
assist in valve opening or positioning. 

When the ventricle was pulsed, fluid was displaced from 
the ventricle, through the sortie valve (4), into a corn- 
stant-head tank which discharged through a tube of 
25 mm bore into the mitral valve. The mitral orifice and 





Fig, 1. Diagram for model of left ventricle, aortic and mitral valves. 
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Fig. 2. Mitral valve viewed from the left ventricle, 


the tube cross-section were nearly equal in area. As 
the ventricle filled, the mitral valve opened rapidly and 
the incoming jet struck the apex of the ventricle, spreading 
outwards and upwards behind the mitral cusps to generate 
a strong ring-vortex in the expanding ventricle. The 
cusps were held in a stable position. As the flow through 
the mitral valve decelerated, the cusps started to move 
towards their closed position and the mitral valve was 
almost shut before ventricular contraction began. Valve 
closure was completed by reversed flow, which was 
measured to be l1 per cent of the ventricular stroke 
volume of 164 em’. The measurement was made with a 
heated thin-film anemometer! and was confirmed by 
observing the positions of polystyrene particles, in suspen- 
sion in the water, during the final closure phase of the 
mitral valve. Backflow in the inlet tube to the mitral 
valve was only about 3 mm, a tenth of the maximum 
cusp length, confirming the observation that the valve 
was almost closed before the ventricle started to contract. 

Slow relaxation of the ventricle, followed by rapid 
contraction, would eliminate the forces produced by the 
vortex and flow deceleration without affecting the forces 
produced by ventricular contraction. In this case the 
valve would be fully open instead of almost closed at the 
beginning of the ventricular systole, and greater regurgita- 
tion should result. 

To test this hypothesis, the external pulsatile pump was 
adjusted by hand until the ventricle was at its full size; 
fluid movement was allowed to die down, and then the 
ventricle was suddenly contracted. Backflow through 
the valve was increased by a factor of five compared with 
continuous pulses, although the rate of contraction and 
stroke volume were unaltered. 

We conclude that the mitral valve relies on forces 
produced by a ring-vortex in the left ventricle and 
deceleration of the flow through the mitral orifice to 
produce efficient closure, and suggest that the papillary 
muscles and chordae tendineae might serve only to prevent 
mitral valve inversion during systole. 

B. J. BELLHOUSE 
F. H. BELLHOUSE 
Department of Engineering Science, 
University of Oxford. 
Received June 10, 1969. 
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“Gill Disease” of Portuguese Oysters 


Dvurtine April and May of this year, there has been a heavy 
mortality of Portuguese oysters, Crassostrea angulata 
Lmk., which were imported into Britain from the River 
Tagus (Portugal) in March. Losses in some cases exceeded 
90 per cent. 

The symptoms shown by the dying oysters are the same 
as those seen in Britain? and France in C. angulata in 
1967 and 1968, when losses were severe in France. but less 
so in Britain. Farley* deseribed the general symptoms in 
oysters (C. virginica Gmelin) dying of prolonged functional 
or infectious disease. These gross symptoms appear to be 
similar in the case of several different diseases including 
the present European mortality. 

On arrival in Britain, the Portuguese oysters were thin, 
rather dry and had a noticeable yellow tint to the meats. 
There were 2 per cent with “active syndrome” consisting 
of damage to the gills, adductor muscle and mantle. On 
the gills, the first symptom is the appearance of one or 
more yellow spots. These increase in size and the tissues 
at the centre die, become brown and disintegrate (Fig. 1) 
resulting in perforation of the gill (or if at the edge, a 
deepening indentation). On the adductor muscle (Fig. 2) 
and on the mantle, yellow or green pustules develop and 
mantle perforations may occur as on the gills. In extreme 
conditions all the gills may be almost entirely eroded away. 
In 3 weeks, the percentage of “active” disease in one 
group of freshly imported oysters had risen from 2 per 
cent to 60 per cent, and all were in extremely poor condi- 
tion. These “active” states have been found to occur 
chiefly in spring and early summer. Apparently some 
oysters are resistant to the disease or there may be remis- 
sion, because throughout the year animals ean be found 
which have typical gill damage, but lack the yellow stain- 
ing and dead brown tissues which indicate that the disease 
is active. 

Oysters in all conditions have been examined for the 
presence of parasites or pathogens which could be respons- 
ible for the mortality. Cells bearing a resemblance to 


those seen by Mackin et al. in oysters infected by Labyrinth- 
omyxa marina (Mackin, Owen and Collier) Mackin and 
Mackin, 


Ray (=Dermocystidium marinum Owen and 





Fig. 1. Oyster with severe infection of the gills, the central parts of which 
are brown and dead (arrows indicate edges of damage). The mantle (M) 
is also covered with pustules opposite the infected gill. 


NATURE VOL. 224 NOVEMBER 8 1969 


Collier)*** have been observed in many of the diseased 
oysters examined so far, Experiments are in progress 
with cultures of these cells (Fig. 3) to determine whether 
they are a Labyrinthomyxa and are pathogenic to oysters. 

Although the present mortality concerns only recently 
imported Portuguese oysters, specimens of Ostrea edulis 
L. have been found in France and Holland apparently 
with symptoms of remission stages of disease on the gills, 
and in one ease (Cancale, France) a Labyrinthomyxa-like 
organism has been cultured. 





Fig. 2. Oyster with infected adductor muscle which is patched with 


yellow-green pustules. 





Fig. 3. 


Liquid culture (yeast peptone) of organism isolated from diseased 
oysters. (Scale = 50 microns.) 


In 1920 there was a severe and so far unexplained 
mortality of O. edulis through Europe, which Orton® 
investigated. Several of his drawings of diseased oysters 
show cells very similar both to those seen in dying Portu- 
guese oysters this year and to Labyrinthomyxa marina. 
A similar mortality in France* in 1930 may also have been 
caused by the same organism. 

One of us (D. J. A.) thanks the Natural Environment 
Research Council for a research grant, and A. C. Simpson, 
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Effect of Light on Rate of Growth © 
of Bivalves 


GrowTs bands on the epithecae of fossil corals, apparently 
representing yearly and daily growth increments, have 
recently been used to determine the number of days in 
the year in the geological past and reveal a possible 
slowing of the rotation of the Earth!-*, The yearly bands 
probably result from seasonal temperature variation and 
the daily bands may well reflect differential growth rate 
between periods of light and dark as a consequence of 
the presence of the symbiotic algae Zooxanthellae in the 
coral tissue’®, Similar bands have more recently been 
described in bivalves*-"*, but the lack of symbiotic algae 
in the bivalves makes explanation of the daily bands 
more difficult than in the corals. To determine whether 
growth rate in bivalves varies between periods of light 
and dark, we have conducted a series of radioisotopic 
tracer experiments. 

In one set of experiments, specimens of Mytilus cali- 
fornianus and M. edulis grew in finger bowls containing 
l 1. of artificial seawater containing 10 uCi of “Ca. Five 
bowls were kept in a well lit room (fluorescent lighting 
of approximate intensity 50 foot candles) for 5 days while 
another five bowls were placed in a closed, dark cabinet 
in the same room for the same time. Water in all bowls 
was changed after 2 and 4 days. A similar group of 
experiments utilized specimens of Aequipecten irradians. 
Natural seawater was used in these 4 day experiments 
and light was excluded from half the specimens by placing 
a large, aluminium foil covered frame over the experi- 
mental dishes. At the end of the experiments the shells 
were prepared and radioassayed". 

The Mytilus specimens used in the experiments had 
been collected about 4 weeks previously and maintained 
in an aquarium of artificial seawater. They were usually 
illuminated during the day and kept in darkness at night 
before the experiments. The experiments were run at 
ambient temperatures in a cool room (approximately 
18°C). As the light and dark experiments were run at 
the same time, there should be no differential temperature 
effect. The specimens of Aequipecten were collected about 
a week before the experiments and maintained in run- 
ning natural seawater in normal conditions of light day 
and dark night. The experiments were carried out in a 
cold room (18° C) with a temperature varying less than 
1° C. The light intensity in the experiments was less than 
that in open shallow water in the natural environment, 
but specimens living at depth, in protected niches, and 
also burrowing forms are subject to less light in the 
natural environment. A more complete series of experi- 
ments using different light intensities might prove 
informative. 
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M, califormianus specimens added significantly more 
Ca in both the light and dark experiments than the dead 
control shells (Table 1), but a ¢ test indicated no significant 
difference at the 95 per cent level between Ca added in 
light and dark. The range of values in the light was 
considerably greater than in the dark, but an F test 
indicated that the differences in variance were not signi- 
ficant at the 95 per cent level. M. edulis added less Ca, 
the mean value of Ca added being almost identical in the 
light and dark experiments. The mean amounts of Ca 
added by Aeqguipecten in the light were somewhat higher 
than those in the dark, but a ¢ test showed that the 
difference was not significant. The range of values was 
greater for specimens grown in the light than in the dark 
(significant at the 95 per cent level). 


Table I, AMOUNT OF Ca ADDED BY BIVALVES DURING EXPERIMENTS IN 


CONDITIONS OF LIGHT AND DARKNESS 


Species Lighting mg of Ca added Mean SD ż F 
Mytilus Light 18-7, 11-6, 9-5, 23-6,3-0 133 80 
californianus 0°87 6:15 
Mytilus Dark 6-7, 10-8, 6-5, 11-5, 14:0 99 3-2 
californianus 
M. edulis Light 27, 2-0, 27, 27, 17 24 049 
a 0-89 1:58 
A, edulis Dark 3-3, 2-1, 2:8, 1:8, 2-9 26 O61 
Aequipecten Light 1:2, 6-8, 5-6, 46 50 235 
trradians 49, 6:9, 8-0, 22 L7 4°76* 
A equipecten Dark 3-5, 4:4, 3-6, 4-7 39 1-04 
trradians 3°6, 2-5, 33, 5-9 
AL. edulis 0:45, 0°99, 0°54, 0-49, 083 0-61 0-18 
(dead control) 72, 0-83, 0°38, 0-58, 0-48 
A, irradians 0-68, 0°79, 0-80, 0:87 079 0-67 
(dead control) 


* Significant at 95 per cent level. 


In a second group of experiments, specimens of M. 
californianus and M. edulis were placed in finger bowls 
containing 1 |. of seawater with 10 uCi of “Ca added. 
Four bowls were kept in the light for 12 h, at the end of 
which time 5 uCi of "8r was added and the lights were 
turned off. Another four bowls were prepared similarly 
and left in the dark for 12 h before the room was lit 
and 5 uCi of Sr was added to the bowls. Because Sr 
is chemically similar to Ca, it substitutes readily for Ca 
in the CaCO, skeleton*. If growth is more rapid in the 
dark, the ratio of *Sr to Ca should be higher in the first 
group of specimens than in the second, for only the first 
group had access to *Sr in the dark. 


Table 2. BATIO oF Sr TO Ca ADDED DURING EXPERIMENTS IN CONDITIONS 
OF LIGHT AND DARKNESS 


Species Lighting 8r/Ca Mean SD t F 
Mytilus Light 2:63, 0-57, 1°57, 1:50 1:57 1-00 
californianus 0-47 9-71* 
Mytilus Dark 0-97, 1:80, 1°75, 1:29 138 0-32 
californianus 
MM. edulis Light 2-71, 1-24, 1-97, 4-70 2-66 1-492 
1°34 18-62* 
M. edulis Dark 1-69, 1:06, 173, 2:02 1:63 0-40 


* Significant at 95 per cent level, 


A t test showed no significant difference in the ratios 
of Sr to Ca between experiments in which Sr was added 
in the light or dark part of the experiment in either of the 
two species (Table 2). Both species had considerably 
more variability in the ratio of Sr to Ca between specimens 
in the experiments in which Sr was added during the light 
period (# tests indicated that these differences in variance 
were significant at the 95 per cent level). 

Light has no effect on the absolute rate of growth of 
these species at least in the range of light intensity 
growth is more variable in the light than in the dark for 
some undefined reason. The daily growth increments 
found in bivalves are apparently caused by some factor 
other than the direct effect of light on absolute growth 
rate. Perhaps the growth bands can best be described as 
examples of a circadian rhythm, that is, a daily rhythm 
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net under the direct control of an environmental variable. 
Such banding has been described in several arthropod 
groups. Further experimental work in progress should 
make possible a more definitive statement in the future. 

I thank the donors of the Petroleum Research Fund, 
admuiristered by the American Chemical Society, for their 
support. 
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Ecological Effects of Diquat 


HERBICIDES exert selective effects on soil microorganisms 
as Weil as on higher plants, a fact which is implied by re- 
ports that certain soil organisms, and in particular bacteria, 
adapt themselves and are able to decompose chemicals, 
such as 2,4-dichlorophenoxyacetie acidi, methylchloro- 
phencxyacetic acid’, dalapon®, amitrole*, paraquat® and 
simazine’. These direct changes following treatment 
with herbicides were thought to be only temporary 
because the activity of the adapted flora declines as 
the substrate is broken down. But there can also be 
long term ecological consequences of prolonged use of 
a particular herbicide. Agricultural enterprises such 
as intensive cereal production may involve continued 
use of the same chemical year after year and, consequently, 
there may be gradual, but cumulative, qualitative 
changes in the soil microflora. 

Some reviews indicate that the maximum concentration 
of herbicide present in soil is 10 p.p.m., which is frequently 
below the level inhibitory to microorganisms. But this 
is perhaps an oversimplification of the situation because 
(a) distribution in the soil is not uniform, and (b) accumula- 
tion occurs in plant tissues to give locally high concentra- 
tions which may persist for a considerable time’. 

Fungi also differ in their ability to tolerate certain 
herbicides*-, Recent measurements of fungal extension 
on agar and along sterilized plant material, and of oxygen 
uptake, have shown that “Reglone’, a commercial formula- 
tion of diquat, is more inhibitory to some common soil 
fungi than to others (my unpublished results), For 
example, the activity of Trichoderma viride and Rhizopus 
stolonifer was markedly reduced by 10-100 p.p.m. of 
diquat, a concentration range which scarcely affected 
other species such as Fusarium culmorum and Aspergillus 
niger. These results obtained with pure cultures suggested 
that the herbicide altered the ability of these fungi to 
compete with one another and to colonize moribund 
plant tissues. This hypothesis was tested in the following 
wavy. 

Five-week-old field bean plants were (a) sprayed with 
‘Regione’ at a concentration recommended for pre- 
harvest desiccation, 1,560 p.p.m. of diquat; or (b) sprayed 
with double this concentration; or (ce) not sprayed 
at all. Four days later, when the plants treated with 
‘Reglone’ were severely scorched and blackened, the 
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leaves were inoculated with both T. viride and F. culmorum. 
Separate inocula of these fungi were prepared by incuba- 
tion on sand—maizemeal medium, equal weights were 
mixed together and finally the double inoculum was 
diluted with unsterile sand, again by weight, in the ratio 
l part double inoculum : 20 parts sand. Leaves of each 
of the three ‘Reglone’ treatments were incorporated into 
this double moculum and also into unsterile sand. This 
experiment was prepared in seed boxes kept in the 
laboratory and watered to constant weight. After 2, 7 and 
14 days the patterns of colonization of these leaves were 
examined. Forty disks, 4-0 mm in diameter, were taken 
from each leaf treatment, surface sterilized and plated on 
acidified potato dextrose agar. After 3 days of incubation 
at 25° C the dominant fungus emerging from each disk 
was recorded (Table 1). 


Table 1. OUTCOME OF COMPETITION BETWEEN F. eulmorum AND T. viride 
TO COLONIZE BEAN LEAVES TREATED WITH REGLONE 
P.p.m, of diquat sprayed 
Inoculum Sample 0 1,560 3,120 
F. cul- F. cul- _.. Feul- - 
morum T. viride marum T. viride morum T. viride 
F.culmerum 28 day 0 100 27-5 72-5 27-5 7.5 
+ T. viride 7 day 25 O7°5 92-5 75 100 üQ 
14 day Q 100 70-0 3-0 100 © 
F. cul- _ Fou F. cul- i 
morum T.viride morum T.viride morum T. viride 
Unsterile 2 day 0 87-6 2-5 40-0 $2°5 32-5 
sand only 7 day 0 7775 45-0 17-5 65-0 175 
14 day 2-5 82-5 350 250 325 10-6 


Results show the percentage of disks colonized by each fungus. 


The table shows that treatment of the leaves with 
“Reglone’ reduced the ability of T. viride to compete with 
F. culmorum and colonize these tissues so as to reverse the 
order of dominance of these species. Results consistent 
with these, with “Reglone’ suppressing T. viride in favour 
of F. culmorum, have been obtained from similar experi- 
ments using, as the substrate for competitive colonization, 
potato haulm treated with ‘Reglone’ in quantities com- 
parable with those used to destroy haulm at harvest. 
time. Other experiments involving wheat chaff treated 
with ‘Reglone’ and competition between R. stolonifer and 
A. niger showed similar interference by the herbicide in 
patterns of colonization. Rhizopus stolonifer dominated 
A. niger in the control, untreated samples, but dipping 
chaff for 1 min in a 1,000 p.p.m. solution of diquat com- 
pletely inhibited colonization by R. stolonifer and only 
A. niger grew from the surface sterilized pieces. 

Thus the presence of herbicide residues in or on plant 
material has a significant effect in determining the species 
capable of colonizing the material. They are not, however, 
isolated examples. Similar results have been described 
for commercial formulations of paraquat and MCPA». 
Clearly no generalizations can be made from these limited 
data, but it seems unlikely that these effects on fungal 
competition are confined to the three commercial herbi- 
cides so far investigated, diquat, paraquat and MCPA. 

Interference in patterns of competitive colonization 
provides an example of indirect effects of herbicides. 
From the practical point of view such effects assume 
particular interest when they involve pathogenic organ- 
isms. Some pathogens survive saprophytically in the 
tissues of plants which they have parasitized to invade 
subsequent crops. For example, Ophiobolus graminis, 
the fungus responsible for “‘take-all’’ disease in wheat and 
barley, overwinters in infected stubble and its survival is 
inversely related to the activity of other microorganisms 
in the stubble. Herbicides which affect patterns of 
microbial colonization of plant tissues may alter the rate 
at which these tissues are decomposed and thus indirectly 
affect the survival of pathogens within them. The 
results I have described may be significant in two respects. 
First, they show selectivity against T. viride, well known for 
its antagonism towards other fungi including some 
pathogens. Second, they show that F. culmorum, which 
is a pathogen of cereals, is favoured by ‘Reglone’. This 
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herbicide is used for desiccating potato haulm at harvest, 
and cereals frequently follow potatoes in a rotation. 
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Teesdale Rarities 


Sims! suggests that instability of substrate resulting from 
wind and water erosion could be a factor relevant to the 
existence of the Teesdale rarities, and asks the question, 
“Have the bare areas been the subject of critical study t” 

In his classic paper on the vegetation of Upper Teesdale, 
Pigott? described the vegetation of the bare areas in detail 
and critically discussed the role of erosion by water and 
wind in the maintenance of their skeletal cormmunities. 
He emphasized the important part played by herbivores, 
especially their trampling in the erosional process. 
Reference to his lists shows that the meagre flora of these 
areas includes beth rare and common species, indicating 
that they simply represent habitats, albeit severe, which 
are open to colonization by any organism which can gain 
and maintain a foothold. 

The vegetation of Widdybank Fell consists of the follow- 
ing. (1) The pure communities, all of which are of wide- 
spread occurrence in northern Britain’ and each of which is 
referable to one of several orders sensu Braun Blanquet*. 
The Teesdale rarities are poorly represented in these 
communities. (2) Skeletal, retrogressive and pioneer 
communities, subject to the erosion phenomena under 
discussion. (3) Areas of closed vegetation dominated by 
Sesleria caerulea (L.) Ard., which can be classified into the 
association Seslerietum—Caricetum pulicariae Shim. This 
association, together with its variants, forms a phytogeo- 
graphical link between the lowland base rich grasslands 
of the class Festuco-Brometea Br.-Bl. and R.Tx., and the 
arctic alpine grasslands of the class Elyno-Seslerietea 
Br.-Bl.°. The Teesdale rarities are well represented in 
these communities. (4) Tracts of closed vegetation, which 
consist of either patchworks of the pure communities, or 
admixtures of species from two, rarely more, of the pure 
communities. These boundary complexes, which include 
some of the variants of (3), are, however, not just admix- 
tures, they are characterized by the presence, abundance 
and even dominance of the Teesdale rarities. 

The existence of species, which are considered to be 
intolerant of competition, within the bare areas, is easily 
understood. The widespread occurrence of closed com- 
munities, which are rich in these species, must be accounted 
for. It is suggested that analysis of the status of the 
boundary complexes holds the key to that of the Teesdale 
rarities. 

There seems little doubt that the active erosion taking 
place today is a retrogressive process and as such repre- 
sents a threat to certain plant populations. But the 
relationship, if any, between the stable boundary com- 
plexes and past erosion phenomena (for example, erosion 
surfaces and loess and outwash deposits) is an important 
facet of the study of the Teesdale problem. Detailed 
phytosociological, ecological and pedological studies, which 
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DDT in Antarctic Snow 


CONTAMINATION of the environment by persistent pesti- 
cides is universal'-1!, Residues have been found in a 
variety of animals in the Antarctic’?>; analysis of two 
samples of glacial ice from the vicinity of Byrd Station 
(80° S, 119° W) gave negative results, but traces of 
dieldrin and DDT have been found in biota on Signy 
Island in the Antarctic, 3,000 miles from McMurdo 
Sound. The ecological implications of these contaminants 
have been discussed!4}5, 

In 1966 we prepared six carbon adsorption filters 
(Nuchar C’-190) for sampling snow melt?®*7. Desorption 
efficiency is assumed to be 100 per cent at 72 h of extrac- 
tion time, though adsorption efficiencies are not known. 
Five filters were shipped to Plateau Station and one was 
held in our laboratory as a control. The control sample 
was negative for DDT. Filters were installed in parallel 
with the Plateau Station water system for various periods 
of time from January 18-25, 1967. The snow being melted 
had fallen in the previous two months, November- 
December 1966, and in early January 1967. The flow 
rate measured at the station through the automatic flow 
valves without the filter attached was 1,035 ml./min. 
The Institute of Polar Studies, Ohio State University, 
sampled the snow melt in the Antarctic. 

The resulting samples ranged from 321 to 429-6 I. 
One sample (No. 1) volume is unknown, but is greater 
than 15-5 |. After the filters reached the laboratory, the 
excess water was drained and the carbon was placed in a 
soxblet extractor for 72 h. Cycle time for the 2,600 ml. 
double distilled reagent grade hexane solvent averaged 
6L min, and subsequently each sample was washed in the 
soxhlet approximately 72 times. The hexane was decanted 
from the extractor into glass stoppered flasks and stored. 

About 6 months later, in January 1968, the samples 
were reduced in volume to approximately 25 ml. with a 
flash evaporator operated at 40° C. Detection systems 
for DDT residues consisted of: (1) gas chromatograph, 
Barber Colman. series 5000, electron capture detector, 
tritium foil, 1-83 m glass column (inside diameter 5 min), 
1:1 mixture of 152 per cent QF-1 and 10-5 per cent 
DC 200 on ‘Gaschrom’ Q 100/200 mesh, column tempera- 
ture 188° ©, detector temperature 208° C, injector tem- 
perature 210° C, gas flow N, 120 ml. per min. (2) Thin 
layer: Eastman type K 301R2, 98:2 heptane-—acetone 
solvent developer, silver nitrate-phenoxyethanol-acetone 
chromogenic agent. Results were checked with US 
Public Health Service standards. One of our samples 
(No. 6) was subsequently checked by the Pesticide Analyti- 
eal Laboratory, Faculty of Entomology, Ohio State 
University, with gas chromatography and microcoulo- 
metry. Detection equipment was: (1) tas chromatograph, 
Barber Colman, series 5000, electron capture detector, 
tritium foil, 1-22 m glass column (inside diameter 5 mm), 


NATURE VOL. 224 NOVEMBER 8 1969 


l: 1 mixture 15 per cent QE-1, 10 per cent DC 200 on 
100/120 mesh ‘Gaschrom’ Q, column temperature 200° C, 
detector temperature 209° C, injector temperature 210° C, 
gas flow N, 200 ml. per min. (2) Microcoulometer, detector 
attached to Barber Colman chromatographic oven, 
Dohrmann model C-200-A, 1-83 m column, inside diameter 
5mm, 7-5 per cent QF-1, 5-2 per cent DC 200 on silanized 
‘Chromosorb’ W 60/80 mesh, column temperature 200° C, 
combustion chamber temperature 800° C, combustion cell 
T-300-S-silver, gas flow N, 150 ml. per min. 

All samples were carefully stored at all times to prevent 
contamination in our laboratories. The control sample. 
taken directly from the filter and extracted, contained 
substances which interfered with the gas chromatograph 
analyses. Further control samples of charcoal from the 
same bag were washed with 38 1. of double distilled water 
and found to be negative for DDT contamination when 
subjected to the clean-up procedure used for the sample 
from the Antarctic. I assume that the experimental 
samples were not contaminated either during transit or 
in the laboratory: no pesticides are used at Plateau 
Station. 

Three of the five samples were positive for DDT, but 
only ons was quantified. In the sample analysed by the 
Pesticide Laboratory the amount of 0,p’- and p,p’-DDT 


(29-2 and 70-8 per cent respectively) was 0-04 x 10 g/g 
from sample No. 6 which came from 321 1. of snow melt. 
Minimum detection level was 5x 10-" g/g p,p’-DDT. 
Two other samples were positive for DDT, one of 263-8 1. 
(> 0-04 x 10-° g/g) and the other (No. 1) of unknown water 
quantity. Persistent pesticides are readily transported in 
air?! and can be vaporized into the air from soil and 
water without evaporation of water’. Up to 13x 10- 
g/g DDT has been found in rain in Ohio. From 
studies!®.2° of air mass movements over the Antarctic 
Continent it seems that insertion of contaminated air is 
readily possible. The volume of snow on the continent 
has been estimated at 24-30 million cubie km?!, The 
average precipitation has been reported as 19-8 em/yr?’. 
If the residue level determined from one sample at one 
location is extrapolated to the entire continent for the 
22 year period in which DDT has been widely used, it 
suggests that there could be as much as 2-4 x 10° kg o f 
DDT accumulated in the Antarctic snow. 

Tony J. PETERLE 
Faculty of Zoology, 
Program in Environmental Biology. 
College of Biological Sciences, 
1735 Neil Avenue, 
Columbus, Ohio 43210. 
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Book Reviews 


WHAT MONEY CAN'T BUY 


Run, Computer, Run 

The Mythology of Educational Innovation. By Anthony 
G. Oettinger, with the collaboration of Sema Marks. 
(Harvard Studies in Technology and Society.) Pp. xx + 
302. (Harvard University Press: Cambridge, Massachu- 
setts; Oxford University Press: London, August 1969.) 
58s. 

THe National Council of Educational Technology is the 
United Kingdom body whose duty it is to see what can 
be done to use new technologies in education and training 
in order to make learning and teaching more effective. 
Work has been done on television, on “learning packages”, 
and on other devices; but the major project which it 
has taken on board has been the application of the 
computer to education. A series of studies culminated in a 
proposa! by a committee, which I had the honour to chair, 
that a coordinated programme of development should 
be begun in Britain. Its conclusion was that computer- 
aided instruction was on its way. The job was partly to 
develop computer techniques to make them satisfactory, 
but above all to integrate ¢.a.i. (as it is called) into the 
education process in a humanizing as well as an efficient 
way. 

This book by Dr Oettinger and Miss Marks is part of a 
project on technology and society now under way at 
Harvard. It is, in essence, a long pamphlet. written for 
persuasive purposes, as the absence of an index shows 
(surely an odd omission in a publication by a university 
press). It has, as is fairly typical of some American 
books, a grotesque and fulsome list of indebtedness, 
as though the authors had crossed the Polar Ice Cap on 
hands and knees rather than written an essay. Their 
thesis 1s a simple one. It is that the days of innovation in 
a technological sense in education are only just beginning 
and that they will go much further. This innovation 
holds out bright hopes for education. “One immediate 
interesting consequence of these visions is that they leave 
no obvious intellectual need for the separation of children 
in grades or for other forms of lockstep. The child can 
progress through the system as rapidly as he is able or 
wishes to. Another interesting feature of the system is 
that it relieves the school of what is the bulk of its concern 
today, namely the abstract and the verbal. The school 
may concentrate instead on the conerete, the social, 
and the human” (page 8). 

But to achieve anything like this, a great deal of costly 
effort is necessary. (My own studies have shown that new 
techniques in education are invariably cost raising; one 
hope of founding NCET was that its efforts would save 
part of the educational budget—it is a false hope.) Above 
all, it needs sensitive, intelligent and well educated 
teachers, always scarce. Any move, too, to self -study 
methods of education might be helpful to the gifted and 
highly motivated, and bad for the less gifted working 
class child. Octtinger’s description of the problems, and 
what the computer can do, has been superseded by 
NCET’s studies, but it is still a useful survey. 

His useful contribution is to be found in the description 
of the sheer technical primitiveness of most educational 
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technology. I have seen TV in sčhools, for example, 
where the small screens and bad sound were not helped 
by badly adjusted sets with slipping mages. And, in 
America especially, the poor quality of the material 
transmitted has to be seen to be believed. In the American 
colony of Samoa much of the instruction is by television. 
On Margaret Mead’s island the culture is being destroyed 
by these dim technological teachers as surely as napalm 
and high explosive have destroyed the Vietnamese 
culture, 

Oettinger also quite rightly points out that systems 
analysis, which is supposed to be a prerequisite to the 
reconstruction of education to make it possible to use 
educational technology, is a subtle and difficult process, 
not capable of short-term use in so complex a field. 

The most fundamental point is, however, a simple one. 
American education is fairly rigid and unimaginative. A 
growing number of persons wish to change it. (English 
education is also rigid and unimagmative-—but not to 
the same extent or in the same way as im America, I 
would venture to assert.) America being America, a 
technological breakthrough is a good thing, whereas an 
ideological change would be resisted. But technological 
change is only beneficial when it leads to better education. 
To get a better education requires a profound ideological 
change by teachers, administrators and parents, We 
have seen such a change here in England in many of our 
primary schools, without extra money and without 


They can’t. 
JOHN VATZEY 


PSYCHOANALYSIS EXPLAINED 


The Logic of Explanation in Psychoanalysis 
By Michael Sherwood. Pp. x +276. (Acadernic Press: 
New York and London, April 1969.) 89s. 


Dr SHERWOOD treats his subject by examining one of 
Freud’s own published cases, that of the “rat man”, as 
a paradigm of psychoanalytic explanation. His concern 
is to see how the logie of explanation displayed in this 
case compares with that of more accepted scientific 
explanation. Thus, given the repute and general nature 
of the case, he is not concerned with its truth, its detailed 
accuracy, nor the refinements later analysts might wish 
to add. His contribution is not to psychoanalysis but 
to its (non-psycho-)analytic philosophy. 

The author’s method is first to give a general analysis 
of scientific explanation, leaning heavily on such standard 
works as that of Nagel, and then to consider theoretical 
objections to applying this analysis to explanations of 
human behaviour. These disposed of, he presents the 
selected case in some detail, with enough background in 
the history and Freudian theory and terminology to make 
the case intelligible to outsiders. The thesis is then con- 
sidered and rejected that there is here a ‘‘separate domain” 
of actions. to be explained in terms of reasons, distinct in 
category from that of, for example, bodily movement, 
to be explained in terms of causes. (Not, of course, that 
Sherwood denies the obvious and important distinctions 
between actions and movements.) Finally, the impor- 
tance of psychoanalytic narrative is brought out and the 
contextual character of its explanation stressed, along 
with the (rather overstated) inadequacy of the hypothetieo- 
deductive model developed largely from explanation in the 
physical sciences. 

The book is undeniably useful, even at the rather 
elementary level it aims to treat the subject. Level- 
headed and philosophically well versed treatments of 
psychoanalysis are rare enough to be very welcome, The 
general level of the subject is shown by the abysmal 
arguments Sherwood feels obliged to refute to make 
what should be a plain case for applying scientific method 
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in this field. Given this, it is a pity that the positive 
philosophical analysis is so thin, as I suspeet the 
presentation of the psychoanalytic material might strike 
a professional analyst as being. The author is better at 
clearing up a messy literature than in adding substantially 
to the best of it. 

This judgment can be supported with one illustrative 
point. It is granted early on (page 75), as part of what 
constitutes a psychoanalytic explanation, that the literal 
truth of childhood incidents referred to in it need not be 
checked; it is enough that they are part of the patient’s 
“psychic reality”. That may be standard practice, but in 
a discussion of the logical status of such explanation, it 
needs more questioning than it gets. It makes a great 
difference, for example, to its causal status, whether such 
incidents themselves, or merely their analytically inspired 
and possibly inaccurate recollections, are the material of 
psychoanalytic explanation, even if it makes no odds to 
the therapy. One would naturally prefer the former, to 
give scope for independent (for example, neurophysio- 
logical) enquiry into the presence of the persisting personal 
characteristics induced by the incidents, which are invoked 
in explaining behaviour years later. Analysts, however, 
Sherwood notes uncomplainingly, give us the latter, and 
this should really have provoked a deeper discussion of 
the explanatory value of narratives which, for all the 
narrator cares, may be largely fictional. 

Similarly, many other points in the book provoke a 
desire for more detailed and searching enquiry along 
Sherwood’s very sensible lines. In short, it is a good 
introductory book to a field strewn with pitfalls; a book 
to be read, but by no means a book to be satisfied with. 

D. H. MELLOR 


REACTIONS TO INJURY 


Tissue Repair 

By R. M. H. McMinn, with a chapter by J. J. Pritehard. 
Pp. ix+432. (Academie Press: New York and London, 
1969.) $23.50; 219s 4d. 

Tars book is devoted specifically to histological and cyto- 
logical details of repair in mammalian tissues and organs. 
It is an attempt at a comprehensive survey and includes 
summaries, and in places details, of many experiments 
about repair and regeneration of tissue after a variety of 
simple injuries. It is thus of interest to all those who 
work in these fields and to others, such as pathologists, 
who are confronted with the understanding of such 
problems when the aetiology is a natural disease process. 
Those who are active researchers into tissue Injury and 
repair usually work with one or a few tissues in the 
fundamental issues of which they are well steeped. To 
these it is very useful to see accounts of and references to 
work in other tissues, to find out what problems are near 
solution and the many which are wide open. 

Thus, those who seek a solution to the factors controlling 
liver regeneration will find in the excellent first chapter 
that the origin of fibroblasts is still disputed and the 
reasons for the contraction of wounds are still poorly 
understood. The author’s conclusion that contraction 
probably has a cellular basis and that fibroblasts are in 
some way responsible is a return to square one. This 
indication of slow progress to understanding, in spite of 
the numerous experimental approaches, can be found in 
many places; for example, the origin of myoblasts in 
chapter three, and the still unsolved problem of the factors 
controlling liver regeneration in detail. The critical dis- 
eussion of such problems is an undoubted merit of the 
book. 

The chapter on bone is stimulating and simple; that 
on nerve covers most of the classical work on the subject, 
but surprisingly omits any reference to segmental de- 
myelination. Biochemical aspects of the problems are 
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not discussed in any detail, although references are given 
to reviows. This is perhaps wise if the volume was to be 
a moderate size, but it is surprising that there is little or 
no meation of the relevance of immunology to repair and 
regeneration. References to grafting are to autographs 
from a descriptive angle and the modification of the 
reactions in homografts is hardly discussed. The changes 
in gastric mucosa in pernicious anaemia are described, 
but the fact that these lesions result from an auto-immune 
reaction is not mentioned. 

The consideration of repair as seen in human disease is 
somewhat summary and the pathologist will be disap- 
pointed with the phrase “a discussion of the complexities 
of human liver pathology is not called for here’, for it 
is in such complexities that fundamental questions are 
raised. The merit of the work that is presented makes one 
wish that the author had used his wide experience to 
define such fundamental questions from his angle. This 
would mean a longer book or a sequel-—the contribution of 
Julian Huxley when he took a look at the problem of 
cancer comes to mind. 

Auteradiographic and eleetromicroscopical as well as 
some histochemical observations are referred to in many 
sections, but one would weleome more of these as well as 
more ciseussion of their limitation. Pele’s (1965) caution- 
ary warning about the significance of DNA labelling with 
tritiated thymidine is referred to, but this method is used 
so frequently in experimental investigations that it should 
have been critically discussed. 

Nevertheless, the book as a whole is very valuable. and 
the exposition is simple and clear. If I am like Oliver 
asking for more, it is not because there has been no 
supper. J. F. SMITH 


FISHES WHICH GROPE IN THE DARK 


L’Evolution Régressive des 
et Abyssaux 

By Georges Thinés. 

1969.) 95 francs. 


SYSTEMATISTS, geneticists, physiologists, ethologists and 
ecologists do not often become closely involved in each 
others’ work. One promising exception is through the 
study of cave faunas, which are relatively simple in 
nature. Though there is much to be learned of subter- 
ranean space and its life, certain cave systerns, particu- 
larly in Africa and America, have now been well explored 
from geological, hydrological and biological points of 
view. Interpretation of these findings has not only 
stimulated the foregoing specialists, but also been a 
challenge to evolutionary biologists. 

The present work is concerned largely with eave dwelling 
fishes. Professor Thinés, who has worked in African 
caves and studied the behaviour of cave fishes for the past 
fifteen years, makes full use of his special skills, and they 
are literary as well as scientific. Like other cave biologists, 
his study of regressed visual and pigmentary systems 
has Ied him to compare and contrast such structures 
with those in deep sea fishes that live below the threshold 
of light. Moreover, there are blind fishes in littoral and 
brackish waters, which are also considered. 

More than half of this well planned book is devoted to a 
systematic review. Under each species is given its syn- 
onymy, a general description and, wherever possible, 
full consideration of its regressed features, habits and 
habitat. There are many illustrations. We learn that 
ninety-five species of blind fishes are known at present, 
forty-four from fresh waters, thirty-two from marine 
waters and nineteen from brackish waters. The best 
studied freshwater species are the characid, Anoptichthys 
jordani, the cyprinids Caecobarbus geertsi and T'yphlogarra 
widdewsoni, and the amblyopsids. Of the deep sea, bottom 
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dwelling forms, the bathypteroids, ipnopids and brotulids 
(certain of which are relicts in caves) are the most diverse. 
When the visual systems of bathypelagic fishes have been 
studied properly, it is likely that more blind species will 
be added to the list, particularly among whale fishes and 
female angler fishes. 

After considering their zoogeography and ecology, 
Thinés turns to the various theoretical attempts to inter- 
pret the origin and evolution of cave fishes. This thorough 
review certainly makes one appreciate the attractions of 
cave biology. Even so, out of a diversity of concepts 
those that have seemed most fruitful to recent workers 
have centred on indirect pleiotropic effects, economy of 
energy and negative allometry. Much is still uncertain, 
though the author points to certain common ground 
between different interpretations. 

Thinés opens his preface: ‘‘Le présent ouvrage a 
trouvé son origine dans |’éthologie”. This is admirably 
evident in the final chapter on the behaviour of cave 
fishes. In the laboratory, cave fishes seem much like 
those with normally developed eyes * .. . et seules des 
observations prolongées et minutieuses permettent de 
découvrir certaines différences caractéristiques”. Such 
observations have been concerned not only with their 
sensory capacities but also with reproduction, locomotion 
and temporal activities. Regarding the last aspect, the 
work of Eigenmann on the brotulid Stygicola suggests 
circadian rhythms, though the observations of the author 
and his colleagues on blind characids showed no such 
pattern. But the characteristics of cave fishes, whether 
physiological or ethological, are not so monotonous as 
their physical surroundings. Endeavour to understand 
this variability, as Thinès shows so well, is the essence of 
cave biology. N. B. MARSHALL 


STOMATAL BEHAVIOUR 


Physiology of Stomata 

By Hans Meidner and T. A. Mansfield. (European Plant 
Biology Series.) Pp. xiiit+179. (McGraw-Hill: Maiden- 
head, 1969.) 56s. 


THE crucial importance of stomata in controlling the 
assimilation of carbon dioxide and the water economy 
of plants is widely recognized, but most texts of plant 
physiology offer only a cursory account of the physiologi- 
cal mechanisms underlying stomatal behaviour. The 
authors have bridged this gap; their book provides, in a 
compact and well illustrated text, a valuable review of 
stomatal physiology which gains much from their direct 
experience and knowledge of experimental research in this 
field. There is no doubt that the publication will help 
the reviving interest in the subject; it should be read by 
all serious students of plant physiology. 

In the early chapters, the authors give a brief account 
of the distribution and structure of stomata, the methods 
of measuring stomatal movements and their diffusive 
capacity. Against this background the basic problems of 
the physiology of stomata are considered in a series of 
chapters dealing with the stomatal responses to environ- 
mental factors, the role of rhythmic behaviour and the 
nature and mechanism of opening and closing reactions. 
Some of the chief hypotheses which have been offered to 
account for stomatal movements, particularly in relation 
to the effects of carbon dioxide, are critically discussed. 

It is now well established that the turgor relations 
between the guard cells and the surrounding epidermis is 
a dominant feature of the opening and closing reactions 
of stomata. A somewhat artificial and unsatisfactory 
distinction between active and passive movements has 
often been suggested, and is adopted by the authors to 
distinguish the changes occurring within the guard cells 
themselves from those brought about by outside forces. 
But it is rarely possible to make such a clear distinction 
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either under experimental or natural conditions. Under — 
some circumstances, the water regime of the plant may 
have an over-riding effect in which stomatal closure can 
be closely correlated with the development of water deficits 
in the leaf tissues. Similarly, exposure to light, although 
primarily leading to stomatal opening by lowering the 
concentration of carbon dioxide, may also give rise to 
complex changes in the turgor relations of the mesophyll 
and epidermis of the leaf. Indeed, stomatal control of 
photosynthetic activity and water economy in plants may 
well depend on the interplay of versatile mechanisms 
reacting to different environmental conditions; the search 
for a single comprehensive hypothesis may well be in 
vain. 

The book includes a short appendix with some useful 
suggestions for practical work set at a fairly elementary 
level and requiring simple equipment. The text and 
diagrams are attractively produced and free from errors. 
It is supported by a good bibliography containing 177 
references chiefly to original papers. E. W, YEMM 


SOLID STATE BIOPHYSICS 
Solid State Biophysics 


Applications of Electron Spin Resonance, Dielectric 
Measurements, the Mossbauer Effect, and Lasers to Biology 
and Medicine. Edited by 8S. J. Wyard. (McGraw-Hill 
Advanced Physics Monograph Series.) Pp. xiii+424. 
(McGraw-Hill: New York and Maidenhead, 1969.) 120s. 
Tas book has the strength of most multi-author texts 
in that each chapter is authoritative but also has their 
inherent weakness through incomplete coverage of the 
field. Approximately two thirds of the book is devoted to 
electron spin resonance (ESR) spectroscopy applied to 
biological systems. The remaining chapters cover an 
assortment of solid state methods which are finding 
applications in biology, including dielectric methods, 
Mossbauer spectroscopy and lasers, but unfortunately 
excluding nuclear magnetic resonance which has already 
provided valuable information on proteins and other 
biomolecules. 

There are gross omissions even in the ESR section which 
perhaps stem from the length of time this volume has 
been in preparation. Thus the contribution of ESR 
spectroscopy to the study of oxidative enzymes, parti- 
cularly those containing transition metals, is not con- 
sidered, nor is any mention made of MecConnell’s spin 
labelling technique which promises to make ESR spec- 
troscopy of wide applicability in the study of biological 
structure and function. 

To consider now the book in more detail: the first 
chapter forms an adequate introduction to ESR spectro- 
scopy; the mode of presentation, although aimed primarily 
at physicists, would be understood by biologists with 
some knowledge of physics. The short second chapter 
on double resonance techniques suggests appheations in 
biology where improved resolution and sensitivity are 
important criteria; although biological examples are 
not given they are appearing in the current literature, 
In the next four chapters, the application of ESR spectro- 
scopy to radiation biology is covered. These chapters are 
excellent. Chapter three illustrates the difficulties in 
interpretation of results from irradiation studies on 
biological materials. By contrast, the next chapter on 
single crystals shows in detail how the spectra from one 
or a mixture of radicals can be analysed and the radicals 
identified. As an example, the spectral analysis of y 
irradiated cytosine is described and an understanding of 
this procedure would serve as a valuable basis for inter- 
preting the data from spin labelling experiments. Theo 
radicals produced from the irradiation of hydrogen- 
oxygen systems, which are probably primary species in 
radiation damage to biological materials, are considered 
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next, followed by irradiation damage and repair in solid 
biological systems. This latter chapter contains a useful 
discussion of energy migration and electron conduction 
through proteins. As an illustration of how electron spin 
resonance spectroscopy can provide information on 
metabolic processes, the biosynthesis of melanin is dis- 
cussed; other examples such as photosynthesis and the 
visual processes might with profit have been included. The 
final chapter in the ESR section of the book deals with 
medical applications. There are interesting qualitative 
differences in free radical content between tissues, par- 
ticularly when neoplastic and normal tissue are compared. 
The reviewed achievements of whole tissue studies to date. 
however, indicate the wisdom of learning to walk before 
one begins to run--study purified biological macromole- 
cules as a preliminary to macromolecular assemblies. 

In the preface, Wyard states that “the scope of the 
book is something between a textbook, a review and an 
original research contribution combining some of the 
qualities of all three”. Within this frame of reference, he 
can be said to have succeeded and this volume will form a 
valuable addition to the libraries of laboratories where 
solid state techniques are being applied. 

Perer F. KNOWLES 


PROTEIN CHEMISTRY 


Physical Principles and Techniques of Protein Chemistry 
Part A. Edited by Sydney J. Leach. (Molecular Biology: 
An International Series of Monographs and Textbooks.) 
Pp. xiii+ 530. (Academic Press: London and New York, 
April 1969.) 224s. 


Tas is another edited book concerned with some of the 
physical techniques used by protein chemists. It Joins an 
ever increasing number of edited books (for example, 
“Methods in Biochemical Analysis’, “Biological Macro- 
molecules Series”, “Methods in Enzymology”, “Advances 
in ...’, and the like) which seek to keep the physical 
biochemist informed of the various techniques and ad- 
vances in his subject. The only shortage is of time to read 
them all. 

Inevitably, with many publishers promoting edited 
books, considerable overlap oceurs and the same topics, 
treated by different authors, are to be found in many of 
the books. In this respect, chapters on “X-ray Methods” 
by R. D. B. Fraser and T. P. MacRae and “Ultraviolet 
Spectroscopy” by J. W. Donovan are included, although 
both subjects have been covered previously on more than 
one occasion, This comment is not intended to detract 
from the quality of the articles—both of which are excel- 
lent-—but one wonders what the criteria are for judging 
a topic to be adequately covered. Similarly, for some of 
the other topies which include “Electron Microscopy of 
Globular Proteins” by E. M. Slayter; “Fluorescence of 
Proteins” by R. F. Chen, H. Edelhoch and R. F. Steiner; 
“Perturbation and Flow Techniques” by B. H. Havsteen 
and “Dielectric Properties of Proteins: I, Dielectric 
Relaxation” by S. Takashima. The claim of the editor, 
Dr S. J. Leach, that the articles are “concerned primarily 
with methodology rather than theory” is well met, and I 
found the treatments of the techniques, of which I have 
little or no experience, to be very clear. A colleague who 
has contributed to the theory of both electrophoresis 
and analytical gel filtration found both chapters to be 
theoretically sound and well written. 

In general, this is a well presented book and will be of 
value both to research students entering the field of 
protein physical chemistry and to established workers 
wishing to obtain background knowledge in other tech- 
niques. Much of the information, however, can be obtained 
from other sources and I wonder who or what will limit the 
growth in the number of edited books. 

E. M. BRADBURY 
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HANDBOOK FOR THE LAB 


Handbook of Neurochemistry 

Vol. 1: Chemical Architecture of the Nervous System. 
Edited by Abel Lajtha. Pp. xvi +484. (Plenum Press: 
New York, 1969.) $35. 


Tus is the first of a series of seven volumes designed to 
provides a concise assessment of the chemistry and biology 
of the nervous system for ready reference in laboratory, 
elinie or classroom. 

In this volume of neurochemistry there are sixteen 
chapters, most of them between 10 and 20 pages long, but 
lipids (50 pages) and enzymes (140 pages) have been 
allowed a little more space as appropriate to their pro- 
minense in chemical studies of brain. There are about 
3,000 references in all, half of them with titles providing a 
fairly complete coverage of the literature to the end of 
1967 but with little reference to 1968. Chemical data are 
assembled in more than forty tables, one of them (a 
table of enzymes) 73 pages long. In addition, most 
authors have managed to summarize the present state of 
knowledge in their section of the field, indicating trends in 
remarkably few words. There is a comprehensive subject 
index, but although the book makes extensive use of 
abbreviations there is, however. no list of abbreviations. 
Such abbreviations might be very familiar in the research 
laboratory, but some of them might not be easily under- 
stood in the chnic or classroom. 

One’s interest in a handbook such as this usually 
depends on one’s particular field of specialization. I think 
that the lipid chapter gives a very useful coverage ranging 
from the structural formulae of the individual lipids to an 
extensive list of disorders of the nervous system in which 
lipids may be involved. Several chapters also include 
sections on changes in composition associated with 
pathological disorders and also with age. There are also 
comments on the effects of drugs on brain sterols. The in- 
clusion of a chapter on enzymes (more than 350 enzymatic 
activities are listed) can probably be justified in a volume 
which is primarily on chemical composition, but that on 
“Cerebral Metabolism in Vivo” is rather misplaced when 
volume three will be entitled “Metabolic Reactions in 
the Nervous System”. 

The series will certainly be welcomed in research 
laboratories and even in clinies, but I doubt whether it 
will be seen in many classrooms. J.B. FINEAN 
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CRUSADE FOR STANDARDS 


Systems of Units in Electricity and Magnetism 

By Leo Young. (Electronic and Electrical Engineering 
Texts, Vol. 1.) Pp. xv+235. (Oliver and Boyd: Edim- 
burgh, June 1969.) 42s. 


THe text of this new book on unit systems has been so 
prepared that it can be read also by undergraduate 
students of physics and electrical engineering. It attempts 
to explain as well as unify the various systems of electrical 
units in common use. This thorough account is all the 
more weleome because there is at last every hope that a 
unified system of units will be universally used by all 
engineers. It has taken nearly a century for this to be 
within sight of actual achievement. 

In view of the recent widespread efforts to get engineers 
to use the “Système Internationale’, the SI system of 
units. so that all will use the same definitions and the same 
units. the reader may well wonder and ponder on the need 
for detailed treatment of the whole subject of other systems 
of units and definitions. There is, in this book, alrnost an 
encyclopaedia on units or, as the preface claims, a kind of 
combined grammar and dictionary of the whole subject. 
The chaos caused by the failure to adopt a single system 
has been so great that surely it would be better to make 
a clean break and ignore past mistakes completely. The 
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author justifies the comprehensive nature of the treatment 
given by the argument that some readers will need to 
refer back to past literature on engineering subjects 
where, unfortunately, one finds a medley of units used in 
the different texts. 

Units and their definitions as well as their symbology 
undoubtedly form a kind of language, and once one grasps 
this concept the absurdity of using so many different 
systems becomes clear. 

There is so much detail given in this book that the text, 
although by no means difficult or complicated, 1s heavy 
going. It is inherently a book for reference and guidance. 
many aspects of the subject obscured or lost in past dis- 
cussions being explained and clarified. In particular 
the author stresses that any system of units needs to be 
coherent, implying. that is, that the system of base units 
must be well chosen so that the constants of proportional- 
ity in the corresponding equations are consistent among 
themselves. 3 

Another topic, well covered and documented, is how one 
converts between the various systems and the associated 
equations even when the constants of proportionality 
change. Are such conversions really essential? Surely 
it is far simpler to refer the measured quantities in each 
system to the fundamentals and convert these. It may be 
a longer method but, without the aid of a reference book 
like this, far safer. The lack of a proper terminology has 
undoubtedly in the past been a severe hardship and an 
unnecessary burden on teachers and students alike. 

One can only hope that the present drive and effort to 
bring home to all workers the vital need to use only 
SI units in their future work will be effective. This 
new book will unquestionably aid this crusade. 

P. F. Soper 


TWO VIEWS ON RELATIVITY 


Relativity, Time and Reality 

A Critical Investigation of the Einstein Theory of Relativ- 
ity irom a Logical Point of View. By Harald Nordenson. 
Pp. 215. (Allen and Unwin: London, August 1969.) 
60s. 

The ABC of Relativity 
By Bertrand Russell. 
Fehx Pirani. Pp. 139. 
August 1969.) 21s. 


Or all scientific theories relativity seems to have to defend 
itself most often against the forces of superstition deeply 
entrenched in human nature. Nordenson’s book is one 
more attack, and this time of an exceedingly subtle kind. 
The author describes his critical investigation as being 
from a logical point of view and it is indeed the philosopher 
and logician who will have most sympathy with his argu- 
ments. His most tellmg objection to special relativity 
refers to Einstein’s presentation of the theory, in which 
what has now come to be known as the radar method is 
used for synchronizing distant clocks. To this Nordenson 
raises (pages 39-42) the superficially telling objection 
that the rule given by Einstein: “assign to a distant event 
a time which is the average of the times of emission of a 
light signal to the event and the reception back of the 
reflected signal” relies on tracing the path of the light 
in order to identify the reflected ray. This tracing out 
of the path presupposes some causal relation, and this 
causality, according to the author, already presupposes 
in turn a universal (classical) time, and so the very distant 
simultaneity that Einstein is at pains to deny. Certainly 
this argument makes it clear that too simple minded a 
formulation of the radar method may run into trouble; 
in particular, more is assumed than is sometimes admitted 
about the identification of signals, and about the existence 
of a “local region” in which certain approximations are 
valid. But if the argument really proved what it claims, 


Third revised edition, edited by 
(Allen and Unwin: London, 
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then it would also prove that real radar would not work; 


expression V—v (V the velocity of light) in a certain 
equation is interpreted as a relative velocity and so re- 
placed by the value that the Einstein velocity relation 
would give it (that is, V); whereas the oceurrence of 
l—v in the equation in question is not for a relative 
velocity reason at all, but simply as a result of certain 
algebraic manipulations. 

In contrast to Nordenson’s polemic, it is a pleasure to 
welcome a new edition of Bertrand Russell's lucid volume, 
This third edition is a slight modification, and brings up 
to date the revised edition of 1958 which was also edited 
by Felix Pirani. It affords an ideal introduction to the 
theories of special and general relativity for those with very 
little mathematics. C. W. Kivanstrrer 


Correspondence 


Radiobiological Terminology 
Sir,—-Some twenty-five radiobiologists met on September 
8 and 9 at the Strahlenzentrum of the Justus-Liebig 
University im Giessen, to confer on special problems of 
recovery from radiation damage. Some time was given 
to discussing termimology, which it was agreed is currently 
of a nature leading to confusion in thought as well as 
communication. 

The word “recovery”, in particular, is used with 
whole of 


the author has defined his terms, work describing “‘re- 
covery processes” is frequently quoted in papers in which 
the same word is used in quite a different context, and to 
which the citation is therefore irrelevant, Confusion has 
increased with the great interest shown during the past 
decade in phenomena associated with dose fractionation. 
Cells exposed to two doses of radiation separated in time 
often show higher survival than if a single equal total dose 
is given, and, since Elkind and Sutton! reported quanti- 
tative observations on this phenomenon in mammalian 
cells, it has become known as recovery “‘from sub-lethal 
damage’ (or “sub-lethal injury”). a phrase they intro- 
duced. Racdiobiologists investigating the phenomenon 


and the ambiguous phrase “‘intra-cellular recovery” (or 
“repair’’) 18 sometimes used. 

“Recovery from sub-lethal damage” is observable only 
in cells which have retained their abilitv to proliferate 
after a first dose of radiation, and then only if they are 
exposed to one or more subsequent doses. The pheno- 
menon is thus easily resolved from others in which post- 
irradiation treatments may cause more cells to survive a 
single dose. Confusion has undoubtedly arisen from the 
use of the word “recovery” in both contexts. The par- 
ticipants m the Giessen meeting therefore agreed that 
greater clarity would be achieved if the word “sparing” 
were reserved for deseribing the effects of dose-fractian- 
ation. It was thought to be appropriate that this word is 
already in use in the same context by raciotherapists, for 
much of the interest of radiobiologists in the pheno- 
menon stems from its bearing on radictherapeutic practice. 
Advantages of the term “sparing” are that it can be used 
also to describe the reduction in the effects of radiation 
often observed when this is delivered at a lower dose-rate. 
a phenomenon associated with the sparing effect of frec- 
tionation; and that it ean be used to deseribe the effects of 
dose-fractionation when end-points other than cell death 
are under observation: for example, dose fractionation is 
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sparing also for the induction by radiation of mutations? 
and chromosome aberrations’, and for the erythematous 
reaction of human skint, An important reason for eschew- 
ing the use of the word “recovery” is that this carries 
implications about mechanism which are not at present 
warranted by experimental observation, and which may 
well block a new approach. 

It was agreed at the meeting that the same criticism 
could be levelled at the prevalent use of the word “repair”, 
currently applied in any situation in which one set of post- 
irradiation conditions brings less damage to light than 
another, or in which effects on raciosensitive and radio- 
resistant variants of a cell line are compared. The posi- 
tive implication of the word “repair” might, it was 
thought, influence the approach towards, and thus impede, 
the elucidation of the mechanisms at work. This word, 
like “reeovery”’, should therefore be avoided unless there 
were evidence which justified its use. Processes at the 
biochemical level which result m a diminution of the 
effeets of radiation would be better described by a word 
carrying less implication about mechanism, for example 
*“rescue”’. 

Yours faithfully, 


TIKVAH ALPER 
Experimental Radiopathology Unit, 
Medical Research Couneil, 
Hammersmith Hospital, 
Ducane Road, London W12. 

ALMA HOWARD 
Paterson Laboratories, 
Christie Hospital and Holt Radium Institute, 
Manchester. 

J. KIEFER 


Strahlenzentrum der Justus Licbig-Universitat, 
Institut fir Biophysik, 

6300 Giessen, 

Germany. 


} Elkind, M. M., and Sutton, H., Nature, 184, 1293 (1059). 

2 Abrahamson, S., Genetics, 44, 173 (1959). 

4 Wolff, S., Radiat. Res., Suppl. 1, 453 (1959). 

*MacComb, W. S., and Quimby, E. H., Radiology, 27, 196 (1936). 


“Anomalous” Water 


Srr,—The possible danger of nucleating the environ- 
ment with “anomalous” water, mentioned in a recent 
letter to Nature (224, 198; 1969), assumes that failure to 
find this material in nature is due to a lack of polymer 
nuclei. This explanation appears unlikely given the 
variety of surfaces and conditions found on the Earth’s 
surface and the widespread occurrence of water and 
water vapour. 

Physical chemists rarely work under sterile conditions 
or in the total absence of proteim contamination. An 
enzyme as ubiquitous as catalase and as heat stable as 
ribonuclease may well exist which rapidly depolymerizes 
polywater. Contamination may explain the variability 
observed between different capillaries during attempts to 
produce the material, and enzymatic breakdown would 
also explain failure to find polywater in natural waters. 
An extension of this view would suggest that polymeric 
water may be the natural state of all planetary water in 
the absence of life or of the early stages of organic chemical 
evolution. 

The experimental problem is therefore the complete 
elimination of contaminants of biological origin from the 
experimental polywater production systems to see if this 
proposal is correct. 

Yours faithfully, 


N. G. ANDERSON 


Molecular Anatomy Program, 
Oak Ridge National Laboratory, 
Oak Ridge, Tennessee 37830, USA. 
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International Conferences 


SiR, —The letter by Dr F. H. C. Crick and his colleagues 
concerning international congresses (Nature, 224, 93; 
1969) discusses an important dilemma which, we fear, 
will face the international scientific community for some 
time to come. Because the issues to be considered by the 
individual scientist who has to decide whether to accept 
an invitation to a meeting or an honour bestowed by a 
foreign government are in principle often similar to those 
which concern the organizers or sponsors of international 
meetings, your readers may be interested in recent deci- 
sions by the council of the Federation of European Bio- 
chemical Societies concerning future meetings of FEBS. 
The sixth FEBS meeting was held in Madrid in April 
of this year in the face of objections that had been made 
because of the declaration of a “state of exception” in 
Spain and the closure of some of the universities earlier 
in the vear. Following a visit to Madrid by us, the exec- 
utive committee of the federation decided that the Madrid 
meeting should be held as planned. This decision was 
endorsed subsequently by the council of FEBS at the 
meeting in Madrid on April 7, 1969, which was attended 
by delegates from all 24 constituent societies. At this 
meeting, there was a full discussion not only of the 
situation that had arisen in connexion with the Madrid 
meeting, but also of the principles that should be applied 
in considering similar problems in the future. It was 
agreed unanimously that the following four criteria should 
be a necessary and sufficient condition for holding an 
international meeting: (1) Freedom for all foreign 
participants to enter and leave the country concerned. 
This requires recognition of valid passports and the issue 
of visas without difficulty. (2) Complete freedom of 





official sessions and in private discussions. As a tradition, 
political, religious or racial questions should not be 
discussed at official sessions. (3) Freedom of movement 
in the eity where the meeting is being held. (4) As far as 
citizens of the host country are concerned at least, 
conditions (2) and (3) should apply. 

These guidelines, if generally accepted, would provide a 
rational basis on which to judge whether a particular 
international meeting should be supported. They differ 
in several respects from those suggested by Dr Crick and 
his colleagues and we believe them to be more realistic. 
Scientific meetings take a long time to organize and the 
financial cost of the preparations is not negligible. Unfor- 
tunately, also, there are not many political regimes which 
place no restriction of any kind on the freedom of com- 
munication between scientists or on academic freedom in 
general. Conditions for meetings may therefore not 
always be perfect, yet cancellation should be a last resort. 
The criteria evolved by FEBS have been found useful 
in praetice and we therefore commend them to other 
international scientific bodies and organizers of meetings. 

In the last analysis, it is right that individual scientists 
must remain free to follow the dictates of their conscience, 
but international scientific organizations have to operate 
within a consensus of a wide spectrum of opinions. They 
should act in a way that preserves both their mtegrity 
and the opportunity to carry out their function. We hope 
that this contribution to the discussion will help to 
clarify the issues. 

Yours faithfully, 


H. R. V. ARNSTEIN 


Department of Biochemistry, 
King’s College, 
Strand, London WC2. 
S. P. Darra 


Department of Biochemistry, 
University College London, 
xower Street, 

London WCI. 
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University News 


Dr A. S. Douglas, Leasco Systems and Research Co. Ltd, 
has been appointed to the chair of computational methods 
tenable at the London School of Economics and 
Political Science. 


Appointments 


Professor C. G. Wynne, Imperial College, London, has 
been appointed as research consultant to the Royal 
Greenwich Observatory. 


Announcements 


Applications are invited from established cancer workers 
for travel fellowships to be awarded by the International 
Agency for Research on Cancer during 1970-71. The 
fellowships are intended to provide opportunities for visits 
to other institutions for consultation, collaborative 
planning of research projects, and the acquisition and 
standardization of new research techniques. Applicants 
must be actively engaged in cancer research and should be 
on the staff of a university or research institution. Further 
details are available from: The Chief of the Education and 
Fellowships Programme, International Agency for Re- 
search on Cancer, 16 avenue Maréchal-Foch, 69-Lyon (6e), 
France. 


The Councils of the Royal Society and the Australian 
National University appeal for financial support to 
establish a memorial to the late Lord Florey. The 
memorial will take the form of post-doctoral visiting 
fellowships between the United Kingdom and Australia. 
Appointments to Florey Fellowships would be made 
from candidates under the age of thirty for research in 
the field in which Lord Florey worked—the biomedical 
sciences, particularly mammalian physiology, biochem- 
istry, pathology and pharmacology. Further details may 
be obtained from the Registrar, The Australian National 
University, Box 4, PO, Canberra, ACT 2600, or the 
Treasurer, The Royal Society, 6 Carlton House Terrace, 
London SW1. 


Dr K. A. G. Mendelssohn, University of Oxford, is to 
visit the Tata Institute of Fundamental Research, 
Bombay, as Royal Society Leverhulme Visiting 
Professor. 


The Royal Society of Edinburgh has elected the 
following officers and members of council for 1969-70: 
Professor N. Feather (president); Dr J. R. Peddie, 
Professor T. C. Phemister, Sir David Lowe, Professor A. 
Robertson, Dr R. Schlapp, Sir Maurice Yonge (vice- 
presidents); Professor A. E. Ritchie (general secretary); 
Professor G. R. Tristram, Professor N. Campbell (secre- 
taries to ordinary meetings); the Rt Hon. Lord Balerno 
of Currie (treasurer); and Dr H. E. Butler (curator of 
library and museum). 


The Academy of Sciences of the German Democratic 
Republic (Die Deutsche Akademie der Naturforscher 
Leopoldina) has elected as honorary members Professor 
F. Lipmann, Rockefeller Institute, New York, and 
Sir Hans Krebs, University of Oxford. 


The Institute of Laboratory Animal Resources of the 
US National Academy of Sciences has established a 
Committee on Animal Models and Genetic Stocks, which 
will concentrate on providing information to anyone who 
requires it. This information will be available from The 
Institute for Laboratory Animal Resources, 2101 Consti- 
tution Avenue, Washington, DC 20418, USA. The 
committee will also publish selected references to animal 
models of disease and genetic stocks in the quarterly 
ILAR News from January 1970. 


A short course of six lectures on The Exploitation of 
Patents in the Chemical Industry will be held at 
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Kingston College of Technology on Monday evenings, 

starting on February 2, 1970. Further information is 
available from Dr K. G. Pickup, Department of Chemistry, 

Kingston College of Technology, Penrhyn Road, Kingston 
upon Thames, UK, reference No. C8. 

The Children’s Cancer Research Foundation, Boston, 
established in 1968 the Sidney Farber Medical Research 
Award. The award for 1969 has been presented to 
Mrs Mary Lasker for her contributions to the conquest of 
disease and suffering. Nominations for the 1970 award 
are to be submitted before February 15, 1970, to Dr Betty 
Uzman, Secretary to the Sidney Farber Award Com- 
mittee, Children’s Cancer Research Foundation, 35 Binney 
Street, Boston, Massachusetts 02115, USA. 


Erratum. In the article “Implications of the Far- 
Infrared Background Measurements” by R. V. Wagoner 
(Nature, 224, 481; 1969), the first line should read 


+ 


“Intense far-infrared radiation has been detected Da a 


Erratum. In the article “Nitrogenase Activity im. 
Heterocysts of Blue-Green Algae” by W. D. P. Stewart, 
A. Haystead and H. W. Pearson (Nature, 224, 226; 
1969), in the legend to Table 2 for “200 umoles/mil.”’ read 
“20 umoles/ml.”’. 


Erratum, In the article “Sudden Changes im the 
Intensity of High Energy X-Rays from Sco A-Ll” by 
Agrawal et al. (Nature, 224, 51; 1969), on page 52, right- 
hand column, line 12, “399-523 keV” should read 
“29-9-52-3 keV”, 


Erratum. In the note “Appointments at Northwick 
Park” (Nature, 224, 105; 1969) it was erroneously stated 
that Dr Eugene Lance was attached to the Medical 
Research Council while in New York. In fact, his previous 
attachment to the MRC ended in August 1968. 


International Meetings 


November 25-27, Digital Satellite Communication, 
London (Conference Department, Institution of Electrical 
Engineers, Savoy Place, London WC2). 


January 26-30, Gordon Research Conference-—-Poly- 
mers, Santa Barbara (Office of the Director, Gordon 
Research Conferences, Pastore Chernical Laboratory, 
University of Rhode Island, Kingston, Rhode Island, 
USA). 

March 23-25, Biomathematics and Computer Science 
in the Life Sciences, Houston (Office of the Dean, 
University of Texas Graduate School of Biomedical 
Sciences at Houston, Division of Continuing Education, 
PO Box 20367, Houston, Texas 77025, USA). 


March 25-27, Pest Management, North Carolina (Pest 
Management Conference, Department of Entomology, 
NC State University, Raleigh, North Carolina, USA). 


April 3-4, Accurate Methods of Analysis for Major 
Constituents, London (Dr F. J. Bryant, Analytical 
Sciences Division, Building 551, AE RE, Harwell, Dideot, 
Berkshire, UR, or De H. L. Ries, Gebouw Voor 
Analytische Scheikunde, Jaffalaan 9, Delft, Holland). 
April 5-11, Subcellular Organization and Function in 
Endocrine Tissues, Bristol (P. Keen, Department of 
Pharmacology, Medical School, University Walk, Bristol 
BS8 ITD). 

April 7-9, Nuclear Physics, Guildford (Meetings Officer, 
The Institute of Physics and the Physical Society, 47 
Belgrave Square, London SW). 

April 7-10, Joint Annual Meeting of the Chemical 
Society and the Royal Institute of Chemistry, Edin- 


burgh (The Chemical Society, Burlington House, London 
WIV OBN). 
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British Diary 


Monday, November 10 


Cutting Fluids (6 p.m. discussion) Institution of Mechanical Engineers, at 
1 Birdcage Walk, London SWI. 


Matter and Motion (2.30 pom., Civil Service lecture) Professor G. Porter, 
FRS, Royal Institution, at 21 Albemarle Street, London W1. 


The Nature of the Long Acting Thyroid Stimulator (5.30 p.m.) Professor 
D. S. Munro, University of London, at the London School of Hygiene 
and Tropical Medicine, Keppel Street, Gower Street, London WC1. 

Underground PME Systems (2.30 p.m. discussion) Institution of Electrical 
Engineers, at Savoy Place, London WC2. 


Tuesday, November Í| 


A Field Study of Madagascar Lemurs, Dr R. D. Martin; *‘An-An’ and 
‘Chi-Chi’, Mr M. R. Brambell (5 p.m.) Zoological Society of London, 
at the Zoological Gardens, Regent’s Park, London NWI. 


Brushless Angular Measurements (5.50 p.m. discussion} Institution of 
Electrical Engineers; and the Institution of Mechanical Engineers, at 
Savoy Place, London WC2, 


Significance of Chromosome Abnormalities in the Human Subject 
{3 p.m.) Professor P. Polani, University of London, at the Institute of 
Obstetrics and Gynaecology, Hammersmith Hospital, Du Cane 
Road, London W12. 


Studies of the Lower Atmosphere by Modelling Techniques {3 p.m. 
discussion} Institution of Electronic and Radio Engineers, at 9 Bedtord 
Square, London WC1, 


The Nature of Viruses (5.30 p-m.) Professor A. P. Waterson, University of 
London, at the Institute of Child Health, Guilford Street, London WC1. 


The Role of Women in Engineering {4 p.m. discussion) Institution of 
Mechanical Engineers; and Women’s Engineering Society, at 1 
Birdcage Walk, London SW1. 


Wednesday, November [2 


An Analysis of Impeller and Volute Losses in Centrifugal Fans (6 p.m.} 
Mr D. J}. Myles, Institution of Mechanical Engineers, at 1 Birdcage 
Walk, London SWI. 

Electroanalysis other than Polarography (6.30 p.m.) Mr F. C. A. Killer 


and Mr P. Zuman, Society for Analytical Chemistry, at the University 
of Birmingham. 


Explosives (7.30 p.m.) Dr Shaw, Institution of Chemical Engineers, Graduates 
and Students Section, at University College Londen, Gower Street, 
Lendon WC1. 

Loceomotive-borne Computer for Continuous Train Control (6 p.m.) 
Mr M. S. Birkin, Institution of Electronic and Radio Engineers, at 
9 Bedford Square, London WC1. 

Mintech and the Electronics Industry (5.30 p.m.) Mr L Maddock, FRS, 
institution of Electrical Engineers, at Savoy Place, London WC2. 

Natural Product Chemistry--The Ever-Open Frontier (2 p.m. symposium) 
Chemical Society, in the Mechanical Engineering Department, 

| Imperial College, London SW7. 

Patents for Inventions (1 p.m.) Mr Brian Bowers, Royal Institution, History 
of Science Discussion Group, at 21 Albemarle Street, London W1, 

Petrology of Igneous and Metamorphic Rocks from the Ocean Floor 
(three-day discussion meeting) Royal Society, at @ Carlton House 
Terrace, London SWI. 

Present and Future Trends in Automation in Clinical Chemistry (2 p.m.) 
Dr F. L. Mitchell, University of London, at the Royal Postgraduate 
Medica) School, Du Cane Road, London W't2, 

Recent Developments in Electrostatic Precipitators and Electrostatic 
Precipitation (5.30 p.m.} Mr K. Darby, University of London, at 
King’s College, Strand, London WC2. 

Some Aspects of Instrumentation (7.30 p.m.) Society for Analytical 
Chemistry, Thermal Analysis Group, at the Leicester Lounge, 44 
Glasshouse Street, London W1. 


Thursday, November 13 


Electricity and Magnetism (2.50 p.m., Civil Service lecture} Prof. R. King, 
Royal Institution, at 21 Albemarle Street, London W1. 


Marburg Disease: Problems and Implications (5.30 p.m.) Dr C. E. 
Gordon Smith, University of London, at the Institute of Child Health, 
Guilford Street, London WC1, 


HOW TO BUY NATURE 


Volumes start in January, April, July and October, but subscriptions 
may begin with any issue. 
The direct postal price per subscription for one copy of NATURE 


each week is : 
*42 MONTHS (52 issues and 4 indexes) 
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United States of America (by air freight) 

Canada (by air freight} $52 each 
Elsewhere overseas by surface mail..........-....0065- £14.0.0 each 
{Charge for delivery by air mail on application) 

*Shorter periods pro rata. {Minimum three months.) 
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Papers on Bioenergetics and the Biochemistry of Mitochondria; and 
Colloquium on the Biochemistry of Mitochondria (two-day 
meeting) Biochemical Society, at the University of Warwick, 
Coventry. 

Science and Nationality in the Nineteenth Century--a Character Study 
of K. E. von Baer (5.30 p.m.) Professor Jane M. Oppenheimer, 
University of London, at University College London, Gower Street, 
London WC1. 


The Martindales (7 p.m.) Mr W. K. Fitch, British Society for the History of 
Pharmacy, at 17 Bloomsbury Square, London WCL. 


User Experience in Data Recovery and Processing in Analytical 
Chemistry (3 p.m.) Mr L. G. Whitby and Mr J. G. Lyons, Society for 
Analytical Chemistry, at the Wellcome Building, Euston Road, 
London NW1. 


Friday, November 14 


Deactivation of Aromatic Triplets in the Gas Phase (1 p.m.) Mr 3. For- 
mosinho, Royal Institution, Photochemistry Discussion Group, at 
21 Albemarle Street, London WH 


Determination of Moisture (6.30 p.m. discussion meeting} Society for 
Analytical Chemistry, at the George Hotel, Chepstow. 


Excitation System Control of Large Turbo-Generators (2.30 p.m. dis- 
cussion) Institution of Electrical Engineers, at Savoy Place, Landon, 
A yECS 


he, 


Food and Society (9 pm.} Dr Magnus Pyke, Royal Institution, a¢21 Albemarle 
Street, London WI. 


Mars (3 p.m. Royal Astronomical Society, at the Royal Society, 6 Carlton 
House Terrace, London SW1i. Chairman: Professor Sir Bernard 
Lovell, OBE, ERS. 


Variation in Mammalian Populations (two-day symposium) Zoological 
Society of London in association with the Mammal Society, in the 
Meeting Room of the Zoological Society, Regent's Park, London NW1, 


X-ray Absorption (onc-day conference) X-ray Analysis Spectroscopy, and 
Electron Microscopy and Analysis Groups of the Institute of Physics 
and the Physical Society, at the Natural History Museum, London 
Sw7. 


Saturday, November I5 


To the Zoo in a Plastic Box (3.30 p.m.) Mr John Newmark and Mr George 
Newmark, at the Horniman Museum, London Road, Forest Hill, 
London SEZ3. 


Monday, November |7 


Alternatives to Degree Examinations as a means of Assessment (5.30 
p.m. discussion} Institution of Electrical Engineers, at Savoy Place, 
London WC2. 


Control of Water Weeds {10.30 a.m) Society of Chemical Industry, at i4 
Belgrave Square, London SWI. 


Geophysical and Geological Studies of Deep Sea Sedimentary Cores 
(5.30 p.m.) Professor N. D. Watkins, University of London, at Imperial 
College, London SW7. 


Natural Gas Conversion Techniques (6 p.m. discussion) Institution of 
Mechanical Engineers; and the Institution of Gas Engineers, at l 
Birdcage Walk, London SW1. 


Radiation and the Structure of Matter (2.50 p.m., Civil Service lecture) 
Professor R. King, Royal Institution, at 21 Albemarle Street, London 
Wi t 


Theory and Practice of Scintillation Counting ( p.m.) Dr J. B. Birks, 
Society for Analytical Chemistry, at Queen Elizabeth College, London 
wa. 


Reports and Publications 


(not included in the monthly Books Supplement) 
Great Britain and Ireland 


78 Battered Children: a Retrospective Study. By Angela E. Skinner 
and Raymond L. Castle. Pp, 21. (London: National Society for the 
Prevention of Cruelty to Children, 1969.) 5s. ne [109 

PEP Broadsheet 514: Non-Tariff Distortions of Trade. Pp. iHi + 683-706. 
7s 6d. Annual Report 1968-1969. Pp. 28. (London: Political and 
Economic Planning, 1969.) . [109 

Jacksons’ Millboard and Fibre Co., Ltd. Directors Report and Accounts 
1969. Pp. 11. (Bourne End, Bucks: Jacksons’ Millboard and Fibre Co., 
Ltd., 1969.) [109 
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Oliver & Boyd: : Autumn Books 


The Taxonomy, Morphology & Ecology of Recent Ostracoda 
Edited by J. W. NEALE £H 





Capillary Methods of Investigating Micro-Organisms 
B. V. PERFIL’EV & D. R. GABE £9 10s 








Theory of Fish Population Dynamics 


as the Biological Background for Rational Exploitation and Management 
of Fishery Resources 


G. V. NIKOLSKH £8 10s. 


Theoretical Biochemistry 
H. NETTER £15 To be published in February 1970 





Principles of the Comparative Anatomy of Invertebrates 
V. N. BEKLEMISHEV £10 per two volume set To be published in February 1970 


An ‘outstanding book’ Nature on the Russian edition 


Oliver & Boyd, Tweeddale Court, 14 High Street, Edinburgh 














Elliott's GX3 rotating anode X-ray diffraction equipment includes 


an exclusive fine focus cathode system with a rotating anode of high power loading capability. 7 kW/mm? 
(actual area) is available with one thousand hours filament life. The plant includes the rotating anode tube 
mounted on a robust console which houses the vacuum system, cooling system and all controls. Tube 








current and voltage are stabilised within ~-0-1%. Focal spot sizes are easily interchanged without 


disturbing the filament and advanced long-life seal design ensures trouble-free operation from the dynamically 
balanced anode. Full Hterature available from: 

The Neutron Division, 

ELLIOTT-AUTOMATION 

RADAR SYSTEMS LTD. 


tistroe Way, Borehamwood, Herts. Tel: G1-389 2080 Extn. 3153 
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AUSTRALIA 


NEW SOUTH WALES 
DEPARTMENT OF AGRICULTURE 


DIRECTOR- 


Cattle Tick Research Station 
Wollongbar (New South Wales) 


Applications are invited for the above position 


Salary: $A8,060 per annum. 


Qualifications: Degree in Science, Agriculture or Veterinary Science 


essential. 


Experience: Postgraduate experience in research, preferably dealing 
with the control of ectoparasites of animals. 


Duties: Director of research programme and management of the 
Cattle Tick Research Station which was established at Wollongbar 


near Lismore, New South Wales, in 1961. 


it is excellently equipped 


and employs 6 graduates and a total staff of 30. Research deals with 
the cattle tick exclusively and has been carried on in 3 sections— 
Ecology, Tick Fever and acaricide application. 


Advances have been made in all sections, including knowledge of tick 
longevity and dispersal, tick fever incidence and transmission and the 
performance of proprietory dip fluids under local conditions. 


Subject to certain conditions, the successful applicant will be eligible 


for: 


* Payment of fares to Sydney 


* Financial assistance towards removal and establishment expenses 
* Financial assistance towards initial accommodation expenses 


For application form and further information, write to the Recruitment 
Section, New South Wales Government Offices, 56 Strand, London, 
W.C.2, where applications close on the 31st December, 1969. When 
writing, please quote reference 44/424 (N). 


Hon. A. Landa, Agent General. 


BIOCHEMICAL TOXICOLOGIST 


A leading pharmaceutical company located in 
the Southern Counties wishes to appoint a 
Senior metabolic biochemist or chemical patho- 
logist in a department which is responsible for 
the evaluation of all aspects of drug toxicity and 
the presentation of relevant data for the Dunlop 
Commitee, 

The successful applicant will be responsible for 
ail studies in metabolic biochemistry and chemi- 
cal pathology and will be expected to develop 
research interests in these fields and to collabor- 
ate with other colleagues on mutual problems of 
biochemical pharmacology. In addition, the ap- 
pointment offers the opportunity to undertake 
responsibility. for other disciplines concerned 
with the total assessment of the safety of new 
drugs. 

In view of the practical association of the de- 
partment with work done elsewhere in clinical 
vials, it is desirable, but not essential, that the 
applicant should be medically qualified. 

The salary will be negotiable, and could, for 
the right candidate be in excess of £3,500. 

Conditions of employment are good and a 
non-contributory pension and Hfe assurance 
scheme is in operation. 


Box No. 1828, T. G. Scott and Son, Lig., 
Nature. i Clement's Inn, Strand, London, 
WoC. (1528) 


(1582) 


UNIVERSITY OF CALGARY 
DEPARTMENT OF BIOLOGY 
Applications are invited for faculty positions 
(appointments normally to commence July, 1970). 
Preference will be given to applicants with re- 

search and teaching interests in: 

1, Cell ultrastructure (dealing with both pro- 
caryotic and euearyotic cells), 

2. Experimental plant taxonomy (with particu- 
lar interests in cyto- numerical or chemical 
taxonomy}, 

3, Microbiologist, 
microbial ecology. 

Applications, with curriculum vitae and the 
names of three referees, should be sent to: Dr. 
D. Parkinson, Department of Biclogy, University 


with particular interest in 


lar Plant Taxonomist in the Department of 
Botany, University of Toronto, Toronto 5, 
Ontario, Canada. The Ph.D. degree is required, 
along with an interest in both teaching and re- 
search. Rank and salary will be commensurate 
with experience.—Please send details of your ex- 
perience and research interests to Professor N. P. 
BRadenhuizen, Chairman, Department of Botany, 
University of Toronto, Toronto 3, Ontario, 
Canada. (1507) 


For further Classified advertisements see page iv 
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UNIVERSITY OF OXFORD 


BIOCHEMIST OR CHEMIST interested 
in proteins to study changes in lens protein 
during development of cataract In man. 
Starting salary up to £1,355 rising to £1,585 
per annum. plus F.S.S.U. Three-year ap- 
pointment in first instance. 

Further information from and applica- 
tions to Administrator, Nuffield Laboratory 
of Ophthalmology, Walton Street, Oxford 
OX2 6AW., (1452) 





Natural Environment Research Council 
UNIT OF COASTAL 
SEDIMENTATION 


Taunton, Somerset 


EXPERIMENTAL OFFICER AND 
SCIENTIFIC OFFICER CLASS VACANCIES 
There are vacancies at this new Research Unit 
at Assistant Experimental Officer / Experimental 
Officer level and Scientific Officer/Senior ~~ 
Scientific Offcer/ Principal Scientific Officer 
level, according to age, qualifications and 
experience. 


The Unit. which is located alongside the 
Hydrographic Department, Ministry of Defence 
(Navy) at Taunton, investigates the reasons 
for the movement of sediment, by means of 
sampling the sea-bed, and researches into 
methods of mapping marine features. This 
necessitates the handling of large quantities 

of data and development of suitable processing 
techniques. Computer facilities are available. 
The work involves short periods at sea. 


Assistant Experimental Officer/Experimental 
Officer: 2 posts. 


Post i: Experience of sedimentological 
laboratory techniques and a background of 
geology is required. 


Post 2: A knowledge of physics or mathematics 
and experience of computer programming 
would be an advantage. 


Qualifications and Salary: General Certificate fn 
Education in five subjects. two of which should 
be mathematical/scientific subjects at “A” 
level, At age 22 applicants should have a pass 
degree, H.N.C. for equivalent) with mathematics 
at feast to “A” level, 


Assistant Experimental Officer: (18 and under 
28 years at December 31, 1969) £683 (age 18) 
to £1,208 (age 26) to £1,454 per annum. 
Experimental Officer: (at least 26 and under 
31 years at December 31, 1969) £1,590 to 
£2,006 per annum. 


Scientific Officer Class: 2 posts. Applicants 
should have a good honours degree or 
equivalent. in geology, physical geography, 
physics, mathematics or enginecring, and a 
knowledge of some of the following techniques: 
marine surveying and mapping, marine geological 
sampling, sedimentological analysis, processing 
technical and scientific data. 


Salary: 

Selentific Officer: (under 29 vears at December 
31, 1969) £1,071 ta £1,827. Senior Scientific 
Officer: (normally at least 26 vears and under 
32 years at December 31, 1969) £2,021 to 

£2. 491. Principal Scientific Officer: fat icasi 
30 years on December 31. 1969) £2,599 to 

£3 596. 


Initial appointments will be non-nensfonable, 
but there are prospects of permanent and 
pensionable position. For the Scientific Officer 
Class only, F.S.S.U. arrangements already 
existing may continue. 


Application forms from NERC, Alharnbra 
House, 27/33 Charing Cross Road, London, 
W.C.2, quoting reference E2/6/63 /64. 


Closing date for receipt of application forms 
November 28, 1969. (1529) 


© (RE-ADVERTISEMENT) 
IMPERIAL COLLEGE 


Applications invited for RESEARCH STU- 
DENTSHIP sponsored by Asbestosis Research 
Council for investigation into surface chemistry 
of asbestos minerals. Value up to £700 per 
annum (plus fees) for three years. Work sujt- 
able for higher degree. Agoplicants should have 
good degree in chemistry or its ¢cuivalent. 

Applications, with curriculam vitae and names 
of two referees, to Dr. J. A. Kitchener, Depart- 
ment of Mining and Minera! Technology, 
Tenperial College, London, S.W.7. {1599} 
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MICROPALAEONTOLOGIST 


with specialised knowledge of Tertiary? 
Cretaceous foraminifera and ostracoda re- 
quired, 


Previous Oifielkds experience and a 
bio-stratigraphy 


knowledge of Tethvan 
would be advantageous. 


The successful applicant would be ex- 
pected to join a team of micropalaconto- 
logists and palynologists working on worild- 
wide stratigraphic problems. 


Salary on entry dependent on age and 
experience. 


Apply to: Robertson Research Co. Lid., 
Llinddulas, Abergele, Denbs. 
{1520D 





UNIVERSITY OF NATAL 
FACULTY OF SCIENCE 


Applications are invited from suitably qualified 
persons for appointment to the following posts 
in the Faculty of Science: 


LECTURER IN ANIMAL BIOLOGY 
DURBAN 


The Department of Animal and Plant Biology 


offer integrated courses in the Biological 
Sciences. 
SENIOR LECTURER IN BOTANY 


PIETERMARITZBURG 
Experience in quantitative ecology and a de- 
cided interest in field work is essential, 


LECTURER IN CHEMISTRY 
WENTWORTH, DURBAN 
This post is involved in the teaching of Chem- 
istry to preliminary year and first year students 
intending to study Medicine. Experience in 
teaching introductery chemistry courses will be 
preferred. 


LECTURER IN PHYSICAL CHEMISTRY 
PIETERMARITZBURG 


LECTURER IN MATHEMATICS OR 
STATISTICS, PIETERMARITZBURG 


SENIOR LECTURER OR LECTURER IN 
PLANT BIOLOGY, DURBAN 
Interests in the fields of Microbiology or 

Phytochemistry will be preferred. 


LECTURER IN PSYCHOLOGY, DURBAN 


The annual salary scales applicable to these 
posts are as follows: 
Senior Lecturer: R4,500 by R150 to R4,800 
by R300 to R4,700. 
Lecturer: R3,000 by R150 to R4,800. 


In addition to these scales a pensionable allow- 
ance at the rate of 10 per cent of salary is pay- 
able. This allowance will be raised to 15 per 
cent with effect from April 1, 1970. A vacation 
savings bonus (up to R260 for married men, up 
to R30 for women or single men) is also pay- 
able subject to Treasury regulations. 


Application forms and further particulars of 
the posts and of the concomitant amenities such 
as travelling expenses on first appointment, pen- 
sion, medical aid, staff bursary and assisted 
housing loan schemes, long leave conditions, etc., 
are obtainable from the Secretary-Genera!l, Asso- 
ciation of Commonwealth Universities (Appts), 
36 Gordon Square, London, W.C.1. 





Applications on the prescribed form must be 
lodged not later than November 30, 1969. 
(1566) 






UNIVERSITY OF 
NOTTINGHAM 


DEPARTMENT OF PHARMACY 













Applications are invited from graduates 
in Chemistry or Pharmacy to participate 
in research on the chemical aspects of 
chemical carcinogenesis, A good honours 
degree will be required and there will be 
an opportunity to read for a higher degree. 
The salary will be within the range of 
£900 by £50 to £1,000. 














Further information and application 
forms may be obtained from the Staff Ap- 
pomtments Officer, University of Notting- 
ham, University Park, Nottingham, NG? 
IRD. (1547) 













CSIRO 


RESEARCH SCIENTIST 
IN PASTURE AGRONOMY 


AUSTRALIA 
DIVISION OF TROPICAL PASTURES 


GENERAL Applications are invited for appointment as Research Scientist 
with the Division of Tropical Pastures of the Commonwealth Scientific and 
industrial Research Organization, located at the Cunningham Laboratory, 
Brisbane, Queensland. The Cunningham Laboratory has a team of sixty 
graduates working on plant, soil and animal studies, and is the headquarters of 
the Division of Tropical Pastures, which is conducting a comprehensive pasture 
research program in summer rainfall environments in eastern Australia. 


DUTIES The appointee will join a research group working on the agronomy 
and ecology of pasture systems on self mulching clay (brigalow) and solodic 
soils in 20-30 in. rainfall environments in the sub-tropics. He will be concerned 
with the establishment, persistence and productivity of legumes, especiaily 
lucerne (M. sativa), in relation to animal production. 


QUALIFICATIONS Applicants should have a Ph.D. degree, specializing in 
an appropriate field or postgraduate research experience of equivalent standard 
and duration, supported by satisfactory evidence of research ability. Applications 
from candidates completing a Ph.D. will be welcome. 


SALARY Depending upon qualifications and experience, the appointment 
will be made within the salary range of Research Scientist, $A5,960-- $A7,562 
p-a. or Senior Research Scientist, $A7,869-$A9,173 pa. Salary rates for 
women are $A428 p.a. less than the corresponding rates for men. Promotion 
within CSIRO to a higher classification is determined by merit. 


CONDITIONS The appointment, which carries with it Commonwealth 
Superannuation Fund or Provident Account privileges, will be conditional upon 
passing a medical examination. An initial probationary period of up to two years 
may be specified. Fares paid for the appointee and his dependent family. 
Further details supplied on application. 


Applications (quoting Appointment No. 850/338), and stating full name, 
place, date and year of birth, nationality, marital status, present employment, 
details of qualifications and experience, together with the names of not more 
than four persons acquainted with the applicant’s academic and professional 
standing, should reach: 


Mir. R. F. Turnbull, Chief Scientific Liaison Officer, Australian Scientific 
Liaison Office, 64 Kingsway, London, W.C.2, by the 5th December, 
1969. Applications in U.S.A. and Canada should be sent to The 
Scientific Attaché, Australian Embassy, 1601 Massachusetts Ave. NW, 


Washington DC 20036. 
(1548) 


DEPARTMENT OF 





MICROBIOLOGY 
ONTARIO AGRICULTURAL COLLEGE 
UNIVERSITY OF GUELPH 


Applications are invited for the position of 
ASSISTANT PROFESSOR in the Department 
of Microbiology. Candidates should have a 
Ph.D. in Food Microbiology, undertake personal 
research and participate in graduate programmes 
in Food Microbiology. Salary $10,400 or more, 
commensurate with experience. Duties to com- 
mence January 1, 1976 or later. 

Applications should be directed to: Dr. F. E. 
Chase, Chairman, Department of Microbiology, 
Universiry of Guelph, Guelph, Ontario. 


able for students proceeding to the Ph.D. or 
M.Sc. degrees in all branches of CHEMISTRY 
AND BIOCHEMISTRY. The assistantships are 
valued from $3.600 to $4.600 per annum and 
carry remission of fees and a travel alowance.— 
For further information write to: The Chairman, 
Graduate Admissions Committee, Department of 
Chemistry, University of Calgary, Calgary, 
Alberta. Canada. (15093 


JOHN INNES INSTITUTE 


DEPARTMENT OF APPLIED GENETICS 


Appointment of 


BIOCHEMICAL GENETICIST 


Apphkcations are invited for a Senior 
Scientific or Scientific Officer to study 
genetical and developmental problems in 
higher plant tissues grown i vive and in 
viro. The post offers considerable scone 
for initiative in developing a sew pro- 
gramme. Previous research experience With 
higher plants not essential. Oualficarions : 
Degree in biochemistry, genetics or botany. 
Salary in the Senior Scientific Officer scale, 
£2,021 to £2,491 per annum, or Scientific 
Officer scale £1,071 to £1,827 per annam 
according to qualifications and experience. 
F.S.8.U, 


Applications, with the names of two 
referees, should be sent to the Secretary, 
John Innes Institute, Colney Lane, Mor- 
wich NOR 7OF. C1583 
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CSIRO 


RESEARCH 
SCIENTISTS 


AUSTRALIA 
DIVISION OF RADIOPHYSICS 


GENERAL The Division of Radiaophysics of the Commonwealth Scientific 
and Industrial Research Organization, located at Epping, N.S.W., has a vacancy 
for a Statistician as a member of a group carrying out research in rain and cloud 
physics and certain aspects of weather modification. The Organization's 
extensive computing facilities, consisting of CDC3600 in Canberra and satellite 
CDC3200 in Sydney, are used to process data acquired in the course of the 
research projects. 


DUTIES The duties will include the statistical design and analysis of cloud 
seeding and other experiments, the development and application of methods of 
analysis and interpretation of the results, participation in the physical assessment 


of the effects of cloud seeding, and supervision of staff engaged in data processing 
work in this area. 


QUALIFICATIONS Applicants should have a Ph.D. or equivalent qualifica- 
tions, specializing in mathematics and statistics, and preferably some interest 
and ability in the field of physics. Postgraduate experience of an appropriate 
kind in the statistical field, and in the use of numerical analysis and computers 
for the solution of scientific problems, will be considered essential. 


SALARY Depending upon qualifications and experience, the appointment 
will be made within the salary range of Research Scientist, $A5,960—$A7,562 
pa, or Senior Research Scientist, $A7,869~-$A9,173 p.a. Salary rates for 
women are $4428 p.a. Jess than the corresponding rates for men. Promotion 
within CSIRO to a higher classification is determined by merit. 


CONDITIONS The appointment, which carries with it Commonwealth 
Superannuation Fund or Provident Account privileges, will be conditional upon 
passing a medical examination. An initial probationary period of twelve months 
may be specified. Fares paid for the appointee and his dependent family. 
Further details supplied on application. 


Applications (quoting Appointment No. 780/488), and stating full name, 
place, date and year of birth, nationality, marital status, present employment, 
details of qualifications and experience, together with the names of not more 
than four persons acquainted with the applicant's academic and professional 
standing, shouid reach: 


Mr. R. F. Turnbull, Chief Scientific Liaison Officer, Australian Scientific 
Liaison Office, 64 Kingsway, London, W.C.2, by the 5th December, 
1969. Applications in U.S.A. and Canada should be sent to The 
Scientific Attaché, Australian Embassy, 1661 Massachusetts Ave. NW, 
Washington DC 20036. (1549) 
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THE BRITISH INDUSTRIAL BIOLOGICAL 
RESEARCH ASSOCIATION 


TISSUE 
CULTURE 


GRADUATE in MICROBIOLOGY or VIROLOGY preferably with 
some post-graduate experience to take charge of a programme of 


research on the use of tissue-culture techniques for the detection of 
chemical toxicity and carcinogenicity. 


Salary : £1,100-£1,350 per annum. 
Applications and enquiries to: 
Dr. P. Grasso, B.Sc., M.D. M.C.Path. 
Chief Pathologist, 
The British Industrial Biological Research 
Association, 


Woodmansterne Road, Carshalton, Surrey. 
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UNIVERSITY OF MALAYA 
FACULTY OF SCTENCE-—CHAIRS 
Applications are invited for appointment to 
the following Chairs in the Faculty of Science: 
CHAIR in the Department of Chemistry which 
is to be designated for one of the following 
fields: PHYSICAL CHEMISTRY, or FN- 
ORGANIC CHEMISTRY, or ORGANIC 
CHEMISTRY. 

CHAIR OF SOLID STATE PHYSICS in the 
Department of Physics. 

CHAIR IN MATHEMATICAL STATISTICS 
in the Department of Mathematics. 


Candidates should have high academic qualifi- 
cations and wide experience in teaching and 
research in the respective fields. Administrative 
experience wouk! be an advantage. 

EMOLUMENTS (approximate sterling equiva- 
tents) : 

ia) Basic Salarv: There is a range of basic 
salaries to a point on which a Professor is 
appointed, depending on his qualifications amd 
experience. These are: £2,882, £2,980, £3,077. 
£3.175, £3,273, £3,370, £3,468. In addition, the 
following allowances are payable at present: 

(b) Variable AHowance: Minimum £244 per 
annum, maximum £651 per annum calculated at 
35 per cent of basic salary 

fc) Inducement Allowance: up to £1,628 per 
annum. in exceptional cases, an inducement 
allowance exceeding this may be paid. 

HOUSING : will be provided, if available, for 
which a rental of £163 to £204 per annum will 
be charged. Staff members may opt for a 
supplementary housing allowance in lieu of Umi- 
versity housing. 

PROVIDENT FUND: Staff member contri- 
butes 5 per cent and University 15 per cent of 
basic Salary. 

MEDICAL BENEFITS: are provided under 
the Medical Services Scheme of the University. 

Further particulars and application forms are 
obtainable from Secretary-General, Association 
of Commonwealth Universiuies (Appis.), 36 
Gordon Square, London, W.C.1. The closing 
date for the receipt of applications is Decem- 
ber 1, 1969, (1467) 


NEW ZEALAND 
Agriculture Department 


Applications are imyvyited for 
tioned vacancy: 

VACANCY B 13/2/155/3966 
TECHNICIAN OR 
TECHNICAL OFFICER 
INVERMAY AGRICULTURAL RESEARCH 
CENTRE 
‘fechnician. Salary payable up to $NZ2,850 
per annum according to qualifications and experi- 

ence. 

Technical Officer. Salary payable up to 
$NZ73,840 per annum according to qualifications 
and experience with further promotion available 
on mert to $N274,350 per annum. 

Qualifications desired: N ZCS, 
or its equivalent. 

Duties: Assist in toxicological research on 
possible pollution and fluorosis associated with 
an aluminium smelter. Duties involve the col- 
lection, processing and chemical analysis of a 
wide range of biological samples for fluoride 
content, There will be ample opportunity for 
Geld work in the regular collection of samples 
of soil, plants and tissues from domestic stock 
and wildlife species. 

Passages: Fares for appointee and his wife 
and family. if married, will be paid. 

Incidental expenses: Up to £35 for a single 
man and £100 for a married man can be claimed 
to cover the cost of taking personal effects to 
New Zealand. 

Application forms and general information are 
available from the High Commissioner for New 
Zealand. New Zealand House, Haymarket, Lon- 
don, S.W.1, with whom applications will close 
on December 1, 1969. 

Please quote reference B 13/2/1535 sare 

“a 


the undermen- 


(Chemistry) 


AREA LABORATORY 


KING EDWARD VIE HOSPITAL 
WINDSOR 


Wanted: SENIOR GRADE BIOCHEMIST in 
the Biochemistry Department, with salary accord- 
ing to National scales. 

The Deparment serves 1,000 beds, of which 
600 are acute, at the District Hospital Centres at 
Windsor and Ascot, together with the Maiden- 
head Hospitals and a large volume of work is 
undertaken for General Practitioners. It has 
recentiy been extended and is well equipped. 
Opportunities exist for research, 

Applications to the Senior Pathologist, Area 
Laboratory. (1550 
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We regret that the issue number of the November 15 issue of Nature was incorrectly printed on 
the front cover; it should, of course, have been No. 5220, not 5219. 
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An Index of Quality 


The Pye Trap Index Level Selector is a brilliant new addition 
to the accessories available with the Series 105 Automatic 
Preparative Chromatograph. In conjunction with the 
instruments punch tape control system, this highly 
sophisticated control unit, with an electric comparator 
circuit, achieves an exceptional degree of accuracy in 
componentand fraction collection -even atthe end ofa 
separation lasting several hours. Trap rotation and sample 
collection at any level on the chromatogram are initiated 


independently of the recorder by the amplifier’s signal. And 

up to six different actuation stages are available. Programming 
is Straightforward — you press the command buttons either 

to synchronise the tape with the chromatogram and index 

a trap, or simply to index a trap, then dial the amplifier output 
level at which the operation is to be carried out. 

Write or ‘phone for full details of the Pye Series 105 
Automatic Preparative Chromatograph and its Index of 
Quality. 
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MELOSH (Hughes Research Laboratories) È 


~o Gravitational waves—Design for experiment on 
>o velocity of propagation—S5ALISBURY (Harvard) 

Canis Majoris—Measurements of the OH emission 
300TH (Manchester) ; 


‘Cosmic X-rays—Further details of a new source— 
TURA, MATSUOKA, MIYAMOTO, NAKA- 
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tellar absorption—-Band at 4430 A identified? 
ILEY and GRAHAM (York University, Toronto) 
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KREBSBACH and ROGERS (Ames Research Center) 


—-Discharge reactions with 
> phosphine—-RABINOWITZ, WOELLER, FLORES 
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== cients, measured for animal bone—LANG (California) 
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Chromosomes-—System ee semi-automatic sass 
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DNA synthesis—Spontaneous daidi synthesis 
in GI HeLa cells—DJORDJEVIC, EVANS, PEREZ 
and WEILL (Sloan-Kettering Institute for Cancer 
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identified as kryptopyrrole — IRVINE, BAYNE, 
MTYASHITA ro TERE and M: AJER 
(Birmingham) 


initelligence--Caaslation w ith cortical response ia 
visual stimuli—WEINBERG (Simon Fraser Univer- 
sity) 


Muscle—Time course of ETA and relaxation 
in locust embryo--TYRER (Cambridge) l 
Slime mould—Aneuploid cells involved in cell 
differentiation—-ASHWORTH and SACKIN (MRC) 


Marine plants—First report of a non-algal marine 
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McROY (Alaska) 


Symbiosis—Chloroplasts in the ciliate Mesodi HEHHE 
rubrum——-TAYLOR, BLACKBOURN and BLACK- 
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CUTROCK ENGINEERING CO. LTD., 35 BALLARDS LANE, LONDON N.3 


Telephone: FINCHLEY 5978/9 


LSC 100 


Rapid concentration and purification of proteins 
and other macromolecules 

..++. molecular separation 

..+.+. protein-free filtrates 

s...» dialysis 


= O. MEMBRANE 
ADIA ALO ULTRAFILTRATION 
Installed in Amicon Ultrafiltration Pressure Cells, DIAFLO 
Membranes concentrate dilute protein solutions ten to a 
thousand fold within short periods. Essentially complete 


removal of salts or other small molecules can be effected 
within a similar period of time by Diafiltration techniques. 





DIAFLO Membranes are non-plugging and reusable. Each 
class of membranes has distinct chemical resistivities and 
physical characteristics, All membranes are non-denaturing 
and biologically inert 


AMICON 
ULTRAFILTRATION 
CELLS will process 
biological solutions 
with volumes from 
1 ML TO 20 LITERS 


Amicon also offers larger 
scale industrial systems for 
continuous processing. 





AMICON 


Dept.: 02 

AMICON N.V. Heemskerckstraat 43 DEN HAAG HOLLAND 
Tel.: (070) 642820 

In U.S.A.: 27 Hartwell Ave. Lexington MASS. 02173 
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Membranes retain 
molecules above line, 
pass those below line. 

Bacteria Viruses 
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All other high MW proteins 
and macromolecules 
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HIGH-SPEED DIAMOND WHEEL GRINDING MACHINE 


Using the thin section grinding attachment accurate 
sections of Rocks, etc., can be produced mounted on 


3*x |” Microscopic Slides. 


For grinding both off-hand 
specimens and thin sections 


of 


ROCKS 
CERAMICS 
GLASS 


SEMICONDUCTORS 


and all Hard 


TEST SPECIMENS 


REFRACTORIES 


The Machine is built of robust 
aluminium castings and is powered 
by Brcoks split phase continuous 
rated motor controlled by a con- 
tactor with full overload protection 
and a waterproof push button control 
to give perfect operating safety even 
with wet hands. 


Diamond Wheels 4 or 6° dia. xI} 
face width can be supplied. 


Standard Voltage 230/250 volts 
| phase 50 cycles. Other voltages 
can be supplied to order. 


The machine can also be used for 
Metallurgy specimens using bronze 
lapping plates instead of diamond 
wheels. 
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Looking for the Next Agreement 


A coop deal of skirmishing will certainly take place at 
Helsinki before the talks on the limitation of strategie 
weapons become serious, Both the United States and 
the Soviet Union are understandably nervous at em- 
barking on what is plainly the most momentous step 
towards arms control since the beginning of the Second 
World War. It will be lucky if things are properly 
under way in the New Year, for there is a great deal of 
exploration to be undertaken first. One obvious diff- 
culty is that both sides will be unwilling to talk about 
the limitation of future developments of weapons 
systems for fear of giving away too much about their 
present arrangements. More serious, however, is the 
problem of knowing what kind of agreement is likely 
to be reached at Helsinki or, later, in the framework 
of the Disarmament Committee at Geneva and ultim- 
ately the United Nations in New York. Will there be 
a basis for agreement in an undertaking not to develop 
or deploy the multiple warheads now coming into 
fashion and the anti-ballistic missile systems of dubious 
value now being installed in the Soviet Union and, on 
a symbolic scale, in the United States as well? Or will 
it be necessary, in the search for a self-consistent 
package deal, to limit the numbers of weapons of all 
kinds now deployed ? Will any of this be possible with- 
out the kind of detailed inspection on which Congress 
used to insist only a few years ago, when just this 
difficulty prevented the signature A what might have 
been a full scale test ban treaty ? Or will the two sides 
retreat from Helsinki in disappointment and chagrin ? 

To begin with, it is important that a formal negotia- 
tion of the kind now being undertaken is unusual] even 
in the colourful history of diplomacy. It is also a 
sign that the two nuclear powers have conceded 
something to the smaller powers at Geneva who have 
been protesting ever since the Non-Proliferation Treaty 
that more than a gesture of self-denial by the nuclear 
powers is necessary if the imposition of controls on 
lesser powers is to be stomached without nausea. But 
there are, of course, other places where the nuclear 
powers might have expected easier agreement. The 
cheerful way in which the draft of the proposed treaty 
to limit arms on the sea bed has been modified to suit 
both sides is a sign that the climate is favourable for 
arms control. 

What will emerge? Most probably, there will be 
little joy in an agreement simply to put off the develop- 
ment of the new weapons systems. The difficulty here, 
of course, is that of drawing a distinction between 
research, development and deployment. In a sense, 
now that the feasibility of these devices is acknow- 
ledged, it will be possible and will seem prudent for 
military authorities on both sides to push ahead with 
long-term research in these fields. Moreover, a ban on 


the testing of advanced weapons systems is unlikely 
to be an absolute impediment—it is easy enough to 
see how ballistic missile tests of a kind now quite 
familiar could yield valuable information about the 
design of the guidance systems which are presumably 
the secrets of the multiple warheads. In the same way, 
there is no easy prescription for prohibiting the testing 
of anti-ballistic missile systems. All that matters, pre- 
sumably, is whether the launching stage accelerates 
quickly enough and whether the guidance systems are 
accurate enough. Who is to tell when the test of a 
conventional ballistic missile, or what appears to boa 
conventional ballistic missile, is not the test of a much 
more advanced weapon ? 

Thus it seems impracticable to try to isolate the 
development of multiple warheads and anti-ballistie 
missile systems from the issue of strategic armaments 
as a whole. In particular, it is hard to see how con- 
fidence in an agreement to limit new developments 
could be sustained if the two sides were unsure, 
suspicious of each other and of the possibility that one 
side might have a decisive advantage in what may 
laughingly be called conventional strategic weapons. 
After all, the legitimate concern about multiple war- 
heads and anti-ballistic missile systems is that they 
threaten to make unstable the present balance of 
strength between the two sides. (At the last count, 
both the Soviet Union and the United States seem to 
have been evenly matched in long range ballistic mis- 
siles based on land, but the United States had a three- 
fold advantage in submarine missiles.) It is improbable 
that one of the powers would sign a treaty to limit 
new developments if there were not also some assurance 
that the present situation would not be made unstable 
by the crude device of building and deploying many 
more conventional ballistic missiles. What this implies 
is that no strategic arms limitation can be satisfactory 
without there being some agreement about acceptable . 
levels of strategic force on either side... In. present 
circumstances, however, such an agreement i is almost 
certain to be unverifiable. Nobody should be surprised, 
and nobody should be blamed, if the two sides. at 
Helsinki return with empty hands. 

But is there no simpler way of reaching, an agree- 
ment? The difficulty which the statesmen at Helsinki 
seek to overcome is that of devising an agreement that _ 
will tie the hands behind the back without binding the- 
feet as well. One of the intellectual discoveries of the — 
sixties, for which Mr Robert McNamara deserves credit, 
is that it is possible for a great power to live easily 
with nuclear weapons if it knows that its principal 
adversary is more or less equally well provided with 
them. If one side considers itself falling behind, the 
balance can be redressed by research and development 
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by building extra rockets. Although there are 
bound to be fluctuations in a power’s estimate of its 
strategic advantage, on the whole its strength and that 
of its adversary are likely to converge. What the 
nuclear powers are afraid of is that this comfortable 
security, as it may be thought, may be upset by new 
technical developments. To outsiders, however, one 
way of tying the hands behind the back may be as 
good as another. In particular, if the objective is some 
halt to the pace of new developments in arms tech- 
nology, the chances are that making the test ban 
comprehensive and in particular preventing the under- 


Shotgun Marriage in Civil 


PROPOSALS announced last week by the government 
(HMSO, Cmnd 4213, 3s 6d) for the future of civil 
aviation may well lead to the sensible and long overdue 
merger between BEA and BOAC. The intention is 
gradually to remove the individuality of the two 
companies by making them jointly responsible to an 
Airways Board ch arged with the task of making sure 
that the fleets and routes of BEA and BOAC are 
planned and marketed to the best advantage. Al- 
though the overt intentions of the White Paper are 
that the airlines should retain their individual identi- 
ties, the fact that they will both lose their chairmen 
and be managed by the same board could well mean 
that they are quickly indistinguishable. 

The advantages of bringing public sector airlines 
together include greater cooperation, and consequently 
less duplication of resources, in engineering studies of 
future aireraft and flight systems, industrial relations, 
catering, transport, training, inclusive tours and hotels. 
But the most welcome result will be that BOAC will 
become predominantly a long-haul airline, while BEA 
will concentrate on short flights. The White Paper 
has accepted the fact that separate planning of routes 
does not necessarily achieve the optimum result, and 
that the use of BOAC’s long-haul aircraft on some 
short routes where traffic is dense could well pay off. 

The independent airlines will not be so pleased with 
the White Paper. Not only does it mean that they will 
face stronger competition from the state airlines, 
particularly on the shorter routes, but the paper also 
ealls for the setting up of a Civil Aviation Authority 
to regulate the whole economic, technological and 
operational environment of the industry. This body 
will deal with public and private airlines on the same 
basis, and will be responsible for licensing routes. 
This will inevitably mean that some independent air- 
lines must merge if they are to get a look in, and some 
of the more inefficient companies will be forced out of 
existence. An ominous warning to the independent 
airlines is that the government will only support a 
second carrier on routes where it would not unduly 
harm the corporations. 

The White Paper is not so decisive about pricing 
policies. The government accepts the principle that a 
more rational price structure is necessary, and that this 
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ground explosions of nuclear weapons which have 
characterized the past few years would serve just as 
well as the less tangible restrictions being talked about 
at Helsinki. None of this implies that the new talks 
are valueless—they may yet achieve something grander 
than anybody has dared to hope and the fact that they 
are taking place at all is something to be glad of. But 
if the nuclear powers were really dedicated to the view 
that arms control is a pragmatic and hard-headed 
discipline, they would quickly settle for a com- 
prehensive test ban and then see what happened 
next. 


Aviation 


should be related as closely as possible to costs, but, 
before any idea of abandoning the international cartel 
system is inferred, the White Paper says that no ready 
alternative to the mechanism of the International Air 
Transport Association is available. The obvious 
approach to pricing policy is therefore a more vigorous 
pursuit of government intentions at the conference 
table of IATA. This does not preclude, however, the 
cross-subsidization by existing profitable services of 
new routes that are in the dev clopment stage. The 
White Paper also accepts the need for minimum prices 
for some inclusive tour holidays to give adequate 
protection to competing services, and to ensure that 
cut-price tours must measure up to safety requirements. 
The distinction between scheduled and non-scheduled 
routes is changing, however, and the acceptance of 
the need to look at every case individually could lead 
to a reduction in fares, especially for off-peak travel. 


RABIES 


is Quarantine Enough ? 


Tag Pets’ Country Club in Folkestone has just pro- 
duced its third rabid dog in four months. W hile an 
inquiry was under way into the s saga of Fritz of Cam- 
berley (see Nature, 294 634; 1969), the Ministry of 
Agriculture announced that a labrador called Whisky 
had died in the Folkestone quarantine kennels three 
davs before it was due to be released, and asked its 
inquiry team to report on the origins of this case too. 
Both Fritz (which died two w ooks after coming out of 
quarantine) and Whisky came from West Ge rmany, 
but until the reports appear it will not be possible to 
know whether the dogs brought the disease with them 
or contracted it in the kennels. 

The British quarantine arrangements seem to be 
foolproof. Anyone who wants to import a feline or 
canine animal, “dog or tiger, has to apply for a licence 
to the Animal Health Division of the Ministr v of 
Agriculture. When the animal arrives in Britain, 
officially recognized agents transport it from airport 
or quayside to officially approved kennels such as the 
Pets’ Country Club, where it spends six months; 
special arrangements are made for larger animals on 
their way to zoos. There are about forty-five kennels 
and catteries in England and Wales, which in 1967 
received about 4,750 cats and dogs—three dogs for 
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every two cats. While in quarantine, animals are kept 


isolated and dogs are exercised separately. In these 
conditions, it is difficult to see how cross-infection 
could occur. 

In an island free from rabies, the possibility of 
illegal importation must be reckoned with. Since 
1919, more than 77,000 animals have been quarantined, 
and of these only thirty-two dogs and one leopard have 
gone rabid. On a large continent where the virus has 
infected wild life, however, border controls are clearly 
insufficient. Foxes in particular can transmit rabies 
very quickly from one country to another, and can 
spread the disease to domestic animals, evading all 
measures to keep dogs apart from one another. 

This is what has happened in Europe during the 
last twenty years. Although most countries now 
require animals to be vaccinated before they are im- 
ported, the incidence of rabies has still increased. In 
West Germany, for example, the number of known 
cases rose from 1,400 in 1954 to 3,700 in 1966, but up 
to two-thirds of these each year were among foxes. 
Dogs accounted for only about 5 per cent of the 
total. One measure widely used has been to vaccinate 
all dogs living within 20 to 40 km of a frontier with an 
area where rabies is in the natural environment, but 
the result is reduction rather than eradication. 

The question arising from the British cases is whether 
six months’ quarantine is long enough. Two dogs died 
after being in the country for about six months, and 
in any case the incubation period is notoriously un- 
certain. The virus can also be carried without any 
symptoms appearing. On the other hand, it has not 
yet been proved that the cases were unconnected. All 
dogs released from the relevant block of the Folkestone 
kennels since July are now under restriction and can 
only be exercised if muzzled and on a lead, so that if 
rabies has spread among them it will at least be 
contained. 


PROCESS PLANT 


joy through Strength 


THE view that the British process plant industry should 
be organized in larger units is the dominating theme of 
the report of the expert committee which has been 
investigating the industry for the Ministry of Tech- 
nology (HMSO, 3s 6d). The report was promptly 
blessed by Mr Anthony Wedgwood Benn, the Minister 
of Technology, when it appeared this week. Mr Benn 
said that he had already met the Central Electricity 
Board, the Gas Council and three large industrial 
companies to discuss some of the implications. 

The process plant industry has been an object of 
public sympathy ever since the exceptional demand 
for process plant equipment in the period centred on 
1966 showed up the inadequacy of the plant manufac- 
turers. One of the obvious difficulties, repeatedly 
referred to in the report, is that most of the manufac- 
turers are comparatively small, with an annual turnover 
of between £0-25 and £1:5 million. But the Expert 
Committee also complains that there is too little co- 
ordination between users, contractors and manufac- 
turers, that the larger process Industries and parti- 
cularly the large chemical companies have left the 
manufacturers and contractors behind technologically, 
that the plant manufacturers are by comparison poorly 


managed and unspecialized, and that both contractors . 
and plant manufacturers are too smal] to have made 
headway in “breaking the virtual monopoly” of | 


American contractors in the oil refinery business. 


The Expert Committee advocates the familiar doc- _ a 


trine of rationalization as a cure. The Industrial 
Reorganization Corporation is urged to help bring 
about mergers, but the committee also asks that “the 
boards of leading companies in each sector of the 
plant manufacturing industries should urgently con- 
sider . . . how to bring about the emergence of a small 
number of more efficient larger groupings deploying 
greater resources’. One of the objectives, it says, 
should be to create a financial base large enough to 
support a meaningful programme of research and 
development. Another should be to recruit skilled 
and modern managers. The same recipe is offered the 
process plant contractors. They, too, should merge 
and, with the manufacturers, should pay attention to 
the need for better quality and more rapid delivery of 
raw materials, particularly special steels. As a spur 
to all concerned, the Expert Committee urges that 
nationalized industries and the larger users of process 
plant should make more use of their power as large 
buyers to encourage “the better and more forward 
looking manufacturers and to squeeze out the poorer 
ones”. 

This may be recognized as an echo of the present 
government’s election manifesto in 1964, but the 
Expert Committee comes out against a state supported 
industry. On the other hand, the committee does 
consider that the process plant manufacturers and 
contractors could usefully link up with organizations 
abroad. The Ministry of Technology is told that useful 
work might be done by providing risk insurance for 
promoting commercial uses of new plant and processes. 
Coming as it does on the heels of several reports of the 
Working Party sponsored by the old Department of 
Economic Affairs, the new document should at least 
convince the industry that something needs to be done. 


PARTICLE ACCELERATORS 


All Set for CERN Decision 


Tur decision by the French Government last week to 
confirm its earlier commitment to the CERN 300 GeV 
accelerator makes it almost certain that the council of 
CERN will finally decide to go ahead with the projeet 
when it next meets on December 18. French participa- 
tion had been cast in doubt by the decision of the 
British Government in 1967 not to participate. Now 
France joins Austria, Belgium, Italy, West Germany 
and Switzerland among those faithful to the accelerator. 

If the 300 GeV project is ratified next month, the 
CERN council will have five sites to choose from, one 
in each of the participating countries except Switzer- 
land. The accelerator is expected to take eight years 
to build at a cost at 1969 prices of 1,431 million Swiss 
francs (about £140 million). Of this, SFr 934 milion 
will be spent on the accelerator itself, SFr 288 million 
on laboratories and services and SFr 209 million on 
preparatory experiments. The largest contributions 
will be from West Germany (36 per cent) and France 
(30 per cent). 

If the project goes ahead, the British government 
will no doubt come under renewed pressure to join. 
The financial contributions for the first two years 
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would be very small, as the table shows, and the only 
penalty for joining late would be the exclusion of a 
British site for the accelerator. (By all accounts, the 
piece of land originally suggested for this purpose in 
East Anglia would not have passed the clinical exam- 
ination to which the other sites have been subjected.) 
If, on the other hand, the CERN council fails to reach a 
decision next month, a further postponement would 
place the project so far behind the American 200 GeV 
accelerator at Batavia, Illinois, that it might even be 
reluctantly abandoned. 





Table 1, cost or 300 GeV ACCELERATOR 
(millions of Swiss franes at 1969 prices) 
Year Cost 
l 16 
2 50 
3 140 
4 220 
5 235 
6 250 
7 260 
8 260 
Total 1,431 
ENGINEERING MANPOWER 
LorD Jackson oF BurRNLEY (lately Sir Willis 


Jackson) had some harsh words for the engineering 
institutions and the senior engineering staff at uni- 
versities when he gave the first Willis Jackson lecture 
last week to commemorate the golden jubilee of the 
British Association for Commercial and Technical 
Edueation. Speaking on the problems of engineering 
manpower, he said that the engineering institutions 
have not been pulling their weight in instilling a sense 
of social responsibility in the junior members of the 
profession, and many engineering lecturers are far too 
fond of their ivory towers. ““There are so many engin- 
eering teachers who are antipathetic to activities other 
than research,” he said; “in particular towards the 
productive industries. This causes me great concern.” 

On the shortage of engineering manpower. Lord 
Jackson, who is the chairman of the Committee on 
Manpower Resources and president of the newly 
formed Institute of Manpower Studies, said that it is 
more important to train people for the right job than 
simply to worry about manpower shortage in numerical 
terms. For one thing, graduate output is growing 
faster than its supporting manpower, and people will 
end up doing jobs for which they were not trained. 
The present ratio of technical supporting manpower to 
engineering graduates is still quite high at about five 
to one, but the trend is downwards and the danger 
signals are evident enough. 

The new Institute of Manpower Studies will be faced 
with considerable problems, not least in defining the 
nature of its own investigations. As Lord Jackson 
pointed out, the Committee for Manpower Resources 
has been unable to assess the manpower needs of the 
country independently of the demand from employers, 
which may well prove a very inaccurate guide. The 
new institute will have to take a more intimate look 
at the anatomy of the manpower situation, he said, 
from the point of view both of usage and of the skills 
required for particular jobs. 
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What is the long term remedy to the problem of 
engineering manpower ? Lord Jackson saw this as part 
of a wider question affecting the educational system as 
a whole, The fundamental problem is that many 
science teachers have a poor knowledge of technology, 
and science students are too often left unaware of the 
technological implications of their subject. He felt that 
science should be taught from the outset with a greater 
emphasis on its relevance to technology. He also 
had some thoughts for the arts pupil. “The highly 
specialized character of sixth forms forces many pupils 





Lord Jackson of Burnley. 


to withdraw totally from science at an early age. This 
is very harmful. 1 would like to see the emergence of a 
new breed of graduate, who would be a sociologist, 
lawyer or economist with a substantial scientific back- 
ground.” 

Mr Edward Short, Secretary of State for Education 
and Science, who was chairman of the meeting, put a 
different gloss on engineering at the universities. He 
thought that universities should be a bit like ivory 
towers, but that they should always be aware of and 
responsive to what went on on the shop floor. 


CITY UNIVERSITY 


industrialized Academics 


In the three years since it was created out of the 
Northampton College of Advanced Technology, the 
City University has managed both to expand its own 
research activities and to build up an impressive 
number of projects backed by industrial money, 
ranging from a study of the hydrology of rivers flowing 
into Morecambe Bay to methods for detecting flaws in 
metals by ultrasonic pulses. Much of this work was to 
be seen on the open days held last week. There also 
seems to be increasing cooperation with other national 
and industrial research establishments. 

An investigation of the aerodynamies of the human 
body by Professor R. N. Cox of the department of 
aeronautics illustrates particularly well the benefits of 
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cooperation between difficult disciplines and with out- 
side bodies (in this case the National Institute for 
Medical Research) and the discovery of common ground 
between the pure and applied approaches to the same 
piece of work. The basis of the research is the discovery 
in detail, by Schlieren photography, of how the layer 
of air next to the skin flows upwards along the body 
surface. There has been a study of bacteria transport 
—apparently the airflow from most of the body 
converges beneath the nose—and information has 
emerged which can be used to improve the design of 
protective clothing. The result is that medical benefits 
are emerging from a department chiefly concerned with 
aircraft. 








Model for simulating convection currents around the human 
body. 


Finding a suspension mechanism for fast trains has 
kept the department of automation engineering in 
close touch with the British Rail Technical Centre, 
chiefly because of the advanced passenger train now 
being developed (see Nature, 228, 663; 1969). In this 
ease, the university is dealing with the dynamics and 
British Rail is looking after the engineering, and the 
result is a system with great potential export value. 

Cooperation also works the other way round with 
other organizations providing facilities needed by staff 
of the university. Mr R. J. MacAnulla of the depart- 
ment of electrical and electronic engineering, for 
example, is working in a laboratory of the Electricity 
Council Research Centre at Capenhurst in an attempt 
to find physiological effects of weak magnetic fields by 
measuring reaction times when a field is applied across 
a subject's head. 

The limitations of a working relationship with 
industry are nevertheless apparent from the almost 
exclusive concentration on physical and engineering 
sciences. Apart from medical and physiological 
applications such as those of Professor Cox and Mr 
MacAnulla, the research approaches no closer to 
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biology than ophthalmic optics, and the resulting 
intellectual environment might be thought unattrac- 
tively narrow for the university’s students. There is 
at least an active department of social studies and 
humanities, which in spite of its small size covers a 
broad field of interests from economics to philosophy, 
and provides courses for all undergraduates. Anyone 
who thought that the university's activities were 
totally utilitarian, however, would have been suitably 
re-educated at the open days by discovering a proudly 
exhibited working model which had reached the finals 
of a national competition for designing an Emmett-type 
automatic instant mashed potato machine. 


Software Protection 


from a Correspondent 


A MOTLEY gathering including lawyers, scientists, 
patent agents and commercial executives attended a 
conference on the legal protection of computer programs 
at Brighton on November 13 and 14. They heard 
from Dr A. 8. Douglas (London School of Economics) 
that the “unbundling” of software from hardware as a 
market commodity by IBM had increased the impor- 
tance of software. After discussing such things as the 
nature of computer stores and the skills involved in 
producing programs, he left the impression that, as an 
academic, he was against the creation of patent mono- 
polies in programs. In this he was joined, oddly 
enough, by Dr H. Aspden (IBM) who confirmed that 
IBM is against patenting of programs but strongly 
favours adequate copyright protection and, of course, 
an IBM proposal which ignores all existing laws and 
attempts to compromise between users, manufacturers 
and software houses. 

The American view, expressed by Mr R. C. Lawlor 
(patent and copyright attorney, Los Angeles), strongly 
favours patenting whenever an invention is present, 
registration (in the United States) of copyright of at 
least part of the program and retention of the remain- 
der, when possible, as a trade secret. Mr R. Lattes (SIA 
Ltd, and Metra International), discussing the European 
scene, seemed to agree with Dr Douglas. He was 
opposed to the protection of the ideas involved in a 
program on the basis that it amounted to obtaining 
monopolies for pure mathematics, but was not against 
some form of protection to cover the work put into 
writing a program. He did not consider the present 
law in France adequate but seemed to despair of 
communicating the problem to the lawyers. In general 
he seemed content with bilateral contracts but said 
that there should be a Society of Software Houses and 
some sort of boycotting policy, presumably against 
those who offended against a professional code. 

The general impression of the conference was that, 
although there will inevitably be some patenting as 
the law stands, the future protection of software 
lies chiefly with copyright law. Mr E. P. Skone 
James (London), who summarized British literary 
copyright law, was firmly of the opinion that, subject 
to some amending legislation, it would give adequate 
protection to computer programs. He said that a 
literary work need not be humanly readable nor under- 
standable to attract copyright and therefore, contrary 
to what is often thought, a program on magnetic tape 
could be an infringement of copyright. 
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Any enthusiasm or hope among the audience for 
instant legislation was properly damped by Mr Ernest 
Marples in his opening address and Lord Halsbury in 
his after dinner speech. They firmly stressed the need 
for careful appraisal, and a clear understanding of what 
is required and the pitfalls to be encountered before 
& bill becomes law. 


MEDICINAL RESEARCH 


Safety First 


THE Beecham Group’s growing interest in pharma- 
ceuticals other than antibiotics has found a new 
home in a Medicinal Research Centre at Harlow, offici- 
ally opened on November 11 by Professor Sir Charles 
Dodds. By his account, the group’s research will in 
future include the development of psychiatric aids such 
as mood modifiers and memory stimulants, a search for 
more effective treatments of arthritis and rheumatism 
and further investigations in the anti-fertility field. 
Much emphasis at the opening, however, was laid on 
the precautions taken against possible toxic side effects 
which may appear from new drugs. 

Harlow is taking over and expanding an aspect 
of the Beecham Group’s activities that was always 
overshadowed at the Brockham Park laboratory in 
Surrey by the success of the penicillins. More than a 
third of the staff of 150 has moved from Brockham 
Park. The new centre is clearly a materialization of 
the hints about diversifying that Sir Ronald Edwards, 
chairman of the Beecham Group, revealed to the 
annual shareholders’ meeting last July (see Nature, 
223. 440; 1969). 

Prospects for the centre’s work in the microbiological 
aspects of arthritis are exciting, according to Dr H. R. J. 
Waddington, senior scientist. There is also much scope 
for new ideas in geriatrics, especially in dealing with 
the mental difficulties of aged patients: improving 
mood and reviving memory are two aspects that may 
become a widespread function of drugs in the near 
future, and the Beecham laboratories expect to be 
among the leaders in bringing out suitable new com- 
pounds. 

All potentially marketable drugs will go through a 
number of safety tests which involve looking for 
effects on the constitution of the blood, the function of 
the cardiovascular and respiratory systems, the struc- 
ture of tissues in treated organs, and all stages of the 
reproductive cycle, as well as investigations of drug 
metabolism. The possibility of foetal malformation 





The Beecham Group's research centre at Harlow. 
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receives particular attention. The pharmaceuticals 
industry has obviously had to reconsider its screening 
procedures to prevent anything like the thalidomide 
tragedy happening again: one result is a change in 
the attitude of the scientists that might even give the 
impression to a casual visitor that the science of tera- 
tology began with thalidomide. 

The organization of work at Harlow is flexible, with 
an interdisciplinary approach to the problems of 
chemistry, biology and medicine that have to be 
solved. Although it is up to the chemists actually to 
make the potential drugs, ideas are welcomed from all 
sources—even, it seems, from witch doctors, who 
occasionally come up with remedies that industry can 
usefully borrow. A notice on one laboratory door 
proclaims that “green coconut milk is taken in the 
Pacific Islands as a contraceptive”, but it is not vet 
thought that the Palm endangers the future of the Pill. 


CANCER 


Research as a Charity 


THE Marie Curie Memorial Foundation is expanding its 
research into cancer but is spending more than its 
income. This was the principal message to emerge 
from the foundation’s annual general meeting in 
London on November 12, when the treasurer, Lord 
Amherst, announced a deficit of £71,766 for the twenty- 
first year of activities. The ignorance among the public 
of how often cancer can be prevented or successfully 
treated was emphasized at the meeting, and the chair- 
man, Mr Ronald W. Raven, put in a plea for “the total 
abolition of tobacco”. 

The aims of the foundation, which calls itself “the 
only comprehensive cancer service in the world”, 
include providing residential homes for cancer patients 
and help for patients staying at home, an educational 
and advisory service through a series of booklets, and 
a research department. It is an entirely voluntary 
organization, and donations this year were lower by 
£25,000 than in 1968. The foundation’s assets amount 
to £884,389, however, and there are hopes of breaking 
even next year. 

About twenty-five people are employed by the 
research department, which has just moved into newly 
acquired buildings at Limpsfield in Surrey. Present 
projects fall into four groups: the interaction between 
steroid hormones and nucleic acids, the metabolism of 
steroids within the cell, a study of tumour invasion and 
the anti-metabolic treatment of leukaemia. There is 
plenty of room at Limpsfield for further expansion, 
but this will depend on the availability of money. One 
possibility is an epidemiological unit to look at statisti- 
cal problems in the incidence of cancer, and the exten- 
sion of work on steroid chemistry. Applications for 
jobs in the research department greatly outnumber the 
opportunities. 

The guest speaker at the meeting, Dr John Dun- 
woody, Parliamentary Under-Secretary of State 
(Health), stressed health education as one of the 
foundation’s most valuable services and blamed the 
public for not responding to the government’s anti- 
smoking and cervical screening campaigns. Dr 
Dunwoody did not, however, take up the bait offered 
by Mr Raven, who claimed that if people continued to 
smoke “it would be right and proper for a higher 
authority to take the action required”. 
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Miscellaneous Intelligence 


Rumovrs that the recent ban on cyclamates stemmed 
from experiments on a single rat are wildly exaggerated. 
The mixture of cyclamate and saccharine was fed to 
twelve rats and half of them developed cancer of the 
bladder, caused, of course, by the cyclamate part of 
the tandem. The ban is thus supported by six rats. 
It is the dropping of monosodium glutamate by several 
major food companies that has been occasioned by an 
experiment with a single animal, an infant rhesus 
monkey, born prematurely, into which MSG was not 
fed but injected, at a concentration of 2,700 mg/kg. 


ACTUARIES, accountants and advertising men are all, 
it is well known, better paid than scientists and engin- 
eers, and the richest of the three are the actuaries. 
Just how much joy is to be found in caleulating the date 
of other people’s deaths is shown by a salary survey 
conducted by the Institute of Actuaries (for England) 
and the Faculty of Actuaries (for Scotland). It is 
true that only 152 of their 871 members earned more 
than £7,000 a year, but of these a lucky 33 earned 
£14.000 or more. Young actuaries (under 30) can 
expect £2,600 as a mean, or £3,375 if they fall in the 
highest decile of their profession. The mean salaries 
for other age groups are £3,550 (age 30-34), £4,250 
(age 35-39), £5,000 (age 40-44), £6,500 (age 45-54) 
and £7,950 (age 55 and over). The organizers of the 
survey demurely state that the last salary survey 
“did much to stimulate interest in and recruitment to 
the profession and it is intended to use the current 
figures to the same end” 


THe groves of academe in the United States are 
thronged by so many postdoctoral students that it 
has taken a special survey to ascertain just how many. 
About 16,000 is the answer, half of whom are foreign. 
To judge by those who returned the questionnaire, 6 
per cent of this learned corps labour in the disciplines 
of arts and humanities, 4 per cent in the social sciences, 
55 per cent in the life sciences and 35 per cent in the 
engineering, mathematical and physical sciences. It 
is easy to understand why 56 per cent of postdoctoral 
astronomers in the United States should be foreigners, 
but how can the 63 per cent of chemists be accounted 
for ? Or the 64 per cent of engineers ? The psychologists 
are the purest of all; only a tenth of their number are 
not. fellow citizens. ( The Invisible University, Nationa] 
Research Council, Washington. $10.) 


THE law sehool of the University of California, Los 
Angeles, has received a grant of $112,000 from the Ford 
Foundation to train lawyers in the fields of air pollution 
and land use. Los Angeles was chosen to receive the 
grant because its air pollution and land shortage are 
deemed as bad as anywhere. (University of California 
Clip Sheet, Vol. 45, No. 16.) 


AFTER brilliant performances during the past three 
years the Leonid meteor shower has relapsed to ordinari- 
ness, According to preliminary figures from Dr David 
Hughes of the meteor group at the University of 
Sheffield the meteors on November 16 and 17 were 
only about twice the background rate. The Sheffield 
equipment, which usually detects about 900 meteors 
an hour, picked up only 2,400 an hour on November 16 
and 1,100 on November 17. 
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Parliament in Britain 


Concorde 
Mr Antuony WeEbpawoop Benx, Minister of Tech- 
nology, said that the latest Anglo-French estimate of 
the development costs of Concorde is £730 million at 
January 1969 prices. This is now being revised to take 
account of the devaluation of the frane and certain 
adjustments to the programme. He said that he is 
satisfied, however, with the results of flight tests, and 
that prototype 002, which is being modified in prepara- 
tion for supersonic testing, w ill resume fi ying early 
next year. Mr Robert Sheldon asked the minister, in 
the light of the continually increasing costs > Concorde, 
for an assurance that a statement will be made to 
Parliament before any further prototype is ordered or 
pre-production models are inv estigated. Mr Tam 
Dalyell made a plea for talk of cancellations to be kept 
at a minimum, and Mr Frederick Corfield said that 
delaying the next stage would further add to the costs. 
In reply, Mr Benn said that as the tests reach their 
critical stage during the next few months, it will be 
necessary to balance the need on the one hand not to 
lose the impetus of the programme and on the other 
not to commit too many resources before it is known 
whether the aircraft will be successful. He added that 
he could not apologize to the House for keeping an 
eye on costs. (Oral answers, November 10.) 


Higher Education 


SEVERAL questions have arisen from the report of the 
Select Committee on Education and Science, In 
particular, Mr Eric Moonman and Mr Christopher Price 
asked whether the Secretary of State for Education and 
Science would institute a detailed inquiry into the 
Guildford School of Art. Mr Gerald Fowler replied 
that there are no statutory powers to do this, and 
there are no proposals at present for legislation to 
provide the Secretary of State for E ducation and 
Science with the necessary powers. Mr Edward Short 
said later that the government does not yet intend to 
introduce major legislation to implement any of the 
report’s proposals, although they are being carefully 
studied. 

Both Mr David Lane and Mr Richard Hornby asked 
what consultations are taking place at the Department 
of Education and Science about the dev elopment of 
higher education. Mr Gerald Fowler said that his 
predecessor had held discussions on this subject with 
the UGC and the Committee of Vice Chancellors and 
Principals, and that he hoped to continue these with 
other interested parties during the next year. He also 
indicated that the government would consider publish- 
ing a Green Paper, a White Paper or a White Paper 
with a greenish tinge as a result of these consultations. 
(Oral answers, November 13.) 


Pollution 


THE whole machinery for dealing with environmental 
pollution is being reviewed by Mr Anthony Crosland, 
Secretary of State for Local Government and Regional + 
Planning, but Mr Crosland did not comment on a 
suggestion from Mr Gordon Oakes that the Natural 
Environment Research Council should set up a research 
unit to study all major cases of environmental imbalance 
which may be the result of pollution. (Oral answers, 
November 11.) 
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What Future for Planetary Science in Britain 


Wuat follows is an account of an informal exchange 
of views at the Royal Society on November 14. 

Stimulated by the arrival of the first lunar samples a 
few weeks ago, people are debating whether the 
arrangements for planetary science in Britain are 
satisfactory. Are British scientists doing enough of 
this work and is it the right kind ? Are British scientists 
adequately informed of the golden opportunities for 
participation in future Apollo missions and in the 
exploration of Mars? By multiplying the number of 
laboratories involved in planetary y science, the arrival 
of the lunar samples has spotlighted problems of co- 
ordination between groups which belong to different 
disciplines and which owe allegiance to different re- 

search councils. Some people, notably Dr G. Fielder 
of the University of London Observ atory, are wonder- 
ing whether there ought to be some kind of planetary 
science centre in Britain (Nature, 224, 99; 1969). 

So far, the British involvement in the Apollo pro- 
gramme has gone well. The chairman of the meeting, 
Professor 8. K. Runcorn (University of Newcastle), 
said that, according to some NASA officials, the British 
programme for sample analysis had received more 
thought than the American. Even so, some people 
who might have contributed usefully to the analysis 
did not hear of the opportunity until too late. Professor 
Runcorn blamed the habit of some professors of not 
passing on information. 

The financial scene was set by Mr J. Hosie of the 
SRC Astronomy, Space and Radio Division. Funds 
for planetary science have to come from the SRC 
space budget, at present running at £8 million per year. 
This figure excludes the financing of the Radio and 
Space ‘Research Station, the Astrophysics Research 
Unit and the work on space research at the Royal 
Observatory, Edinburgh. Out of the £8 million, the 
annual contribution to ESRO, which does next to no 
planetary work, is £5 million. About £600,000 is spent 
on grants to universities, and the rest pays for work 
on rockets and satellites. But Mr Hosie admittcd that 


the SRC has no coordinated policy in planetary science, . 


and applications are dealt with as they arise, The 
American offer of lunar samples was taken up by the 
SRC and the Natural Environment Research Council in 
: coordinated effort, and so far the SRC has spent 

21,000 on sample analysis, and Mr Hoste said that no 
ne bt there would be future grants for Apollo 12 and 13. 
At the previous meeting of the Space Policy and Grant 
Committee, £25,000 was set aside for incidental ex- 
penses such as travel to the United States and for pre- 
paratory work on the Viking project, the plan to land 
instrument packages on Mars in 1973. 

Mr J. Smith (NERC) admitted that NERC plays 


second fiddle to the SRC in the space field. NERC 
supports two postgraduate courses in the planetary 
sciences, at Newcastle and Exeter, and awards two or 
three studentships each year in areas relevant to the 
discussion. So far only £5,000-£6,000 has been spent 
specifically on the lunar samples, but Mr Smith said 
that the sample analysis is benefiting from an estim- 
ated £100,000 spent during the past four or five years 
on facilities at the departments concerned. On the 
question of a national centre, he said that the pos- 
sibility of setting up a lunar sciences institute in London 
was discussed at the most recent meeting of the physical 
sciences subcommittee of the UGC. Replying to a 
comment by Dr R. Hide (Meteorological Office) that 
the role of NERC in the study of planetary atmospheres 
is unclear, Mr Smith said that this is because the 
question of NERC support had not yet been 
raised. 

Only a small part of the meeting was devoted to a dis- 
cussion of profitable research areas for British planetary 
scientists. A need for a sampling device able to det ect 

elements not distinguished by the alpha scattering 
experiment designed by Turkevich and his colleagues 
for the Surveyor series was recognized. Dr Fielder 
thought a lot could be learned by monitoring the 
atmosphere of Mars from the Earth, in particular 
by collating reports of clouds. Dr G. A. Wilkins 
(Royal Greenwich Observatory) and Dr Hide also 
stressed that ground-based observations should not be 
neglected. Professor Runcorn felt that more could be 
learned from the radio emissions of Jupiter, and this 
prompted Professor R. C. Jennison (Kent University) 
to ask what kind of support the SRC gives to radio 
astronomy at places other than the two centres of 
excellence. Mr Hosie said that there is aecess to the 
facilities at Jodrell Bank and Lords Bridge. He added 
that an SRC working party under Professor F. G. 
Smith is considering “the need for a comparatively 
small facility (but nevertheless costing about £1 mil- 
lion) to operate over the wave clengths 3 mm to 
3 cm. 

Although people were given plenty of time to prepare 
proposals for experiments on the Apollo 11 samples, 
the same has not been true for later American offers 
(see Nature, 224, 102; 1969). Professor Runcorn re- 
gretted that more notice was not given of the October 
90 deadline for the submission of experiments to be 
carried on the Viking missions. But it may not be 
too late for last-minute ideas, according to Mr Hosie, 
who said that if any propos sals come forward soon th 1eV 
will be forwarded, although the process of selection 
is about to start in the United States. 

Not much time is expected either for the sub- 
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mission of experiments to be carried on the “grand 
tour’ of the outer planets which is being talked 
about in the United States. Planning for the mission 
will have to start soon if it is going to take advantage 
of a favourable arrangement of the planets, and it 
would do no harm to start thinking about possible 
experiments. Mr Hosie agreed with Dr Hide that 
the Americans are not likely to let inexperienced 
groups take part in projects such as the grand tour 
in which equipment has to work perfectly after being 
dormant for years. Professor R. L. F. Boyd (Uni- 
versity College, London) said that many space research 
groups had spare flight models which had been gather- 
ing dust for the time it would take to reach the outer 
planets, and it would be interesting to see if they 
still work. 

Not everyone supported Dr Fielder’s call for a 
planetary science centre. Mr Hosie wondered what was 
special about planetary science that a centre needed 
to be set up. According to Professor Boyd, “a central 
organization will kill any subject”, and all that was 
wanted was good coordination between laboratories. 
Mr Smith said that it would be impossible to find in 
one laboratory the expertise of the seven groups work- 
ing on lunar petrology in the NERC programme. 

The first thing a geologist wants to know when he 
is handed a piece of rock is where it came from, and 
Dr Fielder thought that many of the geologists at 
present examining lunar rock would get more out of 
their experiments if the background knowledge which 
they needed was explained to them, possibly via a 
central organization. Really what he was asking for 
was better communications, but this could best be 
achieved by bringing groups together. At present 
British work on the planets is most inefficient. Dr S. O. 
Agrell, a geologist at Cambridge University, agreed 
with Dr Fielder. The supply of background informa- 
tion from NASA is inadequate, and he wanted someone 
to explain to him the meaning of astronomical observa- 
tions of the Moon. In reply to Mr Hosie, he said the 
reason that planetary science needs some kind of 
centre is that not all universities have astronomy 
departments to supply the background. 

Several people at the meeting favoured a number of 
small centres scattered around Britain. These included 
Dr G. Eglington, who is examining lunar samples at the 
chemistry department at the University of Bristol (who 
said that people like himself are at a disadvantage com- 
pared with those who have been doing space physics), 
and Dr A. J. Meadows of the University of Leicester. 
The idea is that the centre would house a small number 
of scientists who would teach service courses in several 
science departments but that a large number of scien- 
tists would play a peripheral part. Dr G. Turner of 
Sheffield University wondered whether the usefulness 
of such a centre would be not so much in research as 
in the postgraduate teaching—geology for physicists 
and so on. Dr Hide slyly pointed to the example of 
geology schools in the United States which had found 
planetary sciences no help in the recruitment of 
undergraduates. 

Several people at the meeting had used the term 
“institute”, and Mr Hosie thought this was the wrong 
word for what was being talked about. The SRC and 
NERC do not follow the pattern of the medical and 
the agricultural research councils in financing institutes; 
research grants are channelled to established people in 
the universities. 
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Dr J. E. Beckman (Queen Mary College, London) 
raised the problem which a small group has of finding 
money for complex projects, but Mr Hosie thought 
that the remedy was cooperation between laboratories. 
Professor Boyd said his group favoured discussion with 
anyone who shared their interest and enthusiasm. Mr 
Hosie added that the technical facilities of ESRO are 
available to individual member countries, provided 
they are prepared to pay. 

The need for better communication between disci- 
plines seemed to be agreed by everyone at the meeting, 
and the question was how to achieve it. The inter- 
disciplinary “talking shops” of the kind which the 
Royal Society has set up on marine pollution and on 
population might fit the bill, Dr D. C. Martin (Royal 
Society) suggested to the meeting. Such a group 
might meet three or four times a year, but it could 
only be set up if the subject is too broad to be covered 
by the meetings of a small number of the disciplinary 
societies. People agreed that this was an idea worth 
thinking about, and that the great concern which the 
meeting felt about the future of British planetary 
science ought to be communicated to the UGC. 








A WEEKLY ILLUSTRATED JOURNAL OF SCIENCE. 


t Te the solid ground 
Cy Nature trusts the mind which builds for aye." —Woapawoatn, 


Ethnological Society, Nov. 23.—-Prof. Huxley, F.R.S., Pre- 
sident, in the chair.—Dr. G. W. Leitner gave an account of his 
visit in 1866 to Ladak, Little Tibet, Kashmere, and the unvisited 
country of Ghilghit. He succeeded, by a new route crossing 
the Shingun and Maraug, in reaching Ladak six weeks before 
the usual passes were open. The Abbot of Pugdal—the Buddhist 
monastery where Csoma de Körös spent five years—agreed with 
him to secure the safe passage of any English or Fruneatian 
traveller to Lassa ; offering to give a near relative of his own as 
hostage for the safety of the visitor. The Punjab Government 
having commissioned him to obtain information respecting the 
Chilasi people, with a view of tracing a connection between them 
and the Darada, and the Hindu Olympus, the Kaylas, he crossed 
the frontier and penetrated into Ghilghit, four marches beyond any 
previous European travellers. Out of fifty, only two of his followers 
accompanied him to the country of the dreaded Dards.. Dr. 
Leitner gave an account of the legends of this people, wham he 
judges to be a remnant of the most ancient Aryan stock, speak- 
ing 2 highly inflexional and perfect, though unwritten language, 
and preserving ancient mythologies and traditions of their 
origin. A singular exception to the Dard dialects is found in 
the Khajuna spoken by the Hunza people—the robbers of 
Kunjut—and Nagyr, which is like no other known language. 
Dr. Leitner has brought a large collection of Thibetan and Dard 
curiosities, and an intelligent Yarkandi, who as soldier and trader 
has traversed nearly all Eastern Turkistan: it is to be hoped that 
he may be given, during his stay in England, opportunities of 
learning something of our manufactures and commerce, so that 
he may carry back to Yarkand a good report of English power, 
and, we will add, of English eg ogee and friendship, which 
will assuredly bear good fruit in the future conduct of the Yar- 
kandis, who are already well disposed to receive and trade with 
our countrymen, 


From Nature, 1, 118, November 25, 1869. 
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No Responsibility without Discussion 


Iw the seven months since its first public meeting, the 
British Society for Social Responsibility m Science 
seems to have laid the foundations for survival. It is 
true that the lack of money and the need to evolve a 
strategy still preoccupy the society, but the annual 
general meeting last Saturday showed that there is a 
hard core of dedicated supporters, many of them the 
younger research workers whose enthusiasm and expec- 
tation of life may be the society’s most durable assets. 
There are now 625 paid-up members—six times as 
many as half a year ago—divided equally among 
physics, chemistry and biology. The membership 
includes 100 students and most of the rest: are directly 
engaged in scientific research. 

The society is associated with a number of local 
groups, not all the members of which are members of 
the British Society. This circumstance was one of the 
issues raised at the annual general meeting last week— 
should the British Society for Social Responsibility in 
Science be a force at national level or should it con- 
centrate on local issues? The local groups are at 
present largely autonomous, although the national 
committee of the society provides some degree of 
coordination and support, and, until their position has 
been more carefully worked out, the society will be 
bound to lack cohesion and weight at national level. 

The activities of the British Society include working 
groups on science education, on attitudes to scientific 
projects (particularly the Apollo project), pollution and 
chemical and biological warfare. There have also been 
a number of public meetings on specific issues. Profes- 
sor Maurice Wilkins and Dr R. L. Smith, respectively 
the president and secretary of the society, both pointed 
out in their opening remarks last week that the chief 
aims of the society are to publicize developments in 
seience likely to have a major influence on life and the 
environment, to make scientists aware of the social 
significance of their work and to draw attention to 
social, political and economic pressures affecting the 
development of science. 

The society has also elected its first National Com- 
mittee to replace the ad hoc committee. Those elected 
were Professor S. Rose (Open University), Professor 
E. H. S. Burhop, Dr S. Zienau and Mr T. Norden 
(University College London), Dr R. L. Smith and Dr 
B. Drasar (St Mary’s Hospital Medical School), Dr L. 
Sklair, Mrs H. Rose and Mr J. Rosenhead (London 
School of Economics), Dr S. Lal (Chelsea College), 
Mr M. Harvey (Westminster Hospital), Mr P. Chapman 
(Cambridge), and Mr D. Dickson from Medical Tribune. 
The president of the society is Professor M. H. F. 
Wilkins (King’s College, London). 

The development of chemical and biological weapons 
is a classic example of scientific research with unfore- 
seen social consequences, and the development and 
use of CS was therefore a very suitable subject for the 
symposium which followed the annual general meeting. 
The symposium passed no resolutions, but the impres- 





sion was left that the effects of CS are not as damaging 
as many members of the society first believed, although 
everybody was convinced that CS outlines the moral 
and professional dilemmas of scientists engaged on 
military research. It was also pointed out that the 
development of CS shows some of the dangers that 
can arise when research with potentially grave social 
consequences is classified. 

Professor Steven Rose set the scene for the sym- 
posium in a paper outlining the history of CS. He had 
derived most of his information from a series of papers 
from the Chemical Defence Experimental Establish- 
ment at Porton, which had previously been classified 
and which are now released for restricted circulation. 
The most interesting paper concerned the toxicity 
tests made on CS before it was released as a riot control 
agent. This paper is the only published material on the 
toxicity of the agent. After a series of tests on mice and 
other animals, several died after being injected with 
relatively large amounts. Moreover, no tests for chronic 
toxicity were reported and the evidence derived from 
tests on human beings was only scant. According to 
Professcr Rose, the paper was sent to a group of 
distinguished scientists who duly pronounced that CS 
is safe for use as a riot control agent. It was suggested 
that the evidence which damned cyclamates was much 
less damning than evidence of the toxicity of CS. 

Dr W. R. Jones of the Royal College of Surgeons 
said that his investigations of the toxicity of CS had 
already indicated that CS damages the kidney and 
liver cells of animals injected with it, and he appealed 
for help from other members of the society. Professor 
Neilands of the University of California and a team of 
society members who surveyed the use of CS in Ulster 
then gave very graphic descriptions of the effects of 
the agent in the field, from which it emerged that the 
immediate effects are not too drastic; they are con- 
fined chiefly to tightening of the chest, tears and, in 
some eases, smarting of the skin, nausea and diarrhoea. 

Professor T. M. MacGibbon (University of Edin- 
burgh) discussed the legal position of CS in relation 
to the Geneva Protocol of 1928 on chemical and 
biological weapons. He considered that the protocol 
adequately covers the use of most chemical and bio- 
logical weapons in warfare, but their use for riot con- 
trol presents some rather tricky questions. Lord 
Ritchie-Calder, in his summing up, said that the 
development of CS gives rise to many problems, because 
it can lead to an escalation of this type of weapon if 
its use becomes widespread, because it is indiscriminate 
—it does not distinguish between combatants and non- 
combatants—and is a clear example of scientific re- 
search with widespread consequences. He said that, 
even if the symposium came to the conclusion that CS 
is a safe riot control agent, the British Society for 
Social Responsibility in Science is doing a valuable 
job in bringing to the attention of the public the issues 
involved in its development and use. 
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NEWS AND VIEWS 


Placenta Critics Placated 


THE story of placental porosity has taken some exciting 
turns and it seems that further surprises may be in 
store. The first instalment came in March this year 
when Maureen Tuffrey, N. P. Bishun and R. D. Barnes 
of the Institute of Child Health m London reported 
that they had found large numbers of the mother's 
eells in the tissues of newborn mice (Nature, 221, 1029: 
1969). The finding abruptly contradicts the accepted 
view that the placenta forms an effective barricr 
between mother and foetus which blocks the passage 
of immunologically competent cells between the two; 
in default of some such mechanism the mother would 
recognize and reject the foetus as foreign tissue. 

This immunological challenge to accepted dogma 
aroused the expected reaction. Last week, workers in 
three independent laboratories announced their failure 
to confirm the passage of maternal cells across the 
placenta (W. D. Billington ef al., Nature, 224, 704; 
1969). At the same time Tuffrey, Bishun and Barnes 
described further experiments lending more stringent 
support to their previous results (Nature, 224, 701; 
1969), Is the placenta porous or not ? 

Much seems to turn at present on the particular 
mice with which Tuffrey and colleagues have worked. 
In their first experiment, they transplanted blastocysts 
of CFW mice, the standard strain at the Institute of 
Chid Health, into the uteri of CBA/T,7, foster- 
mothers. The CBA/7,7, strain possesses a pair of 
characteristically shaped chromosomes and it was 
chiefly by identifying these marker chromosomes in 
the tissues of seven out of eight CFW mice that Tuffrey 
et al, concluded the placental barrier had been crossed. 
The proportion of CBA/T,7', cells was so great (up to 
28 per cent) that the CFW mice could be classed as 
chimaeras. 

In trying to repeat these results Billington et al. 
used CBA/T,7,, mice as the foster-mothers and three 
other strains including CFW as the donors of trans- 
planted foetuses. Although up to 9,000 mitotic cells 
were examined in each litter, in none of the trans- 


Bacterial Genes Isolated 


THe literature of molecular biology in the past five 
years is an Impressive demonstration of the increasing 
sophistication of the tricks which can now be played. 
On page 768 of this issue of Nature, Beckwith’s group 
at Harvard report another technical tour de force, the 
isolation of a structural gene from a bacterium. With 
remarkable ingenuity, they have exploited the tech- 
niques of genetics, DNA hybridization and electron 
microscopy to isolate the structural gene responsible for 
determining E. coli 8-galactosidase as well as two of the 
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planted foetuses was a single 7’, chromosome detected, 
What was noticed was the very similar appearance of 
the 7, marker chromosomes and a pair of the CFW 
cell chromosomes. Could the workers at the Institute 
of Child Health simply have mistaken the two / 

Billingham and his colleagues courteously sent a 
pre-publication copy of their manuscript to Tuffrey, 
Bishun and Barnes, as a result of which ©. E. Ford 
and Anne McLaren visited their laboratory to look 
over the evidence. Ford and McLaren came away 
convinced that the 7, and CFW chromosomes had not 
been misidentified. How then was the discrepancy 
between the two sets of results to be explained ! 

The final answer to the question will depend on 
experiments now under way at the Institute of Child 
Health. But for the moment it seems that a quirk of 
genetics may lie at the root of the tangle. It emerged 
from discussions between the two groups that the 
CFW mice used by Tuffrey ef al. have been bred for 


the CFW mice used by Billingham ef al. were colony 
bred. Billingham and colleagues therefore accept the 
results of Tuffrey et al. but suggest that the placental 
porosity is peculiar to the inbred CFW strain. Their 
own experiments, they believe, at least deny the 
generality of the phenomenon. Moreover, there are 
several ends to be tied up. If the invading maternal 
cells are lymphocytes and immunclogically competent, 
why are there no immunological problems between 
mother and foetus in the inbred CEW mice / 

Tuffrey, Bishun and Barnes believe that the discrep- 
ancy between the two sets of results can be explained 
otherwise than by the inbred nature of their CFW 
mice and they have experiments in hand to explore 
this possibility. The ball is in their court but, even if 
placental porosity turns out to be less general than it 
seemed at first, it is certainly an interesting pheno- 
menon and the inbred CFW mice could provide an 
important tool for studying the barrier between mother 
and foetus. 


genetic control elements that, in the cell, help to regu- 
late its expression. 

In E. coli, the genes involved in the metabolism of 
lactose are organized into a single unit of transcription 
and translation. In other words, the three structural 
genes which specify the three enzymes involved, to- 
gether with their control genes, are all contained in a 
single stretch of the bacterial DNA, the lactose operon. 
Messenger RNA is transcribed from all three structural 
genes as a single molecule, a polycistronic messenger, 
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and the translation into protein of the last of the three 
genes is dependent on the translation of the two preced- 
ing genes. To understand the way in which the transla- 
tion of DNA into mRNA and the translation of the 
mRNA into protein is regulated, it will be necessary to 
reconstruct in vitro the whole process of transcription 
and coupled translation. Clearly one of the first 
essentials for such experiments is the preparation of 
isolated pure genes. That explains why Beckwith 
and his colleagues have gone to such lengths to isolate 
pure lac operon genes and why their work is important. 
It is a key step towards the reproduction in the test- 
tube of a functioning unit of bacterial genetic expres- 
sion. So far, of course, the only source of pure genes 

has been viral DNA, but we can now look bad toa 
steady increase in availability of pure bacterial genes, 

The experiment the Harvard group have done 1s 
quite straightforward in conception and summarized 
in the first figure in their paper on page 769. Bacterio- 
phages can be manipulated so that part of the genome 
of their host E. coli, in this case the lac operon, becomes 
incorporated into the quite small genome of the 
phages. This is in effect a way of concentrating, by a 
factor of about a hundred, Æ. coli lac operon DNA. 
Furthermore, phage DNA containmg the lac operon 
offers another experimental advantage. The two 
strands of the double-stranded DNA can be physically 
separated by exploiting differences in the base com- 
position of the complementary strands, which are 
known as the heavy (or H) strand and the light (or L) 
strand. 

But only one of the two strands of a DNA duplex 
is transeribed into mRNA, of course, and because the 
transcribed strand contains the genetic code, it is called 
the “sense” strand. Luckily, in one of the transducing 
phages used in the experiment the lac operon DNA 
sense strand is part of the heavy strand of the phage 
DNA, while in the other phage the lac operon sense 
sequence is in the phage’s light strand. So, by isolating 
the heavy strands of the two phages and mixing them, 
a partially double stranded DNA should be produced. 
The double stranded region will be formed by the 


complementary strands of the bacterial lac operon 
DNA—the “sense” and “nonsense” strands. The four 


ends of the heteroduplex (see page 769) will be single 
stranded DNA from the heavy strands of the two 
phages, which is unable to base pair because it lacks 
homology. All that then has to be done to isolate pure 
lac operon DNA is remove the single stranded phage 
DNA from the heteroduplexes with a nuclease which 
only attacks single stranded DNA. 

That in essence is precisely the experiment Beck- 
with’s group have performed. They had, of course, 
to take precautions to ensure that the only bacterial 
DNA which the two phages contained was lac DNA, 
and they did this in the simplest way by ensuring that 
the phages contained only an internal portion of the 
lac operon. In other words, they used genetic tricks 
to delete the two ends of the operon and with the ends 
any DNA from other operons. As a result the pure lac 
DNA that they obtained contains only one intact 
structural gene (that which specifies the structure of 
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the first enzyme in the operon, 8-galactosidase) together 
with two control elements of the operon. One is the 
promoter region, the site to which the enzyme RNA 
polymerase binds when it starts to transcribe the 
operon into RNA, and the other is the operator region 
to which the lac operon repressor protein binds when it 
shuts off RNA transcription. The most elegant electron 
micrographs of the purified lac DNA show that the 
molecules vary in length from 1-3 to 1-5 wm, and because 
the -galactosidase gene measures 3,700 base pairs 
or 1:29 um, the operator and promoter regions are 
probably only at most about 0-14 um, or a little more 
than 400 base pairs long. 

The Harvard group comment that it should be pos- 
sible to use their technique to isolate several other Æ. 
coli operons, the galactose, tryptophan, maltose and 
arabinose operons for example. The way now seems 
open for a series of in vitro studies of such things as the 
wav RNA polymerase binds to a single species of 
promoter, the way in which lac repressor blocks the 
initiation of RNA synthesis and many more variations 
on the theme of the control of gene expression. 


CONTRACEPTION 


Reducing Maternal Mortality 


from our Demography Correspondent 


Tue choice between contraception and abortion is not 
as simple as it might seem according to some recent 
calculations of maternal mortality. If the sole object 
of a population policy were the reduction of births to 
the minimum, the choice between contraception and 
abortion would depend only on their relative effective- 
ness in preventing births, which includes, of course, 
the relative ease and degree of access to the two 
methods. But the reduction of maternal mortality 
must also be considered, and indeed in some countries, 
notably in South America, this aspect of population 
planning takes precedence over reduction of the 
number of births as a motive for the introduction of 
policies. 

Christopher Tietze has recently compared the 
mortality to be expected from different forms of birth 
control, balancing deaths from maternal mortality 
against the mortality associated with these methods 
(Studies in Family Planning, No. 45, 6; 1969). To 
100,000 women in fertile unions he ‘applied current 
US maternal mortality rates (approximately twenty 
deaths per 100,000 live births). The rates he took 
were 100 deaths per 100,000 illegal abortions, three 
deaths per 100,000 hospital abortions and an “excess 
mortality” of three deaths per 100,000 users per year 
associated with oral contraceptives, taking this rate 
from Inman and Vessey (Brit. Med. J., 2, 193: 1968). 
These rates were applied in different. combinations 
to find the situation in which overall mortality 
is lowest. Obviously a 100 per cent effective contra- 
ceptive, if universally applied, would reduce maternal 
mortality to zero, but if this contraceptive had 
attendant risks then the final mortality level might 
not be at a minimum, and this is Tietze’s conclu- 
sion. Not surprisingly the highest levels of mortality 
are found in a situation where no contraception 
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is practised and all pregnancies are illegally aborted. 
The lowest levels, however, are not associated 
with the use of a 100 per cent effective contra- 
ceptive, using the “excess mortality” rate, but 
with a situation where less effective but “completely 
safe” contraceptive usage (for example, diaphragm 
or condom) is combined with hospital abortions of 
pregnancies resulting from contraceptive failures. 
This yields a rate almost one tenth of that of the 
three deaths per 100,000 users per year taken by 
Tietze to be associated with oral contraception. Even 
if there were no abortion, so that all pregnancies 
resulting from failures of “safe” contraceptives led to 
births, the overall mortality would still be less than 
that of the 100 per cent effective, “excess risk” contra- 
ceptive, though the position is reversed, of course, if 
the methods are evaluated in terms of numbers of 
births prevented. 

Tietze’s conclusion that “in terms of the risk to 
life, the most rational procedure for regulating fertility 
is the use of a perfectly safe, although not 100 per cent 
effective, method of contraception and the termination 
of pregnancies resulting from contraceptive failure... 
in the operating room of a hospital” may not be 
welcome to those propagandists who use concern for 
the family unit to oppose the provision of abortion 
facilities. 


ATHEROSCLEROSIS 


Progress of a Disease 


from a Correspondent 


ALL aspects of atherosclerosis, familiar in the form of 
coronary heart disease, were discussed at the second 
international symposium on this subject which was 
held in Chicago from November 2 to 5. The task of 
integration was touched on in two short general 
sessions on pathogenesis and in a summary by Dr H. 
Sinclair (University of Oxford) at the end of the 
symposium, but there were still unreconciled schools 
of thought and a tendency not always to recognize 
that various processes may interact in the dev velopment 
of the lesions. 

The role of lipids in atherosclerosis has provided a 
great stimulus to the study of the metabolism and physi- 
ology of plasma lipids, a fact which was evident in many 
contributions. Dr B. Shore (University of California) 
pointed out that there is now a concentration of informa- 
tion about the detailed substructure of the apoproteins 
of the lipoprotein molecules which may be important 
in determining their properties of lipid binding and 
solubility. Drs R. S. Levy and C. E. Day (University 
of Louisville) discussed how the amino-acid residues 
of the low-density lipoproteins give them a unique 
surface polycationic character, which may account 
for their interaction with components of the arterial 
intima. Contributions concerned with the lipids within 
the cell wall emphasized the importance of relating the 
chemical findings to particular structural components. 
Dr Elspeth Smith (University of Aberdeen) pointed to 
the differences between the lipids in fat-filled cells and 
those in the extracellular accumulation, and Dr A. J. 
Day (University of Adelaide) showed that the synthesis 
of phospholipid and cholesterol ester which occurs in 
the wall in atherosclerosis takes place predominantly 
in the foam cells. The wall may react to cholesterol 
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more rapidly than previously thought. Dr W. A. = 
Thomas and his colleagues (Albany Medical College) 
have shown that after only three days feeding on 
cholesterol there are metabolic changes in the aortic 
endothelium and smooth muscle of swine indicative of 
injury and repair. An inherited hyperlipoproteinaemia 
in rhesus monkeys which may provide a useful experi- 
mental model in the study of plasma lipoproteins was 
described by Dr M. D. Morris (University of Arkansas). 

An important part of the symposium was concerned 
with the relatively new epidemiological approach to 
coronary heart disease. Speakers trom Africa, Asia 
and Australia emphasized the unique opportunities 
available for this type of research when peoples of the 
same or different ethnic origin undergo rapid social 
and environmental changes. But they stressed that 
there is a need to obtain this information rapidly in 
communities such as those in Israel where as way of 
life can quickly become standardized. * G. Rose 
(London School of Hygiene), reviewing A epidemio- 
logical studies now being carried out in Europe, 
remarked on the suggestion from studies of British 
civil servants that physical activity, represented by as 
little as a twenty minute walk to work each day, 
might help to protect from coronary heart disease. 

There was general agreement that the so-called risk 
factors at present recognized do not account fully for 
the incidence of coronary heart disease and that others 
must be sought. Two ‘other factors, increased heart 
rate and more variable blood pressure, were added by 
Dr D. M. Berkson (Chicago Health Research Founda- 
tion) and by Dr Stewart Wolf (University of Okla- 
homa), while Dr J. J. Groen (University Hospital, 
Leiden) called for the help of sociologists and social 
psychologists. On the topic of pre vention, trials now 
in progress were reported, but very few results are 
available. It was emphasized that different measures 
may be required for primary prevention of the onset of 
clinical disease and secondary prevention of the recur- 
rence of a first attack. Dr O. L. Peterson (Harvard 
University Medical School) sounded a note of caution; 
prevention of coronary heart disease may demand 
more cooperation from the population than has been 
required in the public health measures whieh have 
been successful in the past. 


MAMMALS 


Biochemical Individuals 


THE attractions of biochemistry and rodents seem to 
be dominating evolutionary studies of mammals at 
the moment. This at least was the impression to be 
gained at the symposium on variation in mammalian 
populations held by the Mammal Society and the 
Zoological Society in London on November 14 and 15. 
More than half of the contributions, with themes 
varying from taxonomy and ecology tO eytogenetics, 


were concerned with rodents, especially mice. And it 
became increasingly clear that biochemical variation 


is considered to be a powerful tool for revealing relation- 
ships between groups. 

Although biochemical genetics began in 1910 when 
some rabbits were found to have atropine esterase in 
their blood, while others lacked the enzyme, the topie 
only got under way with the advent of starch gel 
electrophoresis. Dr I. E. Lush (Royal Free Hospital) 
explained that during the past three years about 140 
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vertebrate loci have been reported to be polymorphic. 
Sometimes the polymorphism is such that individuals 
carrying different alleles differ with respect to the 
degree of activity of a particular protein (often an 
enzyme) or in other cases they may either possess or 
lack the protein concerned. 

In his review of the extent of biochemical variation 
in mammalian populations, Dr Lush remarked that 
about 30 per cent of enzyme structural loci can prob- 
ably be shown to be polymorphic in man, and other 
mammals may contain as much variation of this sort. 
He suggestec ‘that some of the variants are subject. to 
natural selection, while others are not. The mainten- 
ance of many polymorphisms in a species by natural 
selection is clearly compatible with survival. 

The advantage of such variations to animals in the 
wild was illustrated by Dr R. J. Berry (Royal Free 
Hospital). As well as skeletal dimensions and oxygen 
consumption he has looked at protein polymorphisms 
in the British house mouse (Mus musculus) on the 
Pembrokeshire island of Skokholm. It seems that 
different genotypes have different survival value at 
different times of the year, which means that the 
population can maintain greater numbers throughout 
the vear than would be possible if it were genetically 
uniform. Thus the variation is a stabilizing influence 
in the varying environment. 

Professor R. K. Selander (University of Texas) has 
been using biochemical techniques to show differences 
between populations of mice. On a large seale he 
quoted the transferrins, of which there are “variants in 
the British house mouse, but not in the North American 
members of the species. On a much smaller scale he 
has found differences in the frequency of, for example, 
haemoglobin variants between the mouse inhabitants 
of different barns within a farm, and even between 
those occupying small areas on the floor of one barn. 
He thinks that the clustering of genotypes that has 
been revealed represents tribes and families of mice. 

Making a more ecological contribution, Professor 
D. I. Rasmussen (Arizona State University} explained 
that biochemical variations within species of the deer 
mouse (Peromyscus) provide the opportunity to assess 
ideas about the spatial organization and genetic struc- 
ture between and within local populations. The pat- 
terns of polymorphisms he found in Arizona indicate 
that within a species there are small units, or demes, 
of the order of a hundred or so mice that do not mix 
with other demes. Professor Rasmussen’s data will 
be good news to those who uphold the idea that certain 
mammalian species, particularly rodents, have a 
genetic structure composed of small demes which 
together form patterns of macrogeographical variation. 


GEOPHYSICS 


Russian Translations 


from our Geomagnetism Correspondent 
ARE cover to cover translations of Russian geophysical 
journals necessary, or even useful? The question 
needs to be asked because the American Geophysical 
Union (AGU) has announced that its translation 
programme is likely to be in financial difficulty in the 
near future. The union now publishes translations of 
eight Russian journals of which the three most impor- 
tant are the two parts of Izvestiya, USSR Academy of 
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Sciences (Physics of the Solid Earth and Atmospheric 
and Oceanic Physics) and Geomagnetism and Aeronomy. 
The whole programme is run on a no profit basis; but 
journal sales still fail to cover costs, and the programme 
is heavily subsidized by the National Science Founda- 
tion (NSF). 

A crisis is now imminent because the NSF has re- 
minded the AGU that its subsidy has always been 
regarded as a temporary measure and is to be removed 
in less than three years. Needless to say, the union 
wishes to continue its full translation programme, but 
admits that it will not be able to do so without the 
NSF subsidy unless there is further financial support 
in the form of increased sales. Meanwhile, the president 
of the AGU, Dr Helmut Landsberg, has accused the 
NSF of wishing to return to the “ignorance of 
the pre-Sputnik days’’-—an incidental reminder that 
the translation programme was a direct outcome of the 
panic that followed the launching of the first Russian 
satellite. 

The first thing that needs to be said is that geophysi- 
cists do not seem to find many of the translated papers 
relevant to their own work. For example, a quick 
check of two issues of the Journal of Geophysical 
Research published (by the AGU) in October shows 
that of about seven hundred cited references only 
eleven are to Russian works, and only five of the pa P 
cited appeared in journals translated by the AGU 
Possibly these figures merely reflect ignorance of the 
availability of translations. But whether they arise 
from ignorance or a considered decision on relevance, 
or even from other causes, they suggest that cover to 
cover translation is not the most economical way of 
bringing Russian work to the attention of western 
scientists. 

One solution might be to try out a suggestion which 
has been made to overcome the whole problem of the 
proliferation of journals. Numerous groups throughout 
the world are considering the future of scientific 
journals; and several have suggested that in many 
cases it would be sufficient to publish only abstracts, 
and just issue complete papers to those who demand 
them. Ifsuch a scheme were to be tried with transla- 
tions it would cut the cost of the programme by making 
the full translation of unwanted papers unnecessary 
and at the same time give valuable clues to the feasibil- 
ity and desirability of extending the scheme to papers 
originally published in English. 


MARS 


Mariner Pictures Discussed 


from our Astronomy Correspondent 

Two questions crystallized at the November 14 meet- 
ing of the Royal Astronomical Society devoted to 
Mars. One was why the oblateness of Mars—the extent 
to which it is flattened at the poles—seems to depend 
on. the method of measurement. and the other was the 
explanation of the dark markings on the surface of 
the planet. 

Dr G. A. Wilkins (Royal Greenwich Observatory, 
Herstmonceux) described the background of the oblate- 
ness measurements. Mars has two natural satellites, 
Phobos and Deimos, which orbit close to the planet 
and are too faint to have been yet observed at Herst- 
moneeux. Phobos is at 2-7 Mars radii and Deimos at 
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6-9 Mars radii. This makes observations of their 
orbits a good way of measuring the oblateness of the 
planet, and the result is that the equatorial radius of 
Mars seems to exceed the polar radius by about 17 km. 
The alternative method, simply to look at telescope 
images of the planets, results in an ellipticity of 
twice the dynamical value—an equatorial bulge of 
40+20 km. People think there is more to the dis- 
crepancy than the inaccuracies in the geometric method 
suggest. 

From considerations of celestial mechanics, Dr 
Wilkins favours the view that Phobos and Deimos were 
formed in the envelope of some kind of proto-Mars. 
This accounts for the low eccentricities and inclinations 
of their orbits more easily than the capture theory. 
Future studies of the satellites should concentrate on 
better orbital data, which ought to throw more light 
on Mars itself, and on observations from space probes 
to search for clues as to their origin and evolution. The 
ultimate success would be to soft-land a transmitter 
on Phobos—the orbital data it would produce should 
end the suspicion that Phobos is slowly spiralling in. 

Recent radar measurements along the martian 
equator have shown elevation differences of up to 
15 km (see Nature, 228, 562; 1969), and Professor 
S. K. Runcorn (University of Newcastle) wondered 
whether this marked ellipticity of the equator might 
have something to do with the contradictory oblate- 
ness measurements. He went on to explain that if 
Mars, like the Earth, has a core of liquid heavy metals, 
then it must be a very small core. But there are 
grounds for supposing that there is some internal 
activity. There seem to be linear features on the 
surface which represent the response of the crust to 
deep processes, and convection could be responsible 
for maintaining the elevation differences. 

Dr W. H. Pickering (Jet Propulsion Laboratory, 
California) described the new information which 
Mariners 6 and 7 had provided. He said that the data 
are consistent with the carbon dioxide hypothesis for 
the polar cap. It is true that the temperature is a 
fraction higher than it ought to have been, but this is 
easily explained as the effect of several bare patches 
on the cap. Clearly the frozen layer is not deep. 
Assuming a carbon dioxide atmosphere, the surface 
pressure deduced from S-band occultation data is 
consistent with variations in elevation of the surface of 
about 10 km. The television photographs show fewer 
craters with central peaks compared with the Moon, 
and no rilles. 

No differences in albedo were detected when the 
Mariners crossed the dark markings, but Dr Pickering 
said that the television circuits included an automatic 
gain control system designed to average out large scale 
intensity changes while at the same time accentuating 
small scale features such as craters. The effect can be 
allowed for, and when this is done we may know more 
about the dark markings. The orbits of the Mariners 
were closer to what might be expected from the 
dynamical value of the oblateness than the geometric 
value, but Dr Pickering said this ought to be taken 
with a pinch of salt because of non-gravitational 
perturbations on the spacecraft. He added that one 
of the martian satellites has been found on one of the 
pictures, but it is only a couple of picture elements. 
There are no plans to take particular notice of the 
satellites during the 1971 missions. 
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The question of internal activity was taken up by 
Dr G. Fielder (University of London Observatory), 
who said that some craters had polygonal rather than 
circular outlines, which he attributed to an underlying 
tectonic structure. This could affect the shape of 
craters whether they are formed by internal processes 
or by meteoric impact. The small depth to diameter 
ratios which some craters have is not necessarily a 
sign of erosion because there are similar craters on the 
Moon which are comparatively young and crisp. More 
needs to be known about the martian environment, 
and in particular the size of the fine dust which is 
believed to be present. Applying Stokes’ law to the 
motion of the yellow clouds, Dr Fielder said that 
particle size seemed to be about 25 um, similar to the 
sizes of dust on the Moon, which suggests that the 
dust might be impact debris. 


ASTRONOMY 


How Quasars Evolve 


from our Cosmology Correspondent 


AN analysis of optical plates obtained with the 48 inch 
Schmidt telescope at Palomar Mountain and studied 
by A. Braccesi and L. Formiggini of the National 
Radio Astronomy Laboratory in Bologna suggests 
that the time scale of the optical evolution of quasi- 
stellar objects is consistent with the time scale of 
radio evolution derived from sources in the 3C cata- 
logue. Braccesi and Formiggini have measured the 
magnitudes and colours of 300  ultraviolet-excess 
objects, determining which of these are QSOs by their 
combined ultraviolet and infrared excesses (Astronomy 
and Astrophysics, 3, 364; 1969). 

The log N—log S relation plotted from these selected 
sources will then have a slope rather less than the 
true slope for QSOs, because some white dwarf stars 
are inevitably picked out by this technique, and the 
Italian astronomers estimate that 15 to 30 per cent of 
the ultraviolet-excess objects down to a magnitude of 
B=19-4 (using the four colour UBVI system) are 
white dwarfs. Allowing for this, the corrected slope 
for QSOs is — 1-80, very different from earlier results 
(for example, Sandage (Astrophys. J., 141, 1560; 1965) 
found a slope of —0-95), but the early results are well 
known to be inaccurate. This steep slope implies 
cosmological evolution of the sources—either they 
were more common, or brighter, or both in the distant 
past. 

Braccesi and Formiggini feel that the slope they 
have found agrees with an evolution which goes as 
(1+2), where z is the redshift, because although 
Schmidt in 1968 (Astrophys. J., 151, 393) found rather 
greater slopes for large z, the predominant sources in 
the current sample have smaller z. The observations 
would therefore agree with the evolutionary time 
scale found by Schmidt, which he had derived primarily 
from radio sources in the 3C catalogue. The proposal 
of the Italian team to carry out a comprehensive radio 
survey of the same sources which they have now studied 
optically should result in an unequivocal determination 
of the link between radio and optical evolution in 
QSOs, but the results already obtained will in them- 
selves prove useful to the cosmologists, narrowing down 
once again the possible model universes that might be 
directly relevant to our own. 
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Infrared and Microwave Astronomy 


by 

P. A. FELDMAN 

M. J. REES 

M.W. WERNER 

Institute of Theoretical Astronomy, 


Madingley Road, 
Cambridge 


INVESTIGATION of a new waveband in the electromagnetic 
spectrum has always revealed a far greater range and rich- 
ness of astronomical phenomena than expected. This 
has certainly been borne out by recent observations at 
infrared and microwave wavelengths. Many otherwise 
ordinary stars and nebulae have been found to emit 
remarkably intense infrared radiation; in most cases this 
emission can be attributed to dust. Microwave lines of 
several moleeular species have been observed in certain 
gaseous nebulae and in several cool interstellar clouds; 
these transitions have been detected in ernission (usually 
displaying evidence of maser amplification) and in absorp- 
tion. Some extragalactic objects—quasars and Seyfert 
galaxies—seem to emit most of their energy in the 
infrared, and the centre of our own Galaxy is a powerful 
infrared source. These discoveries may relate to the 
vexing problem of “violent events” and energetic activity 
in galactic nuclei. A further surprise has been the 
detection of extraordinarily strong background radiation 
in the far-infrared. 

All these phenomena were discussed at the Institute 
of Theoretical Astronomy, Cambridge, on July 8-H. 
We have attempted to summarize current knowledge of 
these disparate topics as it emerged from the discussions 
at the conference. 


Infrared Stars 

F. J. Low (Rice and Arizona) and A. R. Hyland 
(California Institute of Technology) reported observations 
of starlike objects such as NML Cyg showing strong 
continuous infrared emission from 3 to 20 um. It was 
generally agreed that the infrared emission comes from 
a cloud of grains heated by a central energy source, 
presumably a star. In some cases, much of the light from 
the central star gets through the dust cloud so that a 
visible spectrum can be seen; other objects shine princi- 
pally in the infrared. Lumuinosities range from 10° Lo 
for NML Cyg and VY CMa to 15 Lo for T Tau. There 
are five objects with infrared continuum peaks at ~3 um 
that indicate a grain temperature ~ 600K; for R Mon 
the grains are slightly hotter (~ 850K). The similarity 
of grain temperature for such a range of luminosities 
indicates that it may be determined by the nature of the 
grains rather than by the properties of the central objects. 

Extinction curves for the circumstellar grains in NML 
Cyg and VY CMa can be inferred by comparing the visible 
spectrum transmitted by the grains with the intrinsic 
spectrum of the central star. Low finds that the cireum- 
stellar grains have essentially the same extinction 
characteristics as the interstellar grains, while Hyland! 
suggests that they absorb more in the near-infrared and 
may be somewhat larger than interstellar grains. The 


Recent observations of infrared and microwave emission from various 
astronomical objects, together with their theoretical implications, 
were discussed at a conference held in Cambridge from July 8 to I], 
1969. This rapidly developing field of astronomy promises to contri- 
bute significantly to our understanding of the formation and evolution 
of not only stars and galaxies but also the universe itself. 


general similarity of the two extinction curves suggests 
that the interstellar grains may originate in this type of 
infrared object. A controversy arose at the conference as 
to whether these objects are very young stars or highly 
evolved stars. T Tauri and related systems (such as 


R Mon) are generally assumed to be very young 
and ail T Tauri stars have infrared excesses*. The 


Becklin-Neugebauer® source in Orion is almost certainly 
a young star because it les in a very young HIT region. 
VY CMa also is located on the edge of an HIT region and 
close to a very young stellar cluster. It is tempting to 
conclude, therefore, that all such systems are young stars, 
and that the emitting dust shell is a remnant of the 
stellar formation process. On the other hand, Hyland 
argued that NML Cyg and VY CMa may be evolved red 
giants, surrounded by dust shells of their own fabrication. 
The positions of the central sources of these objects m the 
Hertzsprung—~Russell diagram are consistent with their 
having evolved from the main sequence as 10 Mo stars. 
The long-period (200-400 days) 1-2 mag variability at 
2 um of many bright infrared sources is reminiscent of the 
long-period variability of Mira variables, which are believed 
to be evolved stars. It can be argued that the infrared 
objects are more likely to be highly evolved than newly 
formed, because the time scale for nuclear evolution is 
longer than that for gravitational collapse. 

E. P. Ney (Minnesota) discussed observations of infrared 
excesses in normal cool stars*. Some M giants and super- 
giants show a marked excess over the expected black- 
body spectrum in the 10 to 13 um region. There is also a 
preliminary indication of excess radiation at 20 um. 
These features have been attributed to the 10 and 20 um 
stretching and bending resonances of 810 bonds. Such 
stars typically radiate less than 1 per cent of their total 
power in the mfrared excess, by contrast to objects such 
as R Mon and the Beckln-—Neugebauer source which 
radiate exclusively in the infrared. The flux deficiency in 
the 8 um region previously reported® from many of these 
stars is no longer thought to be realt. 

A model for the stars showing 10 um excess, due to 
P. M. Solomon (Columbia and Cambridge) and Seoville, 
showed that silicate particles m the expanding stellar 
wind of an M supergiant will have an emission spectrum 
strikingly similar to those observed. Taking into account 
the variation of grain temperature with distance from the 
star, the best fit to the u Cep data was for enstatite 
(MgSi0,) grains with a maximum grain temperature 
between 400 and 900 K. It is predicted that the 17-25 um 
emission should be 20-60 per cent as strong as the 10 um 
feature. The optically observed outflow velocities from 
these stars suggest that each will contribute 10° to 
10-16 Mo yr of dust to the interstellar medium; thus 
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NEW AND _ 
FORTHCOMING BOOKS 





A unique contribution to the growing literature on oral Contraception 


Metabolic Effects of Gonadal Hormones and Contra- 
ceptive Steroids 

Based on a workshop, held in Boston, 1968 

Edited by H. A. Salhanick, Professor of Obstetrics and Gynecology, Harvard Center for 
Population Studies, Boston 

David M. Kipnis, Professor of Medicine, Washington University School of Medicine, 
St. Louis 

R. L. Vande Wiele, Professor of Obstetrics and Gynecology, College of Physicians and 
Surgeons, Columbia University, New York 

This volume is of vital importance to the entire medical and public health profession. 
Containing articles by internationally recognized authorities, it is the only comprehensive 
compendium of metabolic effects available. Inasmuch as no steroid with contraceptive 
action has proved to be without metabolic side-effects, the volume reports effecis on the 
hepatic, vascular, skeletal, and central nervous systems, with specific reference to diabetes, 
blood lipids, hypertension, biliary metabolism and psychiatric changes as they relate to 
estrogens and progestin therapy. 

762 pages November 1969 2576. 


An Introduction to Nonlinear Optics 


By George C. Baldwin, Department of Nuclear Engineering and Science, Rensselaer Poly- 
technic Institute, Troy, New York 


Directed to the non-specialist with a general knowledge of physics, this clear, concise 
volume presents recently uncovered optical phenomena which will play major roles in 
future applications of lasers. The book also covers currently spectacular topics in optics: 
mixing two colours to produce a third, generation of electricity from light, and conversion 
of one light to another. 


i55 pages September 1969 89s. 


Oil on the Sea 


Proceedings of a symposium on the scientific and engineering aspects of oil on the sea, held 
in Cambridge, Massachusetts, May 16, 1969 


Edited by David P. Hoult, Department of Mechanical Engineering, Massachusetts Institute 
of Technology 

A volume of Ocean Technology, a new series edited by John P. Craven, Department of 
Naval Architecture and Marine Engineering, Massachusetts Institute of Technology 


An in-depth, state-of-the-art report on this vital topic prepared by leading authorities 
to integrate all known facts about oil on the sea. Stressing the interrelationship of such 
problems as biological damage caused by oil spills, trends in oil tanker design, engin- 
eering problems in removing pollution, determining liability for damages caused by oil 
spills, and governmental regulations, this unique volume includes suggestions for coping 
with some of the problems. 


Approx. 112 pages December 1969 HAs, 


Advances in Information Systems Science 


Edited by Julius T. Tou, Graduate Research Professor, College of Engineering, University 
af Florida, Gainesville 

Dealing with current topics in information science and technology, this annual review 
series provides comprehensive accounts through pedagogical and definitive treatments 
of important developments in the field. 

Volume 1 

Emphasizes fundamental principles and covers programming languages, theory of algo- 
rithms and discrete processors, formula manipulation, engineering principles of pattern 
recognition, and learning control systems. 

300 pages 1969 {3is. 
Volume 2 

With articles written by an international group of experts, this volume features learning and 
stochastic systems, semantics of programming languages, information storage and retrieval 
and human information processing. 


368 pages 1969 154s. 
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The LKB UV Analyzer, 

the Uvicord is completely compatible with the UltroRac. 
The Uvicord detector unit is here shown incorporated, 
with the UltroRac, ina separation system. 


IN THE SERVICE OF SCIENCE 





LKB INSTRUMENTS LTD. @ LKB HOUSE @232 ADDINGTON ROAD @ $. CROYDON, SURREY. CRZ BYD @ TEL: 014-657-0286 
SALES AND SERVICE THROUGHOUT THE WORLD: STOCKHOLM, WASHINGTON, THE HAGUE, COPENHAGEN, ROME, VIENNA 





A Fraction Larger 





Yes, our Fraction Collector, The UltroRac, is 
a fraction larger than some others on the mar- 
ket, but we do not consider this a disadvan- 
tage and neither do our customers who only 
speak of the ADVANTAGES of owning an 
LKB UltroRac. The UltroRac gives users 
reliable collection, ease of operation, easily 
varied test-tube capacity and freedom of 
choice in the method of collection. Any num- 
ber of test-tube racks can be removed from 
the collecting platform without interrupting 
the collecting process. 




















Write or phone LKB today for a fully illus- | 
trated brochure on this QUALITY instru- | 
ment and the many others in the LKB Labo- 
ratory Instruments Line. 


è Space Saving 

@ Coldroom Use 

è Standard Test Tubes 

@ Removable electronic unit 
è 200 test-tube capacity 

è Time, drop and volume 

@ Stainless steel support rods 
è Polypropylene racks 

è Provision for event marking 
è Power outlet for flow pump 
@ Electronic counting system 
è Positive flow control 
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Type of object 


(i) Galactic objects 
AL stars 
T Tauri stars 


Be stars 
Carbon stars 


“Tofrared stars” 


Janetary nebulae 
“Infrared nebulae” 


Galactic centre 


{ii} Extragalactic objects 
Peculiar galaxies i 
Radio galaxies a 
Seyfert or N-type galaxies | 
Quasi-stellar objects ! 


Table 1. ASTRONOMICAL OBJECTS WITH PECULIAR INFRARED EMISSION 


Infrared characteristics 


10-13 4m excess, perhaps due to silicate grains 


Broad 1-5 xm excess, perhaps due to grains; variability; total luminosity 
between 5 and 10° La. 


Excess detected at 5 wm and at 11-5 gm 

Excess at 10 um suggesting flattening of continuum; 35 um excess, 
perhaps due to radiation by ejected grains 

Most of energy in infrared continuum; grains at effective temperature 
~ 550 K; luminosity between 15 and 10° Lo; OH emission in some 
CASE 

Excess infrared continuum, possibly due to grains; 12-8 um [Ne H] line 
seen in IC 418 

Found in or associated with HII regions; infrared emission perhaps due 
to heated dust grains 

Multi-component structure: core with dimensions ~1 pe dominates at 
10-20 um, core luminosity 210° Ley; possible extended component at 
100 wm with Z~ $x 10° Lo 


Little information available, but evidence for strong infrared emission in 
some cases 

Steep spectrum with flux density typically obeying an approximate y= 
power law in the near infrared ( ~ 1 to ~25 um); infrared luminosities 
up to ~3x 10" La; radio emission 

Variable objects which are relatively strong in the near-infrared; no firm 


Exarmpies 


a Čep, o Ceti 
T Tau, FU Ori 


z Dra, 43 Per 
R Lep, R Cr 
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R Mon, VY CMa, XML Cyg, HD 14567, 


Becklin-Neugebauer object 
NGC 7027, NGC 6543, IC 418 


Found in Orion Nebula, M17 


M82, M87 
NGO 1068, NGC 4151, 3C 120, 3 


BL Lac, IRC + 10216 


{? Sy acd 


bt ome Kf 


3B 


“Infrared galaxies” ? } distance determination available 


1-10 per cent of interstellar grains may originate in this 
manner. Wickramasinghe (Cambridge) pointed out that 
soot (graphite with ~ 1 per cent hydrogen impurities) also 
will produce an emission feature at 10 um and suggested 
this as an alternative or supplement to circumstellar 
silicate grains. A 10 um excess has been found in several 
carbon stars, but it does not resemble the 8-13 um 
“bump” seen in M stars. The carbon star R CrB shows® 
excess emission at ~3-5 um. Recently this excess has 
declined and shifted to longer wavelengths, which may 
indicate ejection of the emitting grains. Other carbon 
stars, particularly those which are cool and/or hydrogen- 
rich, do not show infrared excesses. 

Other interesting observations reported were the 
following: the infrared emission from NML Cyg in the 
L (1-25 um) band seems to be decaying at the rate of 
0-2 mag yr“; R Mon varies in the far-infrared with no 
accompanying optical variation; three M supergiants 
which do not show the 8-13 ym feature are binaries with 
B-type companions, and Ney suggested that the com- 
panion may destroy the dust. There was also discussion 
of interstellar (not circumstellar) absorption features. 
Many stars show a weak double absorption at 8 um which 
may be due to interstellar silicates’. NML Cyg definitely 
shows absorption at 3-5 um which could be the ice band, 
but a similar feature appears in some unreddened stars, 
so its origin is unknown. 


Diffuse Infrared Objects 

Diffuse continuum sources comprise a second general 
category of galactic infrared objects. These can be 
extended regions of dust re-emitting the absorbed radiant 
output of hot young stars; dust-embedded planetary 
nebulae and HII regions; or expanded regions of non- 
thermal emission, such as old supernova remnants. With 
the exception of the last class, it is fair to say that no 
extended source of infrared emission has yet been found in 
the Galaxy that is inconsistent with the hypothesis of 
thermal emission by dust. But other explanations, such 
as thermal line radiation or emission associated with 
shock fronts, might still be possible in some instances, 
especially in the case of planetary nebulae. 

Low has observed the extended source of infrared 
emission? in Orion that is roughly centred on the Becklin- 
Neugebauer point source*. At 22 um the dependence of 
flux on aperture indicates a dust cloud that is remarkably 


uniform in density and heating. A recent wide band 
measurement at 50 um with a 2-4’ arc aperture revealed 
a total infrared luminosity m excess of 10° Lo. Observa- 
tions were also presented for the HII region M17 which 
seems to be a complex extended double source of infrared 
emission. Two reddened hot stars have been discovered 
coincident with the two peaks of the extended source. 

Preliminary results of a 0-9 mm sean across the extended 
infrared nebula and the Becklin-Neugebauer point source 
in Orion were reported by J. E. Beckman (Queen Mary 
College, London). Depending on the assumed spatial 
symmetry of the source with respect to the scan, the flax 
density in the 315 um bandwidth is claimed to be between 
15,000 and 40,000 flux units, corresponding to an effective 
temperature of some 70K. K. I. Kellermann and Low 
did not observe this high flux, however. Beekman also 
discussed earlier observations® of the Crab Nebula in a 
waveband centred at 1-2 mm, in which an enormous flux 
density of over 104 flux units was found. This measure- 
ment was also challenged by Kellermann and Low, who 
have observed the Crab at least once per vear for the past 
five years without finding it brighter than a few hundred 
flux units at millimetre wavelengths. Observations of the 
Crab in the near-infrared*® show no infrared excess at 
AS4:75 um. 

Broad band photometric observations of infrared emis- 
sion from planetary nebulae were discussed by Ney. 
Following the unexpected discovery" of infrared con- 
tinuum emission from NGC 7027 during a search for fine- 
structure lines, a total of five planetary nebulae have 
been identified as infrared sources**. It seems that strong 
infrared excesses tend to be associated with (1) Wolf-Rayet 
star nuclei and (1!) objects of the greatest free-free surface 
brightness. The related problem of the infrared excesses 
exhibited by Be shell stars was also mentioned briefly. 
While it is usually possible to explain this as free-free 
emission from the gas shell which produces the optical 
emission lines, two objects seem to have excess” infrared 
excess at both 5 and 11-5 um. In one case (48 Per) this 
unexplained emission can be fitted by a blackbody with 
an effective temperature of about 550 K. Low suggested 
that he might have succeeded in resolving a 1’~—5” infrared 
core in NGC 7027: the nebula itself is 14” to 15” are in 
angular extent. 

C. R. O'Dell (Yerkes) interpreted the infrared excesses 
of planetary nebulae as thermal emission from graphite 
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grains heated by Lyman x. He obtains fair agreement 
with observations of planetary nebulae if the ratio of 
Lyman g path length to the total size of the nebula has 
the rather low value of 42. The dust might also have 
important dynamical effects. 

B. E. J. Pagel (Herstmonceux) has constructed a unified 
model for the unusual extended infrared source y Carinae. 
When allowance is made for interstellar reddening, 
the intrinsic optical continuum is characteristic of a 
hot blue star. On this assumption, one can extrapolate 
the spectrum into the ultraviolet and estimate the bolo- 
metric luminosity of the continuum source. The infrared 
luminosity and the spectrum as far as 19-5 um are consist- 
ent with a dust model energized by this continuum. 

Fine-structure lines in the infrared have been predicted 
for planetary nebulae, but the only such hne which has 
been detected!*, the 12-8 um line of [Ne IT] in JC 418, is 
fifteen times weaker than was predicted. This line 1s at 
least ten times weaker than expected in the centre of the 
Orion Nebula. Considerable efforts to find the 10-5 um 
line of [S IV] and the 9-0 um line of [Ar II] have also 
been fruitless. A renewed plea for the observers to press 
on with attempts to detect fine-structure transitions in 
gaseous nebulae was made by D. R. Flower (University 
College, London). His calculations involve the numerical 
solution of the combined equations of radiative transfer 
and ionization equilibrium for the most abundant elements. 
He has adopted an Ne abundance deduced from observa- 
tions of the visible line spectrum of NGC 7662; namely. 
0-6x 10- relative to H, which is less than the mean for 
B stars. The predicted strength of the [Ne I] 12-8 um 
line in IC 418 then agrees well with the observations. 

Mrs H. E. Saraph (University College, London) 
issucd a timely warning on the use of theoretical collision 
strengths for calculating the excitation of infrared for- 
bidden lines, and pointed out difficulties of properly 
accounting for configuration mixing. For doubly ionized 
atoms, the collision strengths can have a very complicated 
dependence on energy and cannot be assumed constant’®. 
One can, however, use laboratory data to estimate the 
importance of configuration mixing. 

The possibility of detecting infrared line radiation from 
interstellar HI regions, especially during their gravita- 
tional collapse phase, was discussed by T. N. Delmer 
(Boulder). When account ts taken of self-absorption in 
the lines, previous estimates’? for the line intensities 
prove to be several orders of magnitude too high. Unless 
shock waves are able to provide significantly greater 
heating than the combined effects of cosmic rays and 
dilute starlight, interstellar HI clouds are not expected 
to produce detectable amounts of infrared line emission, 
even during collapse. 


Interstellar Grains 

The observations reported by Ney’ suggest that 
silicates may be a significant constituent of the interstellar 
dust. Previous evidence on the grain composition has 
come from optical and ultraviolet studies of the wave- 
length-dependence of interstellar extinction and polariza- 
tion. This has led to the belief that interstellar grams may 
be largely composed of ice or graphite, or both. There 
was much discussion at the conference concerning the 
likely grain temperatures. This problem is important 
because grains can catalyse molecule formation more 
efficiently at low temperatures, and also because of the 
suggestion that they may be cool enough to acquire 
mantles of solid hydrogen. 
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The equilibrium grain temperature depends on the 
radiative efficiency in the far infrared relative to the 
absorptive efficiency at optical wavelengths. This is 
generally low, with the consequence that the temperatures 
are substantially higher than the energy-density tempera- 
ture of the starlight radiation field. A general argument 
by G. B. Field (Berkeley and Cambridge) sets an upper 
limit to the radiative efficiency at long wavelengths and 
thus leads to a lower limit for the temperature of grains 
of a specified composition. For grains of 0:3 um radius, 
this minimum temperature is 96 K for graphite and 
7-3 K for ice; larger grains could be somewhat cooler. 
J. M. Greenberg (Rensselaer and Leiden) derived similar 
temperatures and showed that they were insensitive to the 
shape of the grains. 

The dust within dense clouds would be shielded from 
starlight, and so can be cooler. M. W. Werner (Cam- 
bridge) and E. E. Salpater (Cornell and Cambridge) find 
that, even assuming the maximum radiative efficiency 
permitted by Field, the minimum temperature within 
clouds would be 2335 K for most types of grains. This 
is because the grains are exposed not only to the 2-7 K 
microwave background, but also to the far-infrared 
emission from warmer grains at the edge of the cloud and 
to the infrared component of starlight. Consequently the 
grains probably do not become cool enough for solid 
hydrogen mantles to form. 

Hoyle and Wickramasinghe'® have proposed that 
silicate and graphite grains may be present in comparable 
amounts, having formed in the atrnospheres of oxygen- 
rich giants and carbon stars respectively. The graphite 
would govern the optical extinction curve but has low 
emissivity in the infrared. Greenberg pointed out that 
it is difficult with this model (as with any specific grain 
model yet proposed) to fit all the extinction and polariza- 
tion observations from the far-ultraviolet to the near- 
infrared. The conductivity of pure silicates would be 
low, however, and their far-infrared emissivity large—— 
greater, perhaps, than their optical emissivity. They could 
then remain cool in the presence of starlight. Silicates 
with appropriate conductivities might attain 
temperatures than a “black sphere” exposed to the mter- 
stellar radiation field. They may then be promising sites 
for the condensation of solid hydrogen. The likelihood 
of this condensation depends crucially on the detailed 
grain parameters, however, and also on the as yet poorly 
known vapour pressure data for hydrogen at 3-4 K. 

Information on the far-infrared properties of the grains 
can be obtained from observations of diserete sources. 
For example, on the assumption that the infrared emission 
from the galactic centre at wavelength 2 is not appreciably 
attenuated by interstellar absorption, it follows that the 
absorption efficiency at A is <4 per cent of the optical 
absorption efficiency’. 


lower 


Microwave Observations of Galactic Infrared Sources 

OH and H,O microwave emission from infrared objects 
was discussed by E. Raimond (Westerbork) and W. J. 
Wilson (MIT). OH emission has been detected from 
eight infrared stars, including VY CMa and NML Cyg. 
five of which are Mira-type variables. H,O emission is 
present in several cases. The OH emission frorn infrared 
stars?? has several unique characteristics: the 1.612 
MHz line is the strongest and is not polarized: there is no 
associated radio continuum; and the emission spectrum 
shows two distinct velocity peaks separated by 20- 
40kms. Hyland reported that in several cases the peak 
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with largest recessional velocity comceided with the stellar 
OH radial velocity. In VY CMa and R Aq! the H,O 
spectrum shows two velocity peaks which fall between 
the OH peaks. In all cases, the H,O and OH emission is 
highly non-thermal and must be attributed to maser 
action. The 1,612 MHz line from NML Cyg is the strongest 
OH emission line detected at the Earth, the absolute 
luminosity being 4x107 erg s7. Very long baseline 
interferometric studies of this source reveal several 
features < 0-05” in size (implying a brightness temperature 
= 10 K) within an area 1:5” x 1-5” apparently centred 
on NML Cyg. 

Litvak?! has proposed a model for this type of object 
consisting of a red giant with a stellar wind in which dust 
and molecules form. The OH pumping is initiated by the 
absorption of a 2-8 um photon from the star or the dust 
shell. The association of OH emission with the infrared 
sources makes infrared pumping an attractive mechanism, 
and the required rate of mass loss (~10-* M oyr) may 
not be excessive; the model puts strong constraints 
on the dynamics of mass loss, however, and it is not 
clear whether the pumping mechanism can be efficient 
enough. 

A different pumping mechanism, perhaps collisional, is 
certainly needed to explain OH emission associated with 
infrared nebulae and HIT regions*®. Strong non-thermal 
1,665 MHz emission is found within 30’—60” of the infrared 
sources associated with the HIT regions W3, W51, W75 
and the Orion Nebula, and it is likely that the OH and 
infrared emission are related. 


Molecules 

C. H. Townes (Berkeley) reviewed the microwave 
observations of interstellar molecules. OH, NH,, H,O 
and H,CO have been found; other molecular species 
{with the exception of CH) may not be so readily detect- 
able because of low abundances or unfavourable line 
frequencies. The spectra of all four molecules typically 
show departures from thermal equilibrium. Townes 
reported on 23-6 GHz NH, emission from the Sgr B-2 
cloud. The velocity of peak NH, emission agrees with 
OH and H,CO absorption velocities in the same direction, 
indicating that all three molecular species lie in the same 
cloud. NH, column densities are ~10'* em-*. The 
excitation temperatures derived from the intensity ratios 
of different pairs of lines differ significantly, indicating 
that the emitting molecules are not in thermal equilibrium. 
Exeitation conditions and radial velocities seem to vary 
across the cloud; the profiles suggest turbulent velocities 
of a few km s~}. The kinetic temperature in the cloud is 
estimated to lie between 20 K and 50 K. 

P. Palmer (Chicago) reported detection of H,CO 
absorption™ at 4,830 MHz in the spectra of 28 out of 37 
galactic and extragalactic radio sources. A recent and 
exciting result? is the discovery of this absorption line 


Table 2. 
Molecule Lines seen 


OH Ground state: 1,612, 1,665, 1,667, 1,720 MHz 
Excited states: 4,766 MHz, 6,085 MHz 


HII regions 


Supernova remnants 


‘Infrared stars” 
Dust clouds 


NH, Several lines near 23-6 GHz Dust clouds 
H,O = 22-2 GHz (1-35 em) HIT regions, 

“Infrared stars” 
HCO 4,830 MHz (6-2 em) 


Location 


Dust clouds, and along line of sight 
to ~ 75 per cent of radio sources 
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in the direction of six (out of twelve) dust clouds which 
show no radio continuum. In these cases it appears that 
the isotropic microwave blackbody radiation is being 
absorbed. The excitation temperature of the HCO levels 
must thus be less than 2-7 K, so that the molecules cannot 
be in equilibrium with the background radiation, 

Observations of H,O at 22:2 GHz were discussed by 
S. H. Knowles (US Naval Research Laboratory) and Wilson 
(MIT), and the 1,612-1,720 MHz OH emission was dis- 
cussed by Palmer. The high intensities, small angular 
sizes and (in the case of OH) peculiar line intensity ratios 
indicate that the emission from both species is due to 
maser processes. The small sizes (10° cm) of the emitting 
regions suggest a possible association with protostars, 
The H,O spectra show a number of narrow (~1 km st) 
lines with luminosities ~ 10° erg s separated by 
10-20 km s}. The profiles often have a peculiar three- 
humped form, suggestive of a ring rotating, expanding or 
contracting around a central object, In all, H,O 
emission has been discovered in 30 per cent of OH emission 
regions, with intensities ranging from 1 to 100 times that 
of OH. In the regions showing both HO and OH lines 
the two molecules have features in the same velocity 
range, but there is no detailed correspondence. It is not 
clear whether there is any genetic relationship between 
OH and H,O or whether they appear in the same regions 
simply because they require similar conditions for excita- 
tion. Wilson reported that the H,O emission from many 
regions varies with a time scale of a few weeks*’, unplying 
brightness temperatures 210° K. 

Four general types of OH source are known (see Table 
2). Weak radiation from A-doublet transitions within 
two excited states of the molecule has now been detected 
in a few sources of the first type, of which W3 is the best 
example. The excited-state radiation shows marked 
departures from thermal equilibrium, and there is no 
correspondence between the spectral features of the 
various molecular states. : 
state is unpolarized, which is of interest because this 
state has no magnetic moment and thus no Zeeman 
splitting; emission from the other two OH states is often 
strongly polarized. The estimated densities of various 
molecular species in the Sgr B-2 cloud (where no maser 
emission is seen) are: H,210% cm, H<3x 10? cm”, 
OH ~3x 10-8 em, NH, ~+3 x 10-3 em-?, HCO ~ 10“ em, 
The H, is not directly observed, but a high density is 
required to explain the NH, emission. The upper limut 
on the H density is derived indirectly from 21 cm measure- 
ments. It is interesting that NH, and HCO seem to be 
present in the ratio expected from the cosmic abundances 
of their constituent atoms. 

The excitation of the various molecules is poorly 


understood, and each molecule presents a different 
problem. The microwave background radiation tends to 


equilibrate the various states at a temperature ~ 2-7 R. 


SUMMARY OF ASTRONOMICAL MICROWAVE MOLECULAR SPECTROSCOPY 


Spectral characteristics 


Non-thermal emission, strongest at 1,665 MHz and 1,067 MHZ: 
very small sources; variability; excited states detected 

Strongest non-thermal emission at 1.720 MHz 

Strongest non-thermal emission at 1,612 MHg 

Thermal absorption and emission, very low excitation tem- 
peratures 

Emission; line 
equilibrium 

Very strong non-thermal emission in some cases; smuni sources: 
variability 


Absorption; excitation temperature below 2-7 K, at least in 
some cases, implying maser cooling 


ratios indicate departures fram thermal 


a 
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The processes which determine the actual population must 
proceed more rapidly than this equilibration rate. In the 
case of NH;, the emission should arise from a region with 
nE OF NH, z 10° cm or nez 10> em~ to provide sufficiently 
rapid collisions. 

Microwave lines have both low spontaneous transition 
rates and low excitation potentials, and this favours 
population inversion and maser action under interstellar 
conditions. Such processes evidently operate for H,O, 
HCO and OH. It is particularly difficult to see how a 
population inversion can be established in the observed 
H:O line, as the upper state of this transition is highly 
excited and short-lived (~1s). The intensity of the H,O 
emission makes infrared or chemical pumping unlikely. 
The most likely mechanism may be a complex cascade 
from collisionally excited higher states of the molecule. 
At least 10-* Mo of H,O would be required to produce 
strong emission (L~ 0-1 Do) of the type seen in W49. It 
seems likely that many lines of H,O will be strongly 
amplified; unfortunately, only one transition is easily 
observable from the ground?*. Maser action in OH and 
HCO poses less severe problems because fewer states 
and smaller energies are involved. 

Townes showed how collisions of neutral atoms with 
HCO would selectively populate the states of lowest 
energy because of a slight inequality of the moments of 
inertia of the molecule. In regions of low ionization 
(nenn <10-*) this mechanism can lead to the observed 
overpopulation of the ground state of the transition. A 
gas density > 10° em? is needed to overcome the thermaliz- 
ing effects of the microwave background radiation. Such 
densities are likely for the clouds in which the anomalous 
absorption has been observed, but may not be sufficiently 
common for all of the H,CO seen in absorption to be 
excited by this mechanism. The OH molecule could be 
pumped by a similar mechanism. Collisions with H 
atoms would produce non-thermal heating and emission, 
while H, molecules would produce non-thermal cooling of 


OH. This process might produce the low OH excitation 
temperatures (~5 K) measured in dense clouds*®. 


Solomon and Thaddeus have studied the effects of 
collisions, and the microwave background radiation 
spectrum, on the H,CO populations. In regions of 
moderate ionization (ne/mu~ 10-4) electron collisions will 
cause maser emission In the ground state doublet of 
molecules, such as OH and H,CO, for which the doublet 
splitting is greater in the more energetic rotational levels. 
The state temperature of the ground-state doublet 
(A=6em) of H,CO is very sensitive to the intensity and 
slope of the background spectrum at 2 mm, which couples 
the ground-state doublet to an excited doublet. The 
observed cooling would result from as little as a 0-5 K 
increase in the background intensity at }=2mm. The 
excited state of H,CO which is ~ 5 em- above the observed 
state has a doublet splitting at 2cm. The excitation 
temperatures of the 2 cm and 6 em doublets are extremely 
sensitive to deviations of the background radiation from a 
blackbody spectrum, and further measurements of these 
molecular lines should merease our knowledge of the 
background radiation field. 

Radio studies of molecular lines are also relevant to 
problems of nuclear astrophysics. Palmer reported 
detection of H,C¥0O absorption in the spectra of several 
sources, suggesting that the interstellar abundance ratio 
C/C is of the order of 15 in the direction of the galactic 
centre—appreciably less than the value ~ 90 observed for 
the solar neighbourhood. OH absorption has also been 
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detected in the direction of the galactic centre®!, and ‘the 
observed 019/08 ratio, 450-750, agrees with the solar 
system value ~ 490. 

The formation of the observed polyatomic molecules 
is a basic problem. NH, H,O and H,CO can all be 
photodissociated by ultraviolet photons of E < 13-6 eV. so 
the molecules must be shielded by dust if they are to 
survive. This ties in with the fact that they are often 
observed in dust clouds and suggests formation on grain 
surfaces. Diatomic molecules may be made in a similar 
fashion, but W. Klemperer (Cambridge and Harvard) 
estimates that CH and CH* can be formed by two-body 
radiative recombination, and that CN and CO will be 
produced from these species by chemical reactions. CO 
should then be more abundant than CH, so the CO 
absorption band at 5 um may be detectable. Hollenbach 
and Salpeter*? have shown that H, can form on inter- 
stellar grains if (as expected) the temperatures are less 
than 30 K. Clouds with atom densities > 50cm will 
tend to be converted to H., while less dense clouds will 
remain in atomic form because of ultraviolet dissociation. 
Molecules will be effective cooling agents in interstellar 
clouds, especially if their radiative efficiency is enhanced 
by maser action. 


Recombination Line Radiation 

Although the most dramatic recent developrments have 
been in the field of molecular-line spectroscopy, much 
information on the interstellar medium has also been 
derived from studies of atomic line emission at microwave 
and radio frequencies. The observations of recombination 
lines that are emitted by ions which capture electrons 
in quantum levels n2100 were reviewed by Palmer 
(Chicago). Hydrogen recombination lines have been 
detected in more than twenty HII regions. Observations 
of these transitions can be used to determine the radial 
velocities (and hence estimate the distances) of HH 
regions, and also to study their internal motions. In 
principle, the line ratios should yield an estimate of the 
electron temperature. But the situation is complicated 
because the relative populations of the different atomie 
levels deviate from thermodynamic equilibrium in such a 
way that, for hydrogen, the higher levels are overpopulated 
relative to lower values of n. Weak maser action may 
then occur, and this affeets the observed line ratios. 
Direct evidence for deviations from thermodynamic 
equilibrium comes from the fact that the strengths of 
higher order transitions with An>2 relative to those 
with An=1 differ from simple theoretical predictions. 

Helium recombination lines have been observed in 
several HII regions*!, and have been used to derive values 
~ 0-08 for the relative abundance a(He)/n(H). In some 
cases, lines have been found whose wavelengths suggest 
that they arise from atoms heavier than helium, but they 
seem surprisingly strong in view of the low cosmological 
abundance of the heavy elements. 

Dupree and L. Goldberg (Harvard) have shown that 
the recombination lines will be modified by passage 
through HI regions; the lines may be amplified and the 
background continuum may suffer free-free absorption. 
The “anomalous” lines which are attributed to carbon 
would arise predominantly in HI regions where carbon 
would still be singly ionized. The discrepant electron 
temperatures of Orion A inferred from recombination 
lines’? or optical forbidden lines and from the shape of 
the radio continuum? may be reconciled when allowance 
is made for the effects of foreground HI clouds. 
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A. Burgess (Cambridge) emphasized the role of 
dielectronic (as opposed to radiative) recombination in 
determining the populations of highly excited levels of 
helium and heavy elements. The populations may then 
exceed their equilibrium values by factors> 1,000, and 
this may be important in interpreting the infrared spectra 
of planetary nebulae. 


Galactic Centre 

One of the highlights of the conference was the presenta- 
tion of new infrared observations of the galactic centre. 
Unfortunately, the discussions that followed left unclear 
the exact relation among the various infrared components 
that have been discovered in that region. 

Becklin and Neugebauer’! observed the galactic centre 
in the wavelength range between 1-65 um and 19-5 um. 
They found that the extended near-infrared component?’ 
coinciding with the non-thermal radio source Sgr A 
contributes very little to the measured flux at 10 and 
20 um. Almost all the emission at these wavelengths 
appears to originate from a core source approximately 
16” are in diameter situated within the extended region of 
near-infrared radiation. Low’s ground-based observations 
of the galactic centre agree quite well with these results 
between 5 and 20 um. Low finds a null result, with an 
upper limit of I per cent, for the presence of linear polariza- 
tion m the 10 um flux. 

Par-infrared observations at 100 um (made from a jet 
aircraft) were also reported by Low. The results from 
three flights are consistent with a flux density of 
4x 10 Wm”? Hz- arising from a small (<20 arc) 
region centred on the position of the resolved souree of 
decamicron radiation. An upper limit of ~ 200 flux units 
for the galactic centre emission at 1-2 mm gives a reason- 
able estimate of 7x 10% Lo for the total infrared and 
millimetre luminosity of the galactic nucleus. Hoffmann 
and Frederick*? (NASA), using a balloon-borne telescope, 
have reported a very intense “line” source of 100 um 
emission extending at least 6° along the galactic plane 
in the direction of the centre. This source would have an 
energy output, over this 80-120 um bandwidth, of approxi- 
mately 8x 1085. Low recently failed to corroborate 
this discovery, however. The discrepancy may be due, 
at least in part, to the different resolutions used in the 
two experiments. Low’s system was sensitive only to flux 
differences between two adjacent 20’ diameter beams, 
while Hoffmann could only detect flux gradients on a 
much larger scale. Because the extended source reported 
by Hoffmann may vary only gradually on an angular 
scale 20° are, it is possible that Low’s system might have 
failed to detect it with the expected intensity. 


Galaxies and QSO 

Since it was learned that the nuclei of many Seyfert 
galaxies and the “prototype” quasi-stellar object 
3C 273B emit strongly in the infrared3*, much attention 
has been devoted to the discovery and study of other 
extragalactic infrared sources. 

Low reported initial results of a far-infrared survey 
(out to ~25 um). To date, a total of eight or nine 
extragalactic objects have been deteeted, and upper 
limits to the flux have been established for a similar 
number. The spiral galaxy M82 is found to possess a 
strong infrared source that is similar to the one within the 
nucleus of our own galaxy. The measured infrared 
emission from the jet of M87 is very close to an extra- 
polated power-law spectrum connecting the radio and 
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the X-ray observations. There is no evidence for a nuclear 
component of infrared emission at 10 um in M87. The 
important question of the possible far-infrared variations™ 
of 30 273B has not been settled vet, but there is some 
evidence for variations over the whole infrared spectrum. 
Near-infrared variability has been found in 3C 273B and 
in the Seyfert galaxies 3C 120, NGC 4151 and NGC 1275. 
The best-studied infrared galaxy, NGC 1068, shows no 
evidence of significant intensity variations, however. 

Near-infrared spectrophotometric observations of 28 
quasi-stellar objects by Oke, Neugebauer and Becklin 
indicate that (i) the continuous energy distribution from 
0-32 to 2-2 um ean be fitted by power-law spectra with 
negative spectral indices, (ii) the energy distributions of 
the known large-amplitude optically variable sources are 
roughly independent of the phase of the variations, 
(iii) the radio-quiet objects in the observed sample do not 
seem sensibly different in the near-infrared from the 
“radioactive” quasars, (iv) there is no evidence for a 
unique non-redshifted continuum energy distribution in 
quasars, (v) the observed intensity ratio of Lyg te 
CIV 41550 is almost constant, perhaps implying an 
electron temperature of (2+1)x 10 K, (vi) the inferred 
Hz to Lye ratio is reasonably consistent with radiative 
recombination, but this result depends on further un- 
certain assumptions about the blended presence of 
[NII] 446548, 6583, and (vii) in a number of objects 
hydrogen lines are up to ~ 10 times weaker than would be 
expected if the sources were opaque to the non-thermal 
Lyman continuum. 

Hyland reported the discovery of an intense 5 um 
source with an infrared spectrum like that of a 500K 
blackbody which seems to be strongly variable over a 
“period” of about 600 days. It is very faint and diffuse 
with no detectable spectral features, and no radio source 
can be identified at its position in the sky. In many 
respects this object, IRC + 10216, can be likened to the 
unusual infrared and radio variable source** BL Lac 
which has sometimes been accorded tentative status as a 
quasi-stelar object sine redshift. IRC + 10216 is located 
in an empty star field in Leo; its celestial coordinates 
(epoch 1950-0) are 9h 45m 18 s,+ 13° 36-6’. 

No direct connexion has been established between the 
infrared properties of galaxies and quasars and the 
existence of compact short-wavelength radio sourees in 
these objects. It has been suggested, however, that 
intense infrared luminosity is often found in those that 
exhibit large amplitude, rapid millimetre and centimetre- 
wave fluctuations. K. I. Kellermann (NRAO) reported 
interferometer observations of compact variable com- 
ponents in radio galaxies and quasi-stellar objects with 
a baseline between California and Australia (170 x 10°) at 
6em). Components in fifteen such sources have been 
resolved between 5x 10-4” and 10-9” are, and there are 
fifty others with structure on an angular scale of 16-” are, 
W. J. Welch (Berkeley) reported supplementary data 
on the fluxes and the spectra of extragalactic objects 
at wavelengths around 1 em. NGC 1068, 3C 2738 and 
BL Lac all appear to be strongly variable in this spectral 
region. BSO 2 and three Braccesi objects are “radio 
quiet? (<1 flux-unit) at 8 mm. 

The data on radio variability seem compatible with 
models where the emission is synchrotron radiation from 
a compact cloud of relativistic electrons expanding at 
high speedt®%t,  Self-absorption causes the spectrum 
to fall at low frequencies (maximum plausible brightness 
temperature being ~ 10! K), and the peak in the spec- 
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trum shifts towards lower frequencies during expansion. 

If the infrared radiation is non-thermal, it may be 
synchrotron radiation or it may result from Compton 
scattering of radio photons by relativistic electrons*?. In 
neither case can one predict the form of the infrared 
spectrum. An alternative possibility, discussed by 
G. R. Burbidge (La Jolla and Cambridge) and elaborated 
by M. J. Rees et al. (Cambridge)**, is that the infrared 
radiation may come from dust heated by a central source. 
The grain temperature would vary with distance from the 
central object, and the longer wavelengths would come 
predominantly from the cooler outer regions. The central 
optical or ultraviolet continuum sources may be totally 
obscured by the surrounding dust. They could be non- 
thermal, and closely related to the compact radio compon- 
ents. Observations of spectra and variability may dis- 
criminate between non-thermal and “‘dust’’ interpreta- 
tions of the infrared sources. 

The energetic problems associated with the non-stellar 
radiation from galaxies—the infrared output is up to 
100 times greater than the optical luminosity—remain 
unsolved. According to a radical proposal’? by D. 
Lynden-Bell (Herstmonceux), galactic nuclei may contain 
large masses, perhaps “dead quasars’, which have under- 
gone gravitational collapse to a singularity. It may thus 
be possible to radiate up to ~ 5 per cent of the rest mass 
energy of matter falling into the nucleus. If this process 
operated in the galactic centre (which some speakers were 
disposed to regard as a scaled-down version of the stronger 
extragalactic sources), an infall rate of ~10-°° Mo per 
year would suffice. 





Background Radiation 


Information on discrete sources between 1mm and 
30 um is still very sparse, because atmospheric absorption 
precludes ground-based observations. There was much 
interest in a rocket observation* of intense background rad- 
lation in the band 0-4-1-3 mm. This measurement has re- 
cently been repeated by Houck and Harwit (Cornell) with 
similar results*®, The energy density of the background 
amounts to~ 20 eV cm-*. This radiation may originate 
within the upper atmosphere or the solar system, but if it 
actually fills the Galaxy the implications are profound. Its 
energy density is ~ 50 times that of galactic starlight or 
the 2-7 K blackbody radiation. Optical observations’? of 
interstellar CN and CH in absorption set limits to the 
rotational excitation of these molecules, and thus to the 
radiation intensity at 1-31 mm and 0-56 mm, respectively. 
These limits lie below the mean intensity observed by 
Houck and Harwit over the bandwidth of their detector, 
and therefore suggest that the radiation is concentrated 
in lmes or narrow bands which somehow manage to avoid 
these two wavelengths. R. V. Wagoner (Cornell) con- 
sidered this possibility and speculated that the blackbody 
background radiation might in fact be the integrated 
contribution from galaxies throughout the universe, 
assuming that each emits intense line radiation in the 
microwave region. 

The blackbody background is exceedingly isotropic; 
the intensity fluctuations on angular scales ~10’ are 
amount to <01 per cent, C. Hazard (Cambridge) 
emphasized that this imposes stringent constraints on 
any theory which attributes the background to the im- 
tegrated effect of diserete sources: in general, the sources 
would have to be more numerous than ordinary galaxies. 
The only remaining alternative to the conventional view 
that this radiation is a relic of the early phases of a big 
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bang universe seems to be the suggestion that it is radiated 
by smoothly distributed intergalactic dust. 

The results described here, taken with the fortunate 
cireumstance that observational work in the infrared is 
relatively inexpensive compared with all other parts of 
the electromagnetic spectrum, make it clear that infrared 
researeh may justly be described as the scientifically most 
profitable investment that can be made today in 
astronomy. It does not seem at all unlikely that infrared 
astronomy in the future will rival radio astronomy in 
importance. 

We thank Professor F. Hoyle and Drs G. R. Burbidge, 
W. L. W. Sargent and P. M. Solomon for helpful advice. 
P. A. F. acknowledges the support of a NATO postdoctoral 
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Detailed Molecular Model for Transfer Ribonucleic Acid 


by 
MICHAEL LEVITT 


MRC Laboratory of Molecular Biology, 


hitherto. 
Cambridge 


THE molecular properties of transfer ribonucleic acid 
(RNA) have been studied in many ways. Considerations 
of stability and the restrictive stereochemistry of nucleo- 
tides limit the number of possible RNA models. Specula- 
tive models are useful here and may lead to an eventual 
solution of the tertiary structure of (RNA. Models of 
ERNA need to be defined in detail if they are to be tested 
against the experimental results. The detailed model 
described here is consistent with most experimental 
observations and differs from all the models suggested by 
other workers!-’, 
The following general assumptions were made: 


(1) That the conformation of all ¿RNA molecules 
examined to date is similar’. This assumption enables 


experimental evidence obtained on different species of 
<o ERNA to be used to define a very limited family of models. 
_ Nucleotides which are constant in the different tRNA 


sequences can be used to define a general conformation 


and supplement the available information. 





DHU ARM 


A new model for transfer ribonucleic acid seems to explain the 
available experimental evidence better than do the models proposed 


(2) That the stable equilibrium of RNA depends on the 
same interactions as observed in protein conformations! 
and nucleic acid double-helices™'*. These interactions 
result in the clustering of non-polar groups, the enhanced 
hydrogen bond attraction in a hydrophobic environment 
and the access of water molecules to those polar groups 
which are not involved in hydrogen bonds. 


General Description of the Model 

The sequences of fourteen different RNAs V- were 
aligned to maximize homologies and were checked for 
correlated pairs of nucleotides common to all the sequences. 
The only correlations found are those indicated by the 
base-pairing in the clover leaf model™. The probability 
that the clover leaf arrangement is an artefact of random 
sequences is considered to be less than i in 10°. The 
clover leaf model presented in Fig. 1 shows the general 
features of the known sequences and is the basis of a 
general three-dimensional model. The nomenclature 
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Fig. 1. The generalized representation of the clover leaf model of (RNA: 1, I, HI, IV: 


loops or unpaired regions. a, b, e, d, e; 


helical or base-paired regions. 


Solid cireles: 


bases in helical regions usually paired by hydrogen bonds (indicated by a centred dot). 


Open circles: bases usually unpaired. 
ribothyinidine: pseudouridine. 





R: Y: 
~~» 8 p 5’ direction, ~ 
indicate nucleotides common to all Bequences, 

tertiary structure are circled and joined together. 


purine; pyrimidine nucleosides, F; œ 
: wobble pairing, Letters 


Nucleotides which interact to form a 
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Fig. 2. A schematic diagram of the proposed model, The two donble- 


helical stacks are shown as straight lines joined by the tilted base-pairs. 


in Fig. 1 is that proposed by Clark, Jukes and Cohn 
(personal communication). 

The base-paired regions of the clover leaf are assumed 
to have the same double-helical conformation as observed 
for viral RNA!2, The amino-acid arm is stacked on the 
TyC arm, and the DHU arm ts stacked on the anticodon 
arm to form two regular, double-helical structures. The 
single nucleotide at the corner between the DHU and 
anticodon arms is stacked in the helix but not comple- 


stable, for both double-helical structures have an uninter- 
rupted ribose-phosphate chain in one of the strands, and 
only one has a single nucleotide which is stacked but not 
base-paired (see Fig. 2). 

The relative orientation of these two helical structures 


(2) Yaniv, Favre and Barrell” have shown that a photo- 
reaction occurs between 4-U, and C,, in several Ẹ. coli 
tRNAs. In order to bring 4-4U, in contact with Cia, the 
helix axes of the two stacks are separated by only 10 A. 
(The diameter of an RNA double helix is about 22 A.) 

The centre of the molecule is formed by interacting the 
nucleotides in the TC, DHU and extra loops, and the 
two nucleotides at the corner between the amino-acid 
and DHU arms using the following criteria. (i) That the 
molecule should be stabilized by interactions between 
the constant nucleotides of the various sequences in @ 
way which suggests why they are constant, The alterna- 
tive assumption, that nucleotides are constant because 
they are recognition sites, is used to explain only those 
constant features which do not help to define a tertiary 
strueture. (ii) That those bases which are attacked by 
various reagents (refs. 5, 42-45 and"unpublished results of 
Cashmore) should not be blocked when forming the tertiary 
structure. Unreactive bases should also be protected, 
but because it is not clear what is required for protection, 
this is a weaker criterion. 

The molecule can be built in several ways depending on 
the detailed interactions between the nucleotides. One 
member of this small family of models was constructed 
for IRNA*+t (E. colt}®* using both Corey—Pauling-Koltun® 
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space-filling components (scale Linch = 2 A), and Kendrew- 
Watson skeletal components (scale 2 em= 1 A, Cambridge 
Repetition Engineers Ltd). The space-filling models 
prevent atoms packing closer than the minimum van der 
Waals contact distance. These models are difficult to 
support because of their weight and the mechanical 
support can introduce artificial constraints on the struc- 
ture. The skeletal models can be clamped rigidly in posi- 
tion and the geometry of hydrogen bonds and dihedral 
angles about single bonds can be carefully checked. 
Because atoms can approach one another closer than the 
minimum van der Waals contact distance, models which 


components. Pig 
made from photographs. 


Detailed Description of the Model 

The known ¿RNA sequences are divided into three 
classes as follows: Class I. Sequences which have four 
base-pairs in the DHU arm. These {RNAs have two or 
three pyrimidines between the constant AG and GG 
sequences in the DHU loop and one nucleotide between 
the constant GG and A in the same loop. The only 
exception to this rule is (RNA (E. colt)? which has two 
nucleotides between the GG and A sequences. These 
species have exactly five nucleotides in the extra arm. 

Class II. Sequences which have three base-pairs in the 
DHU arm and a small extra arm. These (RNAs have two 
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Fig. 3. A diagram of the ¿RNA tertiary structure drawn from phoato- 
graphs of the model. ‘The letters show some of the common nucleotides 
indicated in Fig. 1. The nucleotides which are linked to form the tertiary 
structure are listed below. The numbering refers to the sequence of 


myat (E. coti. Atoms which are hydrogen bonded are separated 


Interactions which are directly applicable to any ¢RNA 
sequences are marked with an asterisk: 


4-1U, and A (02: N6, N3: N7)*; Gy and base-pair Gir- (NZ: N7, 

N1: 06, O6: N4); Gy and Cy (N2: 02, NI: N3, O68: NA)”: Gi, and Ysa 

(Ni: 04,086: N5)"; Ges and Ce; (N2: 02, Ni: N3, O86: NA; An and 

T,, (N1: N3, N6: O4)*; Ca and Ay, (NB: NG, N4: N1) (not essential); 

Ay, and Ass (N6: N7, Ni: NG); Yis and As, (N3: N7, O4: N6)*; 

Az, and base-pair Gio-Cas (NS: 06, Nt: NA; An and Ay (NE: NB, 
N6: N7) (not essential). 


All the nucleotides are in an anti conformation except Gis. Gree Gra. Gas 
and A; which are ina syn conformation. 


by a colon. 
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pyrimidines before, and two after, the constant GG 
sequence in the DHU loop. The extra arm of these 
species usually contains five nucleotides but can have less. 
Class ITT. Sequences which have three base-pairs in the 
DHU arm and a large, base-paired extra arm. These 
tRNA species have only one pyrimidine before, and two 
or more after, the constant GG sequence in the DHU loop. 
The model described here is directly applicable to all 
class I sequences. Slight modifications are necessary to 
accommodate the other classes of sequence. 


A 
oH 
C 
A 
C A 
Pš — c 
C —— G 
G — Cro 
G — C 
G ~ C 60 
G— cceecc UA 
«U LIII 
CGA 
CGA GUCGGryC 
|| “U 
G E mG 
GDA AA 
C — G 
HG a= C 
G — CÇ 
G = C4 
Zon C A 
U A 
CAU 


Fig. 4. The sequence of tRN An (E. coli}. 


In this section the numbering of the nucleotides refers 
to the sequence of tRNAM* (E. coli)? (see Fig. 4), but 
applies equally well to the equivalent positions of all other 
tRNA sequences. The terms syn and anti refer to the 
dihedral angle about the glycosyl bond; it is thought 
that purines can adopt both the syn and anti conformations 
and that pyrimidines can adopt only the anti conforma- 
tion®*. Fig. 1 shows the additional base-pairs which are 
described below. 

A base-pair is formed between 4-1U, and A,, so that 4- 
tU, is in contact with Ci, to allow the photoreaction 
observed by Yaniv et al.2*, G, is hydrogen bonded to the 
side of the base-pair formed by G,, and Ca. In {RNA 
sequences belonging to class I there is a correlation 
between nucleotide 9 and the base-pair between nucleo- 
tides 12 and 24; if G, then G, and Cap and if Ay, then 
U and A,,. Both these combinations can form triple 
bases which have the three glycosyl bonds in similar 
positions. This interaction is not possible for class IT 
or III sequences. G,, (in the syn conformation) is paired 
with Cy. An A-U pair could be accommodated here. 
(The preliminary sequence of {RNATrP (E. coli) (Hirsh, 
unpublished results) has an A in position 15 and a U in 
position 49.) The next three pyrimidines are exposed 
and span a gap which must be spanned by at least two 
nucleotides in sequences belonging to class I. Class IT 
and ITI sequences can have a smaller gap here. Gi, makes 
an unusual base-pair with We G» is paired with C = 
in the normal way and an A-U pair could be accommo- 
dated here. Both G,, and Gare in the syn conforma- 
tion. D,, is exposed and bridges a gap which must be 
spanned by at least one nucleotide. A,, pairs with T,,; 
the 5-methyl group of the T fits between G,, and G,, in 
order to stabilize the stacking of the latter nucleotide. 
Ge, (always a purine) stacks in the regular helical structure 
formed from the DHU and anticodon arms; this G is 
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not exposed to a large reagent. C}, pairs with Aa. This 
pairing is stabilized by the large hydrophobic modification 
which is often found on the nucleotide in the position 
equivalent to A, This interaction is not an essential 
feature of the model; it was introduced to explain the 
unreactivity of C,, observed by Cashmore for ¢RNATsr 
(E. coli)? (unpublished result). The remainder of the 
anticodon is built as suggested by Fuller and Hodgson?! 

A, stacks above A, and is hydrogen bonded to A.s. 
This interaction is only made in sequences belonging to 
classes I and II. Nucleotides 46 to 48 span a gap on the 
outside of the molecule; the bases make a few hydrogen 
bonds with the oxygens on the bases of nucleotides 10 
and 52. Almost any sequence can be accommodated in 
this region. In species belonging to class ITT, the helical 
part of the extra arm would stack against Goe. W, makes 
a second base-pair with Azs. As. (usually G} forms a triple 
base with the base-pair G,)—C,, (a constant base-pair in all 
species except for (RNATst (E. coli). This interaction 
is less favourable in (RNA*™* than in other types of 4RNA, 

A,;; pairs with A,,. This interaction is not an essential 
feature of the model and was introduced to protect As, 
from, and expose A, to, the NI oxidation observed by 
Cramer et al.> for yeast (RNAPhe, C,, and C,, are exposed 
and not stacked. 

The constancy of nucleotides Up G5,, Cea. Cy, and Cy, 
is not used in defining a tertiary structure and may be 
entirely due to recognition by ribosomes and associated 
enzymes, 


The Stability of the Proposed Model 


This model is compact and very well stacked: only 
eight pyrimidines do not stack. There are eighty-one 
hydrogen bonds in the model (twenty-five base-pairs and 
three triple bases) which contribute to the overall stability. 
The two double-helices which form the basis of the model 


Water 
molecules have free access to those polar substituents on 
the bases and ribose~phosphate backbone which do not 
form hydrogen bonds. 

The overall conformation is not stabilized by the forces 
acting between adjacent double-helices. These forces, 
which are sufficient to stabilize polyervstalline fibres of 
reovirus RNA, may not be strong enough to fix short, 
adjacent helices. 

The model described here requires specific interactions 
between nucleotides which are distant in the sequence. 
This places strong geometrical constraints on the molecule 
and it is important to show that the proposed model is 
stereochemically possible. Although the model can be 
assembled from space-filling components, a further test 
of the stereochemistry was considered necessary. The 
skeletal model was checked carefully for contacts closer 
that the minimum van der Waals distance and these were 
eliminated. 


hat Sat 


from the skeletal model and subsequently refined by 
minimizing the potential energy in a realistic force-field? 
This procedure eliminated the errors of measurement and 
yielded a refined conformation which differs from the 
measured conformation by less than 0-25 A root mean 
square deviation. The standard and maximum deviations 
of bond lengths from their usual, accepted values are 
0-009 A and 0-04 A, respectively; for the bond angles 
these deviations are 4 degrees and 13 degrees. respec- 
tively. The closest contact. between non-bonded atoms 
(excluding hydrogen atoms) which do not form a hydrogen 


| 


* 


25A 


Fig. 5. Views of the sinvplified model packed as a dimer to give the 
observed crystallographic repeat of 120 A, and comply with the dimen- 


sions of the unit cell of /R nait (E. coly’. 


bond is 285 Å. The final potential energy of the tRNA 
model was close to that of chymotrypsin refined in a 
similar force-field. These results indicate that the 
proposed model is both energetically stable and stereo- 
chemically possible. 


Correlation of the Model with Experimental Observa- 
tions 


The radius of gyration of this long, thin model is about 
23 A. which is slightly less than the observed value of 
approximately 24 ÅL?) In view of the uncertainties 
associated with this measurement, the agreement is 
considered to be satisfactory. The absence of adjacent 
parallel helices in my model would explain the observed 
continuity in the experimental scattering curve at 1/40 
A-? (ref. 7). 

Optical rotatory dispersion? and hydrogen exchange“ 
experiments indicate that tRNA has twenty-six base-pair 
equivalents and approximately seventy-seven hydrogen 
bonds, respectively, in satisfactory agreement with this 
model. A long thin {RNA molecule could be orientated 
to form non-crystalline fibres’. 

Because the present model has no adjacent helices, it 
ean be made thinner than other models. The dimensions 
of a hypothetical dimer of tRNA are shown in Fig. 5. 
Two of these dimers could fit together to give a unit cell 
with space group P222 and dimensions observed for 
crystals of {RNA of E. coli3?. A long thin molecule 
could form erystals with hexagonal symmetry observed for 
several types of (RNA®3%-°, Repeat distances of 100 A, 
or 120 A, or multiples of these are a common feature 
and would follow from the dimensions of the monomer 
or dimer (fig. 5). 

Because 4-tU, touches C,,, the photoreaction observed 
by Yaniv et al.*8 is possible. The semicooperative melting 
of tRNA observed at 335 nm!! indicates that the 4-1U is 
fixed in the tertiary structure, in agreement with the 
present model. 

Several attempts have been made to investigate the 
tertiary structure of {RNA by reacting the molecule with 
various chemical reagents and then checking which bases 
do not react. These bases are then considered to be 
protected by base-pairing, or some other structure, which 
could limit the reaction by steric hindrance. My model 
has several base-pairs between bases in the loops of the 
clover leaf, and the bases which are exposed are in agree- 
ment with the results of the following experiments. (1) 
Cramer et alo have shown that the adenosines in the anti- 
codon loop and at the 3’ terminal of yeast fRNAPhe are 
the only bases which react with monoperthalie acid. 
(2) Bostoff and Ingram* find that carbodiimide reacts 
only with bases in the anticodon and extra loops. (3) The 
4 in the TyC loop is not cyanoethylated while other Ys 
aret, (4) Bromination of {RNA is less at the T4C loop**. 
(5) Cashmore (unpublished results) has reacted methoxy- 
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amine with (E. coli) 1RNATst (sutim) and found that 
cytosines in the DHU, anticodon and extra loops, and the 
—CCA terminal are attacked. (6) Litt*® finds that 
kethoxal reacts preferentially with Ga and Gy, ~RNAPhe 
(yeast). 

Partial enzymatic digests may indicate which nucleo- 
tides are more exposed to the ribonuclease. The partial 
digest pattern of (RNA from (E. colz)** is compatible 
with my model, but because most nucleotides are on the 
outside this is not very strong evidence. 

Two tRNA molecules having the conformation I pro- 
pose could fit side by side on adjacent messenger codons 
in the way suggested by Fuller and Hodgson*'. Because 
the terminal adenosine is almost directly above the 
position where the codon is thought to bind to the anti- 
codon, the distance between the 3’ OH groups of tRNA 
molecules with identical conformations arranged in the 
amino-acid and peptidyl sites on the ribosome is about 
12 A. The CCA tail of one or both of these {RNAs is 
easily shifted to bridge this gap and transfer the growing 
peptide chain. 


Comparison of Various Proposed Models of tRNA 


Several different models have been suggested to explain 
the properties of {RNA which it is useful to check against 
the available experimental evidence. The experimental 
observations chosen have been outlined above and in most 
cases they are definite enough to discriminate between the 
various models. The chemical modification results are 
interpreted by assuming that bases in loops may be 
protected only by base-pairing to nucleotides which are 
generally in other loops. This assumption is not entirely 
valid, for it is possible that the conformation of the loop, 
itself, protects the unreactive bases. Table 1 gives the 
comparison of seven models of (RNA and Fig. 6 indicates 
schematically the arrangement of the arms in each of the 
models. 

The model I propose is in good agreement with many 
experimental observations. It is defined in detail and 
may be of use in interpreting new experiments. 
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Fig. 6. The various proposed models of (RNA referred to by the follow- 


ing letters: A (ref. 1,3); B (ref. 2); C (ref. 7); D (ref. 6); E (present 

model); F (ref. 5); G (ref. 4). The helical regions are shown as straight 

lines joined by the tilted base-paira, the variable region is dotted and the 
amino-acid represented by a small circle. 
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Table 1, THE VARIOUS MODELS (A TO G, SEE FIG, 6) ARE CORRELATED WITH 
CERTAIN EXPERIMENTAL OBSERVATIONS 


Model 
AP Be CF D? F} 


Radius of gyration approximately 24 t1 X X | | 7 X X 


Observation 


be 
re 
od 
a 
Ciad 


20 more hydrogen bonds than shown in the 
clover leaf model?-*4 > E ae com San a i 


4-£U, can photoreact with C,, (ref. 28) X X fF 2S of 2? ? 
Monoperthalic acid oxidization of certain A’? X / NXN N ! j o ? 


Carbodiimide reacts with the anticodon and 


extra loops preferentially* X oF X X Of ;/ X 
Protection of y in TyC loop from eyano- 
ethylation® X } X X j} Of 9 


Protection of certain C’s (unpublished results 
of Cashmore, see text) 


The universality of certain nucleotides in 


{RNA sequences T? F NX X 7 1.1 
Stability 

(a) Stacking Ii ft 2 } } |X 

(6) Extra base-pairs X f} X Af f j 


{c) At least one continuous ribose-phos- 
phate chain in compound helical 
stacks OFA KR fF YF l 


A solidus (/) indicates that the model concerned can account for the obser- 
vation, a cross (X) that it cannot, and a query [(?) that the model is not 
sufficiently well defined to decide. 
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Conditions for the Static Equilibrium and Circulation of 
Insulating Liquids in Electric Fields 


by 
M. J. GROSS 


Department of Geophysics and 
Planetary Physics, 

School of Physics, 

University of Newcastle upon Tyne 


WHEN a conductor with a sharp point is sufficiently 
electrified in air, a wind is produced near the point. This 
phenomenon, the electric wind, was explained on the 
basis of the electrostatic repulsion between like charges 
in the air and on the conductor. The sharp point serves to 
produce an intense non-uniform electric field in the air, 
which ionizes it locally. Similar effects occur in insulating 
liquids, and have even been used in the so-called ion 
_. drag pumps of Stuetzer. On the other hand, although 


A demonstration of electrically induced convection in oil, depending 
on dielectric loss and permittivity relation, supports theoretical 
arguments that place limits on the possibility of static equilibrium 
in steady or alternating electric fields. 


measurement of the true ionic mobility and resistivity of 
an insulating liquid usually requires that the insulator 
should not flow during the measurements, flow does often 
occur. This, together with the study of electrie convection 
for simulating convection in radial gravity fields, naturally 
suggests the question of what conditions are necessary for 
static equilibrium. Jn this article I derive these conditions, 
and describe an example of electrically induced convection 
which depends on dielectric loss and permittivity varia- 
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tion instead of space charge. This case parallels the 
conditions of flow in ferro-fluids. (The space-charge 
induced convection is being studied for enhancing heat 
transfer in oil-filled heat exchangers.) 


Factors affecting Equilibrium 
The forces inducing circulation in dielectric fluids may 
be readily derived from the body force equation? 


f=qE+(P- VjE+ es (1) 


where f is the body force, q the charge density, P the 
polarization, E the electric field and p and g the density 
and gravitational acceleration. 

For static equilibrium of the fluid 


V xf+PxE=0 


where the term P x E is the torque per unit volume which 
oecurs in a lossy dielectric when the E field is rotating and 
leads the polarization. This term has received theoretical 
and experimental attention®* and will not be further 
pursued here. Hence for non-rotating fields the equation 
for static equilibrium becomes*? 


Y xf=Vex E+ VK x VERFV— x 8=0 (2) 


where K is the dielectric susceptibility and YxE is 

assumed zero. Before going any further I must discuss 

the relative magnitudes of the terms in equation (2). 
Charge conservation implies that 


of + div (j+qv)=0 (3) 


where the current density j=cE’. This equation is really 
a definition of the conductivity o. If E’ is the local electric 
field experienced by a moving fluid element, then for all 
ordinary speeds E’ = E, because magnetic fields are absent. 
In Gaussian units div D=div (cE)=4nq where e is the 
dielectric permittivity, and using this in equation (3) a 
general charge-conservation equation may be obtained 


ra -+ (div V+4na/elg+eE > Voje=0 (4a) 
where v is the fluid velocity. 
For a liquid at rest equation (4a) becomes 
j + (4zojelg+0E + Vilna/e)=0 (4b) 
Aprann 


In trying to solve equation (4b), the last term causes 
difficulty because the charge distribution q gives rise to a 
field E;, making the equation non-linear, but if o/e is 
constant this term disappears and then one readily obtains 
g=q et! where qọ=initial charge density at t=9, and 
a( = 4n0/e) is the decay constant. An approximate solution, 
may, however, be obtained if the field E; produced by the 
charge distribution q is much less than the externally 
applied field Ee: if we neglect Ei, put E = Ee and assume 
this to have a time variation cos wt starting at t= 0, so 
that E = E,(x) cos wt for ¿> 0 (and zero for t< 0), the result 
18 


oO, 
g(t) œ qaet + | o7 — COS wol— = sin ot | (5) 
where b=cE,.Vina/e. That this expression is qualita- 
tively correct may be deduced from the time averaged 
relation between q and E. Because <j) =0<E>, and when 
the external field is alternating, (E> is of the form 


[2 rdy, 


€ p? 
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so that the averaged internal part of the field <E: will 
tend to zero with time. 

Smith and Melcher® have obtained the same decay 
constant for the convected charge in a quid of uniform 
conductivity and permittivity. Hence in the steady state 
we may neglect the first term. The second term of equa- 
tion (5) indicates how the space charge q decreases as 
(i) sje becomes more uniform, and (ii) the frequency o 
and decay time l/a increase. These considerations en- 
courage me to believe that for frequencies appreciably 
greater than both a and b we can obtain conditions in 
which the space charge term may be neglected and any 
induced circulation is then due to dielectric and density 
variations. 

Temperature variations can produce permittivity 
gradients as well as density changes, so equation (2) 
becomes 


V xf=iVAxVE*4+V exe 
which for small temperature changes can be written 


dK 


Y xf = [Brog - oo 
d’ 


YElxyT (6) 
J 

where 3 is the coefficient of expansion, pẹ the undisturbed 

density and p= ¢,(1—BT7). 


Circulation Experiments 


The effects of dielectric and gravitational convection 
can be separated experimentally in two ways: first, by 
making the apparatus small for a given electric field 
strength and temperature difference so that the second 
term in brackets, varying as (E?) L~ where Lis a charac- 
teristic length for a corresponding change in &?, can be 
made dominant; or second, by arranging the temperature 
gradient to be parallel to g (or even to WH"), so that the 
other term is responsible for starting any circulation. 

Fig. l is a diagram of apparatus used to exhibit these 
effects, consisting of a flat glass cell 4 em by 4 em by 0-6 em 
deep. A single internal electrode consisting of a stainless 
steel tube 1 mm in diameter runs midway between the 
side walls and along the glass floor of the cell. The other 
electrode is an earthed metal plate on which the cell stands. 
The glass has approximately the same dielectric permit- 
tivity as the oil it contains, so the earthed plate acts as 
an image plane for the internal electrode, giving the well 
known electric field distribution of two oppositely charged 
parallel circular cylinders. 

Above the cell, a flat metal plate with a heater makes 
possible a uniform vertical temperature gradient within 
the cell. The electrical effect of this plate may be neglected 
because the images of the cylindrical electrode and its 
first lower image are so much further away from the 
neighbourhood of the electrode, and YH? varies as the 
inverse fifth power of the distance when the distance is 
large compared with the separation of the cylinder from 
its nearest image. Fig. 2 is a Schlieren photograph which 
shows the effect of applying an EMF of 2-8 kV at 44 kHz 
for 1 s when there is a temperature difference of 6° C 
between the top and bottom of the cell. The coupling 





Fig, 1. Schematic diagram of convection cells. a, Tubular stainless 
steel electrode; b, glass cell; cand d, metal plate electrodes, plate d fitted 
with a heater: a’, electrostatic image of a in surface of plate e. 
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between the vertical gradient of the permittivity and 
the roughly radial gradient of E? gives rise to circulation 
of the oil on either side of the electrode. Alternatively, 
the cell may be used to produce gravitationally driven 
convection by starting it at a uniform temperature and 
applying an alternating voltage. The oil is gradually 
heated from dielectric loss by an amount proportional 
to #?, changing the permittivity proportionately. Thus 
Ve is parallel to WE, so that the dielectric circulatory 
forces are inoperative, being of the form We x Y E?. The 
density gradients in this case are not parallel to é and 
hence give rise to circulation. Fig. 3 is a Schlieren photo- 
graph of the effect of applying an EMF of 2-8 kV at 44 
kHz for about 200 s. 

Smylie? has also experimented with convection in 
cylindrically symmetrical horizontal radial fields, and 
others®-* have considered the stability between plane 
horizontal surfaces for dielectric convection. When 
steady electric fields are applied to the transformer oils 
we have been using, however, the space charge effects 
usually so dominate the permittivity effects that they 
may be neglected! 3:19, 


Equilibrium for Varying Conductivity 
In the charge dominated case, for static equilibrium 


Vax VV=0 (7) 


so that the surfaces of constant charge density must also 
be of constant potential; that is to say, g is a function of 
VY only. 

From potential energy considerations, stability is given 
by: Vq.V Vis less than zero fora stable or overstable situa- 
tion, and necessarily greater than zero for an unstable 
equilibrium. The restrictions of equation (7) are quite 
stringent on allowable electrode geometries when the 
eonductivity is some reasonable function of the local 
temperature or field strength. For a fluid in statie 

quasi-static (when charge convection < conduction 
current) equilibrium, equations (4b) and (7) imply that 


eV V.I Ino/e (8) 


must be constant on an equipotential surface. Then the 
term involving o/e must be some function of V alone 
divided by the field strength. That is 


0 In oje 
g 


on 


where n is the length vector in the direction of E. 

In systems of non-symmetrical geometry (here meaning 
systems having less than maximum symmetry), Æ will 
not be constant on surfaces of constant V. This is 
because all line integrals [E dn from one electrode to the 
other must be the same, but the distances will vary for at 
least some initial starting and finishing points, so that 
V V cannot be constant on all surfaces for which V is a 
constant. 

Equation (9) then gives the necessary relation between 


rq = 


= E-1£(V) (9) 


» Vi a 





Fig. 

sicbilizing vertical temperature gradient. 

the cylindrical electrode: 

sealing compound where the oc enters the glass end-wall of the 
cell, 


Schlieren photograph of electrically driven convection with 
The central dark object is 
the irregular appearance is caused by the 
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Schlieren photograph of gravitational convection in Hauid 
initially at a uniform temperature; liquid heated by dielectric lossea, 


Fig. 3. 


This implies that for non-symmetric geometry the log 
of the conductivity {assuming ¢ is constant) rust have 
a gradient in the field direction inversely proportional to 
the electric field on any equipotential surface. Liquicis 
without this very unusual property cannot remain in @ 
static equilibrium. 

Extensive studies typified by those of Croitoruta 
have shown that there 1s a variation of the effective 
conductivity with a consequent accumulation of space 
charge in most highly insulating hquids. Ewen when 
the current-voltage characteristic is linear, as is often 
observed between bare metal electrodes, suggesting ohmie 
behaviour, the observed field variation between the elec- 
trodes! implies non-uniformity of the effective conduc- 
tivity. 

It seems that only with highly purified liquids and the 
use of the techniques discovered by Brière ef al for 
trapping ions leaving the electrodes in permselective 
membranes or ion exchange resins™ can highly insulating 
liquids exhibit uniform conductivity. The stability of 
plane layers of liquid with steady fields has been the 
object of several theoretical and experimental investiga- 
tions? 914-18) With cylindrical systems'* heat transfer 
due to natural convection may be reduced for the smaller 
d.c. fields, showing the stabilizing effect of the fields. 


Effect of Symmetry 


In systems with maximum symmetry (parallel planes, 
coaxial cylinders or concentric spheres) E is constant on 
surfaces of constant V and equation (9) becomes trivial, 
because all the variables depend on a single variable V, 
which in turn depends on a single distance r from a centre 
of symmetry or from a plane electrode surface. Any solid 
dielectric walls or supports in the apparatus should be of 
much lower conductivity than the liquid, with their mter- 
faces with the liquid parallel to the field lines. 

Conductivity cells which do not satisfy the maximum 
symmetry requirement will give erroneous results im 
proportion to the convected “charge density compared 
with the true conduction current, although admittedly 
this effect is often small. Likewise, in the highly sensitive 
Kerr-effect field measurements of Hill and House™ the 
periodic fluctuations may have resulted from swirling 
of the dielectric caused by the absence of statie emuli- 
brium conditions. 


Variations in Permittivity 


In the purely dielectric force case, 
equilibrium equation 


irom the static 


Vex VE = 


and the condition of zero space charge, Y.E =0, con- 
siderations similar to those for o and V of the previous 
section yield 


(10) 


dine 


ag E-VE'+div E=0 


(11) 


Rather than attempting to interpret this in the Saini 
ease, I assume that ¢ is a function of temperature T only, 
and that T i 1s constant on each electrode surface. 


and from equation (10) Z? must also be a function of T 
only. But by the previous arguments for geometries not 
having maximum symmetry, EH? will vary on the electrode 
surfaces, each of which is at some constant temperature, 
so that, as before, static equilibrium is not possible unless 
the system is planar or has cylindrical or spherical sym- 
metry. The stability for the dielectric planar case has 
been calculated®?, 

My main conclusion is that liquids of varying effective 
conductivity or permittivity can only remain in static 
equilibrium under the action of steady or alternating 
electric fields if equation (9) or (11), respectively, is satis- 
fied; unless the electrode surfaces are concentric, spherical, 
or cylindrical or parallel planes. 

In practice, the chances of meeting the requirements 
of equation (9) for non-uniform liquids are effectively 
negligible. Even with sufficiently symmetric electrode 
geometry (as with planar electrodes), experiments®)1%-16 
have shown that convection may occur, doubtless because 
of the instability of the equilibrium configur ation. 
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Lead Isotopes, Lunar Capture and Mantle Evolution 


by 
T. J. ULRYCH 


Department of Geophysics, 
University of British Columbia, 
Vancouver 


Leap isotope measurements on young mantle derived 
voleanics make possible an estimate of the tame of a 
possible close approach of the Moon to the Earth’. 
Estimates for the age of this event? have ranged from 
4-5x 10° yr, based? on the absence of craters on Earth, 
to 0-7 x 10° yr, suggested? from a consideration of the 
exposure ages of hypersthene chondrites and octahedrites. 
One of the chief objections to the capture hypothesis, if 
capture took place during the geological record, is the lack 
of evidence for the catastrophic occurrences which would 
probably have accompanied such an event’. The lead 
isotope data’ make it possible to estimate the time of a 
dramatic disturbance to the upper mantle which would 
certainly have entailed extensive partial melting. If, 
as was pointed out, this time is coincident with the time 
of lunar capture, then the objections to capture are to some 
extent countered. 


Lead Isotope Model 


The interpretation of the lead isotope datat is based on 
a model®? which allows for a number of differentiation 
episodes of the source of the leads beginning at the time 
since mantle lead was isotopically homogenous. This gave 
a time of 2-5x 10° yr. I should like here to propose a 
different model and a different interpretational procedure 
for these data. The model which I use allows for a two- 
stage development of the ratios °Pb/**Pb (=x), 
207P bh /2644Ph (=y) and *8§Pb/?4Pbh (=z) in young mantle 
derived voleanics, as expressed by equation 1, and has 
been used previously by various authors*-!}. 


£= My + hy (erbe—e4ts) + uo (erl—1) 
y = bo + (p:/137-8)(@kte-ekt) + (ua/13T-8)(6Fh-1) (1) 
z = Co + x (e4 teth) + x, (e¥be—]1) 


Lead isotope data from young mantle derived volcanics suggest that 
the mantle is a two-stage system. The second stage was formed at 
the time of the global Anorthosite Event, and both events may have 
been caused by the capture of the Moon by the Earth. 


where t,= 4-55 x 10° yr (age of the Earth) 
a= x at time t=t, 
=y at time t= t 
Cyo=2 at time t=f, 
ae = 8U /204Pb at present 
= #82'Th/?4Pb at present 
i = 0:1537 x 10 yr! 
X = 0:9722 x 10- yr 
A = 0-0499 x 10 yr, 

It is well known from lead isotope measurements that 
any variations in u, for the Earth are restricted to a range 
of 8-5 to 9-0. If the two-stage model is a correct interpret- 
ation for young voleanics, then equation 1 shows that the 


207 Ph [AP 
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Plot of *’Pb/**Pb against “eph/*sPb for the two-stage model 


Fig. 1. 
described by equation 1. 
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ratios x and y for these rocks should lie on parallel second- 
ary isochrons, as illustrated in Fig. 1. A value of 1-5 x 10° 
yr has been arbitrarily chosen for ¢,, the time of formation 
of the second stage, in this figure. The slope R of each 
secondary isochron is given by equation 2 and allows an 
estimate of the time ¢, to be made. 


eft] (2) 
137°8(e%t:—1) 


Lead isotope Data 


The isotopic data have been determined by a number of 
researchers using surface ionization of various lead com- 
pounds. This technique can produce substantial mass 
fractionation of the lead isotope ratios’? and it is thus 
quite possible that much of the scatter in the y ratio is in 
fact experimental. My assumption in this article is that 
the variations in the ®°7Pb/**4Pb ratios observed in the 
data used before are produced by two sources: experi- 
mental, as explained above, and real, resulting from 
development, in different u, and u, environments. In an 
attempt to reduce the experimental scatter of the data 
I have averaged all the v and y ratios available for each 
location represented in the interpretation. In so doing I 
have assumed, following Tatsumoto™, that the primitive 
mantle has a constant u, on a localized seale. In other 
words, in averaging the individual analyses from Hawaii, 
for example, I have assumed that the variations in the y 
ratios, other than those given by the (y./137-8) (e*4—1) 
term, are randomly distributed errors. The average point 
so calculated will have coordinates on an x,y plot which 
are given by equation | with u, and x, replaced by u Ha and 
Xa» the average *8U/24Pb and 282 h /204Ph ratios in the 
second stage for the particular locality. The averaged 
data which I have used are given in Table 1 and the y.x 
and z,x plots are shown in Figs. 2 and 3. The data in 
Table 1 represent the best isotopic sampling of crustally 
uncontaminated mantle which has been published. I 
have included results from Iceland! as two separate 
groups, according to the geographical distribution of the 
samples, because, as the authors of ref. 14 acknowledge, 
there is no evidence for continental-type crust beneath 
Iceland and because the initial strontium ratios for these 
rock-types lie} in the range 0-702—0-703. I have also 
included the analyses of young volcanic rocks from the 
Coast Range of Oregon and Washington as three groups 
based on their geological age. Although I recognize 
arguments? about the possibility of wallrock assimilation 
or isotopic exchange ‘with the wallrock, chemical analyses 
do not show evidence of contamination for these samples’’. 
The remaining averages listed in Table 1 are all taken from 
oceanic environments. 
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Fig. 2. Plot of **Pb/°“Pb against **Pb/**Pb for young mantle derived 
volcanics. 
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Fig. 3. Plot of #*Pb/**Pb against Ph; “Pb for young mantle derived, 
volcanics. 


Age Determinations 


Fig. 2 shows a plot of y against x for the nineteen 
localities listed in Table 1. I believe that the inter- 
pretation of the data indicated im this figure shows 
compelling evidence that the model described by equation 
1 and illustrated in Fig. | may be applied to the evolution 
of lead isotopes in the Earth’s mantle. Corroborating 
evidence for separation of the data into the groups 
shown by lines I, IT and IH in Fig. 2 is found in Fig, 3, 
which shows the variations in the z and æ ratios for the 
same localities. There are also signs that groups J, H and 
III are distinctly different. The | slopes of the three lines 
in Fig. 2 are calculated to be 


0-0802 + 0-0079 (Group J) 
0-0848 + 0-0049 (Group HI) 
0-1022 + 0-0181 (Group HI} 


In determining the magnitude of the slopes I have used 
the method!® of calculating the best least squares fit 
allowing for correlation between errors in the two vari- 
ables. I have assumed a correlation coefficient of 1. The 
number of samples used in calculating the average for 
each locality is taken into account in determining the 
slope by assigning a weight to each locality equal to 


number of samples. 


Table 1. AVERAGE LEAD ISOTOPE RATIOS FOR CRUSTALLY UNOONTAMINATED 
YOUNG VOLCANIC ROCKS 

Abbre- No.of 9 ?*Pb/ met] Lt ial <7 | 
Location viation analyses Pb tph kia S 
Hawajijs?233 Ha 30 18-24 15-59 38°32 
Mid-Atlantic®® Tholeiites MA 3 18-37 15-59 Egi 
East-Pacific Tholelites® EP 3 1831 18°56 e810 
Iceland Group t+ Ie (1) 15 18-45 1558 Rican S21 
Iceland Group H” Te (1) 10 18-05 15-84 B&BS 
Easter Island**:** Ea 6 19°30 Lega 321A 
Coast Range?! Eocene Or (BE) ï 19°34 14-68 30-29 
Coast Range! Oligocene Or (QO) 9 1937 15-74 BO 
Coast Range Miocene Or (M) 6 18-71 15-77 3060 
Ascension Island™ AS 7 19-61 15-69 39-33 
St Helena?’ St H 7 20-93 15-89 40-50 
Gough Island?* Go 3 18-54 15-738 89-32 
Japan’?! Ja 9 18-36 15-67 38-66 
Réunion Island”? Re 3 18-58 15-69 Be TF 
Iwo Jiwa* Tw 1 19-56 15°76 38-52 
Tristan da Cunha*® Tr 5 1k-66 1578 BPS 
Azares** AZ 4 19:37 L384 BOB 
Guadelupe Island** Gu 4 20-27 16-73 4 53. 
Vema Sea Mound** Ve ł 19-82 LSS Alas 


Of prime interest in this study is the value of t, 
when the mantle was dramatically affected by an event 
limited in time. Using a value for R in equation 2 of 
0-0825 + 0-008, the average of the slopes of lines I and H 
in Fig. 2 and the best estimate of the slope of the secondary 
isochrons postulated by the model, f, is 1-28 +0-2 x 10° yr. 
This figure, which has been determined from a considera- 
tion of the global variations in lead isotope ratios of 
mantle derived rocks, agrees well with the suggested ages 
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of formation of a second stage determined for individual 
suites'*?°, Other independent evidence for a unique 
event at this time?! has referred to the remarkable fact 
that. massifs of anorthosite, globally distributed, have a 
common age of 1-30+0-2x 10% yr. Because anorthosite 
is a material which must have originated at high tempera- 
tures and pressures, ibt was suggested that the anorthosite 
magma of this Anorthosite Event formed in the lower 
crust or upper mantle as a result of a heat pulse possibly 
preduced by the birth of the Earth~Moon system. 

In summary, lead isotope ratios from crustally un- 
contaminated young volcanic rocks indicate that the 
mantle is essentially a two-stage system as far as U/Pb 
ratios are concerned. The range of u, values for the 
primitive mantle, determined with the aid of equations 1, 
is 8-6 to 9-0 (Fig. 2). The formation of the second stage 
seems to coincide in time with the global Anorthosite 
Event, dated at 1-30+0-2x 10% yr ago. The suggestioni?! 
has been made that both these events occurred as a result 
of the capture of the Moon by the Earth. 
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GENETIC studies have led to the formulation of two classes 
of models for the regulation of DNA-directed protein 
synthesis in living organisms: (1) those which postulate 
control of the frequency of transcription of DNA into 
messenger RNA molecules, and (2) those which postulate 
control of the frequency of translation of messenger RNA 
into polypeptide chains. A critical feature of transcription 
control models is the direct interaction of regulatory 
proteins, such as repressor molecules, with DNA}. Re- 
cently it has been shown that such interactions can occur 
in vitro?’, To demonstrate that these interactions are 
responsible for genetic regulation it is necessary to re- 

construct the process of protein synthesis in vitro so that 
transcription and translation can be studied independently. 

Attempts to do this have been limited because all available 
DNA preparations were impure; that is, they contained 
several different genes covalently linked. (We are using 
the word “gene” as shorthand to denote a single unit of 
transcription and translation.) For many experiments, 
particularly those involving in vitro transcription of DNA 


* No reprints available in the USA. 
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Two specialized transducing phages, which carry the lac operon of 
Escherichia coli inserted into their DNA in opposite orientations, 
are used as a source of complementary sequences from which to 
prepare pure lac operon duplex. 
pure promoter will facilitate many new experiments on genetic 
transcription. 


The availability of a single 


into RNA, purified DNA containing a single unit of 
genetic expression is necessary, making it desirable to 
isolate individual genes. We here describe the purification 
of lae operon DNA from the Escherichia coli chromosome. 

The technique we used to purify lac DNA is based on 
the existence of specialized transducing phages carrying 
the lac operon’. The genomes of these phages contain 
approximately 5-10 per cent laec operon material together 
with viral genes and (almost always) other bacterial 
genes. DNA extracted from lac transducing phage par- 
ticles is therefore approximately 100-fold enriched for lac 
operon DNA compared with DNA extracted from whole 
bacteria. By the procedure summarized in Fig. 1 we were 
able to produce a structure from specialized transducing 
phage DNA in which only the lac operon is in a double 
stranded form. This was done by ma king use of two phages 
which carry the /ac operon inserted into their DNA mole- 
cules in opposite orientations‘. Thus, when the DNAs of 
these two phages are separated, each into its two comple- 
mentary single strands (by the poly U,G binding tech- 
niques), the lac “sense” strand should be found in the 
heavy (HH) strand of one phage and in the light (LL) strand 
of the other. If the separated H-strands of the two phages 
are mixed and annealed, the lac sequences from the two 
phages will be complementary and so will anneal to form 
duplex DNA. The phage sequences, on the other hand, 
both being H-strand sequences, will be non-complementary 
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and will therefore remain single stranded. The lac duplex 
can be freed of its four single-stranded tails by treatment 
with a nuclease specific for single-stranded DNA, and 
the product should be pure lac DNA. 

One important a priori objection to the technique we 
have just outlined is the possible presence of other bac- 
terial genes in the transducing phage genomes which would 
behave like lac and end up in the final product. This 
possibility is real because we know from in vitro transcrip- 
tion experiments that most lac transducing phages do 
earry significant amounts of non-lac chromosomal material 
(R. Arditti and L. E., unpublished experiments). To pre- 
vent contamination of our lac DNA we specifically used 
transducing phages whose only common chromosomal 
material comes from within the lac operon. This can be 
done most simply by ensuring that at least one of the 
phages carries no bacterial genes other than lac. Because 
the exact. structure of our basic biological materials is so 
crucial, we will discuss the genetic system we have used in 
detail, 


Phage DNAs carrying lac Operon 


The two phages we used are called Aplac5 and 980placl. 
The » indicates that they are plaque-forming transducing 
phages. We specifically used non-defective phages for 
ease in obtaining pure preparations of lac transducing 
particles and to have an optimal strand separation (com- 
pare ref, 4), The origins of Aplac5 and 980placl are shown 
in Fig. 2. Each phage comes from a strain (EC2710 or 
EC15) in which the lac operon has been transposed near 
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Fig. 1.% Purification of lac operon DNA. The experimental scheme is 
explained in the text. We have drawn the genomes of both lac trans- 
ducing phages as vegetative maps of å derivatives. A, J, N and R are 
markers on the å chromosome. The lac markers are the repressor 
structural gene (i), the promoter {p}, the operator (0), the -galactosidase 
structural gene (z), the iae permease structural gene (y), and the galacto- 
side transacetylase structural gene (a). An arrowhead is located at the 
5’ terminus of each DNA chain. The primes indicate complementary 
sequences. 
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Fig. 2. Origin of lac transducing phages. Strains BO15 and BU2710 
are described elsewhere. The phage markers N, R, A and J are used to 
orient the 4 and ap prophages on the bacterial chromosome (compare 
ref. 8). The black rectangles indicate attachment sites for A and ok 
(ref. 9). Markers in quotation marks have either been partially deleted 
or split into two parts by the integration of an Flac episeme, The 
formation of transducing phages and the relationships between vege- 
tative, circular and prophage genetic maps are explained in detail in 
refs, 7 and 9. The isolation of ¢8Oplacl was partially deacribed in ref. 6, 


the attachment site of a temperate phage (A or 80) by 
directed integration of a temperature sensitive F-lac 
episome®. We assume that the sequence of events leading 
from excision through a circular form to the final linear 
phage DNA molecule occurred according to the scheme 
proposed by Campbell’ for the origin of specialized trans- 
ducing particles. Thus, because the integrated lac operons 
in the two strains are in opposite orientations on the 
bacterial chromosome, the two phages will also carry lac 
in opposite orientations. (The work of Franklin, Dove and 
Yanofsky has shown that 2 and @80 integrate into the 
bacterial chromosome with the same overall orientation®.) 
This fulfils the first condition of our experimental plan 
(Fig. 1). 

To ensure that lac represented the only chromosomal 
homology between the two phages, we eliminated all 
non-lac chromosomal material from plae by the follow- 
ing procedure (J.8., K. I. and J. B., manuscript in pre- 
paration): (1) we isolated a deletion mutant from strain 


C2710 which has lost all chromosomal material between 


the ¿ gene and the à prophage (as well as part of the 4 
gene and all detectable 4 markers except the attachment 
site); (2) we lysogenized this mutant with a second A 
prophage; (3) we induced and selected a plaque-forming 
transducing phage which carries an intact z gene but only 
part of the y gene, thus excluding all chromosomal 
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Deleted Material, Deleted Material 
Fig. 3. The lace operon showing the portions which have been deleted to 
remove non-lac: chromosomal homology between AplacS and g&Oplacl 
: (not to seale). 


+ 


material which hes to the left of the y gene. The region of 
homology between the two phages therefore extends from 
a point somewhere in the 7 gene to a point somewhere in 
the y gene (Fig. 3). We verified that each phage contains 
a functionally intact operator and promoter region by 
assaying the induction of 8-galactosidase activity in suit- 
able lysogens. (The ọ80placi phage also carries a partial 
y gene? but an intact ¿ gene and therefore contains some 
adjacent non-lac material as well.) 

The fact that one lac transducing phage is a derivative 
of 4 and the other of the related 980 might have created a 
problem. Ideally both phages should come from a single 
parent to ensure that viral sequences on corresponding 
separated strands are absolutely identical and non- 
complementary (compare Fig. 1). For the experiments 
we now describe, it was assumed initially that the genomes 
of } and 980 behave in an acceptable fashion; that is, 
that corresponding separated strands do not contain any 
complementary sequences. This assumption appeared 
reasonable because (1) à) and 80 will recombine! and 
(2) corresponding blocks of genes are similarly arranged 
in both phages®1112, After we had completed our 
experiments, we learned that > and 980 H-strands do not, 
in fact, have any detectable homology (W. Szybalsk:, 
personal communication). 

Because the chromosomal homology between Aplacd 
and @80placl defines the limits of the piece of lac operon 


Table 1, HYBRIDIZATION OF SEPARATED AplacS AND @80placl STRANDS 
E WITH in vivo lac MESSENGER RNA 
Source of *H-uridine Hybridized 
Phage Strand labelled RNA (c.p.m.) 
Aplacd L Uninduced 180 
. Induced 1,551 
H Uninduced 89 
Induced 125 
psoplacl L Uninduced 160 
Induced 140 
H Uninduced 135 
Induced 1,544 
No DNA added Uninduced 68 
Induced 57 


Individually pooled Aplac5 and ọ8üplaci H and L strands (see Fig. 4) ata 
concentration of 20 ug/ml. were treated overnight at 37° C with 03 M KOH 
to remove poly U,G and then dialysed against 2x SSC buffer (SSC is 0:15 M 
NaCi-()-015 M sodium citrate). 100 ui. of each strand was mixed with 100 zì. 
of 'H-uridine labelled RNA (200,000 total ¢.p.m.) prepared from cells which 
had or had not been induced for lace operon expression (see below). An 


was added to a concentration of 5 per cent, and the mixture was incubated 
4h at 65° C. At this time hybridization was complete and there was no 
degradation of the RNA-DNA hybrids formed with further incubation. The 
hybridization mixture was then filtered through Schleicher and Schtill 
25 mm nitrocellulose filters, washed, treated with ribonuclease and counted 
according to Gillespie and Spiegelman. Subsequent to this experiment we 
discovered that poly U,G bound to separated strands does not interfere with 
hybridization, so that the KOH treatment was not necessary. The °H- 
uridine labelled RNA was prepared as follows from cultures of strain MO 
(wild-type. inducible lac? strain) growing exponentially at 37° C in “M64” 
salts medium supplemented with 0-005 per cent vitamin B,, 0-4 per cent 
glycerol, and 0-2 per cent “casamino acids’. One culture was induced for lac 
operon expression by more than three generations growth in the presence of 
0-001 M isopropy!l-#-p-thiogalactoside, Calbiochem. When the induced 
and uninduced cultures were at a concentration of 5 x 10° cells/ml., *H-uridine 
(20 Ci/mole, Schwartz BioResearch) was added to a final concentration of 
10 zCi/mlb. Incubation continued 3 min, after which time the cells were poured 
over twice the original volume of crushed ice containing 0:01 M tris (pH 7-8), 
0-005 M MgCl, and 0-01 M sodium azide (freshiv prepared). The resulting 
mixture was warmed to 4° ©, centrifuged, resuspended in 1/50 the volume of 
0-02 M potassium acetate (pH 5-2), and sodium laury! sulphate (Fisher, twice 
recrystallized) was added to a final concentration of 2 per cent. This solution 
was incubated 15 min at 4° ©, diluted with 4 volumes of 0-5 M potassium 
acetate (pH. 5-2), mixed with an equal volume of water-saturated phenol, 
incubated 3 min at 60° C with shaking, and then chilled to 4° ©. The extrac- 
tion mixture was centrifuged at low speed and the aqueous phase was 
re-extracted twice more as described above. The final aqueous phase was 
dialysed twice overnight against a 100-fold greater volume of 2x SSC and 
stored frozen. The RNA concentration of this preparation was 100 xzg/ml. 


CDNA we wish to isolate, we can estimate its size, 
contain a complete z gene, promoter (p) and operator (0); 
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Tt will 


we assume for the moment that it also contains half of 
the ¿i gene and y gene (Fig. 3). The molecular weights 
of the proteins coded for by the three structural genes 
are: 135,000 (8-galactosidase'*:#4); 31,000 (M protein or 
y gene product!1*); and 40,000 (ref. 17) (lac repressor). 
These weights correspond to approximately 3,700, 860 
and 1,100 base pairs respectively. If we further assume 
the size of the promoter—operator region to be negligible, 
our DNA should contain about 4,700 base pairs and 
measure about 1-6 um. 


Strand Separation and Duplex Formation 


High-titre stocks of either non-labelled or radioactively 
labelled phage were prepared by standard methods and 
purified by two successive equilibrium CsCl gradients. 
The DNA was extracted and separated into comple- 
mentary heavy (H) and light (L) strands by the method 
of Hradeena and Szvbalski> using poly U,G obtained 
from Schwartz BioResearch (lot number 6801). Typical 
strand separation experiments are shown in Fig. 4. The 
plac phage was always observed to give better separa- 
tion than @80placl. If our scheme for the origin of these 
two phages is correct, we can predict that the lac DNA 
“sense” strand is in the L-strand of 2Xplac5 and in the 
H-strand of p80placl (ref. 18). Hybridization experiments 
presented in Table 1 show that these strands are indeed 
the ones with which in vivo lac messenger RNA hybridizes. 

The H-strand peaks from the two phages were taken 
directly from the CsCl gradient fractions, pooled individu- 
ally, diluted to 1-5-2-0 M CsCl in 0-1 M tris (pH 8)-0-001 M 
for 45 min at 70° C. After being cooled slowly the 
annealed DNA mixture was examined in the electron 








microscope. Most clearly visualized struetures consisted 
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Fig. 4. Separation of the DNA strands of Aplachb and p8Oplacl, The 


experimental details are given in the text and ref. 5. Absorbance at 

260 nm was read on 150 xl. samples in a Zeiss spectrophotometer. The 

fractions included under the double-headed arrows were pooled for 

further experiments. The AplacS gradient contained 75 fractions and 
the o80placl gradient 68 fractions. 
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of the expected short duplex regions with four single 
strand tails. Three examples photographed under different 
conditions are shown in Plates 1-3. We also noted the 
presence of full duplex molecules approximately 15-18 ym 
in length (Plate 3)-—that is, about the size of the 4 
genome?®,?6—_presumably formed by hybridization of the 
H-strands with contaminating L-strands. Because each 
full duplex molecule contains about ten times as much 
native DNA as each heteroduplex molecule (see below), 
full duplexes could clearly be an important source of 
contamination of our pure lac DNA. It is difficult to 
judge the real frequency of full duplex molecules in our 
preparations from the electron micrographs. We believe 
that there is a strong bias for being able to visualize 
completely native DNA, and that this accounts for the 
high proportion of full duplexes we observed (possibly 
as much as 10 per cent of the visualized structures). The 
true level of contamination with full duplexes must be 
very low (less than 5 per cent) because we were unable to 
detect any fully native DNA by equilibrium density 
gradient centrifugation of an annealed mixture of radio- 
actively labelled H-strands. This result agrees with 
sedimentation studies to be described. 

An important prediction of our isolation scheme is 
that there should be a unique sequence of complementary 
material in each strand giving rise to a single, homo- 
geneous set of duplex regions in the heteroduplex molecules 
we have seen. Two pieces of evidence from the microscopy 
support this prediction. First, in dilute preparations of 
the DNA we see no evidence of single-strand bridges 
between duplex regions. (It should be mentioned, 
however, that both sedimentation studies and the vari- 
ability im lengths of the single strand tails in the hetero- 
duplex molecules indicate that there was significant 
strand breakage before the electron micrographs were 
made.) Second, the length distribution of the duplex 


All Molecules Following 
Digestion With Neurospora 
Nucizase 
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Fig. 5. Length distribution of duplex DNA visualized in the electron 
microscope. The length determinations were made by enlarging electron 
micrographs to a final magnification of 50,000-100,000 times on a trans- 
lucent screen, tracing the duplex DNA, and measuring the contour 
lengths of the tracings with a curvimeter. The results from micrographs 
of at least two completely independent DNA preparations were pooled 
to give each histogram. 106 four-ended heteroduplex molecules and 
62 short duplex molecules were measured. 
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Fig. 6. Hybridization of *H-labelled in rive iac messenger RNA. and 
H-labelled in vitro 4h80 RNA with heteroduplex DNA. The experi 
mental design is described in the text. The DNA sample to be denatured 
was heated by immersion in a boiling water bath for 10 min aad then 
cooled rapidly with crushed ice. Both native and denatured DNA 
aaniples were aft a coneentration of about 10 gg/ml. in the annealtig- 
buffer: 15-20 M CsCl-0-1 M iris (gH &}+0-001 M EDTA, I ix 
volumes of each DNA sample were added to a mixture consi 
70 al, of *H-uridine-labelled im vivo iae messenger RNA (150,000 total 
cpm.) and 50 wl. of C-labelled im vitro AbSO RNA (2,000 total e, PILK 
Hybridization was performed and assayed as described in the k wend to 
Table 1. Samples were counted separately for "H (closed c and 
square) and “C (open circle and square} ina Packard scintillat be 
ter, and the "H channel counts were corrected for spill from “C ‘per. 
cent with our settings), The *H-labelled in vivo lac messenger was 
prepared from an induced culture of strain MO as described in the legend: 
to Table 1. The “C-labelled in vitro ARRO RNA was prepared į ina pR : 
incubation mixture containing: 0-04 M iris (pH 7-0), 0-002 M Mn i 
Gi M KCl, 06-0001 M EDTA, 0-0001 M dithiothreitol, 006 M Fanercap 
tosthanol: 60002 M UTP, CTP and GTP; 0- 0015 M MC-ATP (80 
mCi/mole, Schwartz BioResearch): 0-6 mg bovine serum albumin: 
12 ag DNA extracted fror ahSO phage particles by the method of” 
Kaiser and Hogness**: and 0-024 mg of RNA polymerase (phosphocellu- 
lose fraction without sigma factor™, the gift of Dr Richard Burgess), 
This mixture was incubated 60 min at 37° C and then extracted once with 
an equal volume of distilled phenol at room temperature. As far as we 
know, transcription of eee. phage DNA under these conditions is 
random and symmetrical (L. E. and R. Arditti, unpublished eee 














regions in the hetereduplex molecules indicates that hay 
constitute a single species about 1:4 to 15 um long 
(Fig. 5a). The agreement between this length and what 
we calculated for lac DNA (1-6 um) is very encouraging... 
The fact that our experimentally determined length is 
less than the calculated value probably means that the 
region of lac homology between ọ80plasl and Aplaec 
contains less of the ¿i and y genes than we assumed. 

To show that the duplex region in the heteroduplex 
DNA contains lac DNA, we performed the following 
hybridization experiment. Non-radioactive H-strands 
were taken directly from the annealing treatment (without 
purification of the four-ended heteroduplexes), dialysed 
against 2x SSC buffer, and divided into two samples, one 
of which was denatured by heating and quick cooling. 
Increasing amounts of both the “native” and “denatured” 
samples were then hybridized to a mixture of (1) *H- 
labelled in vivo lac messenger RNA and (2) “C-labelled 
RNA made from a 2h80 phage template in vitro with 
pannen RNA ee Ah80 is & hybrid of A and 


The hbd eon was Danna according to the method 
of Gillespie and Spiegelman**. The results are summarized 
in Fig. 6. Denaturation evidently results in a great 
inerease in ability to hybridize lac but has only a small 
effect on hybridization of in vitro 1h80 RNA. Besides 
supporting our argument that the duplex region of the 


heteroduplex structures is lac DNA, this experiment also ° 


gives an estimate of the efficiency of heteroduplex forrna- 


tion by ọ80placel H-strands in our conditions. It will be o 


recalled that p80placl H-strands, but not dplach H- 
strands, hybridize in vivo lae messenger RNA (Table 1). 
Judging from the last point in Fig. 6, we can say that 
approximately 80 per cent of the p80placl H-strands were 
annealed. 
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Plates 1-5. The lace duplex regions formed by reannealing the “heavy” 
strands of two transducing phages which carry the bacterial lac operon 
in opposite orientations, Electron microscopic preparation was by the 
protein monolayer technique. 50 ul. of water (or 50 per cent formamide, 
pH 8-6) solution containing 0-5 to 1 pg/ml. DNA, 100 g/ml. cytochrome 
ĉ, 005 to 2 M Natl or CsCl, 0-001 to 0-025 M tri» (pH 8), and 0-001 M 
EDTA, was spread over 8 cm” of a flame-cleaned stainless steel blade and 
gently lowered in a horizontal attitude Into contact with a clean 60 cm? 
surface of de-ionized water, After 5 min, the water surface was touched 
with either the carbon side or the parlodion side of a composite support 
film carried on a 200-mesh electron microscope grid. The grid was then 
touched for 2 s to absolute ethanol, blotted and rotary shadowed at a 
low angle with Pt evaporated from a carbon are or with Pt 80 per cent- 
Pd 20 per cent evaporated from a tungsten tlament 





Plate 1. Lae heteroduplex with four single-stranded tails formed by the 
non-complementary “heavy” strands of the two phages. The single 
strands form “bushes” when spread in 0-2 M salt. Preparation picked 
up on the parlodion side of support film and Pt-C shadowed. x ¢, 26,450, 
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single chains to stretch out. Preparation picked up on parlodion side of 
support film and Pt-Pd showed. The tracing shows where the duplex , , f 
structure branches into the single-stranded tails. x 37,000. Plate 3 shows the relative size of the fac duplex compared with the full- 
length phage DNA molecule (in this case, 145 ym compared with Ls4 pm 
long). These full-length duplex molecules, found in small numbers in 
the reannealed preparation, presumably resulted from slight contamina- 
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Plate 4. Lac heteroduplex segments after treatment with the single- 
strand-specific deoxyribonuclease from Neurospora. The single-stranded 
regions have been completely degraded, leaving pure lae duplex. Prepa- 
ration in 50 per cent formamide—0-05 M salt was found necessary to 
dissociate the enzyme, which otherwise causes DNA aggregation. In these 
conditions single strands should be optimally visible. Preparation picked Plate 5. A single pure lac duplex. Preparation was in the legend to 
up on carbon side of support film and Pt-C shadowed. xe. 39,350. Fig. 4. The magnification was not determined, 
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Nuclease Digestion 

The final step in the preparation of pure lac DNA was 
the digestion of the single strand tails from the hetero- 
duplex structures. For this purpose we used the single- 
strand-specific nuclease from Neurospora conidia first 
described by Linn and Lehman**. The enzyme was 
prepared by M. Fraser and his colleagues at McGill 
University. It has no detectable activity on native DNA 
(M. J. Fraser and E. Z. Rabin, personal communication). 
For the digestion, the annealed H-strands were dialysed 
against 0-1 M tris (pH 7-75)-0-1 M NaCl-0-01 M MgCl, 
buffer and incubated with the Neurospora enzyme at 
37° C until release of acid soluble material was complete. 
The time course of the reaction on a sample of radioactive 
DNA is shown in Fig. 7. Approximately 11 per cent of the 
initial acid-precipitable material remained after digestion. 
This figure is very close to our expectation based on the 
fact that the 1-4-1-5 um length of duplex DNA we see in 
the electron microscope is about 9 per cent of the size of 
full duplex molecules we have measured. 

Electron microscope examination of the digested DNA 
reveals a population of almost completely pure short 
duplex molecules (Plates 4 and 5). Some longer duplexes 
are visible. As expected, the length distribution of these 
short molecules is very close to that of the duplex regions 
in four-ended heteroduplex molecules: between 1-3 and 
L-5 um (Fig. 5b). (The tendency to obtain greater lengths 
in measurements of the undigested material may arise 
from difficulties in determining the precise end-point of 
the duplex region.) Sedimentation analysis of a labelled 
sample shows that this DNA is a single species sediment- 
ing between 14 and 158 (Fig. 8). The calculated S value 
for a piece of linear duplex DNA 1-4 um long is 14-6 S. 
(This calculation was made using the empirical realation- 
ship of Burgi and Hershey**, the known length of ADNA 
(17 ume), and an S value of 35 for ADNA.) No 
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Fig. 7. Neurospora nuclease digestion of labelled heteroduplex DNA. 
I mi. (approximately 80 xg) of heteroduplex DNA formed from +H- 
thymidine-labelled Aplacé and “C-thymine-labelled p80placl H-strands 
was dialysed against 2,000 mi, of nuclease buffer (0-01 M NaCl-0-1 M tris 
(pH 7-75)}-0-01 M MgCl). After dialysis, four units of nuclease were 
added and the mixture was incubated at 37° C. 25 gl. samples were 
taken at 15 min intervals, pipetted into 2-5 ml. cold 5 per cent trichloro- 
acetic acid, filtered on to ‘Millipore’ filters, and washed with 5 ml. cold 
5 per cent trichloroacetic adid (TCA). 200 ui. of a crude phage lysate was 
used ag carrier. The filters were dried and total radioactivity per filter 
was dotermined ina Packard scintillation counter, The reaction was 
interrupted after 60 min incubation by 36 h storage in the refrigerator. 
The reaction (which is Mgt Out was finally stopped by adding 
rH M EDTA. 
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Fig. 8. Sedimentation profile of pure lae DNA. A 100 ul. aliquot of 
DNA taken from the reaction mixture described in Fig. 7 was centrifuged 
in a 10-30 per cent glycerol gradient containing 0-02 M trie (pH 7-43, 
0-001 M EDTA, and 0-025 M Natl, The gradient was run for 4 h at 
50,000 rp.m. at 22° C in the SH'6S rotor. Total trichloroanetic acid 
precipitable radioactivity (counts/S min) was determined in each fraction 
(@-—@). A parallel 10-30 per cent glycerol gradient of 160 ai, of a 
crude preparation of 8-galactosidase was run simultaneously. This 
gradient contained 0-02 M tris (pH 7-4), 0-001 M EDTA, 0025 M Nat, 
0-005 M MgCi;, and 0-01 M 2-mercaptoethanol. 6-(alactosidage activity 
in appropriate fractions of this gradient was assayed by the hydrolysis 
of o-nitrophenyl-4-D-galactoside and is given as the absorbance at 
420 nm released after a fixed time (§§—-@). The gradients have been 
superimposed so that §-galactosidase serves as a sedimentation marker, 
The probable error in this procedure is less than or egual to one fraction. 


contamination with faster sedimenting long duplex 
molecules was detected either in this gradient (which 
contains rather few counts) or in similar gradients run 
for shorter times. The presence of some low molecular 
weight trichloroacetic acid precipitable material at the 
top of the gradient is discussed in the appended technical 
note. 

A hybridization experiment analogous to that present 
in Fig. 5 was performed on an unlabelled sample of 
digested DNA. It shows that virtually all the lac sequences 
present are in native DNA and that there are no detectable 
sequences complementary to the in vitro 2h8G RNA 
(Fig. 9). The low efficiency of detectable hybridization 
in this experiment may be due to the small size of the 
DNA (ref, 22), a high rate of DNA~RNA annealing, and 
the possibility that most DNA~RNA hybrids contain little 
single-stranded DNA. 

From these results and from the arguments presented 
above, we conclude that the homogeneous collection of 
short DNA duplexes we have prepared consists of pure 
lac operon DNA. Our data do not completely rule out one 
source of contamination: the possibility that the Aplach 
and 980plac] H-strands have a second region of homology 
which happens to be exactly the same size as the las 
DNA. We believe that this possibility is unlikely and are 
preparing experiments to exclude it. 


Uses for Pure lac Operon 


The measurements we have made of our purified lac 
DNA enable us to estimate an upper limit for the size of 
the promoter-operator region of the lac operon. We will 
take 1-4 um as the length of the DNA (Fig. 5b). The z 
gene should be completely intact (Fig. 3); this measures 
1-26 um (3,700 base pairs). Thus the p-o region is at most 
0-14 um or about 410 base pairs long. 

There are two points we should like to discuss concerning 
our method of purifying lac operon DNA and the uses to 
which the purified DNA can be put. First, the method 
we used for the lac operon can be extended to other 
bacterial genes. Specialized transducing phages already 
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Fig. 2. Hybridization of *H-labelled in vive lae messenger RNA and 
4("- labelled in vitro AhSO RNA with nuclease-treated DNA. This experi- 
ment was performed like that illustrated in Fig. 6 except that the DNA 
was predigested with Neurospora nuclease and was at a final concen- 

tration of about 1 ugjml. 


exist carrying the galactose’, tryptophan*’, maltose (D. O. 
Sehwartz, personal communication) and arabinose?’ 
operons as well as other markers from various parts of the 
E. coli and Salmonella chromosomes. Techniques are now 
available for isolatmg phages carrying any given gene 
in each of the two possible orientations (refs. 6, 29, and 
manuseript by J. S., K. I. and J. B. in preparation), 
and our procedure could then be followed to purify that 
gene. It is even possible to devise methods for the 
purification of individual genes starting with a single 
transducing phage. 

Second, the existence of a homogeneous preparation of 
DNA molecules containing a single, defined unit of genetic 
transcription facilitates many experiments on the mechan- 
ism and control of messenger RNA synthesis. It should be 
noted that we have not purified the entire lac operon: we 
specifically isolated only a part of the operon to ensure the 
absence of extraneous genetic material in our preparation. 
But the part of the operon we did isolate should contain a 
functionally intact promoter, operator and 6-galactosi- 
dase structural gene (Fig. 3). Such DNA can be used in 
the following ways. (a) As a hybridization substrate 
for uniquely detecting the production of Jlac-specific 
RNA in vitro, In our experience the most difficult part of 
experiments on the in vitro synthesis of lac messenger 
RNA from 980lac DNA has been the measurement of 
lac sequences in the total RNA produced (R. Arditti and 
L. E., unpublished results). (6) As a DNA template for 
transcription experiments designed to study the interaction 
of RNA polymerase with a single promoter. These 
experiments will require that the pure lac DNA contain 
no single-strand interruptions and have no significant 
amounts of denatured DNA at the ends. We do not yet 
know if our lac DNA preparation is as “elean” as this. 
{c) As a substrate for experiments to determine if the 
lac repressor acts by blocking the initiation of RNA 
synthesis. These experiments consist of looking for a 
reduction in the number of RNA chains begun by RNA 
poiymerase when lac repressor is bound to the template 
DNA. Obviously these experiments can only be done 
with DNA which contains no promoter other than that 
of the lac operon. 

It is clear that many more experiments on the various 
modes of genetic transcription will be possible once other 
genes have been purified. 


Technical Note 


The conditions we used for the strand separations and DNA 
annealings described in this paper were more or less empiri- 
cally. determined. They were convenient, and they worked. 


8 Studier, W. F., 
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Further study has led to improved conditions (G. Ihler, 
unpublished results), These are: (a) For strand separation, 
instead of using heat to extract and denature the DNA from 
the phage particles’, we use 1 M NaOH. The phage particles 
are dialysed against 0-01 M tris (pH 8)-0-001 M EDTA buffer: 
Sarkosyl NL97 is added to 0-1 per cent; 1/5 the original 
volume of NaOH is added with very gentle mixing: the mix- 
ture is incubated for 3 min at room temperature and then for 
3 min at 4° C; 1/5 the original volume of 1 M tris (pH 7-4) is 
then added followed by sufficient HCl to neutralize 95 per 
cent of the NaOH; the DNA solution is diluted four-fold in 
0-001 M EDTA and poly U,G is added at a concentration 
greater than or equal to that of the phage DNA; saturated 
CsCi dissolved in 0-01 M tris (pH 8)-0-001 M EDTA is added to 
a final density of about 1-72 g em~; and the resulting solution 
is centrifuged for 36 h at 30-35,000 r.p.m. in a type 40 or 60 TI 
Spinco fixed angle rotor. (6) For annealing, separated 
Aplac5d and ọ80placl H-strands are dialysed against 0-05 M 
NaCl-0-01 M tris (pH 8)-0-001 M EDTA buffer, mixed, and 
annealed by overnight incubation at 25° C (refs. 30, 31). 

The advantages of these conditions are that they eliminate 
strand breakage (primarily because the DNA is never exposed 
to high temperatures) and prevent non-specific aggregation of 
the annealed DNA**}, This non-specific aggregation can be 
demonstrated in samples annealed in 1-5-2-0 M CsC} at 70° C 
and may be responsible for the residue of low molecular weight 
trichloroacetic acid-precipitable material formed after diges- 
tion with Neurospora nuclease (see Fig. 8). 
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A Basic Biological Step? 


b 
y Because of shortcomings of nerve conduction theories in ae a 


JOHN O'M. BOCKRIS 


Electrochemistry Laboratory, 
University of Pennsylvania, 
Philadelphia 


One of the fundamental developments of molecular 
biology during the past two decades has been a theory of 
the mechanism of conduction in nervest. 

The basic idea in the theory is that a membrane exists 
around the nerve axon, and that on either side of it there 
are solutions containing different concentrations of sodium 
and potassium ions, and organic substances. The poten- 
tial arising across the membrane is supposed to be that 
which corresponds to the Donnan membrane equilibrium. 
The equation is 


RT i,t 
= —In —- 
F Misi 


where i represents the ion which controls the potential, 
and I and II represent the two sides of the membrane. 
The stages from this concept of a potential across mem- 
branes to the conduction of electricity through nerves 
are not essential to the present argument. The concept 
of the membrane potential mentioned here is the founda- 
tion of present neurophysiology and much in present-day 
biology. 

It has, however, been found necessary to mtroduce ad 
hoc aspects of the model of conduction in nerves to give 
interpretation to facts. Thus a sodium pump has been 
hypothesized {without clear molecular origin) to show 
why some of the alkali ions present migrate against their 
concentration gradient across the membrane. 

The ideas on which the Hodgkin-Huxley theory is 
based were originated by Bernstein®, and correspond to 
electrochemical concepts of the time. These days a 
membrane separating two solutions of alkali ions would 
be less easily regarded by electrochemists as a system 
likely to exhibit a potential corresponding to that of 
thermodynamic reversibility with respect to alkali ions, 
when other redox components are present. It might 
rather be thought of as better represented by a semi- 
conductor on which occur at least two electron transfer 
reactions, one primarily electron donating and the other 
primarily electron accepting. In a thermodynamically 
reversible cell, the interfacial electron transfer processes, 
occurring at equal velocities in opposing directions, belong 
to one reaction. The model suggested here is that the 
potential difference across biological cells is a mixed 
potential, a compromise between the potential which 
would be set up by one process occurring reversibly 
and that set up by another, also oceurring reversibly. 
(This does not imply that the two processes occur revers- 
ibly. The theory assumes that they do not. The potential 
set-up is as stated.) One of these processes is electron 
donating and the other electron accepting. The two 
reactions may occur at different points along the mem- 
brane, perhaps at different groups of enzymes which are 
adsorbed on the membrane. 

The electrode areas which are reacting to accept from 
and donate to electrons from molecules or ions in solution 
may be regarded as making up micro fuel cell couples, 
and the whole ensemble makes a stable membrane surface, 
with a steady potential, as long as the concentration of 
the reactants is constant. 

The reactant particles in such reactions and the electron 
transfer sites may be speculated on, and, of course, differ 


with current views about electrode processes, a new model | 
suggested in terms of two or more different kinds of siscerads 
reaction, which control the potentials across the cell membrane. 


depending on the environment. One of the reactants 
must be reducible, for example, oxygen. The other 
reactant must be oxidizable, for example, an organic 
substance. The potential at which an alkali metal 
undergoes interfacial electron transfer is so negative that 
it is not likely to occur. Thus there are often in biological 
systems a number of organic substances which undergo 
redox reactions at a faster rate, for a less extreme range of 
electrode potentials, than would sodium, 

No mathematical theory of such an electrochemical 
reaction situation has been formulated. although a special 
case approximation has recently been given in an electro- 
chemical model of enzyme kinetics (my unpublished 
work). There is, however, an analogy between the model 
suggested here and that in which a corroding substance 
dissolves itself in an ionic solution m contact with it'-*, 

A model analogous to the present one was suggested 
in a schematic way by Del Duca and Fuscoe*. It has not 
received attention from biophysicists, but subsequent 
evidence suggests that the model is essentially correct. 
The work of Cope’ in formulating the decay kinetics of 
eye melanin has shown that there is an exponential 
dependence of the rate of the reaction on the potential 
across the membrane of the cell which is exponential 
with respect to potential. This suggests, as Cope pointed 
out, the possibility of a rate-determining interfacial 
electron transfer stage in the reaction concerned. Strik- 
ingly, L. Mandel (private communication) has shown that 
the rate of production of gastric secretions depends on 
the potential in a way characteristic of electron transfer 
across an interface. The rate-determining step indicated 
is that of electron transfer at the solid~solution boundary. 
A similar relation exists in some systems characteristic of 
membranes around nerves. 

One of the difficulties of an electrochemical modei for 
biological phenomena is charge transfer in the membrane, 
A real fuel cell has metallic connexions between the 
electrodes, and there does not seem to be any analogue 
of this in biological systems. I now turn to an examins- 
tion of this problem. 


Conductivity through Membranes 


Rosenberg? measured the conductivity of protein and 
considered it electronic. W. A. Little (private communi- 
cation) considers that DNA may be a superconductor. 
The difficulty of measurement in such situations is large, 
and it may therefore be of interest to consider whether 
the transfer of electrons over short distances within 
membranes is perhaps provided by the quantum mechani- 
cal tunnelling mechanism. It is by tunnelling that elec- 
trons escape from solid phases into solution,..and. vice 
versa; and it is of interest to inquire whether this mode 
of transport is that which allows membrane systems to 
function as cells. 

In order to investigate this, consider a simple picture 
of electron tunnelling. The probability of tunnelling 
through a square barrier is given by 





4ra H 
P,=exp |- (m[E-— E) | 


776 


where £ is the height of the potential energy barrier and 
En is the total energy of the particle at a barrier height h. 

The rate of the transfer of current between cathodic 
and anodic sites would then be given by 


i= Keil’ s 
where e; is the number of acceptor groups per square 
centimetre; k is a rate constant, equal to the frequency 
with which an electron acceptor presents itself to a 
neighbouring electron; and Pe is the integrated probability 
of tunnelling of such electrons at all energy levels through a 
barrier of energy height Æ. 

A first approximation of the rate constant® could be 
given by assuming that the electron about to tunnel is 
moving with a uniform velocity v, inside a cage of length 
2a, so that v=v/2a. The order of magnitude of v in turn 
could be estimated roughly by assuming that the length 
of the cage is equal to one half of the de Broglie wave- 
length or its associated wave function. Hence 4a= i= 
hime. It follows that 

h 


ki paian 


Sma? 


In terms of current per square centimetre across the 
membrane of thickness a, the velocity is 


t=: Fe 10a 





Pe 
Sma? 
where c; is the concentration in moles per litre of an 
electron acceptor in the solution. 
Numerical evaluation shows that 
Ci 
i= , 7x10 exp [— 03 ake] 
a 
where a is the distance in which the electrons tunnel (in 
angstroms), and EF is the height of the barrier at which 
they tunnel (in kilocalories per mole). 
Thus Table 1 shows the relationships between current 
density and energy of activation of a barrier of 50 Å. 
(Many membranes are 50-100 A in thickness.) 


Table 1 
Current density 


Value of (A-~Etin, h? through membrane 


kealories/mole Ajem? 
“4 107 
5 . TELDA 
20 Negligible 


The value of the distance through which an electron 
tunnels used in Table 1 (50 A) is perhaps too large. In 
fact, the distance from one electrodic area to another. 
between which the electrons are supposed to tunnel, 
may be only a few angstroms. Thus the electrons do not 
always have to tunnel through the membrane, although 
in the case of the phenomena at nerve fibres this is 
probably necessary. 


Rate-determining Step ; 


The potentials of electrochemical cells have four 
possible rate-determining steps: (1) electron exit from 
a solid phase at a cathodic site; (2) electron entry to solid 
phase at an anodic site; (3) electron transfer through 
solid phase in passing from anodic to cathodic site; and 
(4) ionic transfer through solution from anodic to eathodic 
sites. To decide which is the most likely rate-determining 
step, we must try to obtain the order of magnitude of the 
current flowing through a biological cell in a steady state. 
If one of the electrode reactions is rate-determining, then 
the following equation is obtained for the current density 

te glee. 
i= io OX | ~ sap (Vi~ va] 
where V, and V, are the thermodynamically reversible 
potentials, corresponding respectively to the two hypo- 
thesized processes which (as a minimum condition for the 
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model) are taking place on the membrane; and 7, is the 
exchange current density of the slower of the two (assum- 
ing that one is much slower than the other). 

It will be assumed that V,— V,=0-5 V and that t= 
10-*? A cm-*. The values are chosen arbitrarily as in the 
middle of the electrochemical scale of cell potentials and 
ip values. The value of the current density passing to 
maintain the potential would be 10-1! A em~. 

Compared with this, the tunnelling current between 
spots of the order of 10-50 A apart could be high in one 
direction. With the parameters chosen (but in the middle 
range of the appropriate electrochemical parameters), 
the rate-determining step in the processes which maintains 
the cell potential would be interfacial electron transfer, 
rather than transfer through the solid phase. 

It is not likely that the ionic passage of current through 
pores in the membrane is rate-determining in the present 
model. Let the current density be 7, so that the current 
through the area of cross-section A is td. The resistance 
corresponding to this is 


iL 
x A 


where L is the thickness of the membrane and x is the 
specific conductivity. Thus the voltage drop between the 
cathodic and anodic sites separated by distance L is iL /x. 
If ix10-4 A em and L~10-* em, then IR =10-€ V, 
which is negligible. 

It is m the above sense that one can raise the question 
of whether interfacial electron transfer may be a rate- 
determining step in a number of biological processes 
connected with membranes; and because the existence of 
electrical potential differences across membranes is 
characteristic of the life of cells, the hypothesis may be 
formulated that this is a basic step in biological processes. 

One of the general aspects of biochemical reactions is 
that they tend to occur with unexpectedly high velocities 
in comparison with the rates of analogous reactions at 
room temperature. In particular, enzymatic reactions 
often have a very low heat of activation. This tendency 
is what would be expected on a model of eleetrochemical 
catalysis, in which an electric field is applied across a 
double layer to accelerate reactions above the rate which 
would be expected if the reaction occurred purely by 
thermal excitation at the temperature concerned. An- 
other aspect of the situation indicated by the present 
model is the efficiency of the conversion of the energy 
of the chemical reactions involved in the oxidation of food 
in biological systems to mechanical energy. This is 
30-40 per cent, much higher than what would be expected 
if the energy conversion took place aceording to the 
principle of a heat engine, because the relevant source to 
sink temperatures can be only a few degrees C. There are 
three general modes of converting the energy of chemical 


reactions to mechanical work: the heat engime, meom- 


patible with the observed efficiency; photogalvanic 
conversion, not viable for the conversion to work of the 
energy of organic oxidation reactions from biological 
systems; and electrochemical conversion—namely, the 
fuel cell principle of the conversion of chemical energy 
to work, in which the efficiency of conversion of the free 
energy available in the reaction may be hypothetically 
100 per cent, and is in fact often more than 50 per cent. 
Corresponding to this, biological reactions could “run 
cold’’—the heat evolved during their function would be 
less than that in corresponding thermally activated 
reactions’, 

A distinction should be made between the present 
model (“some biochemical reactions are controlled by 
electron transfer across electric double layers at solid- 
solution interfaces”) and an electronic model. Electronic 
processes involve electron jumps within phases, or between 
phases in which the electrons are not around solvated 
ions. Electrochemical reactions occur between phases 


of which one is electronically ‘conducting and the other 
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is an ionic conductor. Thus solid-state principles are not 
primarily the ones concerned here (although they enter 
the situation in so far as the membrane is to be regarded 
as a semiconductor electrode). 

Corresponding to these observations there is the back- 
ground increasing knowledge of the mechanism of electro- 
chemical interfacial reactions. Electron tunnelling at 
interfaces and semiconductor—solution reactions have 
been examined“; and electrocatalysis, the relation 
between the rate of electrochemical reactions and the 
substrate, has received some attention, 

Ionie transport through membranes, so much referred 
to in the classical theory of membrane potentials and the 
conduction of nerves, may be qualitatively interpreted. 
In every macro-electrochemical cell, the carrying of charge 
between the two electrodes by ionic diffusion must be 
taken into account. The materials which do this are, 
however, seldom those which take part in a reaction at 
an electrode. These are the ions present in excess— 
usually alkali salts, because they do not easily enter into 
electron transfer reactions. Thus in the electrodic 
mechanism of a biological cell, that is to say, in the working 
of the membrane systems as suggested here, there would 
be an associated transport of alkali metal ions through 
ionically conducting pores in the membrane. It would 
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not, however, be the cause but a result of interfacial 
reactions in micro fuel cells, which occur to transform the 
chemical energy of biochemical oxidation reactions to the 
electrochemical energy of biological cells. 

I thank Dr Freeman Cope and Mr Lazaro Mandel for 
discussions, and Mr E. Cohn for his comments. 
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Stress and Design in Bivalved Mollusc Shell 


by 
STEPHEN A. WAINWRIGHT 


ha tga of Zoology, 
Duke University, 
Durham, 

North Carolina 


Waen the adductor muscles close the shell of a bivalved 
mollusc, two valves compress the elastic inner layer of 
the ligament (Fig. 1). When the adductor muscles are 
released the elastic energy stored in the compressed 
ligament causes it to expand and force the valves apart!. 
Most bivalves can be either open or closed. If anaesthetized 
while it is wide open, a bivalve remains at the normal 
open gape. If the adductor muscles are then cut, the 
gape increases to a degree never attained in life. This 
means that the inner layer of the ligament is always 
under compressive stress? and that the adductors and the 
outer layer of the ligament are always under tensile stress. 
Also, the part of each shell valve that lies between the 
adductor muscle attachments and the ligament is always 
under shear (bending) stress. I wish to show that there 
is residual stress in bivalve shell valves that can be 
released and measured as strain*. I also wish to discuss 
the resistance to stress of shells of live bivalves, and to 
discuss the bivalve shell, a dome made of a particular 
composite material, in terms of advantageous design 
features. 

When stress is applied to an object, a strain occurs. 
At the same time that a strain is produced in shells a new 
shell is being formed at the margins and over the inner 


* Stresa is force per unit cross-sectional area; strain, deformation, meas- 
ured here in microstrain (4s) which are microns of length-change per metre 
of length; elasticity, the force with which an object resists deformation, and 
is also stress/atrain; creep, is non-elastic or permanent deformation; hyster- 
esis, work to deform an object minus the work it performs on recoil: the 
neutral axis is the axis in the bent shell that is neither compressed nor 
stretched (Fig. 1); “toughness” connotes hich strength and ability to with- 
stand large deformations—the opposite of “brittlenesa’’. 


An animal’s shell is subjected to stress throughout its life, and 
residual stress can be released and measured as strain. 
and texture of the shell are advantageous features of design. 


The shape 


surface of the shell. When a stress that has deformed a 
material is removed, the material will either regain its 
prestressed shape if it is elastic, or it will remain deformed 
if it is plastic. Most materials are neither perfectly 
elastic nor perfectly plastic. Most mineralized skeletal 
materials have a high instantaneous elasticity? and 
undergo a small amount of permanent deformation called 
ereep*. In a rigid skeletal structure creep amounts to 
“give” or “play” and more muscular effort is required to 
strain the structure a given amount than is required 
to strain a non-creeping structure. 

Failure (breaking) of a material comes about when 
stress has caused enough strain to disrupt the material’s 
textural integrity beyond the point of elastic return and 
plasticity. This means that it is advantageous to have 
rigid skeletal parts built so that normal operational 
stresses cause the least possible strain. 

I collected living Dosinia discus, Aequipecten irradians 
and Macrocallista nimbosa from the intertidal flats in 
Core Sound off Beaufort, North Carolina. Live specimens 
of Aequipecten gibbus were obtained from commercial 
scallop trawlers in Beaufort and kept in aerated seawater 
or “instant ocean” until used. I rinsed each valve 
briefly in tap water before use, blotted a small area to low 
dampness and swabbed it once with acetone while keeping 
the rest of the valve saturated with tap water. Even a 
few minutes of air-drying of a whole valve produced a 
measurable reversible strain. A foil strain gauge? 
(Constantan foil strain gauges on epoxy film backing 
(gauge type HEA-06-125BB-120 from Micro-Measure- 
ments, Romulus, Michigan)) capable of response up to 
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3 per cent strain (30,000 ue)? was bonded to the dried 
surface with Eastman 910 cement (Fig. 3). Fine wires 
were soldered to the gauge and connected to a Wheatstone 
bridge with a galvanometer that indicated strain with a 
precision of +10 ue. The accuracy of the entire system 
was calibrated against test materials of known elastic 
modulus. 

Using a diamond cutting wheel on a high speed flexible 
drill shaft and keeping the shell on wet cheesecloth to 
minimize heating and to prevent drying, I made three 
cuts around the gauge in the sequence shown in Fig. 3, 
recording the strain after each cut. 

To estimate the amount of force causing the observed 
strain, I loaded the exposed tongue of shell in the opposite 
direction and noted the weight required to return the 
shell to zero strain. By repeatedly removing and adding 
weights, I could estimate whether creep affected the 
strain readings. Strain gauges bonded to the outside and 
the inside of the shell gave identical values of strain per 
unit stress simultaneously throughout cycles of loading and 
unloading: this indicates that the neutral axis? lies half 
way between inner and outer surfaces (Fig. 1). The 
amount of force in the direction of the gauge axis was 
taken to be JZ- MC, where M is the force moment, C the 
distance from gauge to the neutral axis, and the moment 
of inertia of the cross-section is [= bh3/12, where b and kh 
are the width and thickness respectively of the rectangular 
shaped section of the shell tongue at the middle of the 
gauge’, 

In most cases the third cut, which isolated a tongue of 
shell with the strain gauge on it, was accompanied by an 
instantaneous decrease in the curvature of the tongue as it 
popped outward from the shell (Table 1). The released 
stress in all shells of Aequipecten, Dosinia and Macrocallista 
preduced this decrease in curvature, but only if the gauge 
was in the strained area of the shell (Fig. 3). Shell 
curvature in these genera decreased whether the gauge 
was oriented dorso-ventrally or antero-posteriorly. 

The stress causing the released strain in shells of 
Dosinia was determined to be between 11 and 63 x 10° 
dynes em-? (160-910 pounds/inch?). Further loading of 
the cut shell to increase and to decrease the curvature 
produced strain directly proportional to the load and 





Fig. 1. Diagrammatic dorso-ventral seetion through the shell, ligament 
and adductor muscle of a bivalved mollusc. The adductor muscle (M) 

uils the shell valves together opposing the elastic inner layer of the 
igament (L) that pushes them apart. The inextensible outer layer of the 
ligament CH) serves as a hinge. The shell ov elop tensile stresses (T) 
in its outer layers and compressive stresses (C) In inner layers. Neutral 
axis (MA) is the zone of no stress. In the box is the area of the shell 

gection shown in Fig. 2. 
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Fig. 2. Diagrammatic vertical section of shell of Dosinia discus from the 

position indicated in Fig. 1 to show differences in shape and orientation of 

crystals in outer (O) and inner (I) layers. The dorsal side is on the left. 

Crystal size is greatly exaggerated. Ridges on the outer surface are 
circumferential 


hysteresis was never observed. If there is instantaneous 
creep or hysteresis in these shells, it is so small that this 
method does not measure it. Shells so treated behaved as 
true Hookean solids (stress & strain) in both dorso-ventral 
and antero-posterior directions over strains three to four 
times those released by cutting. 

That shells should be strained by the stresses applied 
to them is intuitively acceptable. That this stress is not 
released when either the ligament or the adductor 
musele is destroyed and that the stress cannot be 
measured with the present techniques in the shell outside 
a restricted area can be explained as follows. Growth 
of shell is virtually continuous. The older outer shell 
increments have been stressed for a longer time and have 
thus undergone greater strains than have the inner 
younger increments. As the unstressed mantle tissue 
secretes unstressed shell precursor material, this material 
cements the already strained shell into its strained shape. 
As new shell is fully calcified, it too will gradually be 
stressed and strained and cemented into shape as even 
newer material is secreted. 

As far as I can see, no function is served by the residual 
stress in the bivalve shells. It is in the wrong direction to 
be “prestressing” that would strengthen the shell. There 
is the possibility that shell has semiconductor or piezo- 
electric properties or both? which, when the shell is 
strained, could supply regulatory stimuli to the nacre- 
secreting apparatus in the mantle tissue. 

I also bonded strain gauges to intact living Dosinia, 
Aequipecten irradians and Spisula solidissima, so as to 
observe the strains in their shells during normal closing 
and in experimental conditions. I did not record any 
change in strain caused by the muscular closing of a normal 
animal. Even when I stimulated the adductor of A. 
irradians with a fine probe to evoke the strongest possible 
adduction, I observed no strain in the shell. But if I 
placed a metal object, 0-5mm in diameter, so that the 
valves closed on it, large, near-breaking strains were 
recorded. After I had cut a strip of shell 4—6 cm long from 
the ventral margin of one valve of large Dosinia or 
Spisula, the muscular closure that followed in both was 


Table 1. STRAINS, STRESSES AND CHANGES OF CURVATURE OF SHELE VALVES 
AS MEASURED BY STRAIN GAUGES OF VARIOUS ORIENTATIONS AND PLACEMENT 
Height* Gauge Stress in 
Species No. of of shell orien- Change in Strain dynes x 
valves (mm) tationt curvature in Me em? 
Dosinia dizseus 3 58-78 dv Decrease 150-180 No data 
2 67 ap Decrease 340—360 No data 
1 62 dv Decrease 185 11-1 x 10° 
1 62 ap Decrease 200 11-1 x 10° 
1 67 ap Decrease 100 62-6 x 10" 
1 69 ap Decrease 30 18-8 x 10° 
Macrocallista 1 51 dy Decrease 100 No data 
nimbosa 4 42-04 ap Decrease 150-270 No data 
1 64 ap Decrease 190 91-4 x 10° 
Aequipecten 3 48-73 dv Decrease 50-550 No data 
irradians 5 45-76 ap Decrease 25-260 No data 
1 65 dv Nil Nil No data 
Aegquipecten 1 58 dv Decrease 70 15-3 x 108 
gibbus 


* Largest dorso-ventral dimension of the shell. 


+ Dorso-ventral or antero-posterior. 


ki 
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Fig. 3. Diagram of the left valve of the shell of Dosinia discus seen from 

inside, showing a foil strain gauge oriented antero-posteriorly between 

anterior (A) and posterior (P) adductor muscle attachment scars. 

1, 2 and 3 are cuts that released the tongue-shaped part carrying the 

strain gauge. Residual stresses are measurable in the shaded area only. 
(H) Outer and (L) inner layers of the ligament. 


sufficient to crack and break the shell from its ventral 
margin to the hgament. 

When I placed my thumbs and forefingers directly over 
the ends of the adductors on the outside of a normal 
animal, I had to pinch very hard indeed to induce a 
measurable strain in the intact shell. But when I repeated 
this experiment by pinching anywhere else on the intact 
shell, a small effort readily produced 100-200 we in the 
intact shell. 

The shell has an important mechanical function in 
burrowing clams and swimming scallops, depending on 
the ability of the shell to resist deformation and failure 
under the stresses generated by adductor muscles and the 
ligament. Two aspects of shell architecture and organiza- 
tion—material and shape—are physically tested every 
time the animal closes its shell. 

Shell is a true composite material made of submicro- 
scopie crystals of calcium carbonate and a largely 
proteinaceous fraction, conchiolin, that has not been 
thoroughly analysed for its macromolecular constituents®. 
Most bivalves, including the species discussed here, 


THB! 


secrete the shell in two or more distinct layers, each with a 
a characteristic texture (Vig. 2). 


of the shell. | 

The resistance of any material to bending can be 
increased by bending or folding the material along lines 
perpendicular to the shear stress. A characteristic of 
bivalve shells is the domed shape of the shell valves. 
Heavy ridging of the shell as in some scallops (dequipecten), 
the cockle (Clinocardium) and the giant clam (/ridacna), 
should provide added strength in the direction of the 
ridges. The domed shape should strengthen the shell 
against all forces impinging from outside. Ridges radiat- 
ing from the oldest point in the shell should strengthen 
the shell against adducting forces. 

The shell valves of the jingle shell (Anemia) and the 
wind-chime shell (Placuna) are flexible and tough rather 
than being rigid and brittle. The design feature involved 
here is that tough shells have a higher proportion of 
organic material in them. The mineral material of these 
thin shells is in layers that slide past one another when the 
shell is bent. Presumably the organic material is con- 
centrated between the mineral layers and enhances this 
effect. 

In the sense of modern mechanical engineering, molluse 
shell is a remarkable composite material’, synthe- 
sized in physiological conditions (not requiring the 
drastic conditions of heat and pressure used im the pro- 
duction of many man-made composites) and variable 
enough within the Bivalvia to serve special functions for 
the swimming scallop, the surf-resistant mussel and the 
permanently anchored giant clam. 

I thank W. Kirby-Smith for collecting animals and 
Professors K. Schmidt-Nielsen and E. R. Trueman and 
the students in my research group for criticizing my 
manuscript. 
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Fingerprints: A New Classification Scheme 


by 
R. CLERICI 


istituto di Elaborazione della informazione, 
Consiglio Nazionale delle Ricerche, 

Via S. Maria 46, 

Pisa, Italy 


BEFORE introducing my new classification of fingerprints, 
I must draw attention to the background which makes 
it necessary. At the turn of the century, fingerprint 
comparison became the fundamental method of personal 
identification. Fingerprints have been and still are 
investigated in anthropological, genetical and clinical 
contexts, to establish relationships between, for instance, 
fingerprint figures and chromosomal aberrations!~’, 
Several classification schemes are currently in use, 
devised originally for police work, such as the Henry 
system® (used by the FBP, Scotland Yard* and most 
other police forces), and the Gasti system (used by the 
Italian Police). These schemes are fairly similar, and all 


This system classifies fingerprint patterns in terms of deformations 
ofaset of concentric circles, which can be characterized quantitatively. 


rest on the recognition of three fundamental patterns: 
called arch, loop and whorl (Fig. la~c), and a few transi- 
tional figures, the commonest of which are the tented 
arch, the central pocket loop, and the twin or double 
loop (Fig. 1d—f). The differences between various classifi- 
cation schemes mainly concern conventional rules for 
encoding the patterns in Fig. 1. The classification inm 
Fig. 1 is usually refined (in the case of loops) by taking 
into account what is called the ridge-count, obtained 
by counting the number of dermal. ridges cutting or 
touching a straight line between the triradiua or triradii 
(marked by solid arrows in Fig. 1) and the pattern core 
(marked by a dotted arrow). . 











There is, however, no 
information concerning the contribution of the different. _ 
erystal textures to strength or other functional properties 


780 


Requirements for a Scientific Classification 


These classification schemes are mostly suitable for 
encoding and searching fingerprint files. The adoption 
of the classification in Fig. 1 for anthropology and other 
sciences is, however, based simply on its availability, 
and although it has proved useful no rational basis or 
formation theory exists behind it. For studies of this 
kind, a classification scheme should at least satisfy the 
following conditions: (a) it should take into account only 
the global structure of the print, disregarding minute 
features, which are certainly much less significant in 
this kind of work (the minutiae are more valuable 
when personal identification is required); (6) it should 
allow a natural classification of all transitional figures; 
(c} the result of the classification step should be expres- 
sible quantitatively as a set of parameters, this set being 
sufficiently informative to regenerate a figure which is, 
as far as global structure is concerned, very close to 
the original one. 

Tt has been suggested? that the number of figures should 
be increased to 18, to account for a greater variety of 
transitional figures: this scheme includes six varieties 
each of arch, loop and whorl, and aims to represent a 
continuous transition between the fundamental figures. 
(For another scheme comprising many transitional figures, 
see ref. 1, p. 62.) 

In practice, all these schemes (no matter how many 
classes are considered) have a degree of arbitrariness: it is 
sometimes difficult to place a given fingerprint in one or 
another of the classes, and conventions about minute 
particularities of the pattern are often invoked to settle 
the matter. 


Topology and Fingerprints 


My new classification scheme is based on entirely differ- 
ent grounds. The global structure can be regarded as 
if the figure is the trace of a physical phenomenon. For 
example, dermal ridges could be interpreted as the walls 
of flax of a moving fluid, or as the contour lines of a topo- 
logical surface. Consider the arch, loop and whorl framed 
in rectangles in Fig. 2a~c. If the ridges are extended and 
connected as shown by the dotted lines, then these three 
patterns can be thought of as generated by deforming 
in three different ways the concentric circles in Fig. 2d, 





Fig. 1. [Fundamental fingerprint patterns: a, arch; b, loop; e, whorl; 
å, tented arch; e, central pocket loop; f, twin or double loop. 
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Fig. 2. The basis of the proposed classification. 





and by limiting the observation field to the rectangles. 
It can easily be shown that any fingerprint instance can 
be cast in this framework. 

The ridges, closed through the dotted lines, can now be 
thought of as contour lines of a topological surface. This 
approach satisfies conditions (a) and (6) here; condition 
(ce) will also be satisfied if the problem can be solved of 
expressing in a closed form the topological surface in 
terms of a suitable number of parameters, so that, by 
varying the parameters, the set of contour lines describes 
all possible fingerprint figures. Given a fingerprint 
instance, the classification step will then consist in finding 
the set of parameter values which gives the closest approxi- 
mation to the figure. Of course, in this interpretation, 
minutiae such as ridge endings and bifurcations must 
evidently be disregarded: actual ridges in a given finger- 
print instance are substituted by ideal ridges, which span 
from one border of the rectangle to another border. This 
idealization of a fingerprint does not entail any loss of 
relevant information, for any classification scheme would 
disregard minutiae as meaningless. 

I am currently working with U. Montanari on the 
problem of finding the closed form of a suitable surface. 
Several promising approaches have been investigated, 
and these will be reported in a forthcoming paper. This 
classification scheme evidently calls for the use of a digital 
computer, and in fact it has been devised for an automatic 
fingerprint classification system®®, which our group is 
developing in connexion with the Paediatrics Clinic of 
the University of Pisa. The system will be used for 
studying fingerprints in relation to congenital diseases. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Estimate of the Gravitational 
Radiation from NP 0532 


THERE is considerable interest!? in detecting gravitational 
radiation from pulsars, in particular NP 0532 (the Crab 
Nebula pulsar). In this article the gravitational radiation 
to be expected from NP 0532 is estimated on the basis 
of the oblique rotator model*-*. This is a “lighthouse” 
model which postulates that pulsars are rotating neutron 
stars with a frozen-in magnetic field (see Fig. 1). The 
axis of the magnetic field is skewed with respect to the 
axis of rotation. Rotation carries the magnetic poles 
around in a circle, with the consequent emission of low 
frequency electromagnetic radiation. This radiation is 
then converted into other forms of energy, such as rela- 
tivistic electrons and pulsed, higher frequency radiation‘-*. 

The rate at which rotational energy is lost via the rotat- 
ing magnetic dipole mechanism has been shown to be*-6 


dWe 27 l 
== —- 14H? g® sin? l 
a + 303 ra’ sin? G (1) 





Pem = ~« 


where Pem is the rate of energy loss via the magnetic 
dipole mechanism, Wx is the total rotational energy of 
the neutron star, and « is the efficiency of the magnetic 
dipole process in converting rotational energy into the 
energy observed to be emitted from the Crab Nebula. 
Hp is the pole strength of the (assumed) dipole magnetic 
field, 6 is the angle between the magnetic axis and the axis 
of rotation and œ and a are the angular rotation rate and 
radius of the neutron star, respectively. 

Let us suppose that the rotational energy of the neutron 
star supplies all the energy necessary to sustain the 
observed radio, optical and X-ray emission from the 
Crab Nebula. This assumption is supported by the 
approximate equality of the observed radiation from the 
Crab Nebula and the estimated rate at which the rota- 
tional energy of the neutron star is lost®-§. This estimated 
value for dWr/dt is based on the observed decrease in 
the period of N P 0532 and an assumed moment of inertia 
for the neutron star. 

In these conditions, polar magnetic field strengths of 
the order of 5 x 10? G are required®. Such a field does not 
seem unreasonably high on the basis of its derivation from 
ordinary stellar fields during the collapse in which the 
neutron star was formed. 

The presence of such a strong magnetic field will tend 
to distort the shape of the neutron star. A dipole magnetic 
field results in a flattening of the surface of the star in the 
region of the magnetic poles—the effect is quite similar to 
that of rotation. In the case of the oblique rotator model 
this flattening is asymmetric with respect to the axis of 
rotation, and leads to a star with a time-dependent 
quadrupole moment. We therefore expect the star to be 
& source of gravitational radiation. We can estimate the 
degree of flattening to be expected with the help of a 
calculation due to Ferraro’. Although we should not 
expect the result to hold exactly (chiefly because of our 
ignorance of the form of the magnetic field inside the 
star), it should provide a reasonable estimate. 

Ferraro has found that for a liquid star of uniform 
density which has a uniform magnetic field within and a 
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Fig. 1. Geometry of neutron star according to the oblique rotator model, 

The magnetic dipole fleld flattens the poles of the star, giving it the shape 

of an oblate spheroid, The oblique rotator hypothesis requires that the 

magnetic axis be inclined at ne angle § with respect to the axis of 
rotation, 


dipole field without, the eccentricity of the equilibrium 
configuration e is given by 


Hia* W s 
e* = Qi ~ 10 G (2) 


where I is the moment of inertia of the neutron star and 
G is the usual gravitational constant. W and 0 are the 
star’s total magnetic and gravitational energies, respec- 
tively. 

Note that because the star rotates on an axis not coin- 
ciding with the magnetic axis, the star is not an oblate 
spheroid. It is much more complex. It should be a good 
approximation, nevertheless, to assume that the star’s 
time-dependent quadrupole moment may be calculated 
from the model of an oblate spheroid rotating about an 
axis not coinciding with its short principal axis. This is 
true because the distortions resulting from either rotation 
or the magnetic field are small, and because the rotational 
distortion of the star results only in a constant quadrupole 
moment. 

The weak field approximation to general relativity 
tells us that the average power emitted in the form of 
gravitational waves from a body with a time-dependent 
quadrupole moment is!” 


Gt 
Ps = 45c Qaf (3) 
where Qag is the quadrupole moment of the body. 

We can compute the quadrupole moment of a homo- 
geneous oblate spheroid of eccentricity e and moment of 
inertia I, the short principal axis of which is skewed at 
an angle 6 to the axis of rotation, and we find that 


Qag = 18I%e%a* (1+ 15 sin? 8) sin? 6 (4) 


In the calculations we shall assume that 0 = 90° and set the 
factor (1+15 sin? 6)=16. The assumption that 0= 90° is 
supported by analogy with magnetic stars, most of the 
magnetic axes of which seem to be skewed at a 90° angle 
with respect to their rotational axes". 
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Note, however, that this assumption of a value for 0 in 
the factor (1415 sin? 6) can affect the outcome of the 
calculation by an order of magnitude only. As will be 
seen, the sin? 0 factor cancels against the sin? 0 in equation 
(1). In other words, sin? 0 cannot be zero if Pem is not. 

By substitution of equations (1) and (2) into (4), and 
then (4) into (3), we find that several terms relating to 
specific details of the structure of the neutron star 
(specifically, I, e and 6) drop out. We are left with a 
proportionality between the gravitational and electro- 
magnetic radiation rates 


48 oase 
Pe~ = Ge Prem 
Sre 


48a roar: dWrR 


5x Ve dt 


(5) 


FS ome 


It is interesting to note that oa = Vs the surface velocity 
of the neutron star. The ratio of the gravitational radia- 
tion to the electromagnetic radiation emitted, P«/Prm, is 
thus of the order v3/c?. 

Assuming & radius of 10° cm for the neutron star and 
knowing that the frequency of NP 0532 is 30 s~, we use 
the total emission of the Crab Nebula'? (assumed to be 
equal to dWz/dt), 7 x 10%? erg s-t, to obtain Pg~5 x 10" 
a erg s1. Estimates of « in the literature range from an 
assumed value of unity! to a value of 0-1 (ref. 5). These 
estimates allow us to predict the approximate range in 
intensity of the gravitational radiation from NP 0532. 
This intensity, if the oblique rotator model 1s correct, 
should lie within 8 x 10°? to 8 x 10% erg s-i. 

Because the electromagnetic flux from the Crab Nebula, 
observed at the top of the atmosphere, is 2 x 10-7 erg em~? 
s-1 (ref. 12) we can compute the expected flux of gravita- 
tional radiation on the Earth, as before, to obtain a 
value of 2x 10-1 to 2x10-" erg cm~? st. This flux 
calculation does not require knowledge of the distance 
to the Crab Nebula. It suffices merely to know the total 
electromagnetic flux incident on the Earth, because the 
gravitational and electromagnetic fluxes are proportional. 

I thank Dr Robert L. Forward for his inspiration and 
helpful discussion about this calculation. 

H. J. MELOSH 
Hughes Research Laboratories, 
Malibu, Cahfornia. 
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Velocity of Gravitational Waves 


OBSERVATIONS by Weber? indicate that waves may exist 
in the gravitational field in space. Wave motion in 
general requires transfer of energy between two modes of 
energy storage. The existence of gravitational waves in 
space thus requires a further system of energy storage 
coupled with that in the regular gravitational field. 
The field system for gravitational waves may be analogous 
to the system of magnetic and electric fields that accounts 
for electromagnetic waves. In the gravitational case, the 
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analogue of the magnetic field is a spin-spin coupling 
force between rotating masses*. This force is expected 
to be very small in any experimental arrangement. now 
possible in a physics laboratory on Earth because the 
gravitational coefficient 1 analogous to u (magnetic 
permeability of space) for magnetic fields is equal to 
G/S?, where G is the universal gravitational constant and 
S is the velocity of propagation of gravitational forces 
in free space, which in general relativity theory 1s fre- 
quently assumed to be the velocity of light. 

Developments? in the magnetic suspension of rotating 
masses in & vacuum now make possible the measurement 
of this small force. Such a measurement will be analogous 
to measurements of the magnetic system of units in the 
electromagnetic system, which gave the velocity of electro- 
magnetic waves from the ratio of suitable units in this 
system and the electrostatic system. 

Measurement of the spin-spin coupling of two rotating 
masses will give an experimental value to the velocity of 
gravitational waves. This measurement is expected to 
be the first experimental test of the velocity of propaga- 
tion of gravitational effects. It would provide a crucial 
test of the theory of general relativity’; any result other 
than the velocity of light would require a considerable 
reassessment of the theory. 

The force between two rotating wheels is given approxi- 
mately by F=f (MU, MW.) where m, is the mass of 
one wheel and v, is its average rim speed; m, is the mass 
of the ether wheel and v, is its average rim speed; and 
R is the average distance between the rims, assuming 
R is small compared with the dimensions of the wheels. 

The laboratory apparatus (Fig. 1) for the measurement 
of spin-spin force between rotating masses will consist of 
a Beams magnetic suspension system supporting a fly- 
wheel of strong, heavy material (probably vacuum- 
melted pure wolfram) in a high-vacuum chamber. The 
chamber must be made of heavy stainless steel to mini- 
mize extraneous magnetic effects and to contain any 
fragments in case a wheel bursts, because the rotors must 
be run near their strength limit. 

A second, similar wheel will be mounted below the 
magnetically suspended one so that the two wheels can 
rotate coaxially with a small separation. A metallic 
diaphragm of aluminium and Mu-metal will be placed 
between the wheels to eliminate possible magnetic, 
electrostatic and gas-viscosity forees that might confuse 
the measurement. 

The Beams system allows the magnetically suspended 
rotor te rotate at a speed limited only by its strength 
and to continue rotation in a coasting mode for long periods 
of time. In this mode, smal! changes in the suspension 
force required of the magnetic system can be continu- 
ously observed by a potentiometer balance measurement 
of the variable suspension current. Beams has shown 
that very small changes in the suspended mass can be 
measured in this way, and that the sensitivity can be 
extended several orders of magnitude by long integration 
times and by special design of the variable part of the 
suspension field. Most of the suspension is provided by 
the field of a specially constructed and aged permanent 
magnet. 

An improvement recently made and tested by Beams? 
linearizes the residual magnetic-force control so that 
measurements of changes in the suspension force are 
sensitive enough for observation of the spin-spin coupling 
between rotating masses. The system will be operated 
continuously for long periods of time (weeks or months, 
if necessary), recording the current required for the 
suspension of the spinning test rotor with integration 
times of hours if necessary to reduce the noise interference. 
The lower wheel will be brought to full speed in its isolated 
chamber, stopped and reversed, and brought to full 
speed and then to rest. An accurate record of this cycle 
will be used as a cross-correlation for detecting a similar 
pattern in the suspension force of the test wheel. 
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The change in force on the test wheel observed in tbis 
way provides the raw data from which the coefficient of 
spin-spin coupling can be calculated as a basic measure- 
ment. These observations could be accurate enough to 
determine the velocity of gravitational propagation to 
about three significant figures, provided that the value 
of this constant is near the velocity of light, as expected, 
_orless. If the velocity is much greater than that of light, 
the force this experiment is intended to measure may be 
. undetectable. 

The details of the experimental equipment are being 
designed and refined. 

I thank Professor Jesse Beams of the University of 
Virginia for helpful discussion and suggestions. This 
work is supported by a grant from the Smithsonian 
Institution. 


Fig. 1. Schematic diagram of apparatus, 
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OH Emission and the Infrared Star 
in VY Canis Majoris 


INFRARED stars, which are apparently cool objects and 
are often immersed in dust, have been found recently to 
be sources of OH radio line emission. The OH emission 
is usually concentrated in the satellite line at 1,612 MHz 
with little or no emission at the main line frequencies 
1,665 and 1,667 MHz or at 1,720 MHz. The 1,612 MHz 
emission is unpolarized and typically concentrated in two 
separated velocity regions. 

One of these infrared objects, VY CMa, the existence 
of which was first pointed out by Neugebauer and Leigh- 
ton’, has recently been observed at 1,612 MHz and found 
to radiate the typical OH line emission*. We have 
now measured the line emission from VY CMa in all four 
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OH lines and find that it is a strong emitter 
at 1,665 and 1,667 MHz, and, furthermore, 
that it is variable. E 

The first observations were made with the 
Mark II radio telescope at Jodrell Banh 


red objects at 1,665 and 1,667 MHz. A 
circularly polarized feed was used, both 
senses of polarization being available with 
less than 0-5 per cent cross-coupling. The 
system noise temperature was 150 K and the 
overall sensitivity was approximately 5-5 
flux units per degree Kelvin of serial tem- 
perature on a single polarization, Data pro- 
cessing was carried out on-lme using the new 
autocorrelation spectrometer’ and spectra 
were plotted, after selected integration times, 
by a plotting table linked to the computer. 
Calibration was effected by switching the 
receiver in frequency off the observed region 
to an adjacent band. The bandwidth used 
was 625 kHz. This enabled a velocity range 
of +220 km s-t to be searched with an 
effective resolution of 4:4 kHz or 0-79 
km s7, 

It is interesting to note that no 1,666 
MHz line emission greater than 1-0 K was 
observed on the following sources: the infrared star, — 
CIT 8, the O association, Cepheus IV, R Aquari, Upsilon 
Sagittarii and the carbon star R Coronae Borealis-— 
within the range +100 km s-' of their local standard 
of rest velocities. 

The velocity range searched on VY CMa was rather 
different because 1,612 MHz emission had been found? in 
the ranges — 13 to +7 km s~ and +34 to +58 km s7. 
The observing band, 625 kHz wide, was centred on + 20 
km s- in this case and the reference shifted up in frequency 
by 600 kHz, giving a range of velocities between — 145 
km s and +75 km s. Strong main line emission was 
found between — 2-5 km s-! to + 10 km s^, but no signal 
greater than 1-0 K was found anywhere else in the velocity 
range searched. 

Fig. 1 shows the main line spectra on both hands of 
circular polarization with a 1-1 kHz resolution (0-2 km s-*). 
The spectrum at 1,665 MHz is predominantly left hand 
circularly polarized and that at 1,667 MHz mainly right 
hand. A particularly interesting feature of these spectra 
is the close velocity coincidence of several lines at the two 
main frequencies. It will be interesting to obtain accurate 
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positions of the features to investigate their spatial 
distribution. 

The feature at — 2-5 km s- in the 1,667 MHz spectrum is 
only just resolved at this bandwidth and observations with 
0-55 kHz and 0-28 kHz resolution show that its half-width 
is 1:8+0-2 kHz. The central features in the 1,667 MHz 
spectrum are further resolved into several components 
when observed with a resolution of 0-55 kHz; even higher 
resolution studies may be required to resolve this complex. 
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Fig. 3. Main line OH spectra of VY CMa. Resolution=1:1 kHz. Top, 
1,665 MHz, August 31, 1969; bottom, oe mas August 36, 1969. 
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Further spectra were obtained in August 1969. This 
time measurements were made at all four OH frequencies, 
circular polarization being used at 1,665 and 1,667 MHz 
and linear only being observed at 1,612 MHz and 1,720 
MHz. No emission >1 K was observed at 1,720 MHz. 
The spectrum at 1,612 MHz is shown in Fig. 2 and, although 
cornplex, is similar to that measured by Eliasson and 
Bartlett’. Fig. 3 shows the 1,665 and 1,667 MHz spectra; 
large changes are immediately apparent in the relative 
intensities of several features. Most striking is the decrease 
in the intensity of the +5-0 km s-! feature relative to the 
other features in the right-hand spectrum at 1,667 MHz, 
and also the increase in the 0 km s~ feature of the left- 
hand spectrum. 

OH radio sources have been divided into three classes 
by Turner’. (i) Sources which emit most strongly in the 








The 1,612 MHz spectrum of VY CMa (August 25, 1969) taken with a linearly 
polarized aerial. The emission is concentrated in two velocity regions and no emission 
Resolution = 1-1 kHz. 
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maim 1,665/1,667 MHz lines, (ii) sources 
which show relatively stronger emission in 
either of the satellite lines, (iii) sources which 
show only absorption. Ball and Staelin® 
have pointed out that class (i) sources are 
mainly associated with HIT regions and those 
of class (H) are associated with non-thermal 
sources. The 1,612 MHz emitters discovered 
by Wilson and Barrett! seemed to belong to 
class (ii). 
3 From our recent measurements, VY CMa 
seems to defy this classification. Clearly it 
has class (11) characteristics and is similar to 
the infrared type emitter of Wilson and 
Barrett. Its emission at 1,665 and 1,667 
MHz, however, is characteristic of a class (i) 
source although there is apparently no HII 
region in the vicinity. Wallerstein? has 
55 described VY CMa as a star system which is — 
multiple and variable, immersed in nebulo- 
sity which is 3 or 4 are seconds in diameter. 
Continuum measurements at high frequen- 
cies would therefore be interesting to see 
if indeed an HII region exists of the type 
found near the W3 OH source. Our measurements give 
no hint of continuum emission > 5 flux units at 18 cm. 

The radiation at 1,665 and 1.667 MHz from VY CMa 
seems to be associated with the infrared star itself and not 
with an HIT region. It is interesting to note that infrared 
stars have recently been discovered near several class (i) 
sources’, and it now seems possible these sources also 
may be directly associated with the stars rather than the 
HII regions. 

R. S. Boor 

University of Manchester, 
Nuffield Radio Astronomy Laboratories, 
Jodrell Bank, Cheshire. 
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Observation of a New X-ray Source 


THE purpose of this article is to present a preliminary 
report on a new cosmic X-ray source. The source was 
observed near Seo X-1 during recent rocket flights to 
observe Sco X-1 simultaneously with ground-based 
optical telescopes. It is very likely that we observed the 
source reported to have appeared between July 6 and 
July 9 by Conner et al. in an IAU telegram issued on 
July 30, 1969. 

Our instrument was composed of two proportional 
counters (A and B) filled with Xe—-methane gas at 330 mm 
Hg. The depth of the counter was 5 cm and the effective 
area of each 110 nm Be window was 40 cm®. Each 
counter had cellular collimators and was shielded by 
veto-counters to reduce spurious counts. The field of 
view of counter A was 7°x 35° (FWHM) and its long 
axis was parallel to the spin axis of the rocket. The 
field of view of counter B was 6-4° x 38-5° (FWHM) and 
was tilted by 25° as indicated in Fig. 1. 

The instrument was flown on the Kappa-9M rocket 
at 1215 UT on August 7 from the Kagoshima Space 
Centre (131° 5’ E, 31° 15’ N). The aspect of the rocket 
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Fig. 1. The scanned region of the sky presented in the frame of reference fixed 


to the precession axis of the rocket, 


was derived from a magnetometer. The direction of the 
precession axis was a«=18h 40m+4m, $=20+1° and 
the cone angle was 6-5+1°. The scanned region of the 
sky is shown in Fig. 1. Output pulses from the counters 
were telemetered to the ground station and the arrival 
time and energy of each X-ray photon were recorded. 
“The pulse heights of the proportional counters were 
calibrated during the flight with an Fe source (5-9 keV) 
once every 36 s fer about one second. 

The rocket was above 100 km altitude for approxi- 
mately 420s and part of the data obtained during this 
period has been analysed. The distribution of count 
rates with respect to the azimuth in the rocket frame of 


~ ¥eference at a certain precession phase is shown in Fig. 2. 
. The existence of a strong source in addition to Sco X-I 


lear. Its position is estimated as «= 14 h 55 m + 10m, 





ka - = ~—-32+3°, This region of the sky has been investigated 


well since the discovery of Sco X-1 and it is certain that 
‘there has been no source there with an intensity larger 
than one hundredth that of Sco X-1 until recently. 
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The spectrum of the source corrected for 
the counter efficiency is shown in Fig. ¢ 
together with that of Sco X-1 observed at 
the same period. The two spectra are 
similar. The X-ray intensity of the source 
in the energy range 2-25 keV was 44 
photons cm? s-! and was approximately 
0-8 times the intensity of Seo X-1 in this 
period. Conner et al. reported that the 
intensity of the new source was twice that 
of Sco X-1, so the intensity might have 
decayed by a factor of two in a month. 
The source seems to resemble Cen X-2 
which has a nova-like behaviour!, Lf we 
accept the classification of X-ray apectra 
into the Sco X-1 type (exponential spec- 
trum) and the Tau X-1 type (power law 
spectrum), then the new source would seem 
to be in the Seo X-I category. 
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An analysis of the second flight which took place one 
day after the flight reported here will be published later. 
We thank the personnel of the Space Technology 
Division and the Kagoshima Space Centre, Institute of 
Space and Aeronautical Science, University of Tokyo, who 
enabled us to carry out the rocket observations. 
Note added in proof. The report by Conner et al. was 
published in Astrophys. J. Lett., 157, 157 (1969). 
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Possible Identification of the Diffuse | 
Interstellar Absorption Band at 4430 A 


ALTHOUGH the diffuse interstellar band at 4430 A and 
its twenty or so companions have been known for many 
years, these bands are still unidentified. The 4430 A 
band, in particular, has been the subject of much specula- 
tion*-*. So far there have been few attempts to reproduce 
these bands in the laboratory. of 
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Fig. 1. Curves (a@}(d):, spectra of SN~NGC-2713 showing interstellar 
absorption at ~4430 A. Curve (e): average of (a)-(d). Curve (f): 
spectrum of ~0-01 per cent Ca in C,H, at 55 K. 
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The image tube observations of Briick and Nandy’ 
show that the 4430 A band can be highly asymmetric and 
may in certain cases have an emission wing to shorter 
wavelengths. A  dispersion-type profile is predicted 
theoretically when an impurity centre in an interstellar 
grain possesses a symmetric absorption band at 4430 A 
(refs. 8 and 9). Alternatively, this asymmetry may be 
simply the result of the intrinsic asymmetry of solid state 
absorption bands‘. Further evidence that the 4430 A 
band has its origin in a solid state effect is provided by the 
fact that no known astrophysically abundant atomic or 
molecular species possesses a strong broad absorption 
band at 4430 A. A possible exception is CH; which is 
predicted to have absorption bands in this region’. 

The possibility that the interstellar band at 4430 A 
might be due to the shifted 4226 A resonance line of neutral 
Ca has been examined previously. At that time it was 
demonstrated that this line could be greatly shifted and 
broadened by trapping Ca atoms in a low temperature 
matrix of one of the inert gases. It was suggested that the 
Ca resonance line might be shifted from 4226 A to 4430 A 
in a matrix of some sort of hydrocarbon. Subsequently, 
the spectrum of atomic Na on solid hydrocarbons has been 
discussed with reference to the diffuse interstellar lines 
at 5780-6 and 5797-1 A (ref. 11). 

Recently, the 4430 A and other diffuse interstellar bands 
have been recorded as intense absorption features super- 
imposed on the continuous emission spectrum of a super- 
nova in NGC 2713 (refs. 12 and 13). The high luminosity 
of this source (Mpg = — 20) has allowed these bands to be 
photographed without the troublesome effect of a large 
decrease in continuum level due to reddening. The great 
optical depth at 4430 A means that absorption in the 
wings of this band is enhanced and the band therefore 
appears much wider than is customarily observed*. 
Curves (a)-(d) in Fig. 1 show smoothed spectra of 
SN_NGC_2713 in the 4100-4700 A region obtained from 
the microdensitometer traces of Ford and Rubin”. 
Curve (e) represents a simple average of the four spectra’? 
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and clearly exhibits the great width of the 4430 A band. 
We have also plotted, as curve (f), the spectrum of a dilute 
(~0-01 per cent) dispersion of atomic Ca in benzene 
obtained at 55 K. It can be seen that, apart from a 
slightly larger width, the band due to the 4226 A transition 
of Ca in benzene closely resembles the interstellar band in 
curves (a)-(e) We will examine this coincidence in 
greater detail. 

Ca dispersions in solid benzene, toluene, diphenyl, 
triphenylene, decane, tetradecane, methanol and ethanol 
have been prepared by deposition of a molecular beam of . 
the hydrocarbon together with a beam of Ca onto a 
quartz substrate held at 55 K in a cryostat of conventional 
design. Flow rates were adjusted to yield concentrations 
of ~0-1-0-01 per cent Ca in the resulting solids. Spectra 
were recorded photoelectrically using an EMI 9558QB 
photomultiplier on a Jarrell-Ash 0-25 m scanning spectro- 
meter. The spectrometer was placed between the 
continuum source and the Ca-hydrocarbon solid. De- 
position times of about one hour were usually sufficient 
to vield samples of good optical density. 

Some absorption spectra of the system Ca-C,H, recorded 
at 55 K are shown in Fig. 2. The only feature noted in 
these spectra of dilute samples is a broad band with an 
asymmetric profile situated in the 4450 A region. This 
band is seen to extend from ~ 4250 A to longer wavelengths 
with the absorption peak moving from 4420 A to over 
4500 A with increasing Ca concentration. Warming these 
samples produces little change until the temperature 
reaches about 110 K when the entire band begins to 
disappear. Warming to 110 K followed by quenching to 
77 K fails to sharpen the band and “freezes in” the profile 
seen at high temperatures. 

In contrast to the thermal stability of Ca~C,H,, the 
spectrum can be destroyed easily by exposure to the full 
light from a tungsten lamp for several minutes. This 
effect may be due to a photochemical reaction between 
Ca (4!P°) and either the matrix or another trapped impurity 
such as H,O. Alternatively, transfer of part of this energy 
to the lattice may permit diffusion and recombination of 
Ca atoms. Recombination by diffusion would be enhanced 
in our samples because of the relatively high Ca econ- 
centrations employed. In unpublished work, we have 
observed a similar effect in Mn—-C,H, dispersions but not 
in those of Na-C,H, or K-C,H,. 


i 
j 
i 


/ 


ae 


remvarenenttie 
a, 





| 
| 


N, 


increasing Ca concentration 
en i 


5000 


i T 


Fig. 2. Absorption spectra of atomic Ca in C,H, at 55 K. The bottom 
spectrum represents a sample with somewhat lesa than 0-01 per cent Ca. 
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As the Ca concentration is increased the band at 4420 A 
in dilute samples moves to longer wavelengths and 
diminishes in intensity. Various satellite bands then begin 
to appear at 3930, 4630 and 4770 A. In heavily doped 
samples, the spectrum reduces to that shown in Fig. 3. 
There is no evidence of any band between 4400 and 4500 A. 
We interpret the broad intense absorption features 
at 4630-4770 and 3930 as being the transitions 
GS +18) Ej—(S+ 1P) hy and (8 -+ 18) 127 —0S + 1P) Ui p, 
respectively, of Ca,. Ca, molecules are formed by re- 
combination of Ca atoms during deposition. 

Absorption bands due to Ca impurities in some other 
hydrocarbon matrices at 55 K are summarized in Table 1. 
It can be seen that although more than one band appears 
in most systems, none of these samples has a band 
within + 50 Å of 4430 A. The Ca-C,H, system is therefore 
unique in this respect. 

It is of interest now to compare the Ca concentration 
in our samples with that necessary to provide the observed 
absorption at 4430 A. With an absorption of ~ 0-1 mag. 
kpe~? at 4430 A, it can be shown that the density of 
absorbers must be N ~ 3 x 10- f-t cm~, where f is the oscil- 
lator strength. For Ca, f~1, and hence with a grain 
density of 10-11-10- em~, 10-104 Ca atoms per grain 
are required. With 108-10* molecules/grain, the relative 
concentration, 9, varies from 10-7 to 10-4, In our samples 
plo- and the thickness of the deposit is typically 
10 cm. For ọp=10 we have NL~10" atoms em-? 
as opposed to NI ~ 10% cm- for Am= 0-1 mag. kpe. As 
a result of this increased optical depth, the experimental 
absorption band is wider than that observed in interstellar 
absorption. It is only when the path length becomes 
very large as in SN-NGC-2713 that NL approaches the 
value in our solid samples. We plan to extend our 
investigations to thinner, more dilute films. 

Aromatic hydrocarbons of high chemical and thermal 
stability have been considered previously as a possible 
source of interstellar extinction’. It seems likely that 
highly stable hydrocarbons of the graphite precursor 
series, benzene, diphenyl, and so on, could be formed in 
the atmospheres of cool carbon stars'*17, Because the 
melting points of these hydrocarbons are relatively high 
(279 K for C,H,), once condensed on interstellar grains 
at a temperature of ~ 25 K they are stable agamst evap- 
oration in HI regions over the period of cloud—cloud 
collisions, œ 107 yr. 

The similarity of our spectrum in Fig. 3 to certain other 
interstellar absorption bandsisalsostriking. In particular, 
Seddon notes a pattern of bands at 4150, 4870 and 5100 A 
which are not unlike our Ca, bands at 3930, 4630 and 
4770 A. Because it is not unreasonable to assume that 
more than one type of hydrocarbon may be frozen to inter- 
stellar grains, these interstellar bands could be due to 
grains containing a higher Ca concentration than those 
responsible for the 4430 A band. 


WAVELENGTHS OF ABSORPTION FEATURES IN THE SPECTRA OF 
Ca~HYDROCARBON DISPERSIONS AT 55 R 


Table 1, 


All wavelengths are accurate to +10 A 
System Wavelengths 
Ca~benzene 4420-»4500 A (Low concentrations) 
3930 (High concentrations) 
4630 
4770 
4570 


Ca-~diphenyl 
4530 


Ca-tripheny lene 
Ca-~toluene 


Ca~decane 


Ca-tetradecane 


No spectrum observed 
No spectrum observed 


Ca-methanol 
Ca~ethanol 





3930A——~—— 
4630 
qzp 


Fig. 3. Absorption spectrum of ~1 per cent Ca in C,H, at 55 K. 


In conclusion, we have found that the perturbed 
resonance line of neutral Ca shifts to 4420-4500 A at 
55 K in a matrix of benzene. The exact wavelength of 
peak absorption depends on the Ca concentration in the 
matrix. With a concentration of ~0-01 per cent this 
peak lies at 4430+ 20 A. This spectrum is compared with 
the spectrum of SN~NGC-2713 which shows an intense 
4430 A band. Of the many Ca-hydrocarbon systems 
investigated only Ca-C,H, yields a band in this region. 
It therefore appears likely that the system Ca-O,H, is a 
prime candidate for consideration as the source of the 
interstellar band at 4430 A. Bands at 4150, 4870 and 
5100 A may also be due to absorption by Ca, molecules in 
another typs of hydrocarbon. 
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National Research Council of Canada. One of us 
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Stability of Solid Hydrogen Coated 
Graphite Particles 


RECENTLY, Wickramasinghe and K. S. K. S.t have shown 
that the extinction curves for graphite particles coated 
with solid hydrogen reproduce well the observed red- 
dening curve over the observed spectral region. The 
albedo and phase function for the particles were also 
shown to be consistent with observations. It was suggested 
in a qualitative manner that the solid hydrogen mantles 
could be stable in an interstellar radiation field due to the 
presence of optically active transitions at frequencies 
~10cm-}?, It is quite possible to get such transitions 
due to the presence of ortho molecules of hydrogen in 
the mantle. In this paper we make some detailed calcula- 
tions on the temperature of grains coated with solid 
hydrogen and their evaporation rates in interstellar space. 
It turns out that the temperature of the grains is con- 
siderably higher than the temperature required to main- 
tain them. 

An interstellar grain assumes a temperature such that 
the energy absorbed from the interstellar radiation field 
balances the infrared reradiation. The equation describ- 
ing such a condition for a grain of radius a is given by? 


w0 


j Qavsla, A) Fida = f Qans(a,A)BOA,Te)dd (1) 
0) 


where F; is the flux of the interstellar radiation field, 
Tz is the grain temperature, B(A, Tg) is the Planck function 
and Qans(a@,A)na* is the absorption cross-section at wave- 
length 4. For the present we use for F3 the interstellar 
radiation field in the solar vicinity estimated by Zimmer- 
mann?, The absorption cross-sections have been ealeu- 
lated from Guttler’s theory. For the far infrared (27a/ 
*4<€1) the absorption cross-section is calculated from the 
relation! 


a a ap T AIN Ez 2 
+ 2)(e, + 2e,)+ g°(2e eae (2) 


where ¢,=m2()) and ¢,=m2(A). Here m, and m, are the 
complex refractive indices of the core and mantle respec- 
tively. g in equation (2) is equal to the ratio of the radius 
of the core to that of the composite grain. For the 
graphite core we use the values of refractive index of 
Taft and Philipp®. For the solid hydrogen mantle we use 
m= 1-05—0-05 2 (ref. 1). The temperature of a composite 
grain consisting of a graphite core of radius 0-05 wm 
covered with a solid hydrogen mantle of variable radius is 
shown in Fig. 1. The temperature of grains which fit 
the extinction curve is ~17 K. To see the effect of a 
decrease in absorption of the solid hydrogen mantle, we 
calculated the temperature of the grain using for the 
mantle m= 05—001 7. It was found that the tempera- 


IMPURITY 


Tg (K) 





y Mantle/y core 


Fig. 1. The temperature of a graphite core of radius 0-05 um surrounded 

by a solid hydrogen mantle of variable radius, Solid curve is for the case 

without weakly bound impurity atoms, Other curves are for grains with 

weakly bound impurity atoms giv ing rise to resonances at Ayxi and 
2 mm. 
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ture of the composite grain for this case was a bit higher 
than the earlier case. This may be because more radiation 
reaches the absorbing graphite core in the latter case. 

Hoyle and Wickramasinghe® have suggested that the 
temperature of the grain will be reduced considerably 
from those of pure grains because of the presence of 
impurities which have large cross-sections in the far 
infrared. Recently, Purcell’? has examined this problem 
in some detail. He finds that although the cross-section 
of the grain is increased because of the presence of im- 
purities, it is not possible to get Y~1. Here we have 
also calculated the grain temperature using Q=1 within 
the absorption band. This will, of course, give the lower 
bound to the temperature of the grain, 

The equation of energy balance (1) then becomes 


f Vans (A, 4 Fd RE x i Qans(@, A) B(A, T gdh 


BOn Ts)d> (3) 


We have considered two cases for the central wavelength 
of the absorption band corresponding to X= 1 and 2 mm 
as the ortho hydrogen molecule seems to have transitions 
around v~10 em. We show in Fig. 1 the temperature 
of the grain for different values of half width §. It can 
be seen that the lower bound to the temperature of the 
grain is ~3 K. 

We now calculate the time scale for the evaporation of 
the solid hydrogen mantle as a function of grain tempera- 
ture. ‘The rate of evaporation of hydrogen molecules per 
cm? per second from the grain is equal to {né8, where n is 
the ambient concentration in equilibrium with a grain at 
a specified temperature, ¢ is the mean molecular velocity 
at that temperature and 8 is the sticking coefficient. n is 
calculated from the vapour pressure of solid hydrogen. 
Here we use G. L. Guthrie’s unpublished laboratory values 
of the vapour pressure of solid hydrogen. He measured 
the vapour pressure of solid hydrogen from 4:7 K to 
11-1 K. For temperatures lower than 4-7 K, we use his 
equation which fits well in the range of temperatures he 
observes. 

The rate of decrease of mass due to evaporation is 
therefore jnimy, where my, is the mass of hydrogen 
molecule. 

Equating this to — o(dr/dt) we have 


dr _ _ nomm (4) 
dt — tp 


We set 62=:10* em s-! and use p= 01 g em. B has a 
value near unity. The evaporation rate of the mantle 
as a function of grain temperature obtained from equation 
(4) is given in Table 1 together with the time scale for 
evaporation of a mantle of thickness ~ 10-5 em. We also 
show the vapour pressure and equilibrium concentration. 
From Table 1 we see that the time scale for evaporation 
of a hydrogen mantle with a thickness of ~ 10-5 is very 
small. 


Table 1, TIME SCALE FOR EVAPORATION OF SOLID HYDROGEN MANTLES 


Evaporation Time 
Tg (K) P (dynes cm“) N (em) rate (cm $7} scale (8) 
7:43 5:359 (1) 5226 (18) 4:36 (— 3) 7" 
5-09 2-519 (-2 3 586 (13) 2-09 (~ 6) ~ 1G 
4-92 1-360 (~2 3008 (13) 1-67 (—6) ~10 
4-71 6:025 (— 3) T28 (12) 774 (7) ~ 0? 
4-00 6°670 (— 5) 1-208 (11) 1-01 €-8) ~ 19% 
3°00 8-03 (— 9) 1-940 (7) 1-62 {— 123 ~ 107 


Thus we have calculated the expected temperature of 
graphite core-solid hydrogen mantle grains in interstellar 
space for the refractive index of the mantle as given 
by Wickramasinghe and K.S.K.8.1, and shown that 
the temperature of the composite grains is not low enough 
to keep their mantles for a time scale ~ 10° yr or so. For 
the time seale calculation we used the vapour pressure 
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of pure solid hydrogen, and the presence of impurities, of 
course, changes the vapour pressure of the pure substance. 
But it is highly unlikely that the presence of ~ 1 per cent 
of metallic impurities that one can get in dust clouds can 
change the vapour pressure by a few orders of magnitude. 
It therefore seems that it is not possible to increase con- 
siderably the time scale of evaporation of the solid hydro- 
gen mantle from the values in Table 1, although it may 
be considerably reduced because of less efficient far infra- 
red emission. This poses a real dilemma for the graphite 
core~sohd hydrogen mantle model for grains in inter- 
stellar space. 

One of us (K. 8. K. S.) is an NAS-NRC research asso- 
ciate. 
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Motion of Phobos 


THERE have been several attempts to explain the large 
secular acceleration of the motion of Phobos (the closer 
of the two satellites of Mars) that was derived by Sharpless! 
by fitting a quadratic expression for the mean longitude 
to five selected groups of orbital elements covering the 
period 1879 to 1941. An analysis? of all suitable visual 
observations made during the period 1877-1929 failed, 
however, to confirm this secular acceleration. The orbital 
elements obtained in this analysis, taking the secular 
acceleration as zero, were subsequently? shown to fit 
these visual observations and also positions obtained by 
Sharpless in 1941 and, photographically, by Kuiper in 
1956 to within about +2° in the value of the constant 
term im the linear expression for the mean longitude. 
This uncertainty is believed to be due partly to the errors 
of the observations and partly to the approximations in 
the orbital model used to fit the observations. 

Two pairs of observations made at the Pulkovo 
Observatory in 1956 and 1967 have recently been made 
available in a personal communication by Professor 
G. A. Chebotarev. Again I have found that the same 
orbital elements fit these observations with residuals of 
only +2° in mean longitude. On the other hand, the 
quadratic term given by Sharpless would have contributed 
some 8° to the mean longitude in 1967. I conclude that 
any secular acceleration of Phobos is much less than that 
given by Sharpless, but unfortunately we are not at 
present able to specify a value that could be used meaning- 
fully in estimating the relevant physical properties of 
Phobos and Mars. 

G. A. WILKINS 
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Royal Greenwich Observatory, 
Herstmonceux Castle, Sussex. 
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Allende Meteorite : Some Major and 
Trace Element Abundances by Neutron 
Activation Analysis 


Tue Allende (Chihuahua, Mexico) meteorite of February &, 
1969 (ref. 1 and unpublished report of R. S. Clarke, jun., 
E. Jarosewich, B. Mason and J. Nelen), is of great interest 
because it belongs to a group of relatively rare carbon 
containing meteorites known as the carbonaceous chon- 
drites and because the amount of material collected so 
far already exceeds the total weight of all other carbon- 
aceous chondrites in museum collections. 

We suggest that sufficient material is now available 
(estimates of a fall of more than one ton have been made) 
for this meteorite to serve as a source of a “standard 
meteorite” powder of the same type as the standard rocks 
provided by the US Geological Survey. Interlaboratory 
comparisons of meteorite analyses have always been 
hampered by the scarcity of most types of meteorites 
and the tendency merely to extract a chip from the bulk 
specimen rather than to prepare an adequate amount 
of homogeneous powder. We feel that many of the 
abundance discrepancies in the meteorite literature may 
be due to the inadequacies of sampling. It is hoped that 
one of the institutions holding a large amount of the 
Allende fall would consider preparation of a homogenized 
powder in sufficient amounts to provide for meaningful 
interlaboratory comparisons for those involved in meteorite 
studies. 

In the hope that this meteorite will become important 
in the interlaboratory comparison of analytical techniques, 
members of the radiochemistry group at the University 
of Kentucky have analysed for fourteen elements in 
homogenized powders derived from three individual stones 
of the Allende fall. The elements cover a wide range of 
geochemical affinities. Interior fragments of 4 to 5 g 
from two different stones were powdered individually 
in an agate mortar and designated specimens S-5207a@ and 
S-52076. Two interior fragments of a third atone were 
powdered separately in the agate mortar. These latter 
two powders were designated S-52lla and 8S-S2116. 
Hence comparisons between data for 8-521la and S-52116 
are for different fragments of the same stone while cora- 
parisons of data for S-5207a, 8-52076 and the mean for 
both §8-5211 powders are for three separate stones. 
Detailed deseriptions of the experimental techniques 
have been published previously or will be published 
elsewhere and are not given here. The data obtained 
are presented in Table 1. The error limits expressed 
in the last column represent the standard deviation for 
the mean, based on all aliquants analysed. 

Reference to the compilation of elemental abundances 
in carbonaceous chondrites by Mason’ suggests that the 
observed elemental abundances in Allende are closely 
similar to those in type HI carbonaceous chondrites, 
as defined by Wiik®. This suggestion has been made pre- 
viously by King et al? and in an unpublished report by 
Clarke, Jarosewich, Mason and Nelen. The abundances 
found here for the strongly siderophilic elernents such as 
Ni, Co, Ir, Au and Pt are among the highest reported for 
analyses of carbonaceous chondrites. Allende contains 
only minute amounts of free metal phase and much of 
the Nt and Co occurs as pentlandite (unpublished report 
of Clarke et al.). Possibly some Ir, Au and Pt may also 
be present in the sulphide phases. 

Clarke et al. also suggest that Allende is very similar in 
gross chemical and mineralogical composition to the 
carbonaceous chondrite Mokoia. Mokoia was classified 
as a type II carbonaceous chondrite by Wiik®, but a more 
recent classification by Van Schmus and Wood* based on 
chemical composition, textural and mineralogical features 
places Mokoia in a group designated C2 which contains 
most of the carbonaceous chondrites of type IT as defined 
by Wiik. Some specific comparisons of the elemental 
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Table 1, ELEMENTAL ABUNDANCES IN THE ALLENDE METEORITE 








5 Specimen Specimen Mean fer speci- Specimen Specimen Mean of 
Element Method S-52lla S-52Lib men 81-521 S-5207a 8-5207% all specimens 
Si 0%) (i) 15-85 16-26 15°75 15-76 16-13 15-81 40°35 
15-35 
18-53 
Mean = 15-58 
O (%) (1) 36-2 36-2 35-7 35°7 36:9 35:9 40-7 
34:9 
35-6 
Mean = 35-5 
Ni (%) (2) 1:43 1-42 1-42 1-33 1°55 1:43 + 0-09 
Na (%) (2) 0-35 0-32 0-34 0-32 0-33 0-33 40-01 
Co (p.p.m.} (2) 590 595 592 572 693 612 + 54 
(5) —— 701 = 686 ~~ 684 +17 
Ir (p.p.m.) (2 O75 0-70 0-72 0-70 0-7 07i +003 
Zr (p p.m.) (3) 13-8 11-1 12-4 12-2 ILO 12-007 
Hf (p.p.m.} {3} 16 0-19 is HASi IS 0°16 + 0-02 
Au (p.p.m,) (4) -— 0-25 0-26 m= -= 0:26 + 0-01 
0-25 
0-26 
0-27 
0-27 
Mean= 0:26 
Pt (p.p.m,) (4) — 2-4) 1s ooo ~ 1840-2 
1-6 
LF 
17 
2-{} 
Mean= 1°38 
Fe (% (5) — 24-8 _ 23-9 — Qb-44+ 04 
Cr (% (5) — 0-40 —~ 0-38 m 039401 
Se (p.p.m.) (5) — 12-4 —_ 11-8 vom 12-2 +0-2 
W (p.p.m.) (6) 0-13 19 14 FIR 0-15 0-15 40-02 
0-14 id O16 0-14 
0912 O14 0-19 0-16 
Mean= 0-13 -16 0-18 0-15 


(1) Non-destructive 14 MeV neutron activation analysis. The nuclear reactions involved are “O(n,p)'*N and *Si(n,py*Al. At least six replicate analyses 
for each element were averaged to obtain each value listed in Table 1. Silicon and oxygen are strongly correlated (correlation coeflicient r= 0-87), suggesting 
that the differences in abundances of these elements among the various aliquants are real. The standard deviations for the six replicate analyses on a given 
sliquant ranged from +0-5 to +12 per cent oxygen and from +011 to + 0-24 per cent silicon. The precision of these analyses is superior to that previously 
potion ot gioa and oxygen by this laboratory’ and the modified procedures used will be published in a report being prepared by J, W. M. and W. D. E. 
Analyst: J. W. M, 


(2) Reactor neutron activation and gamma~gamma coincidence spectrometry. All reactor irradiations were carried out at the Air Force N.E.C. Reactor’ 
Dayton, Ohio, in a flux of 10° neutrons (thermal) em-* s+, The nuclear reactions involved are **Ni(n,p)**Co, ?*Na(n,7)**Na, “Co(n,y)*Co, and Mirnyi 
Samples were irradiated for a period of one hour. The determinations were purely instrumental and brief descriptions of the techniques used have been 
reported previously**, Analyst: D. M. Mck. 


(3) Thermal neutron activation followed by radiochemical separation of zirconium and hafnium and Ge(Li) gamma-ray s ctrometry. The nuclear 
reactions involved are “Zar(n,y)*Zr and Hfin,yy® Hf. Irradiation was for four days. Zirconium and hafnium were separated as a group from the bulk 
of the interfering activities by use of a strongly basic anion exchange resin, using inactive zirconium carrier. Chemical yields were determined by spectro- 
photometric techniques. The procedures have been described by T. V. R.2 and will be published in detail elsewhere. Analyst: T.V. R 


(4) Thermal neutron irradiation followed by radiochemical separation of gold and Ge(Li) gamma-ray spectrometry. The nuclear reactions invo]ved 
are Y Aum, yp tAn and Ptn, y) Pt. The radionuclide Pt beta decays with short haif-life to radioactive Au which was used as the indicator radio- 
nuclide for the determination of platinum’. Irradiation was for four days. Gold was separated by substoichiometric extraction with copper diethyldithio- 
carbamate in chloroform. Gold was determined by counting the 0-41 MeV gamma-ray of Au and platinum by counting the 0-16 MeV gamma-ray of Au 
using a Ge(Li) detector. Details of the procedure will be published elsewhere by D. E.G. and W. D. E. Analyst: D. E. G. 


(5) Thermal neutron irradiation and direct Ge(Li) gamma-ray spectrometry. The nuclear reactions involved are Felin p Fe, COriny tOr 
sgen, y) So, and Colin, Co. Irradiation was for 36 hours. The irradiated samples were counted directly with no radiochemical separation using a 
Ge(Li) detector for gamma-ray spectrometry, Potential spectral interferences were calculated to be negligible. Details of the experimental technique 
will be published elsewhere by D, L. 8. and W. D. E. Analyst: D. L. 8. 


(8) Thermal neutron irradiation followed by radiochemical separation of tungsten and Nal(Tl) spectrometry. The nuclear reaction involved is 
Win y) W, The irradiation was for one day. The irradiated samples were dissolved in an acid mixture and the gross activity removed from the resulting 
solutions by passing them through Dowex-1, X-8, 50-100 mesh ion-exchange columns. Tungsten was eluted with 1 M HF +7 M HCI solution. From this 
solution, tungsten was substoichiometrically extracted with zinc-toluene-3 : 4-dithiol in amyl acetate. An aliquot of the washed organic phase was counted 
with an Nal(Tl) detector. Photopeak at 0-686 MeV was used for the determination of tungsten. Analyst: R. A. N. 


abundances reported here for Allende and for Mokoia are Table 2. COMPARISON OF ABUNDANCES IN THE ALLENDE AND MOKOIA 
; ‘ 3 , ae 3 METEORITES 
given in Table 2. Clearly, the similarity of these two 


meteorites extends to the trace element abundances Allende 
reported here. No W abundance is yet available for Element (this work) Mokoia 
Mokoia, but the W results reported here are in good agree- a ah sree 
ment with a value of 0-14 p.p.m. reported for the Murray Fe ati 24-0465," 
Type II carbonaceous chondrite’. In addition, the ʻi oy Ps 
Allende Pt abundance of this work (1:8 p.p.m.) is in Na 0-33°, 0-38°%* 
excellent agreement with the average of 17 p.p.m. Co 612 p.p.m. sie DEE 
reported by Crocket et al.!! for three analyses of the type x ai One 
Ill carbonaceous chondrite, Lance. T. V. R.* reported ir 0-71 p.p.m. 0-76 p.p.m.§ 
Au 0-26 p.p.m. 0-18 p.p.m.§ 


hafnium abundances of 0-25 p.p.m. for the type IH carbon- 
aceous chondrite, Ornans, a value which is approximately References for Mokoia data: 

50 per cent higher than found here for Allende. Based + wiik. H. B., Geochim. Cosmochim. Acta, 9, 279 (1956). 

on the Zr and Hf data presented here the average Zr/Hf —¢ Schmitt, R. A., Smith, R. H., Lasch, J. E., Mosen, A. W., Oley, D. A., 


; Seca H ; Vasilevskis, J., Geochim. Cosmochim, Acta, 27, 577 (1963). 
weight ratio in Allende is 75, a value much higher than and Jas l 
+ = $ t ay A! h > 2 "4 d Wil t J. P. E th Pi net. Se . 
found in any other carbonaceous chondrites. The pre- e a ar (1965). arene a TES i 


cision of the Hf data is rather poor, however, and great $ Unpublished work of W, D. E., Baedecker, P. A., and D. M. McK. 
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significance should not be attached to the value of the 
Zr/HE ratio without further analyses. 
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Middle East Rift Zones 


EARLIER this year we proposed a model for the evolution 
of the Middle East rift zones. In this it was shown 
that the motion of the three major crustal plates, Nubia, 
Somalia and Arabia, was such that it could be described 
as rotational about a single pole, the differing rates of 
rotation producing the intervening rift zones. In a eriticism 
of this account, Roberts? has proposed a modified model 
involving a three-plate, three-pole solution. This more 
general method should theoretically describe the motions 
of the plates more precisely than the one-pole, three-plate 
approximation which we adopted. The procedures and 
assumptions used by Roberts to determine the pole 
positions are, however, open to question, and hence his 
conclusions are of doubtful validity. 

We originally stated that we consider that the motions 
of the three plates may be described as approximating to 
rotation about the Libyan pole of Le Pichon and 
Hertzler’, One of the reasons for the approximation is 
that there is some evidence that the plates suffer internal 
deformation for, although Morgan‘ has indicated that 
deformation: within. the plates is insignificant on a macro- 
continental scale, the plates considered here are smaller 
and such deformation may thus become significant. 
This important complicating factor is ignored by Roberts 
in his attempt to provide a more precise analysis. 

The validity of the pole determined by Roberts for the 
relative motions of the Nubian and Somali plates is also 
open to question. This pole was determined indirectly 
from the poles for the relative motions of the Nubian/ 
Arabian plates and Somali/Arabian plates and is therefore 
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dependent on the accuracy of these two pole positions. 
The pole for the separation along the Red Sea is par- 
ticularly poorly defined, because it was determined by 
Roberts from azimuths of lines joining conjugate points 
on either side of the Red Sea, from the rates of opening 
of the Red Sea at 16° N, and the rate of shear along the 
Dead Sea fault zone. Even if one accepts the validity of 
the conjugate point procedure for deformed plates, one 
surely cannot ignore the possibility of considerable 
amounts of deformation along the line of the Gulf of Suez. 
Thus a study of the deformation along the Dead Sea 
fault zone looks only at the relative motions of the 
Sinai and Arabian plates and not at the relative motions 
of Nubia and Arabia. The Sinai peninsula and the 
adjacent regions west of the Jordan valley are almost 
certainly a discrete, although small, continental plate 
separated by the Gulf of Suez from the Nubian plate. It 
follows therefore that the position of the pole describing 
the relative motions of the Nubian and Somali plates 
must be in error. 

It should be noted that, although we consider the 
Ethiopian Rift as a zone of sinistral shear, we agree there 
has been an additional amount of crustal separation along 
this line. An assessment of the relative significance of 
shear and tensional separation may have to await the 
results of measurements of the actual movements of the 
plates, and this project has been planned by the Smith- 
sonian Institution. The results of other geophysical 
investigations in progress will also bear on this problem. 

Because of the inherent uncertainties in applying an 
exact geometrical model to geological realities we feel 
the treatment of the Middle East region as a three-plate, 
one-pole problem in plate tectonics to be a reasonable 
approximation. This admittedly simplified model em- 
phasizes the important north-easterly drift of the three 
separated crustal plates which has dominated the tectonics 
of this part of the Earth’s crust for at least the last 
20 m.y. 
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Dredged Basalt from the Reykjanes 
Ridge, North Atlantic 


THe Reykjanes Ridge in the North Atlantic Ocean has 
been’ an important example in derivations of the theory 
of sea-floor spreading. A detailed dredging programme 
by the R/V Trident (September 1967) with camera and 
gravity core stations covered a profile across the crest of 
the Reykjanes Ridge (at latitude 60° N, Fig. 1) to look for 
direct information on the mechanism of spreading and to 
test one suggested explanation’. Many data were already 
available*-*, Continuous depth, total magnetic intensity 
and seismice profiling measurements along this traverse 
correlated the new data with the old (magnetic, gravity 
and seismic). There was also a secondary, incomplete 
profile at latitude 61° 25’ N, 150 km north, as well as 
heat flow measurements by K. Horai and M. Chessman 
of the Massachusetts Institute of Technology. 
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We easily correlated the magnetic NW 
anomalies with the pre-existing mag- 
netic survey*, copies of which came 
from M. Talwani. The field varies 
somewhat laterally’, but not nearly as 
much as the topography does. 

The topography of the ridge can be 
divided into (1) outer flanks with low 
undulating rehef; (2) irregular flank 
range of peaks; and (3) irregular cen- 
tral ridge (Fig. 2). The topography has 
a general trend parallel to the ridge. 
with features typically only a few times 
longer than wide. Where rock is ex- 


posed, the slopes are very steep and ue 
irregular, both on the crest and on the € 
flanks. as 

The seismic profiling traverses across B 
the ridge show a central, irregular, = 
sediment-free province without a well 2000 - ete: 
defined median valley. This central l EUAS 
province is flanked by a province of 100 km 
irregular basement covered usually by 
150-200 m (sometimes up to 300 m) 
of sediment with an irregular surface; Fig. 2. 


the basement sometimes protrudes 
through the sediment. The surface 
of the sediment is less irregular than 


that of the basement—-the sediment smooths the base- 


ment and the sediment thickness is irregular. The 
basement is exposed at the crest and at anomaly three® 
in short irregular ridges parallel to the axis. The base- 
ment is much more regular on the outermost flanks 
of the profile and is only occasionally exposed or nearly 
exposed as low knolls or in scarps. There are scarps 
in the sediment in several places, sometimes with an 
exposed basement. These scarps are not expected in 
« soft blanketing sediment, and could have formed by 
(1) geologically recent faulting or vuleanism; (2) intense 
bottom currents; or (3) the existence of more indurated 
ooze at depth. 

Fresh basalt is confined to the crestal median zone, 
which is also associated with the central magnetic anomaly. 

Of fifteen dredge hauls (Table 1) that recovered mafic 
rocks, six contained fresh pillows (or fragments) of basalts. 
Altered pillow lavas were dredgod on outcropping peaks 
beside and beyond the median zone. In contrast, dredging 
the protruding bedrock farther outward on both flanks 
gave little or no rock in spite of abundant evidence during 
dredging and from the seismic record of a rocky bottom. 
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Profile of the Reykjanes Ridge at 60° N showing projected location of the dredge hauls. 
The numbers above the magnetic anomalies refer to the Hertzler et al.* time scale assuming a 
spreading rate of i .cm/yr. r 


Ends of profile are at 60° 33’ N, 30° 59 W and 59° 35 N, 28° 26’ W 
Vertical exaggeration, x 40, 


This implies that the rock is more massive here (massive 
diabase from the few recovered blocks) than in the central 
province. 

Megascopic inspection of the dredged rocks reveals 
three groups of rock-types which are distributed sym- 
metrically about the axis of the ridge (Fig. 2). These 
are zones A, B~B’ and C-C. Zone A, the median zone, 
contains fresh pillow basalts or fragments of pillows 
rimmed with a layer of glass up to one centimetre thick. 
A dark brown palagonite layer produced by alteration of 
the glass in contact with seawater® is either absent or very 
thin here, and manganese crust almost non-existent. The 
lack of such coatings and the freshness of the pillows 
suggest that the basalts of this area are very young. The 
interior of the pillows is vesicular and porphyritic; 
relative proportions by volume are 10-15 per cent plagio- 
clase feldspars, 2-5 per cent olivine, 2—7 per cent clino- 
pyroxenes and 5-15 per cent vesicles. The dredging in the 
median zone also brought back large slabs of crust with 
well preserved pahoehoe structures, and thin slabs 
surrounded with glass on both platy sides and chunks or 
tongues with more fragmented glass intermingled with 
palagonite. The latter type of lava contains large cavities 
(caused by segregation of gases or trapped heated sea- 
water) either at the centre or concentrated under the 
glassy crust. These textural features all suggest that 
fluid lava must have erupted in the median zone. 

Zone B-B’, on either side of the median zone, yielded 
large altered pillow basalts covered with a relatively thick 
yellowish palagonite layer. Except for the greater 
degree of alteration of the glass layer into palagonite and 
the slightly altered nature of the interior of the pillows, 
there ars apparently no marked differences in the amount 
of phenocrysts or vesicles between the lavas of this zone 
and those of the median zone. Patchily distributed films 
of manganese crusts are more conspicuous but remain 
very thin. Indurated ooze in sharp contact with the 
lower part of one of the pillows (D-17) was also observed. 

Zone C-C’, some forty miles away from the axis of the 
ridge, gave large and massive slabs of finely erystallined 
diabasic rocks with well defined sets of joints. A few small 
fragments of highly altered basalts and small boulders of 
indurated ooze were encountered. 

The distinct and grossly symmetrical spatial distribu- 
tion of rock types across the ridge indicates that not 
much mixing has occurred on the sea floor and that the 
rocks are probably not far from being in situ. 
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Table 1. SUMMARY OF DREDGE HAULS FROM THE REYKJANES RIDGE CRUISE TR 41 (POSITION IS MID-POINT OF THE DREDGING TRAVERSE) 


Dredge Zone Latitude Longitude Depth (m) 
D-i C 59° 56-27 N 28° 50-2" W 1,940-1,080 
D-17 B 60° 02:0" N 20° 35-4° W 010-1, 080 
D-1s8 A 59° 59-77 N 29° 32-5' W 940-1,140 
D-i9 A 60° 00-9° N 29° 24-0" W 950 
D~-20 A 60 01-2° N 29° 20 8 W š60-1,035 
D-21 A 60° 04-2’ N 290° 21-07 W 840-960 
D-2% | A 60° 01-2 N 29° 28-5" W 930—-1,025 
D~23 B 60° 02-0 N 29° 384° W 1,115-1,260 
D-33 E 60 12-1 N S0 ooy W 1,440 
D-34 C 60° 11-7 N 20° 56-27 W 1,010-1,300 
D-37 B 60° 02-0° N 29° 35 FY W 1,005-1,215 
D-38 A 59° 59I N 29° $1:5' W 890-960 
D40 B 59° 54:77 N 20° 19-97 W 1,090-1,175 
D--43 meee 61° 39° N 28° OF W 1,000-1,190 
D--46 — 61° 22° N 27° 24° W 1,625-1,720 


Few glacial erratics or iec-rafted debris were encountered 
in the median valley, again suggesting that this avea is 
very young. On the other hand, the amount of ice-rafted 
debris and erratics (such as rounded gneiss or quartzite 
boulders) increases outward on the flanks of the ridge, 
indicating an older age for the flanks. 

A statistical study of the bottom morphology from 
submarine photographs agrees well with dredging infer- 
ences and will be published independently. 

During a second traverse across the ridge at 61° N 
and about 60 km west of the axis, large slabs (up to 1 m 
long) of indurated ooze and coquina were dredged on what 
seemed from acoustic reflexion to be a peak of hard rock. 
Other instances of such indurated ooze have been re- 
ported’-*. Its presence on the ridge may help in under- 
standing the geological evolution of the ridge. It is still 
uncertain whether the lithification results from the physi- 
eal interlocking of the grains®*, possibly associated 
with uplift and tectonic activity, or whether it is caused 
by cementation’ associated with hydrothermal activity 
or uplift or perhaps some other process; or whether both 
aspects are involved. 

The following characters imply that ages increase 
symmetrically about the axis of the ridge: (1) mafic rock— 
fresh basalt at the centre, then altered basalt, then highly 
altered basalts on the outside; (2) sediment-—absent at 
the centre, thickens abruptly outward on the flanks; 
(3) glacial erratics—-none at the centre, increase outward; 
(4) magnetics—agree with published work'*. The topo- 
graphy and heat flow are also grossly symmetrical about 
the axis of the ridge. 

Dating, petrochemical, geochemical and magnetic 
studies of the recovered samples will be reported separ- 
ately. 

We thank James Moore for his help, and also 
B. McGregor, T. H. Johnston, K. Muehlenbachs, D. Pope, 
T. Kennard, A. Buddington and the crew. 
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Rock types 


Angular blocks of diabase ae 

One large altered pillow basalt (base in sharp contact with indurated ooze) 

Fresh basalt (crust with pahoehoe structures, tongues and chunks), highly 
vesicular 

One large fresh pillow basalt 

(a) Fresh basalt (pillow fragments) 

(b) Breccia of fresh glassy basalt in indurated ooze 

Fresh basalt (pillow fragments) . . 

Fresh basalt (crust with pahoehoe structures, fongue, chunks) highly 
vesicular 

Altered basalt (fragments) 

(a) Altered basalts (pillow fragments) 

{b) Diabase (slab) . 

(a) Diabase (large block and slabs) 

ib} Very altered basalt (fragments) 

Altered basalt (one large pillow and fragments) 

Fresh basalt (pillow, fragments of pillows, crust with pahoehoe structures, 
tongues and chunks) 

(a) Altered basalt (fragments) 

(b) Volcanic breecia (two eruptional episodes) 

(a) Indurated ooze (large slabs) 

(4) Diabase (alabs) 

ia) Altered basalt (pillow fragments) 

ib) Diabase (angular block) 


Surface Areas of Carbon Fibres 


ATTEMPTS to derive a structural model for high-strength 
carbon fibres have led to studies of the development of 
microporosity during heat treatment. X-ray scattering 
and helium density measurements! showed that carbon- 
ized rayon fibres have a fibrillar structure, with chams of 
graphite crystallites arranged parallel to the fibre axis 
and giving rise to needle-shaped micropores between the 
fibrils. The average diameter of the pores perpendicular 
to the fibre axis seems to vary from 6 to 20 A for heat 
treatments in the range 900°--2,900° C. 

We have found evidence for the development of porosity 
in graphitized polyacrylonitrile-based fibres during heat 
treatment in vacuum at temperatures below 1,000° C, 
A 1-37 g sample of chopped Morganite IT fibres (surface 
treated) was sealed into a sensitive volumetric adsorp- 
tion apparatus similar to that described by Rosenberg’, 
and evacuated to 2 x 10-7 torr at room temperature. The 
surface area after this treatment, as determined by 
krypton absorption at — 195° C, was 0-24 m%/g. The 
sample was then evacuated at a series of imereasing 
temperatures and the krypton surface area measured 
after each evacuation. After each increment in the evacua- 
tion temperature more gas was desorbed from the fibres. 
A mass spectrometer attached to the apparatus showed 
that the gases were complex mixtures of oxides of carbon 
and nitrogen, C, and C, unsaturated hydrocarbons, 
water, methane and hydrogen, although at temperatures 
above 500° C only hydrogen and oxides of carbon were 
observed. At each temperature the evacuation was con- 
tinued for several hours until the residual pressure fell 
to less than 2x 10-7 torr. As shown in Fig. 1, the surface 
area increased continuously with the degassing tempera- 
ture; the value after a 1,000° C bakeout corresponded to 
a four-fold increase over that found at room temperature. 

To eliminate the possibility that carbonization of a 
surface additive was contributing to the surface area 
increase, a fresh sample of the fibres was extracted with 
xylene for 48 h to remove organic material. Fig. 1 shows 
that the extraction had no effect on the subsequent 
surface area changes of the fibres. 

Krypton has an effective molecular cross-sectional area 
of 19-5 A? (ref. 3) so it seems likely that the mean diameters 
of the pores in Morganite Il{s}) are larger than those im 
rayon-based fibres after heat treatment at temperatures 
above 1,000° C. It is possible that in the former case 
heat treatment produces desorption of residual material 
from pores already present in the structure. Hf the pores 
are not accessible to the large epoxy-matrix molecules, 
the increased surface area resulting from high temperature 
evacuation should not be reflected in the interfacialiy 
dependent mechanical properties of the composite. We 
have measured the flexural and interlaminar shear 
strength of small composite samples using a three-point 
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Fig. 1. Surface area of chopped carbon fibres as a function of outgassing 


temperature. ©, Treated Morganite II fibres, as received; 4. treated 
Morganite H fibres, extracted with xylene. 


flexure test and have observed no significant difference 
between the degassed and the original fibres. This 
behaviour is in contrast to the effect of oxidative treat- 
ment where significant increases in interlaminar shear 
strength and surface area have been observed‘. 

We thank R. McLoughlin, R. Bulson and W. Olzewski 
for making and testing the composite samples. 
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Direct Observation of Isotopic 
Exchange in the Solid State 


Tue first report of isotopic exchange in a solid system was 
given by Kaucie and Vlatkovic!. They heated Ca(IO;), 
doped with I- at temperatures higher than 170° C and 
observed, by chemical analysis, incorporation of activity 
into the iodate. Apers et al.* found that thermal treat- 
ment of K,CrO, doped with *'Cr*+ results in the incorpora- 
tion of chromium-51 activity into the chromate form. 
"This overall process, which results in the incorporation of 
radio-species having a non-parent oxidation state into 
the parent chemical form, has been termed “transfer 
annealing’’*—a process which may involve either an oxida- 
tion or a reduction of the tracer species and is not neces- 
sarily an isotopic exchange. In a subsequent article?, the 
same group of researchers considered several possible 
mechanisms for oxidation of the dopant ™Cr*+, resulting 
in the formation of species (in the solid state) which 
would form the parent chromate during subsequent 
dissolution. Incorporation of activity into the chromate 
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by isotopic exchange was not considered. Later, Nath 
et al.4-* showed that isotopic exchange exists in complex 
molecules; in this ease, cobalt chelates doped with radio- 
Co*+. They considered that it was not possible to inter- 
pret the incorporation of cobalt activity in the chelate 
form by the oxidative mechanisms suggested for the 
K.CrO,-Cr3+_ system?’, and they regarded “transfer 
annealing” as a genuine case of isotopic exchange. In 
some systems, for example tris-dipyridyl Co(II) perchlor- 
ate trihydrate doped with *’Cot*, the exchange occurs 
quite rapidly even at room temperatures. Nath ef al. 
have suggested that the energy required to overcome the 
large potential barriers encountered in isotopic exchange 
in the solid state is derived from electrons detrapped 
from donors during thermal treatment. A free electron 
is captured by **Co** ion to form a highly excited °7Co* 
ion which, in turn, interacts with a neighbourmg chelate 
molecule and replaces the inactive cobalt atom. 


57Cott + e-—> *7Cot 
*57Cot + Co(LIL)(dipy),(ClO,),->**Co(IIL) (dipy),(ClO,), + 
Cott +e 


where *Co* represents the highly excited ion. 

There is considerable scepticism about the existence of 
isotopic exchange in solids, and this is often expressed” ë 
by the continued use of the general and more vague term, 
“transfer annealing’. Recently, Andersen’ has expressed 
doubts that exchange takes place in the solid phase, 
because analytical techniques from which isotopic 
exchange is inferred involve the dissolution of the solid 
material. The observed exchange could be an artefact 
of the analytical procedure involving dissolution. Similar 
doubts have been expressed by several other scientists 
during private discussion, and we decided to verify the 
occurrence of isotopic exchange in the solid state itself 
without necessitating dissolution of the complex. Möss- 
bauer spectroscopy provides a useful technique for such 
studies. 

We doped a chilled sample of micro-erystalline tris- 
dipyridy] Co(III) perchlorate trihydrate with a few drops 
of an aqueous solution of carrier-free ®7CoCl, (~ 100 ugCi). 
The moisture was removed at 0° C under vacuum. A 
Mossbauer experiment was carried out using the doped 
dipyridyl as a source at 77 K and a moving sodium 
ferrocyanide (1 mg *7Fe/em*) absorber. The spectrum is 
shown in Fig. 1. The two outer lines at — 2-8 and 0-15 
mm/s are attributed to Fe™ and the central line at 
—0-5 mm/s to Fe*+. (The Fe% ion as an interstitial is 
expected to exhibit asymmetry due to anisotropy in the 
amplitudes of vibration in different directions. It is, 
however, likely that Fe** is split by quadrupole coupling 
arising from non-cubie crystal symmetry and the second 
component may lie close to zero velocity; if this compon- 
ent were takeu into account, the observed asymmetry 
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Fig 1. Emission Méssbauer spectrum of Co(IlI)dipy),(ClO,), doped 

with carrier-free "Cott at 77 K, against an enriched sodium ferracyanide 

absorber. The central hatched k belongs to Fe**. The two outer 
peaks comprise the quadrupolar split doublet of Fe**. 
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Fig. 2. Emission Méssbauer spectrum of the same sample of Cott 


doped Co(TiT\dipy),(ClO,), at 77 K after storage for four days at 
25°C. The hatched weak doublet belongs to Fet, The intense doublet 
arises from Fe(1li}(dipy),(Clo,),. 


would be considerably reduced.) An aliquot from this 
sample was analysed‘ by ion-exchange chromatography 
and less than one per cent of the activity was found in 
the coordinated form. The doped dipyridyl sample was 
then stored at 25° C for four days and a Méssbauer run 
was taken at 77 K. The spectrum is shown in Fig. 2. 
The two prominent lines can be attributed to Fe(ITI)- 
(dipy);(ClO,), (ref. 10), yielding an isomer shift and 
quadrupole splitting of 0-28 mm/s and 1-92 mm/s, respec- 
tively. The remaining two weak lines arise from Fe**. 
Analysis of an aliquot from the doped dipyridyl sample 
which was heated for four days at 25° C showed that 99 
per cent of the cobalt-57 activity was in the coordinated 
form, ®’Co(III)(dipy),(ClO,),.. It is worthy of note that 
the spectrum obtained for labelled ®*’Co(II1)(dipy),(C1O,), 
(ref. 10) is almost identical to one shown in Fig. 2. 
Earlier’, it has also been suggested that the small per- 
centage of Fe? observed in the spectrum is due to frag- 
mentation of molecules following Auger ionization trig- 
gered by electron-capture decay. 

From these observations, one can infer that isotopic 
exchange occurs in the solid state, and it is not an artefact 
of the analytical procedures involving dissolution of the 
compound. Solid state isotopic exchange, triggered by 
free electrons (or holes) released from donors (or acceptors) 
by thermal activation or otherwise, plays an important 
part in thermal annealing of radiation damage in metal 
chelates, chromates, halates and other systems‘-6-1}, 
The large amount of activation energy required for 
exchange is made available at relatively low temperatures 
if the system has shallow electron donors or acceptors. 
The detrapped electrons (or holes) are captured by species 
such as Co*+, Cr?+, Cr?+, I~, I, Br- and Br, giving rise to a 
highly excited species which undergoes exchange with a 
neighbouring molecule. Crystal imperfections constitute 
electron traps and they can often be populated with 
electrons during precipitation from solvents possessing 
high dielectric constants, such as water, 

The existence of isotopic exchange in iron compounds 
and iodates could also be verified by Méssbauer spectro- 
scopy using procedures analogous to those outlined in this 
article. In general, this method can be applied to the 
study of isotopic exchange in any system containing a 
Mossbauer nuclide. : 

These and earlier results*-* suggest that solid state 
isotopie exchange may provide a simple method for the 
preparation of labelled compounds. 

AMAR NATH 
MELVIN P. KLEIN 
Laboratory of Chemical Biodynamics, 
Lawrence Radiation Laboratory, 
University of California. 
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BIOLOGICAL SCIENCES 


Peptide Formation in the Presence of 
Linear or Cyclic Polyphosphates 


SEVERAL authors have reported the condensation of 
amino-acids in aqueous solutions using various “‘pre- 
biotic”? condensing agents, such as cyanamide’, cyano- 
guanidine* and dicyanamide®. The yields are generally 
very low (up to 1 or 2 per cent), or are only higher m a 
pH range which is not beheved to be that of primitive 
oceans (neutral to slightly alkaline)’. 

The biosynthesis of proteins 1s known to proceed 
through aminoacyl adenylates (acyl phosphates) formed 
from the enzymatic reaction of adenosine triphosphate 
(ATP) with the amino-acid’*. ATP is the prime energy 
carrier in contemporary organisms, but it has been sug- 
gested that the earliest organisms may have used poly- 
phosphates or pyrophosphate’. Polyphosphates are found 
in many microorganisms", 

Aminoacyl phosphates"! and aminoacy! adenylates'*-1* 
have been synthesized. These amino-acid derivatives give 
rise, in aqueous solutions in appropriate conditions, to 
dipeptides and polypeptides. Peptide bond formation is 
explained in terms of nucleophilic attack of the amino 
nitrogen from either a molecule of amino-acid, or s 
molecule of the aminoacyl phosphate or amuimoacyi 
adenylate, on the carbonyl carbon of the mixed anhydride, 
resulting in the displacement of phosphate or adenylate. 
In general, acyl phosphates are acylating agents of the 
amino group’®!7, It was therefore of great interest to 
study the behaviour of amino-acids in aqueous solutions 
in the presence of various linear or cyclic anhydrides of 
phosphorus acids (P—-O-—-P bonds), especially of ortho- 
phosphoric acid. Among several types of reactions, the 
formation in situ of the labile aminoacyl phosphate 
intermediates was also possible, thus yielding peptide 
bonds. 

We here report preliminary results from experiments 
with glycine and certain linear polyphosphates and cyclic 
metaphosphates (Table 1). The reactions were carried 
out at 70°C and at room temperature, using glycine and 
the orthophosphoric acid anhydrides at concentrations of 
0-1 M to 0-01 M, at various pH. The pH was corrected 
during the reaction, when necessary, with concentrated 
ammonium hydroxide. In each case we determined the 
yield of diglycine by comparing the peak on the chromato- 
gram (Phoenix amino-acid analyser model K-8000 VG-B) 
with those containing known amounts of diglycine. In 
one experiment, the diglycine was also identified by thin 
layer chromatography (using silica gel plates with CHCl: 
CH,OH : 17 per cent NH,OH, 2: 2:1, as solvent). The 
diglycine spot was eluted and divided into two aliquots. 
One aliquot was hydrolysed in 6 M HCl, yielding glycine, 
and the other aliquot was partially split to glycine by 
leucineaminopeptidase!*. In some cases, the chromato- 
grams from the amino-acid analyser exhibited a peak 
with an elution time corresponding to that of triglyecine 
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and others which might correspond to aminoacyl phos- 
phates or polyphosphates (acetyl pyrophosphate is more 
stable than acetyl phosphate’*.?*), These points, as well 
as the mechanism and the use of other amino-acids and 
P-—OQ—-P derivatives (for example, phenylphosphonie an- 
hydride also achieves this condensation), are under 
investigation. 


Table 1. DIGLYCINE FORMATION FROM AQUEOUS GLYCINE SOLUTIONS IN THE 


PRESENCE OF POLYPHOSPHATES IN VARIOUS CONDITIONS 


— ALTO" C — Room temperature 
Concen- _ Reaction Yield Reaction Yield 
Polyphasphate trations pH time dighycine time  diglycine 
(M) ih) (percent) (h) (percent) 
Sodium O-1 778 257 0-5 336 OF 
pyrophosphate 
Sodium Od 7-8 113 O-4 360 04 
tripoly phosphate 257 0-6 
Ammonium 0-1 7-8 113 6 
poly phosphate* 
Sodium l Gi 7-8 113 i4 360 2-5 
polyphosphate t+ Gi 10-11 113 13 428 12 
~i 5 113 0-2 
0-1 2 113 — 358 me 
DI 778 90 6 400 0-2 
Sodium 0-1 7-8 113 36 359 31 
trimetaphosphate 0-01 7-8 yE 12 188 Ori 


_ * Mixture contains small amounts (<5 per cent) of pyrophosphate and 
tripolyphosphate and large amounts of higher condensed phosphates. 


+ Mixture contains small amounts (<5 per cent) of tripolyphosphate and 
tetrapolyphosphate and large amounts of higher condensed phosphates, 


The results (Table 1) show that the optimum pH for 
this reaction is around neutral to slightly alkaline, 
although it proceeds with good yields at pH 10-11. In 
acid media, no dipeptide formation was detected. 

At room temperature low yields of diglycine are obtained 
even with pyrophosphate. Yields increase with the length 
of the polyphosphate chain and the best yields (36 per 
cent) are obtained with trimetaphosphate. In this case, 
although the opening of the cyclic phosphate at pH 7-8 
by ammonia or an amino group cannot be completely 
exeluded*! (this ring opening takes place at pH 9 or 
above and is reversible when the pH is lowered), one of 
the reactions giving rise to the dipeptide may proceed 
through the formation of aminoacetyl triphosphate (ring 
opening by the carboxylate group of glycine) and could 
lead to peptide bond formation by a mechanism similar 
to that described. 

In all systerns an aliquot of the reaction mixture was 
studied by thin layer chromatography on cellulose sheets 
(solvent: 25 g CCI,COOH, 1-75 ml. conc. NHOH, H,O 
to 175 ml., 325 ml. acetone). Condensed phosphates were 
still present and only a fraction of the initial polyphos- 
phate was transformed to orthophosphate. 

Similar reactions with alanine have led to the formation 
of dialanine. When a mixture of alanine and glycine was 
used, we were able to characterize dialanine, diglycine, 
giycyl-alanine and alanyl-glycine. With serine, beside 
the dipeptide, O-phosphoryl derivatives such as O-phos- 
phoserine were also formed. Aminoethanol was also 
phosphorylated in the same way to aminoethyl phosphate. 

These preliminary findings indicate that high yields—- 
up to 36 per cent-——of dipeptide are obtained when aqueous 
solutions of amino-acids are allowed to react mn the 
The best 
and the reaction proceeds at room temperature even with 
pyrophosphate. We suggest that polyphosphates (linear 
and cyclic) may have played an important part in the 
prebiotic synthesis of peptides and of other important 
substances of biological interest. Such reactions in the 
presence of polyphosphates, and in aqueous solutions at 
pH 7-8 and at low temperature, have the advantage of 
being compatible with primitive earth conditions and are 
suggestive of the biochemical reactions in contemporary 
living systems. 
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Electric Discharge Reactions in 
Mixtures of Phosphine, Methane, 
Ammonia and Water 


THE reaction of phosphine with water at high tempera- 
tures and pressures yields mixtures of orthophosphoric 
and phosphorous acids in various proportions, depending 
on the conditions’. Phosphine reacts with unsaturated 
hydrocarbons?*, and carbonyl compounds* such as alde- 
hydes and ketones, to give mse to organic phosphines 
which are products containing C—-P bonds. The #-amino- 
alkylation of white phosphorus and diphosphines with an 
amine and a carbonyl compound in aqueous solutions has 
also been reported?. 

Electrice discharge reactions in mixtures of methane, 
ammonia and water—which are believed to be among the 
constituents of the primitive carth atmosphere-—-have 
been extensively studied®’?. They produce small yields 
of amino-acids, hydrocarbons, aldehydes and many other 
compounds. We have investigated the reactions occurring 
in the presence of phosphine, and studied the formation 
of inorganic and organic phosphorous derivatives and the 
possible part these compounds may play in condensation 
reactions. This article reports preliminary results from 
experiments in which electric discharges were passed 
through the following mixtures: PH,+H,O; PH,;+ 
H,O+NH,; PH,+H,.O+NH,;+CH,; PH,+NH,+gly- 
cine (aqueous solution). 

The reactions were carried out in the apparatus illus- 
trated in Fig. 1 (ref. 7). When the mixture was sparked, 
yellow clouds began to form and a solid material covered 
the surface of the flask and the electrodes. The reaction 
was stopped after 10 to 14 h; the flask was evacuated to 
eliminate any remaining unreacted phosphine, and the 
contents were filtered. The solid material consisted 
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Table 1. 
Sparking Bath 
Starting materials time temp. 
(bh) (° C) 
PH, + H0 a ò 
Q2 ri 
AA 10 mi. 
PH, + H,O + NH, 
0-01 O-OL 
E 2 mi. mole 10-14 70 
0-1 -1 
(2) mole 100 ml. mole 
PH, + H,O + NH, $ CH, 
0-01 , ‘0: , 
a) mole 5 ml. (mole Cote 10-14 30-80 
O-1 1 -j 
(2) mole 100 ml. nole naik) 
PH, + NH, + H.NCH,COOH 
( 100 mi. of ) 
002 MY 10-14 70 


( 0-02 ) 0-05 
mole mole APLEGUS ) 
solution 


gay 


PRODUCES OF ELECTRIC DISCHARGE REACTIONS 


pH of | 
product Products 
solution 
Polyphosphines*, phosphorous, hypophosphorous and orthophos~ 
~] phoric acids; smaller amounts of hypophosphoric achi*-« 
Besides above, pyrophosphoric and possibly tripolyphosphoric 
acids, polyphosphates and poly hypophosphates;: possibly also 
7-8 mixed anhydrides between two different phosphorus-containiag 
acids®-* 
Besides above, organic phosphorus derivatives like aminoalkyi- 
phosphates: possibiy O-phosphoethanclamine and _O-phos- 
7-8 phoserine; aminoalkanephosphonates’*<d-e?: possibly 2- 


aminoethanephosphonic acid; ethanolamine®; glycine, alanine, 
serine, threonine, aspartic and glutamic nacida” 
Diglycinee, 0-2 per cent yield; possibly glycine phosphate or 
l another labile anhydride of glycine with another phosphorus- 
7-8 containing acid 


* 20 to 25 per cent of the initial PH, was transformed into water soluble inorganic and organic phosphorous derivatives. 
> Determined by thin layer chromatography on Eastman chromatogram cellulose F sheets: solvent: 25 g CCI,COOH, 1-75 mh conc. NH,GH. H,O to 


76 mL, 325 ml. acetone; spray: perchloric ammonium molybdate, 
¢ Phosphorus probe NMR spectroscopy: 


half the product solution was freeze-dried, the solid residue dissolved in 0-5 mJ. of H,O and the NMR spec 


trum registered on a Varian H.A-100 NMR spectrometer (40-5 MHz) with 85 per cent HPO, as the internal reference. 
d Electrophoresis (1,100 V, 55 min) on Whatman No. 3 paper in pH 6-1 buffer gives a good separation of authentic Z-aminoethanephosphonic acid, 


O-phospho-ethanolamine and Q-phosphoserine. This separation can also be achieved by thin layer chromatography in CH,OH—cone. NH,OH, 2:1. 
e After several hundred scans, the phosphorus probe NMR spectrum showed other weak signals of unidentified products. 
? The amino-acids, aminoalkylphosphates and aminoalkylphosphonates were determined on a Phoenix amino-acid analyser model K-8000 VG-B. 
* Identified by thin layer chromatography on cellulose F sheets, with C,H,QH—conc. NH,OH, 4:1 solvent and ninhydrin spray. Br ethanc- amine: 


* 
=- 


è Identified only by use of automatic amino-acid analysis. This finding is being confirmed by gas chromatography combined with mass spectrometry, 


In all cases where chromatography was used, samples of authentic products were spotted on the same plates as the solutions containing the unknown 
derivatives. The phosphorus probe NMR spectra of the authentic products were also registered’. 


chiefly of polyphosphines, H,P-~-(PH),—-PH,. and some 
elemental phosphorus. The filtrate contained inorganic 
and organic derivatives of phosphorus. Other organic 
_ geompounds were present when CH, was included in the 
: mixture. Aliquots of the filtrate were examined by thin 
: layer chromatography, electrophoresis, ion exchange 
chromatography and NMR using a phosphorus probe. 

Details are given in Table 1. When ammonia is present, 
polyphosphates and other P--O-—-P derivatives are 
formed, but in the absence of ammonia no P-—O—P 
derivatives are detected. This observation may be ex- 
plained by the fact that polyphosphates or other P—-O—P 
derivatives, which are more stable in neutral and slightly 
alkaline conditions, are readily hydrolysed in an acid 
solution. 





Fig. 1. Ten litre electric discharge apparatus. E, Electrodes: G, pres- 
gure gauge; D, heating tape; C, water condenser; F, stopcock; H, 
heating mantle; A, B, five litre flask. 


As in previous experiments with methane, ammonia 
and water, glycine, alanine, aspartic acid, glutamic acid, 
serine and threonine are formed in the reaction of PH,+ 
CH,+NH,+H,O. It seems that the ratio of the amino- 
acids found after hydrolysis to those found before hydro- 
lysis is greater when PH, is used. Ethanolamine, organic 
phosphorus derivatives like aminoalkylphosphates (H,N- 
ROPO,H,) and aminoalkanephosphonates (H1,NRPO,H,) 
also seem to be formed in this reaction. The chromato- 
gram of the amino-acid analysis has peaks with short 
elution times corresponding to those of O-phosphoserine, 
QO-phosphoethanolamine and 2-aminoethanephosphonic 
acid. Because serine and ethanolamine are also found in 
the solution, it is quite possible that O-phosphoserine and 
Q-phosphoethanolamine were also present. This con- 
clusion is supported by the fact that polyphosphates 
react with serine and ethanolamine in aqueous solutions 
to give O-phosphory! derivatives’. A multiplet at —18-5 
p-p.m. in the phosphorus probe NMR spectrum® (relative 
to 85 per cent H,PO, as internal reference) suggests that 
one of the ammoalkanephosphonates could be 2-amino- 
ethanephosphonic acid. This is now under investigation. 

We have found that linear or cyclic polyphosphates, as 
well as other P——-O—P derivatives, promote the conden- 
sation of amino-acids to peptides in aqueous solutions®. 
Because such P—-O—P derivatives are formed in the 
discharge reaction of PH,+H,0+NH,, small yields (0-2 
to 0-4 per cent) of diglycine should be obtained when an 
electric discharge is passed through a mixture of PH,+ 
NH, over a 0-02 M aqueous solution of glycine. Our results 
confirm this expectation. 

We conclude that the discharge reaction of CH,+NH,+ 
H:O -+ PH, produces inorganic and organice phosphorus 
derivatives such as polyphosphates and aminoalkyiphos- 
phates which are of biological interest. Although the 
calculated partial pressure of PH, at equilibrium for the 
reaction PH,+4H,O=H,PO,+4H, is very low at room 
temperature, it is greater at higher temperatures (1,000°— 
1,500° C). Further justification for an examination of 
this system is provided by the occurrence of phosphides 
in some meteorites!*, We suggest that such reactions with 
phosphine may have played some part in the prebiotic 
formation of polyphosphates and organic phosphates 
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which are significant for the process of chemical evolution. 
J. R. is a National Academy of Sciences senior research 
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Thermal Expansion Coefficients and 
the Primary and Secondary Pyroelectric 
Coefficients of Animal Bone 


Since the first reports of the electromechanical behaviour 
of bonet, the properties of bone as a physical material 
have attracted increasing attention. I now report some 
thermal expansion coefficients for animal bone and some 
calculations for the piezoelectric contribution to the 
pyroelectric effect at constant stress. 

Volumetric and linear (in the axial direction) thermal 
expansion coefficients were measured for samples of dried 
bovine phalanx and femur, and fresh bovine phalanx. 
Dried specimens were degreased in toluene and dried in a 
vacuum oven at 35° C for about ten days. Fresh samples 
were immersed in a standard saline solution except during 
measurement. The volumetric expansion was measured by 
the observation of the displacement of mercury from a 
fused quartz dilatometer (see ref. 2, ASTM D864-52), 
and the linear thermal expansion coefficients in the axial 
direction with a linear variable differential transformer 
isee ref. 3, ASTM E228-66a). The temperature variation 
was restricted to 18°-30° C to avoid shrinkage‘, which 
meant that the accuracy of the linear results was also 
limited (Table 1). The volumetric expansion of the fresh 
material is nearly the same as that of pure water, but the 
coefficients of fresh and dried material are very different. 


Table 1. THERMAL EXPANSION COEFFICIENTS OF BOVINE BONES 
Value and 
Material Coefficient standard deviation 
(x10-* K>) 
Dried phalanx Volumetric (ay) 7945 


Dried phalanx Linear axial (a) IS+6 


Dried phalanx Linear transverse (a,) (calculated) B80+4 
Dried femur Volumetric (ay) 88+5 
Fresh phalanx Volumetric (av) 197+5 
Fresh phalanx Linear axial (a,) R9+2 
Fresh phalanx Linear transverse (a) (calculated) §4+2 


In long bone structures, fibrils of collagen, encrusted 
with crystals of hydroxyapatite, form a spiral pattern 
about the cylindrical osteons, the axes of which are approx- 
imately parallel to the bone axis. In samples with dimen- 
sions of a few mm, bone is approximately isotropic in a 
transverse direction and has an infinite-fold rotational 
axis approximately parallel to the bone axis. Because of 
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this syrametry®, the volumetric expansion (av), axial (x) 
and transverse («,) coefficients are related by 

ay = 2a, + as (1) 
Table 1 also contains calculated values of the transverse 
thermal expansion coefficients, which for the dried material 
are larger than the axial values, unlike the fresh material. 

Calculations of the piezoelectric contribution to the 
pyroelectric effect measured at constant stress also imply 
the piezoelectric origin of the electromechanical behaviour 
of bone. The pyroelectric effect at constant stress (total 
pyroelectric effect) consists of the pyroelectric coefficient 
measured at constant strain (primary pyroelectric effect) 
and a contribution from thermal expansion (secondary 
pyroelectric effect). A tensor equation represents this 
relationship? by 

pi = Ppi + GijcC jxim%im (2) 

(D) (it) (II) 
where p? and pf are the pyroelectrie coefficients at con- 
stant stress and strain respectively, d is the piezoelectric 
coefficient, C is elastic stiffness, and « is the thermal 
expansion coefficient. All the parameters in equation (2) 
except pf can be measured by standard techniques®; 
p? would be difficult to measure and is always computed. 

All the physical properties in equation (2) are indepen- 
dent phenomenologically, if not necessarily on a molecular 
basis. (II) and (III) may possibly have opposite signs 
and nearly equal absolute magnitudes, giving a very small 
relative value of (L), although such cancellation would be 
coincidental so that (III) is unlikely to be much larger 
absolutely than (1). This argument provides a test for 
reasonable values of the pyroelectric and piezoelectric 
coefficients of a material. 

If equation (2) is expanded for a material with the 
symmetry described and the tensor notation is replaced 
by conventional matrix notation, the result® is 

pi = pE + dy (Ci + Cia)%i + 2dy10 1323 + 
2da30 r3% Haas asta (3) 
Calculations using values of the pyroelectric, piezoelectric, 
elastic stiffness and thermal expansion coefficients from 
Table 2 gave total, primary and secondary pyroelectric 
coefficients equal to 25 x 10°, — 92 x 10-1 and 117 x 10°" 
C m? K- respectively. 


Table 2. DATA USED IN EQUATION 3* 


Parameter Value Reference 

Ds 25 x 10 C nr? K 7 
ilai 0-33 x 10-44 © N 8 
a3 0:33 x 107 C N= R 

ay 30x 10* K> Table i 

lg 18 x 104 K> Table t 
11 2-42 x 10° N m> 9 
18 0-95 x 10°* N m>? 9 
102x 107° N m° 9 


ee 3°74 x 10! N m= 9 
* The positive x-direction is toward the proximal end of the bone, 


The sign convention for the pyroelectric and piezoelec- 
tric coefficients is that the positive direction of the 
a,-axis is toward the proximal end of the bone. In spite 
of limitations to the accuracy of the measurements I 
conclude that the secondary effect is the chief contributor 
to the total and that the measured coefficients have reason- 
able relative magnitudes. 
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Charge Delocalization in the 
Prosthetic Group of Visual Pigments 


THE visual pigment rhodopsin (I) consists of the 
prosthetic group 1l-eis-retinal covalently bound to 
phosphatidyl ethanolamine in a protonated Schiff base?-?. 





PESCH ACHO H—CH 


o] 
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Fig. 1. 
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This study concerns charge delocalization in protonated 
retinals. I have recently analysed NMR spectra of the 
stable isomers of retinal in CHC 1, solution®, and studied 
the effect of acid on the methyl and proton resonances of 
the polyene chain on protonation. 

The effect of protonation of trans-retinal (0-17 M) 
with CF,CO,*H in CHC at 18° C, at various acid corn- 
centrations, is illustrated in Fig. 1. The NMR spectrum 
of trans-retinal in a six-fold excess of CF,CO,*H was 
identical with that for the product of a simular experiment 
in CF,CO,H, implying that protonation (deuteration) 
involves the carbonyl group. With four-fold or greater 
excess of acid, one observes gradual polymerization. 

On protonation at low acid concentration (Pig. 
trans-retinal isomerizes at C=C; to give a trans : 13-cis 
ratio at equilibrium of 1: 0-3. With a greater proportion 
of acid (Fig. 1D), isomerization occurs at Cy Cg resulting 
—at equilibrium—in a trans : 9-cvs mixture in the ratio 
1:0:15. The absence of resonances of 11-evs-retinal 
indicates that isomerization at Cim; results, at equill- 
brium, in a trans: Il-cis ratio of 1: <0-05. To confirmo 
these results I studied separately the protonation of 
13-crs-retinal, 11-cts-retinal and 9-cis-retinal and observed 
for each of these isomers sequential isomerization in the 
order Cy,-=C,,, Cyy=Cy,, CCo with mereasing acid 
concentration, and a mixture at equilibrium represented 
by trans (1-0): 13-cis (0-3): Ll-cus {< 0-05) : 9-ers (0-15): 
11,13-czs( < 0-05) : 9,13-ets (0-05). 

The free energy differences, — AF, for cis to trans 
isomerization at double bonds are 700 (Cima) 1,100 
(C=C) and >1,800 (C =C) calories/mole. From 
thermal studies using absorption spectroscopy. Hubbard* 
has determined AF = —1,100 to — 1,400 calories/mole 
for the isomerization of 11-cis-retinal to trans-retinal. 

The line-broadening observed in Figs. 1C and 1D is 
assigned to exchange broadening between the average 
trans (t) resonances and average 13-cis (c) resonances: 

{t+ Ht2tH} = {13eH*el3c+ Ht} 
This assignment is made on the following basis. (a) 


Resonances for positions 1] to 15 in the trans and 13-cis 
isomers which have different chemical shifts are broadened. 


LB), 


Resonances at positions 5 to 10 which have the same 
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220 MHz proton NMR spectra of protonation of 0-17 M trans-retinal in C HCL at 18° C with CF,CO,'H. 
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chemical shifts in the two isomers show no broadening. 
ib) The 3:1 equilibrium favouring the trans form is 
reflected in the 13-cis resonances broadening three times 
as rapidly as those of the trans. (ce) On decreasing the 
temperature the broadened resonances narrow as a result 
of a slowing of the rate of exchange {H+213cH* at lower 
temperatures. (d) With increasing acid concentration one 
observes exchange broadening followed by exchange 
narrowing as fast exchange becomes more rapid. 

The temperature depsndence of the line broadening 
permits us to calculate activation energies for the 
tH*<213cH* interconversion. The excess line width can 
be related to the activation energy by the equation 





2-303 logol , (1) 


1 l ) UA 
Ta PY BT 
where 2/T, is defined as the total line width at half height 
in radians/second in the presence of exchange and 2/7) 
in the absence of exchange. Such a study gives 


Eact( 18cH*-+tH*) = 8-5 kealories/mole 
Bac ({H?-+13cH*) = 10 kealories/mole 


A computer program was used to generate calculated 
line shapes to fit the observed spectra. Fig. 2 illustrates 
15H resonances of trans-retinal and 13-cis-retinal as a 
function of acid concentration. From such a calculation 
one obtains the lifetime t in the average trans and average 
13-cis species in the transition from acid dependent slow 
to fast exchange. 

A study of the variation of the chemical shift with 
acid concentration would indicate the extent of charge 
delocalization down the polyene chain. Fig. 3 illustrates 
the resonances of average trans species as a function of 
acid concentration on protonation of trans-retinal with 
CF,CO.H. Protonation of the carbonyl group would 
result in positive charge delocalization at the tertiary 
carbons 13, 9 and 5 and the secondary carbons 15, 11 and 7, 
leading to a downfield shift of resonances at these posi- 
tions. Positions 14 and 15 show anomalous chemical shift 
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Fig, 3, Plot of the change in the chemical shift of trans resonances against 
acid concentration on protonation of trans-retinal in C*HCI, with 
CF,.CO,H. 


changes with acid concentration which are not understood. 
One observes a decrease in positive charge on going away 
from the carbonyl group at tertiary positions 13, 9, 5 and 
secondary positions 11, 7. 

trans-Retinal, 13-cis-retinal and  9-cis-retinal were 
purchased from Eastman Laboratories. 11-cis-Retinal 
(80 per cent pure, containing 10 per cent 11,13-czs-retinal 
and 10 per cent 13-cis-retinal) was isolated by column 
chromatography on Woelm alumina, grade IIT, of a 
trans-retinal photolysis product in ethanol’. NMR 
spectra were registered on a 220 MHz Varian NMR 
spectrometer with a variable temperature unit. Trifluoro- 
acetic acid was added directly to NMR tubes. 

I acknowledge helpful discussions on exchange pheno- 
mena in NMR spectroscopy with R. G. Shulman and 
J. P. Cohen-Addad. A computer program developed by 
M. Cocivera was used to generate line shapes in Fig. 2. 
A. A. Lamola offered valuable suggestions. 
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System for Semi-automatic 
Chromosome Analysis 


INTEREST in the automation of cytogenetic analysis has 
mounted recently. Gilbert described a computer program 
designed to sort chromosomes into homologous pairs and 
to assign them to their respective groups’. He suggested 
“that automation of the analysis of measurements of 
chromosomes will be a useful tool for the cytologist”’. 
Achievement of this objective has awaited a satisfactory 
means of data capture, the extraction of information in a 
computer-compatible form. Of developments in data 
capture by computer-based pattern recognition methods 
Gilbert wrote: ‘While progress has been made, the 
problem is as yet not fully solved”. A similar view was 
expressed by Butler et al.’. l 
Experience with the pattern recognition device, 
FIDAC!, suggests that further development of specialized 
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hardware is required before the full benefits of automated 
chromosome analysis accrue to the eytologist’. Mean- 
while, those interested in cytogenetic analysis are obliged 
either to continue with manual methods or to accept some 
compromise between these and a purpose built, fully 
automatic system. 

LaBauve et al. described’ a semi-automatic system of 
chromosome data capture using an apparatus originally 
developed for another purpose. Several devices for 
the digitizing of curves have been marketed since, and 
used widely in the physical sciences. The purpose of this 
communication is to report the use of one of these, the 
d-mae pencil-follower (D-mac Ltd), for chromosome 
analysis. 

The d-mae pencil-follower consists of a table, beneath 
which servo motors move a group of magnetic sensors. 
Movement of an energized magnetic “pencil? over the 
table is tracked (to within 0-2 mm) by the sensors, which 
operate digitizers when their position changes. A continu- 
ous read-out of the pencil’s position is displayed on an 
associated electronic console. By depressing a hand or 
foot-switch, the coordinates of a single point, or those of 
many sample points along a curve, can be recorded. 
Sampling can occur either at predetermined time intervals 
or at selected increments of distance. A keyboard permits 
the operator to insert identifying information or comment 
into the output record, the format of which is automatically 
controlled and ean be modified to suit different require- 
ments. In the system described here, the d-mac pencil- 
follower works off-line, that is by producing punched 
paper tape which is subsequently read into the computer. 
On-line operation is also possible. 

Processing a cell with the d-mac pencil-follower takes 
about 20 min, working either from a photographic en- 
largement or from the projected image of a 35 mm film. 
Cells are digitized in small groups (of five or more) so as to 
avoid operator fatigue. Items of information, some of 
which are optional, are identified by key letters, and can 
therefore be encoded in virtually any order. This method 
of recording information allows maximum flexibility, both 
in the preparing of data and in the writing of programs. 
The d-mae record is not used for permanent storage, and 
there is therefore no limit to its size. A chromatid arm 
ean be represented by any number of pairs of coordinates, 
but in practice this seldom exceeds eight. 

The system in question, of which only a brief description 
can be given here, uses the Titan (Atlas 2 prototype) 
computer at Cambridge, with a multiple access facility 
that enables investigations to be initiated and controlled 
from a line-linked teletype console. Programs are written 
in Titan autocode’, 

Information contained in the d-mac output is condensed 
and transcribed to a (permanent) magnetic tape file. 
Data are stored in a form which facilitates rapid scannin g 
and retrieval and permits the use of standard programming 
procedures in subsequent analyses. A magnetic disk 
file, generated from the permanent magnetic tape record, 
contains assignments of chromosomes to their respective 
groups. Unequivocal information about chromosome 
sizes and positions is thus stored separately from group 
assignment data which, after editing by the investigator 
(discussed later), are to some extent subjective. Separ- 
ate storage in this way has the advantage that the 
permanent record may easily be protected from un- 
intentional corruption. 

During the process of transcription from paper tape to 
magnetic tape, the data are subjected to several tests. 
Diagnostic messages indicate important omissions from 
the d-mac record and report the nature and position of 
certain errors of human origin, such as a departure from 
the expected number of four chromatid arms per chromo- 
some. Errors due to malfunction of the d-mac digitizers, 
though not unknown, are rare enough to render un- 
necessary the testing of every pair of coordinates for 
plausibility. 
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The system gives each chromosome a “label” (numbers 
1 to 50) which is later used for identification purposes in a 
graphical reconstruction of the encoded data (not shown) 
and, where necessary, in the final output (Fig. 1). Label 
numbers are also used internally by the systern for cross- 
referencing information on individual chromosomes. 

Chromosomes are sorted by normalizing the arm 


lengths and by calculating and ranking “pattern 
differences” between each measured chromosome and 


those of a standard set. These operations are performed 
in a way similar to that described by Gilbert, except that 
no special attention is paid to apparent pairing of chromo- 
somes, as morphological similarities between chromosomes 
within the principal groups may be fortuitous! 11, 
Instead, advantage is taken of the now widely accepted 
dual classification of human chromosomes’, which allows 
for the fact that normal variations in their morphology 
result in different degrees of certainty in their identifica- 
tion. Also, an attempt has been made to exploit the 
possibility that cells from a single source, prepared and 
mounted together, might show more similarity to each 
other than to cells of a different origin or to any arbitrarily 
chosen standard. 

In its present form, the system creates a magnetic 
disk file containing a list of labelled assigaments con- 
sisting of letters only, except that chrornosomes 1-3 
are identified by number (Fig. 18). After editing, if 
necessary, this file is later read back by the system 
(discussed later). Other output includes a table of chromo- 
some labels (Fig. 1C) arranged to facilitate rapid appraisal 
of the computer-generated assignments. A more detailed 
document summarizes the results of the caleulations on 
which chromosome sorting was based (Fig. 14). A look 
at the lists of pattern differences immediately tells 
whether the cells being examined can be matched 
accurately to the current standard, or whether there are 
random or consistent differences in the chromosome 
arm-length patterns. Pattern differences of “first choice’ 
chromosomes seldom exceed 0-1, that of a perfect match 
being zero. 

Primary sorting of the first group of cells usually results 
in some assignments which are clearly erroneous and 
others which are doubtful. If the investigator can 
improve on the system’s automatic assignment of a 
chromosome to a lettered group, he may reassign it to a 
numbered group by editing the disk file, as I have de- 


scribed. Normal chromosomes are identified by the 
letters A to G, plus X or Y, or by numbers 1 to 22. 


Abnormal chromosomes can be assigned any letter not 
already used. 

After the computer-generated chromosome group 
assignments have been checked and any necessary cor- 
rections made, information about the current group of 
cells is collated to provide a new standard on which to 
base subsequent sorting. In this way, while chromosomes 
of the first group of cells in a series are matched to an 
arbitrarily chosen standard, later sorting uses a standard 
derived from chromosomes already identified in earlier 
cells of the current series. In practice, this is found to 
result in a significant, and cumulative, improvement in 
the accuracy of the sorting process. It also permits the 
identification of chromosomes with abnormal characteris- 
tics, as I have indicated. 

The results of a chromosome analysis can be displayed 
in several ways. The methods commonly used are the 
karyotype. “a systematized array of the chromosomes of a 
single cell’’*, and the karyogram", in which each chromo- 
some 1s represented by a point in a bivariate coordinate 
system. Digital computers have been used to facilitate 
the preparation of both these forms of display®2-13, 

Lejeune has published combined karyograms, based on 
measurements of fifty cells from forty-five individuals’, 
which illustrate a disadvantage of this form of presenta- 
tion: the apparent grouping of points may be fortuitious 
and therefore misleading. Attempting to meet this 
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Fig. 1. Three output documents (4, B, C) which analyse data from a single cell. All were produced by an on-line teletype console, although A would 
usually be produced by the line-printer because of its length. All three documents bear a cell identification number (@) and a note of the time of the 
computer run together with program parameter data (jv). The presence of satellites is indicated by S. Output 4 lists chromosomes by their label’ 
numbers (see text), Group letters, chromosome numbers and pattern differences appear respectively in three columns in order of preference. Group 
letters are omitted from second and third choice positions if their entry would repeat the group letter of a previous choice. For example, chromosome 
label 1 has been assigned to group E with no alternative choice. The preferred chromosome number is 17, with a pattern difference of 0-004. Output B 
is an abbreviated list of assignments, giving only the first choice for each chromosome (a number if group 4, otherwise a letter), Chromosomes are listed as 
in output 4, and the rows coincide (see arrow). The square brackets and the terminating solidus {D are necessary as this document is used to feed back 


to the computer any corrections made by the investigator. 


some numbers, against which are listed the “labels” of the chromosomes assigned to each. 
pattern differences, so that the most likely matches appear first. 


(it is convenient to arrange for characters between square brackets to be ignored by Titan 
autocode programs.) Output C summarizes essential data so as to facilitate checking of the group assignments, The left hand column contains chromo- 


assigned numbers 8, 14 or 20, and pairing is not exact, but the assignments to the principal (lettered) groups are all correct. 


difficulty, he adopted a technique using out- 
of-focus photography which effectively trans- 
formed his combined karyogram into a kind 
of analogue display. 

In drawing attention to the unavoidable 
lack of precision which attends the measure- 
ment of chromosomes, Stewart and Killean? 
indicated that “each point in a karyogram 
should be surrounded by an ellipse of 
uncertainty’. This concept, essentially 
similar to Lejeune’s, has also been considered 
in some detail by Patau™. 


Centromere index (per cent) 
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“Labels” are listed in ascending order of their appropriate 
Chromosome numbers not represented are suppressed: mo chromosomes have been 
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The computer makes possible the applica- 7 
tion of statistical methods to these principles, | 
allowing the portrayal of a large volume Ee ee ee Ee 
of data in an easily assimilable form. o 20 40 60 a va 


Points of a karyogram can be plotted, not 
diseretely, but in the form of a contour 
diagram (Fig. 2). This is achieved by 
notionally superimposing on the coordinate 
system of the karyogram a matrix, with each 
element loaded in respect of each pomt 


Relative length (per 1.000) 


Fig. 2. Contour diagram representing data derived from thirty-three cells, pro- 
duced as described in the text. The matrix from which the diagram has been 
drawn was standardized so that the sum of the values of its 6,000 elements was 
1,000 arbitrary units. Contours have been plotted at levels of 0-01, 0-2, 6-4, 0-6, G8 
and 1-0 arbitrary units. The highest contour (1-0 unit) is marked by a heavy line. 
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according to a formula which quantifies the “area of uncer- 
tainty” surrounding it. The probability density at each 
matrix element in respect of each point is calculated from 
the notional distance separating them, assuming a normal 
distribution of probability about each point. 

Thus (Fig. 3), the contmbution y to matrix element m 
from point P is 


Cie k elaia} 


where a is the notional distance separating m and P, o has 
an arbitrary value which determines the effective area of 
the matrix over which the weight of point P is to be 
distributed, and & is a constant. 

If the current cell contains N chromosomes, and a; is 
the distance separating m from P; in respect of the ith 
chromosome, the total loading Y of each matrix element 
is 
e(a2ot) 


k. 


i= N 
‘i 


For the purpose of transferring the points of the karyo- 
gram to the elements of the notionally superimposed 
matrix, it is convenient to express chromosome lengths per 
thousand (rather than the conventional per cent) relative 
to the total length of the haploid autosomal complement. 
Values of relative length then fall within the range 0-100, 
and as the centromere index cannot by definition exceed 
50 per cent, a matrix of 5,000 elements (50 x 100) suffices 
to embrace all points in the karyogram. 

Points corresponding to all chromosomes are arranged 
to contribute equal weight to the matrix. For each point 
im turn, this weight (unity) is distributed between the 
columns, and each column weight is then redistributed 
between its constituent rows. Programming in two stages 
the distribution of the weight of each point provides an 
opportunity to use different values of o in respect of each 
axis of the karyogram. If the same value of ¢ is used in 
both axes (as in the example illustrated, in which o= 2), 
the “ellipse of uncertainty” surrounding each point 
becomes a circle. Extravagant use of computation time 
is avoided by distributing the weights of the various 
points of the karyogram only between those matrix 
elements to which they make a significant contribution. 
By suitable standardization and addition of matrices, 
comparable contour diagrams can be produced to sum- 
marize data from any number of cells. 

The contour plotting process does not require the 
identification of individual chromosomes. The letters and 
numbers which have been added to Fig. 2 identify those 
areas of high density which are assumed, in the aggregate, 
to be related to the chromosome groups named. To test 
the reliability of this assumption, the computer assign- 
ments of all chromosomes were checked cytologically and 
the necessary corrections were made. Except with 
group A, no attempt was made to identify chromosomes 
by number. The mean values of the relative lengths and 
centromere indices so obtained were consistent with the 
configuration and labelling of the peaks in the contour 
diagram. Individual scrutiny of some 1,500 chromosomes 
thus yielded information which, alternatively, could be 
deduced from the contour diagram, the automatic pro- 
duction of which demanded no cytological effort or skill. 

While the use of the d-mac pencil-follower to avoid some 
of the tedium of chromosome analysis is but an inter- 
mediate step towards full automation, a reliable pattern 
recognition device to count and measure chromosomes 
will revolutionize cytogenetics. With his own computer, 
the cytologist will be able to assess the characteristics of 
large numbers of cells, possibly by inspecting a contour 
diagram (or ‘“‘thumb-print”’) similar to that described. 
By means of an on-line visual display unit, it should be 
_ possible to make such an assessment within minutes of 
-. completing the cytological preparation. 
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Fig. 3. The matrix superimposed on the coordinate system of the 


karvogram. 
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Spontaneous Unscheduled DNA 
Synthesis in GI HeLa Cells 


DNA synthesis can be induced in all stages of the division 
cycle of mammalian cells by such agents as ultraviolet 
light’, X-irradiation? and alkylating agents’. This so- 
called unscheduled DNA synthesis is of low magnitude 


compared with normal, semi-conservative DNA synthe- ~ 


sis‘, and has been equated to repair activity in damaged 
cells. We have observed that significant amounts of 
‘H-thymidine are incorporated into the DNA of HeLa 
cells without an extracellular stimulus, and at a time when 
normal, semi-conservative DNA synthesis does not occur, 
We report: here the results of autoradiographic investiga- 
tions of this spontaneous unscheduled DNA synthesis 
and its possible role in normal DNA metabolism. 

About 4x 10t mitotic HeLa S83 cells, separated from a 
monolayer as described previously®, were plated on cover- 
slips in 60 mm Falcon Petri dishes in Eagle’s minimal 
medium supplemented with 15 per cent foetal calf serum 
and incubated at 37° C in a humidified atmosphere of 
5 per cent CO,. Three hours after plating, the medium 
was removed and the cells were incubated for a further 
l or 2 h period in a medium containing 10 pCi/ml. of °H- 
thymidine (NEN, lot 414-187, 15-9 Ci/fmmole) and the 
various drugs. Coverslips with attached cells were pre- 
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pared for autoradiography as deseribed previously’. For 
deoxyribonuclease I treatment, fixed cells were incubated 
for 1 h at room temperature with 1 mg/ml. deoxyribo- 
nuclease [ (Worthington Chemicals) in buffer containing 
0-2 M magnesium sulphate (pH 5-6). Grain counting 
after a 2-week exposure was restricted to pairs of cells 
derived from singly plated mitotic cells. Twenty-five 
of these G] pairs were scored. It must be stressed that 
we treated the cells in the GL period and that the chance 
of cells incorporating radioactivity as a result of entering 
the DNA synthetic (S) phase of the division cycle was 
remote, 


‘Table 1. GRAIN COUNT OVER FIFTY NUCLEI OF HELA CELLS INCUBATED 


WITH °H-THYMIDINE IN THE G1 PHASE 
Grain count 


Drug present with Treatment following 


*H-thymidine* labelling period X tez 
None None 35-615 
PCAT 81-24+1:8 
Excess TAR? 3355+16 
Acriflavin None 30403 
(3 x 10 M) PCA 41+0-4 
Excess TdR. 3540-4 
Hydroxyurea None 84+0-7 
(10 M) PCA 117409 
Excess TAR 119411 
None Deoxyribonuciease § OF 40-4 


* Cella incubated from 3 to 5 h after plating with 10 #Ci/mi. *H-thymidine. 

+ Mounted coverslips with fixed cells immersed in 4 per cent perchloric 
acid for 10 min at 7° G. 

t After labelling with *H-thymidine, medium removed and cells incubated 
from 5 to 7 h after plating with 2« 10-* M unlabelled thymidine before 
fixation. 

§ Fixed cells were incubated for 1 h at room temperature with 1 mg/ml. 
Ti Nase in buffer containing 0-2 M magnesium sulphate (pH 5-6). 


There seerns little doubt that the label is incorporated 
into the DNA, because it is neither removed by cold 
perchloric acid treatment, which removes the acid soluble 
material, nor by incubation for 2 h in unlabelled thymidine, 
which should flush out all unincorporated DNA precursor 
(Table 1). The label, however, is clearly removed by 
deoxyribonuclease treatment (Table 1). Further, examina- 
tion of metaphase cells that had incorporated label in the 
G1 phase reveals grains only in their chromosomes. These 
findings therefore tend to confirm that radioactive label 
enters nuclear DNA, that is to say, into the genome rather 
than into RNA or some extranuclear DNA containing 
body such as mitochondria. (Our cells were found to be 
PPLO negative.) It is also unlikely that the incorpora- 
tion of label was stimulated by the radiation from the 
tritium-containing medium, because the dose delivered 
during the 2 h incubation is less than one rad—far too 
small to induce unscheduled DNA synthesis’. 

The incorporation of thymidine into the DNA of 
unstimulated G1 cells is markedly inhibited by 3 x 10-* M 
acriflavin (Table 1). This cannot be an indirect effect of 
this drug resulting in a general inability of the cells to 
carry out synthetic processes, because at this concentra- 
tion the drug is not toxic to G1 cells. Indeed, the inhibi- 
tory action of acriflavin is expected in view of the fact 
that it depresses both normal and unscheduled DNA 
synthesis’. The effect of hydroxyurea (Table 1) is, how- 
ever, surprising in that in non-toxic concentrations it 
inhibits spontaneous thymidine incorporation into G1 
cells, although to a lesser extent than acriflavin. Hydroxy- 
urea inhibits normal DNA synthesis’, but not unscheduled 
DNA synthesis!*, and it is therefore difficult to envisage 
how it could block thymidine incorporation into Gl 
cells as shown in these studies. But besides interfering 
with the conversion steps of pyrimidine precursors? the 
drug may act directly4! on DNA molecules in a way that 
would reduce spontaneous incorporation of thymidine 
into GI cells. 

We believe that our data indicate a metabolic role 
for this spontaneous unscheduled DNA synthesis in Gl 
cells, and point to the possible existence of DNA turnover 
in these cells. Instability of DNA in viable cells is 
described by other authors in the degradation of acid- 
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insoluble polydeoxynucleotides in human amnion cells! 
and loss in radioactivity of the DNA fractions of labelled 
mouse L cells, It can be hypothesized that lesions are 
introduced into the genome as part of a general error 
correcting mechanism™ or during normal replication’ 
and transcription'® which are further potentiated by 
exonuclease activity. The spontaneous unscheduled 
DNA synthesis we have deseribed could conceivably 
account for the repair of such lesions induced as part. of a 
cell’s normal metabolic activity. 

This work was aided by the US Nationat Cancer 
Institute and the US Atomie Energy Commission. 
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Repair of Sub-lethal and Potentially 
Lethal Radiation Damage in Plateau 
Phase Cultures of Human Cells 


WHEN monolayer cultures of mammalian cells are allowed 
to reach the stationary or plateau phase of growth, overall 
DNA synthesis decreases markedly. This is chiefly a 
result of the appearance of many non-proliferating cells 
which remain in the presynthetic (G,) stage of the cell 
cycle, while the cell concentration remains approximately 
constant because the lowered rate of cell division is 
balanced by the sloughing of dead cells into the nutrient 
medium!?, Such cultures are interesting to radio- 
biologists because they represent an im vitro cell renewal 
system which has several of the characteristics of human 
malignant tumours. When Chinese hamster cells were 
irradiated in the plateau phase of growth, the slope of the 
survival curve was similar to that obtained with exponen- 
tially growing cultures, but the cells did not accumulate 
and repair sub-lethal damage’. I have investigated the 
effects of radiation on stationary cultures of a line of cells 
derived from normal human liver (Chang)*. After 
irradiation in the plateau phase of growth, not only do 
these human cells recover from sub-lethal radiation 
damage, but potentially lethal damage is repaired if the 
cells are allowed to remain in the stationary phase for 
some time after irradiation. 

Chang liver cells were grown in 5 per cent CO, in 
Eagle’s minimal essential medium with Earle’s balanced 
salt solution supplemented with non-essential amino- 
acids, antibiotics and 10 per cent heat-inactivated calf 
serum. The nutrient medium was changed daily and the 
experiments were performed either 2-3 days after inocula- 
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tion of the culture (exponential growth) or 11-14 days 
later when the cells were in the stationary or plateau 
phase. Details of the preparation and maintenance of 
cultures and the basic methodology for the experiments 
to be described were reported earlier’. 


Table 1, SURVIVAL PARAMETERS FOR CHANG LIVER CELLS IRRADIATED 
DURING THE EXPONENTIAL AND PLATEAU PHASES OF GROWTH 


Dy d j Plating efficiency 
Exponential 15213 21402 69 +40 per cent 
Plateau phase 123341% 38204 84 +48 per cent 


These are mean data from five consecutive experiments in each growth 
phase +1 standard error. 


Table 1 shows the mean survival parameters derived 
from the data of five consecutive experiments in which 
celis were irradiated in each growth phase. The slopes of 
the survival curves differed significantly; the Dy was 
consistently 25-30 r. lower with stationary as compared 
with exponentially growing cultures, while the extra- 
polation number (n) was slightly greater. Plating 
efficiencies did not differ significantly between the two 
growth phases, and ranged from 52 to 83 per cent. 

Because many colony-forming cells are apparently not 
actively replicating while cultures are in the plateau 
phase, it seemed a reasonable hypothesis that these cells 
would repair potentially lethal damage if allowed to 
remain for some time after irradiation in the stationary 
phase before plating. Fig. 1 shows the results of an 
experiment in which replicate cultures were irradiated 
with 400 r., returned to the incubator for 0-6 h, then 
_ exposed to trypsin and plated for colony-forming ability. 
Survival was enhanced by a factor of approximately two 


when 2-6 h elapsed between irradiation and plating. 


. Enhanced survival was not observed when the same 
experiment was performed with exponentially growing 
cultures. The fluctuations in survival shown in Fig. 1 
are qualitatively similar to those observed when cells are 
allowed to repair potentially lethal damage by incubating 
them with balanced salt solution for several hours after 
irraciation®. 

The survival curve for stationary cultures of Chang 
liver cells has an extrapolation number significantly 
greater than 1-0 (Table 1), and so these cells should also 
be able to accumulate and repair sub-lethal radiation 
damage. The effects of recovery from both potentially 
lethal and sub-lethal damage on net cell survival after a 
split radiation dose are shown in Fig. 2. The centre 
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Fig. 1. Survival of cells from plateau phase cultures of Chang liver cells 

as a function of the time during which the cells were allowed to remain in 

the stationary phase after irradiation with 400 r. and before trypsiniza- 

tion and plating. Plating emona Mer 64 per cent, and the cell count 
was 23 x 105, 
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Fig. 2. Effect on net survival of repair of both sub-lethal and potentially 
lethal radiation damage after a split dose in plateau phase cultures. 
Data in the curve on the lower left are from cultures plated Immediately 
after exposure to 500 r., then exposed to 350 r. after various intervals. 
The curve on the far right Tepen survival in cultures returned fo the 
incubator for 6 h after irradiation with 500 r. then plated and exposed 
to second doses of 6 to 500 r. Plating efficiency was 55 per cent; call 
count 20 x 10%; R, 3-2; and Da 122 6. 


curve is the single dose survival curve for cultures 
trypsinized and plated immediately after irradiation. 
The curve on the lower left demonstrates repair of sub- 
lethal damage alone by showing the surviving fraction 
which resulted when cultures were irradiated with 500 r., 
trypsinized and plated immediately after irradiation, and 
then exposed to a second dose of 350 r. after various 
intervals. The curve on the far right represents cultures 
irradiated with 500 r. and returned to the incubator; 6 h 
later they were trypsinized and plated, and the cells 
were exposed to second doses of radiation varying from 
0 to 500 r. Both types of recovery influence survival in 
the latter type of experiment, and so net survival of the 
split radiation dose was about six times greater than 
when the same dose was given as a single exposure and the 
cells were plated immediately. 

Stationary phase cultures of mammalian cells are an 
interesting in vitro cell system, for they exhibit certain 
characteristics of more complex in vivo systems such as 
tumours, in particular a large fraction of non-proliferating 
but potentially colony forming cells. Various factors, 
including cell type, however, seem to influence the radia- 
tion response in plateau phase cultures, and may also 
explain in part the differences between my results and 
those of Hahn et al. with Chinese hamster cells’. 
Francesco Mauro (personal communication) has shown 
that the magnitude of the shoulder and extrapolation 
number of the survival curves for stationary cultures of 
HeLa cells varies with the type of serum in which the 
cells are irradiated. Recently, Hahn (personal communica- 
tion) found that if the rate of protein synthesis is depressed 
in stationary cultures of hamster cells by nutritional 
depletion, the shoulder reappears on the survival curve 
and the ability to repair radiation damage returns. 

These observations suggest that we should be cautious 
in extrapolating results obtained with plateau phase 
cultures of any particular cell line grown in specific 
cultural conditions to the in vivo situation. If the ability 
of stationary cells to repair radiation damage that would 
usually be lethal to actively proliferating cells is a general 
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phenomenon, however, this factor could be important in 
the net response of human malignant tumours to fraction- 
ated radiotherapy, for many tumours are known to con- 
tain a sizable fraction of stationary cells. 

I thank Mrs Helen Vetrovs for technical assistance. 
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the Rockefeller Foundation. 

Jonn B. LITTLE 
Department of Physiology, 
Harvard University Sehool of Publie Heal th, 
Boston, Massachusetts. 
Received September 16, 1969. 


* Hahn, G. M., Stewart, J, R., Yang, S. J., and Parker, V., Exp. Cell Res., 49, 
285 (1968). 

* Little, J. B., Radiology, 93. 307 (1069). 

* Hahn, G. M., Mature, 217, 741 (1968). 

* Chang, R. S., Pree. Soc. Exp. Biol. and Med., 87, 440 (1954). 

* Belli, J. A., and Shelton, M., Seience, 165, 490 (1969). 


Aicohol-induced Malabsorption of 
Vitamin Biz in Man 


INroxicaTiIon with alcohol is frequently associated with 
diarrhoea, and disturbances of intestinal function have 
been reported to be common in chronic alcoholics studied 
shortly after drinking-bouts!~. Because the normal diet 
of aleohohes is characteristically poor, it is not clear 
whether the transient malabsorption frequently found 
can be attributed to a direct toxic effect. of ethanol on the 
small intestine, or to a nutritional deficiency. We there- 
fore studied the effects of the experimental ingestion of 
ethanol in man on vitamin B,, absorption under controlled 
metabolic ward conditions in the absence of nutritional 
deficiency. 

Our experimental design was similar to that of previous 
studies*:? in which toxic effects of ethanol on liver and 
bone marrow in man were demonstrated. Four asympto- 
matic, haematologically normal adult male volunteers 
with normal liver biopsies and a history of chronic 
alcoholism were studied. Throughout cach of three study 
periods (pre-ethanol control, ethanol and post-ethanol 
control), they received daily multivitamin supplements 
including pharmacological doses of folic aeid?. Protein 
intake comprised 12-5 per cent of total calories in two, 
and 25 per cent in two others. Ethanol was substituted 
isocalorically for carbohydrate for 3 to 8 weeks, the 
intake having the same calorie value. The maximal 
daily dose varied from 158 to 253 g ethanol. 

Vitamin B,, absorption was studied during control and 
ethanol periods by the method of Schilling?.  %7Co- 
cyanocobalamin (0-75 ug; specific activity 1 uCi/ug) was 
given orally with intrinsic factor concentrate. The 
urinary excretion of Co-vitamin B, during ethanol 
testing periods was less than that of any of the control 
values for each subject (Table 1). Comparison of control 
and ethanol values revealed an average decrease in B,» 
excretion during the alcohol period of 41-5 per cent (range 
22-9-52-7 per cent) for 24 h urines, and 34:7 per cent 
(range 17-1~47-5 per cent) for 48 h (P < 0-005 for 24 h and 
P<0-O1 for 48 h). In two subjects the 24 h excretion 
during the ethanol period fell below what we consider as 
normal (7 per cent or greater), Urine volumes did not 
differ between periods. In subject 1, faecal radioactivity 
was determined for two weeks after three of the Schilling 
tests, and was higher during the ethanol period {pre- 


ethanol 17-7 per cent of administered dose: ethanol 
41-3 per cent; post-ethanol 34-4 per cent). Serum 


vitamin B levels’, and urinary indican excretion”, 
remamed normal throughout the study. 

Our results indicate that the administration of ethanol 
for two weeks or more along with a proper intake of 
protein and vitamin interferes with the absorption of 
vitamin Bp by the human ileum. That impairment 
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Table 1. PER CENT URINARY EXCRETION OF “(Co-VITAMIN Bis DURING 
CONTROL PERIODS AND ETHANOL ADMINISTRATION IN HUMAN VOLUNTEERS 


Urinary *'Co-vitamin B; excretion Days Maximal ethanol 
a {per cent) on dose 
Subject Control (pre- and/or l ethanol {total calorie 
post-ethanol) Ethanol when intake) 
24h 48h 24h 48 h tested 
(per cent) 
1 42-4 51-4 27-4 330 13 46 
407 50-6 11-9 20-6 26 
2 12-1 16-2 5-9 od 21 Gt} 
12-1 168 67 11-0 31 
W2 175 
3 17-0 210 13-1 17-4 21 60 
4 10-5 15-4 5-9 10-2 34 66 


of ileal function occurred was further suggested by 
the presence of striking ultrastructural abnormalities 
(dilated endoplasmic reticulum and focal cytoplasmic 
degradation) in an ileal biopsy obtained from subject 
2 on the fifty-first ethanol day. Light microscopy 
histological findings were normal. (These changes will 
be reported in detail by B. Rybak, E. Rubin, J. L. and 
C. S. L. elsewhere.) Whether the “toxic” effect of ethanol 
is limited to B,, assimilation or to ileal funetion in general 
remains to be determined. In animals, depression of 
active jejunal transport of amino-acids by ethanol has 
been reported !+18, 

This work was supported by grants from the US 
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Control of Degradation and Synthesis 
of Induced Tyrosine Aminotransferase 
studied in Hepatoma Cells in Culture 


We have been studying the mechanism of tyrosine amino- 
transferase (TAT) induction by adrenal steroids in 
hepatoma (HTC) cell cultures!?, The hormones increase 
the rate of enzyme synthesis resulting in an increased 
intracellular TAT concentration’. The enzyme is con- 
tinuously turning over with a half-time of degradation 
of 3 to 7 h (measured as loss of either enzymic or antigenic 
activity), depending on the experiment and the conditions. 

We show here that when the nutritional level of the 
medium is suddenly reduced, a transient phase of more 
rapid TAT degradation appears. This “enhanced degrada- 
tion’ is inhibited by actinormyein D and cyelohexinide, 
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in the presence of which TAT degradation approaches its 
slower “normal? rate. Enhanced degradation affects 
TAT quite specifically, for step-down does not affect the 
degradation of general cell protein or RNA. Our studies 
also provide further evidence that TAT synthesis is under 
the control of a labile post-transcriptional repressor®™ +5, 

We first examined the effect of the composition of the 
medium on the degradation of TAT, determined by 
following the loss of induced TAT activity which occurs 
when the inducer is removed. After transfer of the cells 
to inducer-free growth medium, the TAT activity rose 
for 2 h and then declined exponentially at the “normal” 
rate with a half-time of about 6 h (Fig. 1). (In other 
similar experiments this value ranged from 3 to 6 h; the 
initial increase of TAT activity appearing when cells are 
transferred into new growth medium is probably an 
effect of the fresh serum (unpublished results of T. D. 
Gelehrter and G. M. T.)) On mild step-down into induction 
medium (identical to growth medium but lacking serum), 
the TAT activity declined immediately after transfer with 
a half-time of about 3 h. After the severe step-down into 
buffered saline, the activity promptly declined with a 
half-time of about 1-5 h for 4 h, and thereafter fell more 
slowly. This suggests that, in step-down conditions, the 
rate of TAT degradation is considerably faster than the 
normal rate, observed when no nutritional deprivation is 
imposed. 

For this conclusion to be valid, however, we must first 
demonstrate that the rates of loss of enzymic activity 
observed when the inducer is removed (Fig. 1) are, in 
fact, the actual rates of enzyme degradation. The experi- 
ment depicted in Fig. 24 shows that this assumption 
is indeed the case. Just as in the experiment of Fig. 1, 
in fresh growth medium TAT activity first rose and 
then declined exponentially with a half-time of 2-6 h. The 
loss of radioactivity from specifically immunoprecipitated 
TAT—a direct measure of enzyme degradation—pro- 
ceeded at virtually the same rate (half-time 3 h) as that 
of TAT enzymic activity. The decline in radioactivity 
began as soon as the cells were transferred to the un- 
labelled medium, indicating that enzyme degradation 
must have been constant during the period studied. The 
similar decay rates of enzymic activity and enzyme radio- 
activity show that the former is indeed a valid measure 
of the rate of TAT degradation. 

Fig. 2B illustrates that when prelabelled, mduced cells 
were stepped down from growth medium into buffered 


Growth Medium 
$ 


~ foduction Medium 


Percentage of induced TAT activity 


Buffered Satine 
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Hours after removing inducer 


Fig. 1. A suspension culture of HTC cells in growth medium (about 
400,000/ml.) was induced for 16 h with 2 x 10-5 M cortisol. The suspen- 
sion was centrifuged and divided into three parts. Each part was washed 
twice with and resuspended in either growth medium (containing 10 per 
cent serum), O- O; induction medium (identical to growth medium 
but lacking sera), [7---L]; or buffered saline”, @ @. at “zero” 
time. The fresh media were free of hormone. Aliquots were removed at 
the indicated intervals and the cells were washed with chilled saline and 
then frozen. The initial TAT specific activity was 60 muU/mg protein, 
The half-times of TAT activity were calculated to be 6 h in growth 
medium, 3 hin induction medium and 1-5 h (later 3h) in buffered saline. 
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Fig. 2. A suspension culture of HTC cells (about 500,000/mL) was 
induced for 9 h with 107 M cortisol in serum-free induction medium and 
labelled for an additional 4 h with *H-leucine in presence of 10 per cent 
serum. At zero time the cells were washed once by centrifugation and 
resuspended at 37°C in either fresh growth medium (4) or buffered 
saline (B). Both media were free of *H-leucine and indacer. At the Ingi 
cated intervals aliquots of each culture were removed; the cells were 
washed with chilled saline and then frozen. The TAT enzymic activity 


(@-———@) and the radioactivity remaining Specifically in TAT 
(O---O) are plotted semilogarithmically against time after removal 


of *H-leucine and inducer. (The TAT contained 2.260 cpm per me 

protein at zero time.) The half-tirmnes of TAT activity were calculated 

to be 2-6 h (4) and 0-75 h (B). The half-times of radioactivity in TAT 
were 3 h (4) and 0-75 h CB} 


saline, TAT activity began to fall rapidly, achieving a 
half-time of 0:75 h. Again, the loss of TAT activity 
indicated the actual rate of enzyme degradation, for the 
radioactivity in TAT declined with the same half-time as 
the enzymic activity. In step-down conditions the rate 
of TAT degradation is therefore more rapid than normal. 
We call this step-down-induced increase “enhanced” 
degradation. 

Fig. 2 shows that both with and without the step-down, 
the fall in TAT enzymic activity closely parallels the 
degradation of enzyme molecules (measured mamuno- 
logieally). Thus enzyme synthesis in both cases is reduced 
to virtually undetectable levels (presumably the basal 
rate) when the inducer is removed. From a comparison 
of the kinetics of loss of enzymic activity with the kineties 
of loss of radioactive enzyme molecules, however, it seems 
that enzyme synthesis slowed more abruptly after the 
step-down than after the “normal” transfer. 

We investigated next the requirements for concomitant 
RNA and protein synthesis in TAT degradation under 
both normal and step-down conditions. The radio- 
immunoprecipitation data shown in Fig. 34 demonstrate 
that, without a step-down, TAT degradation is not 
affected by actinomycin D. Similar experiments im 
populations of synchronized’ and of random (not illus- 
trated) HTC cells have also shown that the normal 
degradation of TAT is not affected by cycloheximide. 
Neither new RNA nor new protein molecules are therefore 
required for the normal degradation of TAT. (The data 
in Fig. 34 also contain significant implications concerning 
the mechanism of control of TAT synthesis, which wil 
be discussed below.) | 

Fig. 3B shows that both actinomycin D and, to a 
greater extent, cycloheximide slowed the enhanced TAT 
degradation towards the normal rate, measured either 
by enzymic activity or by radioimmunoprecipitation. En- 
hanced degradation therefore requires the formation of 
new macromolecules, particularly proteins. These macro- 
molecule(s) must themselves be very labile, for eyelo- 
heximide, added 2 h after enhanced degradation has 
already begun, abruptly slows enzyme inactivation to 
the normal rate. 

Enhanced degradation is relatively specific for TAT, 
because the turnover of both generally labelled RNA and 
protein was very slow compared with that of TAT, and 
was unaffected by step-down or cycloheximide. 

The stimulus for enhanced degradation appears to be 
a general nutritional step-down rather than simply serum 
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deprivation. HTC cells were induced over- 
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eyeloheximide inhibits the turnover of = S k a g & A 
induced TAT in rat liver, while Levitan 7] `N | & = | 
nd Webb™ have found that 5-azacvtidine | ne: 2 ! 
arc ab at 5-azacyticdine T a z 
interferes with this same process. Reel ae Anta oh p g IA Sr : 
and Kenney have also reported that as en oa iG | so = = i 
actinomycin D inhibits the turnover of a acl 
induced TAT in hepatoma cells in eul- Fig. 3. HTC cells in suspension culture were induced with cortisol and labelled for 4h 


ture, 

In the experiments in vivo® the animals 
were fasted for considerable periods before 
being killed; and in the tissue culture 
study! a nutritional step-down was an in- 
trinsic ae of the esponimental seine wv e 
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with *H-leucine as deseribed in the legend of Fig, 2. At zero time (see also legen of 
Fig. 2) the cells were washed free of inducer and *H-leucine and were resuspended in 
either fresh growth mecium (A) or buffered saline (B). (The TAT contained 1,400 e.p.m. 
per mg protein at zero time.) To one-half of the cell suspension in growth medium (4) 
actinomycin D (AMD: 5 ug/ml.) was added at zero time, and aliquots were removed from 
both cultures for determination of TAT enzymic activity (@—— @, without, and ~~ -© 
with actinomycin D}, and radioactivity remaining in TAT CA~ ~ wes without, and A-- -A 
with actinomycin D). The cell suspension in buffered saline (B) was divided into three 
equal parts. To one suspension, actinomycin D (5 ve/mi.) was added at zero time, and to 
another, cycloheximide (CH, 10> M} was introduced at. the same time. The third served 
as a control without further addition and is the same suspension ased for the experiment 


BN TAT de E A eoe ea: in shown in Fig. 2B. Aliquots from each suspension were removed at the indicated intervals 
those g 3 y Sis =e and the TAT enzymic activity (D Je- control; A-—--— , cycloheximide; O~ ©, 
those studies might in fact have been en actinomycin D) and the radioac tivity remaining in TAT (H --U, control; A-—A, 


hanced degradation induced by step-down 
or its equivalent. The reported failure of 
cycloheximide to inhibit TAT degradation 


(F actinomycin D) were determined and are plotted semi- 
logarithmically against time after inducer and °H- leucine removal. In Æ the half-lives 
of TAT activity were found to be 0-75 h (control), 1-5h (+ actinomycin D} 2-5 h (+ cyclo- 
heximide), The half-times of radioactivity in TAT were calculated to be 0-7 h (contro), 





cycloheximide: © 





in perfused liver!? may imply that no step- 
down-like conditions were imposed in 
those iad nanan 


neice: ihe We cannot re whether 
enhanced degradation results from stimulation of the 
normal process or whether it is mediated by an entirely 
independent mechanism such as an inducible enzyme 
system, the synthesis of which is stimulated by nutritional 
step-down. 

These experiments also bear on the mechanism of 
regulation of TAT synthesis. The experiment depicted 
in Fig. 34 demonstrates that, when the inducing steroid 
is removed from a previously induced culture, and RNA 
synthesis is simultaneously inhibited, the concentration 
of TAT rises somewhat and remains elevated in the face 
of a normal rate of enzyme degradation. Thus, in the 
absence of RNA synthesis, the mRNA for TAT is quite 
stable and removal of the inducer does not lead to the 
usual repression of TAT formation. These findings strongly 
support the idea that a post-transcriptional step in TAT 
synthesis is inhibited by a labile, inducer-sensitive repres- 
sor which decays rapidly when RNA synthesis is pre- 
vented? 45,18, 
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Fatty Acids as Regulators of 
Glucagon Secretion 


*LUCAGON is as essential as insulin in some species for 
the maintenance of blood glucose, although the factors 
influencing its release are less well understood. It has 
been thought, for example, that a low level of blood glu- 
cose might serve as a primary stimulus to secretion!—, but 
the effects obtained with low glucose concentrations have 
been small, and may not have great physiological signifi- 
cance. High levels of amino-acids may also promote the 
secretion of glucagon*-®, but again the regulatory impor- 
tance of the effect is questionable. We here report a 
very marked inhibition of glucagon release by fatty acids 
and ketone bodies in vitro. It seems quite likely that the 
æ cells of islets are more sensitive to variations in the 
levels of circulating fatty acids than to other metabolites. 

Islets of Langerhans were isolated from male guinea- 
pigs by collagenase digestion of the pancreas using methods 
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previously deseribed for rabbit pancreas’. Because the 
glucagon secreting x cells in the guinea-pig are situated 
uniformly throughout the islet mass’, they are less sus- 
ceptible to damage during the isolation procedure than 
in the rat, where the « cells are placed peripherally. 

The separated guinea-pig islets were subjected to a 
preliminary incubation for 30 min in a bicarbonate buffered 
medium, supplemented with 5 mM pyruvate. fumarate 
and glutamate, and with a glucose concentration of 5-5 
mM. After the preincubation period the islets were 
divided into groups of ten and incubated for a further 
30 min in 2 ml. of medium, supplemented as before, and 
containing albumin together with the various test sub- 
stances. Albumin-bound palmitate was prepared by the 
method of Garland et al.§. After incubation, the medium 
was sampled for determination of ics glucagon content by 
immunoassay. The assay used is based on the precipita- 
tion of antibody-bound glucagon by means of 67 per cent 
ethanol, unbound glucagon remaining in solution’. 
Samples from the incubation media were incubated at 
4° C for 48 h with a mixture of glucagon antiserum (final 
dilution 1 : 3,000}, a suitable concentration of }**I-glucagon 
and ‘Trasylol’. The 1*I-glucagon was prepared by a 
modification of the method of Greenwood et al.” and the 
antiserum was made in rabbits by the polyvinylpyrroll- 
done method of Assan et al.. Antibody-bound glucagon 
was separated from unbound glucagon by the addition 
of ethanol at 4° C to a final concentration of 67 per cent. 
The precipitates were separated by centrifugation and 
their radioactivity was determined. 

The results of incubation of the islets with various test 
substances (Table 1) indicate that there is a small increase 
in the rate of secretion when the glucose concentration is 
lowered from 16-7 mM to 1-7 mM, though this difference 
is not statistically significant. An inhibitory effect of 
increasing glucose concentration on glucagon secretion 
has been reported by others'*, but the effects have gener- 
ally been small. A rather larger effect of arginine in 
increasing glucagon secretion is apparent from Table 1 
and this is in line with the results of other investigators 
who have studied effects of arginine on glucagon release 
in vivo®. The glucagon secretory responses of guinea-pig 
islets isolated by this method are therefore very similar 
to those reported for other species. 


Takie 1. GLUCAGON BY ISOLATED GUINEA-PIG ISLETS OF 


LANGERHANS in vitro 


RELEASE OF 


Glucagon secretion 
+ SE. (nes 10 
islets/30 min) 

-36 +017 (29) 

O8 + 0-14 (22) 

28 + 013 (23) 


Substances in medium 


Glucose 1-7 mM 1 

Glucose 16-7 mM. 1 

Glucose 5-5 mM 1 
Glucose 6-5 mM + arginine 1 mM 1 0-20 (6)* 
Glucose 5-6 mM + arginine 3 mM 3-40 4 
4-08 + 0-26 (18)4 
0:40 
0 


bi HY 
> 
ae 
oS 
E 


t 


Glucose 5-6 mM + arginine 5 mM 

Glucose 5-5 mM + sodium -hydroxybutyrate 5 mM 404+ 0-10 (20)F 

Glucose 5-5 mM + sodium octanoate 5 mM ‘$0 + 0-06 (21)F 

Glucose 6-5 mM+albumin 8 mg/ml. 4-15 + 0-18 (20) 
0:56 + 0-08 (19}F 


Glucose 5-5 mM + albumin 8 mg/ml. + sodium palmitate 

0-6 mM 

The number of observations is shown in parentheses. Significant differ- 
ences between 5-5 mM glucose (control) and 5-5 mM glucose + test substance 
in medium are indicated * when P < 0-05, and + when P < 0-001. 


i 


An unexpected finding was the marked inhibition of 
glucagon secretion in the presence of palmitate, octanoate 
and 8-hydroxybutyrate. Effects of fatty acids on glucagon 
release have not previously been reported in vitro, although 
the reverse effect, a stimulation of insulin secretion by 
ketone bodies or fatty acids, is known to take place in 
some species!?.8, Because glucagon is known to promote 
fat breakdown by a direct lipolytic effect on adipose 
tissue!4, the resultant increase in blood non-esterified 
fatty acids will limit further glucagon secretion by feedback 
inhibition. 

The effects of fatty acids (Table 1) contrast with the 
difficulty experienced in demonstrating effects of glucose 
on glucagon release in vitro, even when the glucose con- 
centration falls to unphysiological levels. Our results 
suggest that, at least in the guinea-pig, levels of circulating 
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Effect of Cyclophosphamide on 
Experimental Staphylococcus Infection 
in the Rat 


A common drawback associated with the use of antineo- 


producing a striking inerease in mortality. We now 
report that treatment of rats with eyclophosphamide 


AUTEUS. 

Long-Evans rats were administered 50 mg evelo- 
phosphamide per kg weight. intraperitoneaily, on alternate 
days for a total of four injections, The animals were 
then injected intravenously with a 0-20 mi. suspension 
containing 2x 108 viable staphylococci. At various 
times thereafter, animals were beheaded and exsanguin- 


homogenates, viable plate counts were performed using 
trypticase soy agar. Blood cultures were obtained by 
means of cardiac puncture. Viable counts were expressed 
as the number of viable cells per g wet weight of tissue or 
per ml. of blood. 

Some of the side effects produced by the drug are 
documented in Table 1. In addition to a significant 
decrease in the relative weight of the spleen, there was 
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Fig. 1. Viable staphylococci recovered from various tissues of the rat 

following treatment with cyclophosphamide, Each point on the graph 

represents the average value obtained from five animals. @, Control: 
O, treated. 


also a high incidence of petechial haemorrhage in both 
the lungs and the small bowel. Such effects have been 
reported by others§4°, By contrast, the liver, lungs 
and kidneys of treated animals underwent no such 
decrease in their relative weights. As expected, the 
drug also produced a severe leucopenia: treated animals 
exhibited an average cell count of only 78 white cells /mmè. 


Table 1. SUMMARY OF SIDE EFFECTS PRODUCED 


CYCLOPHOSPHAMIDE 


BY TREATMENT WITH 


Petechial haemorrhage 


Splenic* Diar- Haema- Leucocyte | Small 
weight rhoea turia count Lungs Bladder bowel 
Control 0-24 O/10F 0/10 10,965 0/10 0/10 0/19 
Treated 0-15 0/15 1/15 78 13/15 1/15 7/15 


* Per cent total body weight. 
t Number exhibiting side effect/number observed. 


Using experimentally infected mice, Smith and Dubos! 
reported the rapid proliferation of staphylococci within 
the kidneys, leading to death. Although the present 
studies were not followed to death, a similar trend in the 
kidneys seems to have been evident (Fig. 1). Viable plate 
counts for this organ did not decrease 24 h after injection. 
By contrast, the number of viable staphylococci recovered 
from the liver, spleen and lungs continued to decline up 
to 24 h. Blood cultures obtained from control animals 
exhibited similar changes, although a gradual increase in 
the bacterial count began at about the twelfth hour. This 
is quite possibly the result of concomitant multiplication 
of bacteria within the kidney as well as within the peri- 
pheral circulation. 

The number of viable staphylococci recovered in the 
"arious organs Increased very significantly in rats treated 
with cyclophosphamide. In both the liver and the 
kidney, a decrease in viabilitv was noted up to the 6th 
hour after injection, at which time a noticeable and 
significant increase in bacteria was observed in com- 
parison with control animals. In the liver, the number of 
viable bacteria reached a plateau at 6 h and remained 
there up to 24 h. Staphylococci within the kidney were 
observed to undergo rapid proliferation 6 h after injection 
and continued to multiply throughout the 24 h period. 
For the spleen the effects were similar, but the increase in 
bacteria 24 h after injection was not significant. The most 
striking increase in bacterial population was noticed in 
the lungs of treated animals. A significant rise in bacteria 
was observed 6 h after injection: a 10,000-fold increase in 
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This 
marked increase within the lung, as well as the somewhat 
less severe proliferation within the kidney, are the factors 
most probably contributing toward the rise in the numbers 
of staphylococci in the peripheral circulation of treated 
animals. 

Cyclophosphamide was recently reported to inhibit the 
activity of various hydrolytic and proteolytic enzymes in 
the leucoeyte!’?, liver and kidney"*. Our recent studies 
have revealed sharp reductions in the levels of renal 
lysozyme and alveolar myeloperoxidase following cyclo- 
phosphamide treatment. Other studies have revealed a 
decrease in the bactericidal capacity of alveolar tissue 
in cyclophosphamide treated animals. The fact that 
myeloperoxidase-—in addition to various other acid 
hydrolases—-participates in bacterial destruction has been 
reported by others!®-*?, It is thus quite possible that the 
cyclophosphamide induced enhancement to bacterial 
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Chimpanzee Antibodies to 
Australia Antigen 


THE study of viral hepatitis has been held up by the 
failure to isolate or serologically identify the active viral 
agent. Hirschman et alt have shown that the Australia 
antigen? is present in serum of 74 per cent of patients 
with serum hepatitis, and they have identified a virus- 
like particle from electron micrographs of the precipitate 
of the Australia antigen by antiserum from multi-trans- 
fused patients, which they tentatively consider to be 
the infectious agent. With antiseram in chimpanzees 
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transfused with chimpanzee blood, the Australia antigen 
in human serum could also be deteeted with apparent 
antigenic identity. 

I have been immunizing chimpanzees with Australia 
antigen and now report findings on the presence of 
Australia antigens in the chimpanzees, as well as the 
successful immunization of chimpanzees with this antigen, 
which produced quantities of Australia antigen specific 
antiserum. These observations suggest a possible model 
to study the carrier state of viral hepatitis and an effective 
way to produce screening or diagnostic serological reagents 
useful in man and non-human primates, 

Sera for this study were obtained from sixty-two 
healthy chimpanzees from the 6471st Aeromedical Re- 
search Laboratories, Holloman Air Force Base, New 
Mexico, and from the Laboratory for Experimental 
Medicine and Surgery in Primates, New York University. 
Human serum with Australia antigen and specifie anti- 
serum which identifies the Australia antigen were provided 
by Dr A. Prince, New York Blood Center. 

The immunological reaction was demonstrated by 
double diffusion in agar gel (1 per cent Difco Noble agar, 
0-15 M NaCl, 0-01M phosphate adjusted to pH 7-4). 
Three animal sera contained precipitating antibody (Du 
64, Ru 114, Bev 120). These sera reacted with antigens 
in serum of five chimpanzees (Ed 105, Ja 109, Shi 116, 
Br 120 and Lu 221). A precipitin reaction was also 
observed with the human serum containing Australia 
antigen. Human antiserum for Australia antigen also 
formed a precipitin band with these five antigen containing 
sera. Complex patterns of antigen placement with 
each of the antisera showed the precipitin lines to fuse 
both among the chimpanzees and between the chim- 
panzees and human Australia antigen serum. Further, 
our serum panel contained the same gibbon serum re- 
ported positive by Hirschman et al.', and I can confirm 
the antigenic identity of the reaction of the gibbon 
antigen with the antigens of the chimpanzee and human 


sera. Among all our reactions, no spur formation was 
noted. Absorption of antisera with any of the antigen 


sera removed demonstrable precipitin activity. 

Further identification of the antigen was by immuno- 
electrophoresis. A single «mobility precipitin arc was 
found when the contaming antigen serum was electro- 
phoresed and reacted with chimpanzee antiserum in the 
trough. Further characterization of the immunoelectro- 
phoresis patterns for lipid, high carbohydrate and enzyme 
activity (esterase, ribonuclease, oxidase and catalase) was 
negative’, 

The antigen was identified only in the first peak serum 
fraction of effluent from a ‘Sephadex G-200° column 
previously equilibrated with 0-01 M phosphate, 0-15 M 
NaCl (pH 7:4). Other serum proteins (xp macroglobulin, 
8-lipoprotein and yM-immunoglobulin) are also present m 
this preparation. Protein (5 mg) from Shi 116 was emulsi- 
fied in Freund’s complete adjuvant (Arilacel A 15 per 
cent, mineral oil 85 per cent, Staphylococcus aureus 1 mg/ 
ml. heat killed) ard injected intramuscularly mto each 
of two chimpanzees whose serum lacked the antigen (Ma 
196 and Be 203). The second or third booster injections 
of 5 mg protem in meomplete Freund’s adjuvant at 
1 month mtervals evoked useful titres of precipitating 
antibody. Both animals formed precipitins which identi- 
fied only the Australia antigen in the five chimpanzees, 
the gibbon and the known positive human serum. ‘These 
reagents did not identify the antigen in 200 normal 
human sera, thirteen patients with chronic nephrosis, 
sixteen patients with long-standing diabetes, sixteen 
patients with cystic fibrosis and sixteen patients with 
Waldenstrém’s macroglobulinaemia. Antigen was not 


found in sera of thirty-two baboons, seventeen orang- 
utans, sixteen rhesus monkeys, eight gibbons, four rabbits 


and four mice. 
The chimpanzee antiserum was fractionated on a 
DEAE-cellulose column equilibrated with 0-01 M_ tris- 


i 


phosphate (pH 8-0). The antibody activity was identified 
with the yG-immunoglobulin as expected. 

The animals with Australia antigen, whether occurring 
freely in the colony or immunized, seem to be clinically 
well after several years of observation. The antigen per- 
sisted in serum samples of Ed 105 and Shi 116 for at least 
3 years. The nature of this symbiotic state will prove 
interesting for virologists and clinicians alike. Perhaps 
cell culture lines taken from chimpanzee tissue will be an 


effective means of culturing this elusive virus particle. 
It now seems that Australia antigen can be identified 


by simple immunological techniques. By proper im- 
munization, I have shown it possible to produce specific 
antisera in quantity because these chimpanzees can be 
easily and repeatedly plasmaphoresed. The problems of 
the occurrence of a prolonged carrier state in some 
animals, and the ability to develop circulating antibodies 
after immunization in others, remain to be examined. 
The source of immunization of the three animals 64, 114 
and 120 at the beginning of the study is obscure, because 
there was no record of prior immunization. We could 
not determine whether the local practice of injecting 
chimpanzees with human blood at the time of original 
capture had taken place, or whether a natural viral 
infection had occurred. An animal mode! is, however, 
available to examine the question of the carrier state, the 
mode of transmission and, perhaps, the mechanisms of 
pathogenesis of viral hepatitis. Applications to human 
welfare are obvious. 
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Identification of Kryptopyrrole in 
Human Urine and its Relation 
to Psychosis 


Usine the drug-induced model psychosis as a guide to 
urinary constituents relevant to psychotic states, LAD 
was administered to volunteers and their urmes were 
monitored by paper chromatography. In this way a new, 
Ehrlich-positive spot isographie with bufotenin was found 
and subsequently observed in many psychiatric patients 
not given LSD. In 1961, we named this substance 
“mauve factor” (because of its Ehrlich reaction), suggested 
it was pyrrolic, and pointed out its statistical association 
with psychosis (not specifically schizophrenia)’. Hoffer 
went further, perhaps prematurely. and suggested that 
persons exereting mauve factor could be described as 
suffering from a disease called “malvaria’’*. The associa- 
tion between mauve facter and psychosis has been 
confirmed’ and similar trends were observed by 
others?-®7-", the factor usually being present im 30-60 
per cent range of psychotic patients. 

Early attempts to identify the factor were hampered 
by its extreme sensitivity to muld procedures, but did 
demonstrate that it was not identical with any of fifty 
selected indoles, including bufotenin. 

To improve resolution, we developed a new hybrid 
two-dimensional system utilizing thm-laver separation in 
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one dimension but paper partition in the other. This 
procedure (Cautotransfer chromatography” or ATC), 
and the standard solvents used for it, have been described 
already", With Ehrlich’s reagent the ATC vields a 
characteristic pattern!! of five mauve factor constituents 
(Fig. 2). 

The ATC system was used to rule out many selected 
organics before we inves tigated the exeretion products 
of rats injected intraperitoneally with various pyrroles. 
St ructure/Ry analysis suggested that 2,4-dialkyl pyrroles 
were promising, and when kryptopyrrole was injected 
into rate the desired distribution of spots was obtained 


(Fig. 2). 
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the water used as eluant. These conversions or reversions 
were doubtless responsible for early difficulties in the 
study of mauve factor; their prominent reversibility 
makes it likely that we are not dealing with degradation 
or with formation from a precursor. While these pheno- 
mena make it exceedingly difficult to identify the particu- 
lar state of the kryptopyrrole molecule responsible for 

each of the spots, the exact parallel between krypto- 
d and mauve factor provides additional evidence 
that they are identical. It has indeed been impossible to 
distinguish solutions of mauve factor from solutions of 
kryptopyrrole, utilizing all available tests, as will be 
reported in detail elsewhere (see also ref. 1). 
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Fig. 1. Some chemicals containing the kryptopyrrole moiety which are found in living organisms. 


Chromatographie studies of these excretion products 
and of kryptopyrrole itself showed marked complexity, 
details depending on previous exposure of the sample to 
water, methanol or other solvents, elution from cellulose 
by water, and mild extraction procedures. Invariably, 
the responses of mauve factor and kryptopyrrole solutions 
to parallel manipulations were identical. A mauve 
factor-negative human urine specimen yielded a typical 
mauve factor- -positive pattern when processed after the 
addition of synthetic kryptopyrrole (Fig. 2). Krypto- 
pyrrole added to a mauve factor- -positive urme enhanced 
the mauve factor spots. and the respective components 
did not separate. Aqueous kryptopyrrole processed 
instead of urine also vielded all five components of the 
typical mauve factor pattern (Fig. 2). The multiple spots 
cannot be asertbed to impurities in the kryptopyrrole. 
for we used a purissimum grade kryptopyrrole and checked 
it by high resolution mass spectrometry}. 

All five component spots in situ can scarcely be identical, 
and so we have attempted further to clarify their con- 
stitution by preparative autotransfer chromatography. 
When the spot eluates were monitored it was clear that 
both natural mauve factor and kryptopyrrole had com- 
pletely reverted to component 1, under the influence of 


This work essentially demonstrated that mauve factor 
was kryptopyrrole, and we sought confirmation by spectro- 
metry. The direct ultraviolet spectrum and the visible 
spectrum of the Ehrlich product did not differ for mauve 
factor and kryptopyrrole. High resolution mass spectro- 
metry showed that the molecule ion peak of krypto- 
pyrrole was present in extracts of mauve factor-positive 
urine and absent from extracts of mauve factor-negative 
urine. It was present in kryptopyrrole processed by the 
routine urine extraction procedure, and in the purissimum 
grade kryptopyrrole itself, while the other major peaks in 
the cracking pattern of kryptopyrrole have also been 
shown by precise mass analysis to be present in those 
spectra exhibiting the molecule ion peak. 

We therefore feel that there can be little doubt that 
the mauve factor is basically kryptopyrrole. As far as 
we are aware, kryptopyrrole has not been identified in 
man before. 

We still have to determine the precise form of krypto- 
pyrrole m each of the characteristic five spots. Current 
work shows that mauve factor component 1 has a high 
resolution mass Las identical to that of dikrypto- 
pyrryl ether (Fig. 3) (m/e 260), formed spontaneously 
from kryptopyrr ve in water. Another task is to estab- 
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lish the source of the kryptopyrrole (and we have ruled 
out most preformed pyrroles", diet, tobacco and pheno- 
thiazines'?. Finally, we must delineate the relationship 
between kryptopyrrole and psychotic disorder. At least 
in formal terms, several compounds of psychiatric inter- 
est’® contain the kryptopyrrole moiety (Fig. 1). 

We thank Miss L. Curry and P. Chattopadhyay for 
help with animal experiments, M. Fieguth for the illustra- 
tions, Dr Alan Boulton for discussions and encourage- 
ment and D. E. Smith and N. Rudniski for urine extracts. 
We also thank the Rockefeller Foundation, the Canadian 
Mental Health Association (Saskatchewan Division), the 





Fig. 2. Two-dimensional chromatograms as obtained using autotranster 
technique described in the text. They show Ehrlich-positive substances 
extracted from (a) the urine of a hooded rat injected with sid na ind 
(b) the urine of many individuals in the care of a yehiatrist; (c) the 
urine of individuals without mauve factors to which synthetic krypto- 
ence had been added; (d) a pure aqueous solution of kryptopyrrole. 

omponent 5 extends back from component 3, as an elongated spot. 
The dashed lines indicate the transfer solvent front: the star indicates 

the point nearest the original spot of application, 
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Fig. 3. Simplified monoisotopic mass spectra as obtained using the 


M59 AEI mass spectrometer. They show pure synthetic kryptopyrrole 

allowed to react with (a) water, SD paent mauve factor component 1 

eluted from preparative autotransfer chromatograms with water, and 

(c) the corrisponaing water eluate of the component 1 position from 
blank preparative autotransfer chromatograms. 
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Correlation of Frequency Spectra of 
Averaged Visual Evoked Potentials 
with Verbal Intelligence 


ALTHOUGH numerous attempts have been made to estab- 
lish relationships between measures of the EEG and 
intelligence, much of the work has resulted in contra- 
dictory conclusions. Demonstrable relations between 
several measures of the EEG and test intelligence have 
been found, particularly in subjects who were feeble- 
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minded or brain damaged!. Little evidence has, however, 
been found to support this relationship in normal adults, 
and even in brain damaged and feeble-minded subjects 
the relationship may be spurious?. 

Although there have been many theories of the meaning 
of alpha rhythm? the most common EEG index used has 
been the degree to which alpha rhythm is present. A 
common assumption underlying use of an alpha frequency 
index is that it constitutes a measure of cortical excit- 
ability. It has been argued that cortical excitability 

should be directly related to intelligence because states of 
low arousal, corr esponding to reduced cortical excitability, 
are ordinarily associated with reduced intellectual per- 
formance, Although cortical excitability measured by the 
degree to which alpha is present in the EEG has been a 
poor predictor of test intelligence, recent evidence® sug- 
gests that cortical responsiveness to peripheral stimuli 
may be a better indicator. Cortical responsiveness here 

implies evoked activity measured with sealp electrodes, 
occurring in response to peripheral stimuli. 

It has been suggested’ that latency of the third negative 
component of the visual average evoked response (AER) 
is inversely related to test intelligence. A measure of the 
AER which we chose is the relative degree to which dif- 
ferent frequencies summate to produce the AER, that is, 
determination of the spectral components within the 
evoked cortical response. 

Forty-two subjects ranging in intelligence quotient (IQ) 
between 77 and 146, and in age between I8 and 39, were 
used in this experiment. High IQ subjects were drawn 
primarily from the Vancouver Mensa Club; some were 
graduate students at Simon Fraser University. Subjects 
with IQs in the middle range come primarily from the 
undergraduate student population at Simon Fraser and 
low IQ subjects from persons who were recruited through 
the Provincial Manpower Service. A Nuclear Data signal 
averager (Model 800) was used to average evoked re- 
sponses. ‘The signals were amplified with a Grass poly- 
graph (Model 7) using a 0-3 s time constant before averag- 
ing. Duration of the activity averaged was 500 ms after 
onset of the stimulus. Single channel input was used 
which allowed sampling at 1,024 addresses. Duration of 
the visual stimulus was approximately 20 ms with an 
intensity of approximately 10° lumens, 

The subjects were paid volunteers and were informed 
that the object of the experiment was to determine 
relationships between electrical accivity of the brain and 
individual characteristics measured by a verbal test they 
would take subsequent to the recording procedures. 
Subjects were then seated comfortably, about 2-5 m from 
the photie stimulator and instructed to orient with eyes 
closed in the direction of the stimulator. Seventy stimuli 
were presented at an average interval of 2 s. Signals were 
averaged from one of the two hemispheres first, after 
which seventy additional stimuli were presented and 
activity averaged from the remaining hemisphere. The 
order of hemispheres from which signals were averaged 
was randomized between subjects. Bipolar recording 
techniques were used. Medial and lateral electrodes on 
both right and left sides were separated by approximately 
2:5 em. They were approximately 2-5 em above the inion, 
the medial electrodes situated 2-5 em lateral to the mid- 
line. When averaging was completed electrodes were 
removed and the verbal scale of the Wechsler adult 
intelligence scales was administered. Evoked potentials 
were digitized and estimates of spectral density were 
computed using Fourier techniques similar to those used 
by others. Pearson product moment correlations were 
computed to determine the degree to which the density 
of frequencies within the range of 2-50 Hz were correlated 
with IQ. Specifically, three classes of correlations were 
eomputed. 

The first class of correlations (a) estimate the degree to 
which the overall amount of activity within the AER is 
related to IQ. The correlations of IQ with mean spectral 
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densities are 0-35 (0-05) and 0-43 (0-05) for left and right 
hemispheres respectively. These correlations suggest that 
there is a positive relationship between overall activity 
and IQ. Tf overall activity within the AER were positively 
related to IQ, cortical responsiveness-—as defined earlier-— 
may be greater for high IQ subjects, a result which would 
not be unexpected. 

The second class of correlations (b) is relevant to the 
question of whether overall variability of frequencies pres- 
ent in the AER is related to intelligence. Variance of the 
densities of each lag was computed for each subject and 
correlated with FQ; correlations were 0-43 (0-05) and 0-26 
(0-05) for left and right hemispheres, respectively. It 
therefore seems that there is some positive relationship 
between the variability of the degree to which computed 
spectral components are present in the AER and IQ, but 
the degree of this relationship is uncertain because correla- 
tions are significant for the left hemisphere only. 

The third class of correlations (c) is of greatest interest. 
It suggests the degree to which individual spectral com- 
ponents within the AER are differentially predictive of 
intelligence. Fig. 1 presents the correlation of each lag 
with IQ. It can be seen that frequencies 12 and 14 show 
the nighest correlations with IQ, the significance of which 
exceeds 5 per cent. Correlations for higher frequencies 
drop off rapidly and then become predominantly, although 
not significantly, negative. This suggests there are some 
computed spectral components within the AER which 
predict intelligence more than others. These relationships 
may to some extent be confirmed by examination of the 
traces in Fig. 2. There are striking differences in fre- 
quencies within traces of the six highest (146-140) and 
six lowest (77-120) IQ subjects. Low IQ subjects tend to 
show poe low frequency activity, especially 
with respect to early components of the AER. This would 
account for predominantly negative correlations of high 
frequency activity with IQ; generally, increases in IQ 
seem to ba inversely related to the amount of low frequency 
activity. 
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Fig, 1. Correlation of IQ with the density of spectral components of 

the AER. Correlations above “0” are positive, below ‘0°’ are negative, 

P=005 is the level above or below which correlations are significant. 
Frequencies in Hertz = 2-0 x lags. 

Intelligence usually includes three factors which are 
not differentially reflected by scores of intelligence tests: 
the ability to encode information into central nervous 
system processes, the ability to retain coded information 
for long mtervals, and the ability to decode or retrieve 
information in combinations or in original form. If we 
distinguish between these three processes It is not un- 
reasonable to assume that intrinsic rhythms of the 
central nervous system, or the electrical responsiveness 
to neutral, nonmeaningful stimuli, reflect the encoding 
mechanisms more than holding or retrieval processes. 
The simple and well documented fact that ongoing 


patterns of electrical activity may be artificially dis- 
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organized without disruption of previously learned 
behaviour supports this contention. Differences in 


responsiveness to neutral nonmeaningful stimul which 
are correlated with test intelligence may therefore reflect 
to a greater degree the state of an encoding mechanism 
rather than the nature of holding or retrieval mechanisms. 

It is for this reason we chose a neutral stimulus, in an 
attempt to maximize the degree to which an index of 
intelligence could be free from the influence of previous 
information and abilities to perform. If we assume that 
intracellular or dendritic and synaptic gradient potentials 
summate to produce the AE R, frequency components 
would presumably reflect dominant periods of these 
oscillations. That some of these periods correlate more 
highly with intelligence than others implies there may be 
an optimal period for encoding processes. 
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Fig. 2. Averaged evoked responses of six highest (146-140) and lowest 


Numbers refer to 1Q estimated with the verbal 
adult intelligence scale. Sweep intervai=500 ms; 
number of sweeps = 70, 


(120-77) 1Q subjects. 
scale of the Wechsler 


Many investigators have suggested a cortical scanning 
mechanism which encodes information in a manner similar 
to the procedures used in television. Pitts and MceCulloch® 
introduced the hypothesis of cortical seansion; Walter? 
drew an analogy between the alpha rhythm and the 
scanning sweep of an electron beam. Harter® has reviewed 
much of the information relevant to this hypothesis and, 
although he prefers a theory of cyclic cortical excitability 
which acts as a gating mec ehanism for Incoming stimuli, 
there is good evidence for the scanning model, especially 
with respect to the temporal limitations it imposes on the 
encoding of incoming stimuli. If such sweeping does 
occur, and if frequencies within the AER reflect periods 
of the sweep process, then correlations of frequencies with 
IQ could be thought of as a procedure for determining the 
optimal sweep period. This assumes that encoding 
proceeds more efficiently with individuals of high IQ. The 
most predictive frequency—the one positively correlated 
with test intelligence to the greatest degree—could reflect 
the optimal scanning frequency. 
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Time Course of Contraction and 
Relaxation in Embryonic Locust Muscle 


SEVERAL authors have reported changes in the mechanical 
response of muscle during dev elopment. In the kitten, 
Buller et al. found that, until 6 weeks after birth, the 
response of white muscles such as the extensor digitorum 
longus becomes progressively faster}. Red muscles such as 
the soleus also undergo an initial decrease im the time 
course of the response but do not become as fast as the 
white muscles. Similar results have been obtained with 
postnatal rats?. Behavioural studies have shown that the 
first movements in some embryos are also slow; forexampic. 
in Amblystoma®, Fundulus* and the locust Sehestocerca’. 

Using Schistocerca gregaria I have examined the 
mechanical response of a group of intersegmental muscles 
to electrical stimulation of the nerve running to them in 
embryos and in newly hatched hoppers. I defined the 
stage of development as a percentage of the incubation 
period of the egg pods from which they came, as previously 
deseribed*. Thus a newly hatched hopper isa 100 per cent, 
while one which is three-quarters developed is a 75 per cent, 
embryo. Seventeen successful preparations were made 
from embryos throughout the period from 67 per cent to 
109 per cent development. where the stage was calculated 
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Fig. 1. Diagram to show the preparation used for recording the mechat- 

ical response of the dorsal intersegmental muscles in the fourth abdominal! 

segment. a, Minuten No. O pins: 6, four dorsal muscles: g, the first free 

abdominal ganglion (fourth): 4d, stimulating electrode: e, dorsal nerve: 
J. hook of mechanical recorder. 
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from accurate measurements of the times when the egg pod 
was laid and when the first hopper hatched. Twenty-four 
successful preparations were made from animals where 
the percentage development had been estimated from 
morphological criteria’. Seven of these preparations were 
at the 100 per cent stage, seven at the 92 per cent stage, 
six at the 80 per cent stage and four at the 70 per cent 
stage. 

Animals were cut along the dorsal mid-line and pinned 
out flat in Hoyle ringer. Recording apparatus was hooked 
to the dorsal part of one side of the fourth abdominal seg- 
ment (Fig. 1) which contains four longitudinal muscles. 
The fourth abdominal ganglion was cauterized and the 
appropriate dorsal nerve was stimulated with a small 
bipolar silver electrode insulated with ‘Araldite’. A near 
maximal contraction of the museles (Fig. 2) was obtained 
by stimulating with a burst of biphasic pulses 0-1 ms long, 
at a frequency of 50/s for 0-7 s with between 3 and 5 V. The 
recording system had an arbitrarily chosen set of physical 
properties®, and consisted of an auxotonic lever system 
made from glass fibres to which was attached a small flag 
pulled across a light beam impinging on a phototransistor. 
The change in the current through the transistor was 
recorded on one beam of a “Telequipment D43 oscilloscope, 
while the upper phase of the stimulus was recorded on the 
other beam. The time base of the oscilloscope was switched 
off and the results were photographed on moving paper. 
The muscles at rest were loaded with 11 mg and in the late 
embryos and hoppers they shortened 90 to 120 microns 
{approximately 20 per cent of their resting length), develop- 
ing a tension of between 12-5 and 13 mg. It is not known 
how biologically normal these circumstances were, but 
because the same system was used in all cases results 
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Fig. 2. Examples to show the change in the time course of the response 
ef the dorsal intersegmental muscles during development. @, From 
70 per cent embryo: 6, from 80 per cent embryo; €, from 92 per cent 
embryo: d, from newly hatched hopper er 100 per cent; e, from hopper 
calculated to be at 109 per cent of its embryonic development time. 
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Fig. 3. The ratio of the contraction time, Te, to the relaxation time, 

Tsg at different stages of development. The mean of twelve responses 

is shown for each preparation. The stages defined according to morpho- 

logical criteria are shown as open ee and the timed stages as closed 
symbols. 


obtained with different preparations can be compared. 
Three parameters were measured on twelve responses for 
each preparation: the maximal shortening; the contraction 
time Tc from the beginning of shortening to peak tension; 
and the time for relaxation from peak tension to half the 
peak tension T'y.5r. 

In embryos before the 80 per cent stage the shortening 
was small and Tc and 7y.;r were long and variable. By 
the 80 per cent stage the muscles shortened to the same 
extent and developed the same tension as in the newly 
hatched hopper, but Te and 7y.,2 were still longer and 
more variable than those of the 100 per cent stage. These 
times became progressively shorter in preparations from 
later stage embryos and the variation in them was con- 
siderably reduced. Until the 90 per cent stage the decrease 
in the times of both contraction and relaxation was very 
similar, but after this stage there was very little change in 
Tc, although Tesr continued to decrease with develop- 
ment even during the early part of the first instar. This ts 
made clear by plotting the ratio Te/T esr against develop- 
ment (Fig. 3). 

These changes in the time course of the response of the 
muscles could be caused by changes in the neuromuscular 
junction, by changes in the contractile proteins, or by 
changes in the reticular system. Microelectrode recording 
from the muscles in the 92 per cent and 100 per cent stages 
shows that the time course of the postsynaptic potentials 
does not change during this part of development®. The 
changes must therefore be in the muscles themselves. 
There is good evidence for changes in the reticular system 
of newborn mammals? ™3, and study of the ultrastructure 
of the locust intersegmental muscle (ref. 5 and my un- 
published work) shows that the reticular system is still 
poorly developed in the embryo even when the myofibres 
are as large and the myofilaments as well developed as the 
100 per cent stage. It therefore seems reasonable that the 
changes in time course of the mechanical response of the 
muscles are related to the development of the reticular 
system. So far, however. the relative importance of the 
components of the developing reticular system have been 
insufficiently analysed so that the changes in the response 
characteristics cannot yet be accounted for in terms of 
the development of particular structures. It is especially 
difficult to explain the relationship between T'o and Tesz, 
which is constant throughout development until the 90 per 
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Study events 
never “seen” 
before. 


NEW RCA -C70133B 
QUANTACON 
PHOTOMULTIPLIER 


` 
| 


AY AY AYAY 7 


Here's an exciting new light 
sensitive device from RCA- 
the C70133B. an RCA QUAN- 
TACON photomultiplier — that 
can open up for study events 
never “seen” before. 


| are at the forefront for applications In 
' scintillation counting, biochemistry, and 
nuclear physics. C70133B offers greatly 

improved low-light-level performance. 


f ry j A ry a Ì A a . 
I C70133B is a high speed RCA QUANTACON 


photomultiplier with an irradiation area of 
15.9 square inches. This 5-inch device is an 





Gallium Phosphide boosts the 


single electron resolution of this important tool for scientists studying low- 
newest QUANTACON photomultiplier as much as liqght-level phenomena. 


10 times over that of tubes using conventional dynode 
materials. As a result, it is possible for this device to 
discriminate between light-producing phenomena 
that generate one, two, three or four photoelectrons. 


For more information on this and other RCA 
QUANTACON photomultipliers, write or telephone: 


RCA Electronic Components Sunbury-on-Thames Middlesex 
Gallium Phosphide QUANTACON photomultipliers Telephone: Sunbury 55511 


re ii Electronic 
Components 
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cent stage when it changes, for the componenta of the 
reticular system do not seem to develop synchronously. It 
is possible that there are changes also in the contractile 
proteins during development, similar to those in vertebrate 
embryo musele’. 

It should be possible to make a detailed analysis of the 
physiological and biophysical changes occurring during 
development of this muscle. Unlike muscles in vertebrate 
embryos?:!9, by the 80 per cent stage all the cells in the 
muscle are equally well developed’. This makes it feasible 
to relate the properties of the tissue as a whole to sit 
occurring within the cells. 

I thank Dr J. E. Treherne for his advice and encourage- 
ment, and Dr L. D. Peachey and Dr R. H. Adrian for 
helpful discussion. 

N. M. Tyrer* 
Department of Zoology, 
University of Cambridge. 
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Role of Aneuploid Cells in 
Cell Differentiation in the Cellular 
Slime Mould Dictyostelium discoideum 


THE life cycle of the cellular slime mould Dictyostelium 
discoideum has two mutually exclusive phases. In the 
first, feeding, phase the organism exists as solitary 
myxamoebae; and in the second, differentiation, phase 
these hitherto solitary myxamoebae associate and produce 
a fruiting body consisting of a mass of viable spores 
borne on a column of non-viable stalk cells. 

When several myxamoebae are deposited on a moist 
surface in the absence of nutrients they collect about a 
central point forming a typical streaming pattern? 
(aggregation). The centre of an aggregation stream 
secretes cyclic-AMP and starving myxamoebae respond 
chemotactically to this substance?. It is not clear how, 
in an apparent! y homogeneous population of myxamoebae, 
some cells can begin to secrete cyclic-AMP and thus 
initiate the process of aggregation. A possible explanation 
is that the myxamoebal population is not initially homo- 
geneous but contains some cells, termed initiators or 
I-cells?, around which other responder or R-cells collect. 
Ennis and Sussman have claimed to be able to detect 
I-cells in a ratio of one I-cell per 2,200 R-cells in popula- 
tions of D. discoideum NC4 (ref. 4). These experiments, 
and their interpretation by Sussman, have been sharply 
eriticized'!:5-7, The conceptual difficulty of this model is 
clearly put by Schaffer®: “It would be biologically 
surprising if there did exist initiators that could be 
produced during a stage when they were not needed and 
which was not succeeded after any definite interval by 
one in which they were used”. We suggest a mechanism 
whereby I-cells might be so produced. 

Mutants of D. discoideum have been described in which 
the myxamoebae are unable to form aggregates but can 
participate in aggregates formed by wild type cells. The 
spores formed by such mixed aggregations breed true 
either for one component of the mixture or for the other’. 


ai? 


Clearly such mutant strains are unable to initiate aggrega- 
tion streams but, equally clearly, are competent to 
participate in both aggregation and cell differentiation, 
We describe such strains as agi-, where the agl gene 
specifies some component essential for the production of 
aggregation centres (for example, adenyl cvelase). 

If the assumption is made that the agl gene 1s always 
active, then the amount of its product present in a cell will 
depend only on the concentration of agl genes present inh 
that cell. Because the volume of a cell is simply related 
to the total number of chromosomes present® the con- 
centration of agl gene product present will be given by 


bearing the agl gene present in 
a cell 


‘total number of chromosomes present in that cell 


number of chromosomes 


This assumption is not unreasonable and has been shown 
to be the case for one of the lac genes in E. coli K125, and 
similar gene dosage effects are well known in higher 
organisms", 

Genetic analysis of D. discoideum has shown that this 
organism has a parasexual cyele similar to that of 
Aspergillus. A population of myxamoebae therefore 
contains haploid, diploid and aneuploid representatives. 


OCCURRENCE OF VIABLE ANEUPLOIDS CONTAINING THE agi GENE 
AT à CONCENTRATION GREATER THAN 1/7 


No. of different Percentage of total 


Table 1. 


No. of Concentration chromosome population containing 
chromosomes of agl configurations agi genes at comcentra- 
in aneuploid gene containing tion given (ecolumn 2} 

two agi genes with P = 0-35 (ee text) 
8 2/8 1 OOS 
9 2/9 8 il 
2/10 15 0-41 
li 2/11 20 4s 
12 2/12 15 38 
13 2/13 6 0-12 


The agi gene is carried by one chromosome of the 
haploid set and the number of ways in which this 
chromosome ean occur duplicated in the various 
possible aneuploid classes is given in Table l. An- 
euploids are derived from diploids or other aneuploids 
containing more chromosomes!*. An analysis of the 
distribution of volumes among the spores of D. discoideum 
NC4 enables the ratio of diploid : aneuploid : haploid and 
the relative frequency of various aneuploid classes m the 
total aneuploid population to be calculated’. These 
calculations depend critically on the value taken for P, 
the probability that any one chromosome will be lost at 
any one division. A value of P=0-35 gives the best fit 
between the observed and calculated volume distributions 
and gives a value of 3 per cent for the total aneuploid 
population. The relative frequency, in the total popula- 
tion, of those chromosome configurations which result m 
the agI concentrations listed in Table 1 can now be 
determined. 

It can be seen that 0-05 per cent (or 1 in 2,000) of the 
myxamoebae in a D. diseoidewm NC4 population contain 
the agl gene at the highest concentration (2/8), which is in 
good agreement with the frequency reported for I-cells*. 
One of the criticisms of the I-cell theory was that in order 
to demonstrate the 1: 2,200 frequency of I-cells the 
myxamoebae had to be subjected to stress by being 
MaSHeS and a gear in distilled water and finally 
le | salt-free agar. If milder 
treatments. are used to “harvest and resuspend the 
myxamoebae, then aggregation occurs with a greater 
frequency than expected’. In Sussman’s terminology, 
the I-cells apparently merease. This is understandable 
with our model, for in non-stress conditions it can be 
imagined that an agI gene concentration of 2/9 or 2/10 or 
even 2/11 might be sufficient to produce the threshold 
level oi agl ae product necessary before that cell can 

op Thus frequencies of 
I elle of 0:26-1- 15 per eent mihi be expected, and these 
are found if the appropriate procedures are followed’. 
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Several other observations can also be reinterpreted 
with our model in mind. It has been reported™ that 
clones derived from I-cells often give rise to “metastable” 
strains. We have suggested’ that metastable strains are 
mutants with an altered value of P, the probability that a 
chromosome will be lost at any one division. Such strains 
will have an altered haploid/diploid/aneuploid cell ratio 
and so an altered I : R cell ratio, as found'*. Furthermore, 
there will be, among the aneuploid population, cells with 
a high concentration of genetic factors (agR genes) which 
control their response to the initiator cells and also those 
with a low concentration of agR gene(s). The latter cells 
will be unhkely to aggregate well. Thus it might be 
expected that aneuploid cells, likely to give rise to 
metastable strains in Sussman’s te rminology, would be 
found preferentially among those which did not aggregate 
well, as has been reported'®, The paradoxical observation 
that cells with properties suggesting that they are I-cells 
are most likely to be found among cells which did not 
aggregate can thus be explained. 

The argument presented here, that the possession of 
a parasexual cycle inevitably means that a population of 
D. discoideum myxamoebae will be genetically and thus 


biochemically and physiologically heterogeneous, can 
account for many of the known facts of aggregation. This 


is a very simple and primitive form of cell differentiation 
and it is not clear whether higher organisms, which do not 
possess a parasexual cycle, utilize mechanisms of this 
type for introducing heterogeneity amongst clonal cell 
lines. The ease with which cells in culture change their 
ploidy suggests that they could, but not, of course, that 
they do. 
We thank the Science Research Council and the Medical 
Research Council for financial support. 
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Eelgrass under Arctic Winter Ice 


EELGRASS (Zostera marina L.), a marine angiosperm which 


grows on the Pacific coast of North America from the Gulf 


of California to the Chukchi Seat, has been found living 
under the winter sea ice in Safety Lagoon, an embayment 
of the Bering Sea near Nome, Alaska. A submarine tele- 
vision system revealed the plants to be in good vegetative 
condition in the 20 to 30 em of water between the sediment 
and the undersurface of the ice (Figs. 1 and 2). The odour 
of hydrogen sulphide and subsequent tests with an oxygen 
probe showed this water to be anoxic. 

Observations made in March 1969 on the eelgrass beds 
under the ice included quantitative measurements of the 
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standing stock of eelgrass and some measurements of the 
physical environment as well as the production of a video 
tape of the in situ conditions. The quantitative samples of 
the bottom were collected using techniques previously 
developed for eelgrass. The submarine television system 
and video tape recorder were leased from the Dillingham 
Corporation; the system performed without failure in spite 
of wind, low temperature, and operation from a dog sled 
(pulled by a snow machine in the modern Arctic). Salinity, 
temperature, and pH were measured in situ using a 
portable salinometer and pH meter. Dissolved oxygen was 
also monitored in situ with a polarographic probe. The 
conditions in March are here compared with those in 
September 1968 during the ice-free season (Table 1). 

The television system, used with a mercury vapour lamp, 
clearly showed eelgrass living freely in the shallow space 
between the sediment and ice, and the zone of ice growth 
at the water—ice interface. A layer of pieces of old eelgrass 
leaves was seen in the ice. These were the mature leaves of 
the previous growth season that had been trapped in the 
ice shortly after the lagoon froze in the autumn. 

Examination of plants retrieved from under the ice 
revealed that some new rhizomes and leaves had 
grown since the previous September, suggesting that the 
plants were not dormant but actively metabolizing. These 
tissues are morphologically distinct from the older ones and 


roots, 


——— Seo ke 3 





Fig. 1. Photograph taken from video tape of eelgrass under sea ice. 
Some eelgrass leaves are frozen into the ice, but most are prostrate under 
the ice. 
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Fig. 2. Artist’s version from video tape of eelgrass under the ice, 
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Table 1, COMPARISON OF SOME SEASONAL DIFFERENCES IN THE EELGRASS BEDS IN SAFETY LAGOON 
Environment Belgrass 
Ice thick- Snow . Plant den- 
Sampling ss ‘ature Salinity pH Oxygen NERS cover Dry wt, Standard sity Standard 
date E) (9 aa) (per cent) corm) tem tain?) error (No. fon) Error 
Sept. 11, 1968 53 to 10-3 _— — Saturated 0 0 357 +43 770 + 62 
Mar. 12, 1968 ~ i8 30-82 709 0 100 50 134 + 42 819 + 390 


their production is usually associated with the onset of 
spring, 

The water surrounding the plants under the ice was 
saline and very near Its freezing point, and no oxygen could 
be detected in this water at any time. The pH of 7-09 is 
very low for a marine environment and reflects the anoxic 
conditions. 

In this region, September marks the end of summer when 
the Bermg Sea is ice free. Ice covers the lagoon from 
October to May, and March is the period when the ice 
is thickest and most widespread. In 1969, ice on Safety 
Lagoon was 100 em thick and covered by 50 em of snow. 
The anoxic water under the ice indicates that continuity 
of the lagoon with the Bering Sea was interrupted by the 
ice. In summer, the lagoon circulates freely with the 
ocean and water entering the lagoon retains its oceanic 
properties. Oxygen must be present there until midwinter 
because the lagoon is a favourite fishing place in early 
winter for the Eskimos of Nome. 

The quantitative samples of eelgrass indicate a reduction 
in biomass and density of the standing stock from Septem- 
ber to March (Table 1). This reduction is an annual event 
in the cycle of the plant and represents the sloughing off of 
the flowering plants plus the oldest leaves and rhizomes’. 
The annual eycle of standing stock of eelgrass in Safety 
Lagoon is comparable with that in Izembek Lagoon 650 
miles to the south on the Bering Sea coast? 

The bottom samples also included a gastropod, a bivalve, 

a polychaete and a filamentous alga all living in the anoxic 
environment with the eelgrass. 

The survival of organisms under ice in the arctic winter 
has long intrigued biologists. Macroscopic and microscopic 
marine algae living under winter sea ice have been 
reported**, but this is the first report of a non-algal 
marine plant surviving these conditions. 

Eelgrass in Safety Lagoon must endure the winter with 
a low intensity and quantity of light. Consequently, 
photosynthesis can proceed only at a very low rate and 
the source of nutrition becomes the basic problem of 
survival. Wilce? has proposed that. benthic algae in the 
high Arctic subjected to complete darkness for a portion of 
the winter are capable of facultative heterotrophic nutri- 
tion. Many algae, especially microscopic forms, are known 
to have some capacity for utilizing organie compounds as 
a carbon source. Angiosperms, howe ‘ver, are thought to 
rely exclusively on the process of photosynthesis for 
nutrition. The survival and growth of eelgrass under the 
ice probably do not involve heterotrophy but may result 
from different rates of photosynthesis and respiration with 
varving temperature and light. 

The anoxic conditions present another problem for the 
survival of eelgrass m Safety Lagoon—it may need to 
tolerate an anoxic environment for weeks or months. 
Anaerobie metabolism can often oceur in aquatic plants. 
Broekhuysen® has re ported that an eelgrass meadow in the 
Netherlands became anoxic nightly without apparent harm 
to the plants, and I have shown? that anaerobic metabolism 
is readily invoked in eelgrass tissues. 

The oxygen produced during photosynthesis may be a 
relief from anaerobiosis. E elgra ass, like its freshwater 
relatives, undoubtedly stores this oxygen in the lacunar 
system of the leavesi®1; the oxygen can then be recycled 
in respiration. In most freshwaier plants the product of 
anaerobic metabolism is ethyl aleohol'? and this may be 
true for eelgrass. 

This work was supported by a grant from the US 
National Science Foundation and from the Arctic Institute 
of North America under a contractual agreement with the 
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Edward Muktoyuk, of the Alaska Department of Fish and 
Game, and John Hallum, of the University of Alaska, for 
making this field study possible, Drs John Goering and 
Lawrence Irving kindly reviewed this manuscript and 
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Ultrastructure of the Chloroplasts and 
Associated Structures within the 
Marine Ciliate Mesodinium 

rubrum (Lohmann) 


THis planktonic ciliate* has attracted interest for its 
causal association with “red water” phenornena in many 
parts of the world. In addition to the possession of numer- 
ous discrete reddish-brown bodies within the periphery of 
the cells there is also an ability to “fix” MC (ref. 1) 
during incubation in the light with the production of 
oxygen’, and assimilation of °P has also been demonstrated ®. 
Pigment aes 4 have revealed the presence of chloro- 
phyllis a and c, g-carotene and a type of phycoerythrin 
with a edal an curve peaking at 542 nmê. 

Although there has been much speculation as to the 
nature of the pigmented bodies within the ciliate, direct 
morphological and experimental information has been 
difficult to obtain because attempts to culture the cilate 
have failed and because it is extremely sensitive to hand- 
ling and routine fixatives. The cells ‘usually burst when 
subjected to centrifugation, pressure from a coverslip, a 
rapid rise in temperature, excessive vibration or exposure 
to commercial formalin. 

Although we have not succeeded in culturing the ciliate 
we have maintained it for periods of more than a month 


in unenriched seawater in lighted incubators. Dark 
periods of more than 5 days seem to be lethal. Further- 


more, we have been able to study ultrastructural features 
of the organism by the following technique. 

Individuals from a bloom occurring near Vaneouver, 
British Columbia, in June 1969 were frad in the cold with 
2 per cent glutaraldehyde buffered with 0-1 M cacodylate 
at pH 7-3 with the addition of 1 per cent sucrose for 4 h. 

* Our specimens corresponded to the individual figured on plate 17, 
Fig. 39. in the original description™, and to those referred to as Cyele- 
trichium meunieri Powers by the describer of that taxon and by Bary and 


Stuckey*. The confused systematic position of these taxa will be discussed by 
us in more detail in a later contribution. 
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This was followed by postfixation with 1 per cent osmium 
tetroxide buffered in a similar manner for 15 min. 
Sections were stained with uranyl acetate followed by lead 
citrate. 

Our observations of the pigment-containing bodies and 
their associated structures within the cells essentially 
complement the light microscope observations of Bary 
and Stuckey', who observed the peripheral, bi-polar 
distribution of the pigment-containing bodies (‘‘chromato- 
phores”) and projecting pyrenoid-like structures on their 
inner surfaces. 

We found that pigment-containing bodies are true 
chloroplasts, traversed by numerous thylakoids (lamellae) 
with occasional lipidic globules present. The thylakoids are 
either ungrouped or occur in groups of three not closely 
appressed to each other. Distinctly stalked pyrenoids 
project from their inner surfaces. Thylakoids are absent 
from the pyrenoids. Two opposing, hemispherical sheaths 
of starch surround the pyrenoids (misinterpreted as 
vacuoles by Bary and Stuckey‘ and Fenchel’), the starch 
staining a purplish-brown with iodine. 

Very near the chloroplasts a few mitochondria have been 
observed with a structure distinctly different from the 
mitochondria common throughout the rest of the ciliate. 
They are irregular in shape with thin, flattened cristae in 
contradistinction to the tubular cristae of the ciliate 
mitochondrion. We have been unable to observe structures 
readily referable to nuclei in close association with the 
chloroplasts, although macro and micronuclei were 
frequently observed in the central regions of the ciliate. 

Two paired membranes have been observed around the 
chloroplasts. The innermost pair surrounds the chloroplast 
and closely invests the pyrenoid. A second pair lies close to 
the chloroplast membrane but passes over the outer surface 
of the starch sheath. A third pair is sometimes visible 
further out, enclosing the whole complex and including 
non-ciliate mitochondria. The cytoplasm m the region 
between the second and third pairs consists largely of 
ribosomes with no observable endoplasmic reticulum or 
Golgi complex. A fourth pair has been seen in some sec- 
tions. It lies close to the third pair with little space 
between, Of these two sets of outer membranes at least 
one pair is presumably formed by the ciliate to enclose the 
chloroplast /pyrenoid/mitochondria complex. 

Detailed observations of this type should provide strong 
clues as to the symbiont nature of the chloroplasts and 
associated structures and also their probable taxonomic 
allocation. In this case, however, the situation is not 
simple. On the basis of the pigment composition, others? 
have suggested the presence of a cryptomonad symbiont 


10um 
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Fig. 1. Appearance of living individuals of A. rubrum, with the cirri characteristically 
extended in three planes. C, Cirri; ChC, chloroplast complexes, peripheral and bipolar in 
arrangement; ECB, equatorial ciliary band, the cilia arranged in an anterierly directed 
spiral belt; PD, posterior depression, at the base of which a rudimentary cyfostome may 


be present. 
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Fig. 2, Structures of a chloroplast complex viewed in section. The 

arrows indicate the double-membrane localities (see text), One of the 


ciliate mitochondria in the vicinity of the complex is shown for com- 

parison. Chl, Chloroplast (with interior spaces of the thylakoids blacked 

in for clarity); CM, ciliate mitochondrion; NOM, non-ciliate mitochon- 
drion; P, pyrenoid; S, starch. 


within the ciliate. Unfortunately, there has been relatively 
little study of the ultrastructure of photosynthetic erypto- 
monads. The chloroplast structure of two species has been 
described by Gibbs* and Kirk and Tilney-Bassett’. These 
agree well with each other but differ from the chloroplasts 
in M. rubrum in that the thylakoid grouping, when present, 
is in closely appressed twos and that the pyrenoids are 
unstalked. The latter feature, however, seems to be un- 
reliable as a eryptormonad characteristic. Unpublished 
observations by one of us (F. J. R. T.) and Dr Thana 
Bisalputra of this university on the ultrastructure of 
Chroomonas salina (Wislouch) Butcher have revealed that 
this species has stalked pyrenoids. 

We cannot yet distinguish with certainty whether the 
chloroplast structures are the result of a permanent 
symbiotic association between a photosynthetic organism 
and a ciliate or whether they resemble ingested chloroplast 
maintenance such as that observed in some sacoglossan 
opisthobranch molluses**’. This difficulty arises chiefly 
from our inability to observe nuclei clearly referable to 
symbionts. A lack of membrane-bound nuclei could per- 
haps be attributed to (æ) a prokaryotic symbiont identity ; 
(b) a true organelle of the ciliate. or (c) partial digestion of 
ingested organisms. The first can be readily discounted in 
view of the presence of the thylakoid grouping, pyrenoid, 

starch and mitochondria, Similarly, the 

presence of non-ciliate mitochondria dis- 

counts the possibility that they are ciliate 

organelles. Ryther’s observation! that there 

is little phaeophytin before acidification 

within the ciliates suggests a negligible 

digestion of chlorophyll-containing bodies 

within the ciliate. His statement that “the 

ciliate itself is at least functionally an auto- 

troph” is supported by the lack of observa- 

C tions of the ciliate in the act of feeding by 

others as well as the authors (personal com- 

munication T. Fenchel). Previously, it 

could be argued that the lack of a mouth also 

supported this view. But in two of our 

c sections we observed numerous trichite-like 

structures in the vicinity of the posterior 

(with reference to direction of movement) 

depression occasionally observable and de- 

seribed by Bary and Stuckey‘. Although 

this structure is poorly developed and 

peculiarly situated for an ingestion site, the 

possibility of occasional ingestion cannot be 
discounted. 

It seems that. although we have observed 


c 
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sections through hundreds of chloroplasts, we may have 
unfortunately missed sectioning well developed nuclear 
structures. A second possibility is that nuclear degenera- 
tion has accompanied development of the symbiotic rela- 
tionship, m whieh case the question of “organelle? or 

“organism” becomes difficult, as in the chloroplast main- 
tenance exhibited by some sacoglossans. The suggestion of 
a e Pee is not clearly aee by the 
merit aa o ce little information on neyt: 
monad ultrastructure, the symbiont, if such, ray be an 
atypical member of that elass. Finally, facultative 
symbiosis involving different photosynthetic partners is 
unlikely because of the great similarity in gross structure 
between the chloroplast-pyrenoid complexes observed by 
us, by Powers!® and by Bary and Stuckey? in indiv iduals 
from British Columbia, the Gulf of Maine and Cook Strait, 
New Zealand, respectively. F. J. R. TAYLOR 

D. J. BLACKBOURN 
Institute of Oceanography. 
JANICE BLACKBOURN 

Department of Anatomy. 
University of British Columbia, 
Vancouver 8. 
Received August 11, 1969. 
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More on the Ecology of 
North Indian Ramapithecus 


Leakey! has recently disputed my analysis®, based on 
faunal evidence, of the ecology represented by the Nagri 
formation of the Siwalik Series, northern India. His 
objections imply that my examination of the fauna did 
not extend below the familial level, whereas I explicitly 
stated that my printed observations merely summarized 
more extensive work which involved examination of the 
individual genera and species, lists of which can be found 
in several easily available sources*-*, Leakey’s observa- 
tions, however, are clearly as superficial as he alleges mine 
to be. For example. 
forested conditions from the presence in the Nagri (in 
the same exposure as that which yielded Ramapithecus) 
of lorisid primates is invalid because ‘“‘there are living 
lorisids today which are not forest dwellers’. If Leakey 
had troubled to ascertain the published affinities of the 
Nagri lonsid, Indraloris, however, he would have found 
thie: genus Classified within Lorisinae®7, whereas the only 
lorisids which live in open country today are some of the 
galagines of Africa. 

(The recent excavations in India by the Yale expedition, 
under the field direction of G. E. Meyer, have recovered 
extensive material of Indraloris. This material indicates 
that Jndraloris is not. as previously thought, lorisid, 
although its affinities are with Primates. The new 
material is unstudied, but an analysis will be published in 
due course.) 

Admittedly, as Leakey points out, some viverrids 
occupy open country, but the Nagri viverrid fauna is 
characterized by the living genus Viverra, which is con- 
a to areas of forest and dense vegetation. Similarly, 
the Nagri suds all appear to be forest-dwelling types; 


he states that the inference of 
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the only modern suid which is truly an open-country 
form is Phacochoerus, the wart hog, “which is eranially 
and dentally distinct from other pigs, possessing a high 
skull to accommodate a raised jaw articulation and 
mandible almost of the ruminant type, and hypsodont 
teeth. The Nagri suids show none of these savanna- 
dwelling adaptations; they are low-skulled, with bunodont 


u o and a species oF the modern SUS, B 


of regions “of A ac Ta “The ace eee 
giraffid, Giraffokeryx, related to Okapia, likewise un- 
de oubtedly i ce ates Basa oan g a ao 


ails one cub ianily hee mg BoR n rece ently r mov i on as 
the savannas. I would like to see Leake y's evidence that 
the ankle of Okapia shows savanna adaptations. Tt would 
be possible to continue similar point-by-point refutation of 
Leakey’s arguments, but this hardly seems necessary. 

ĮI would like to thank Leakey, however, for bringing La 
my attention the oe hoes ma sixty years of observatio oD 
serine to ope n country, i m “fact alee. occurs in ieee 
with high rainfall. This can only strengthen my con- 
clusions, for Orycteropus was one of the v very few forms in 
the Nagri which suggested to me a savanna rather than a 
tropical forest habitat. 

A point which seems to worry Leakey is whether all the 
genera I examined came from the same stratigraphic 
level as Ramapithecus. As he must know, not all the 
Nagri mammals were found at the same site, but my 
ecological interpretation is surely reinforced by the fact 
that of many thousands of fossils which have come from 
numerous sites at many levels within the Nagri formation, 

very few belong to animals related in any way to character 

istically savanna-adapted forms. All sites are the fofare 
relevant and mutually-reinforcing in implying a forest 
ecology. The recent Yale-North India expecition, under 
the direction of Dr E. L. Simons, has in fact. shown that 
Dryopithecus, Ramapithecis, Indraloris and a variety of 
non-primates have come from the same horizon---the 
Dangar Searp, and indeed Grant Meyer reports that a 
single very restricted site recently yielded Ramapithecus 
together with a gibbon tooth and numerous partly associ- 
ated dental and skeletal remains of Jndraleris and a small 
tragulid. These latter three kinds of animals are strongly 
indicative of forest conditions. 

It is clear that no definitive analysis of the Nagri 
fauna will be possible until the extensive and strati- 
graphically well-documented macro and mucrofaunas 

ollected from this zone by the Yale-North India 
Expedition become available for study {as ib is shortly 
hoped they will be). Present evidence. however, indicates a 
predominantly forested environment during the tame of 
deposition of the Nagri sediments in contrast to Leakey’s 
statement. 

Further, in my report Į noted that the faunal evidence 
is in complete agreement with the results re ached by 
Krynine’ in his lithological analysis of the Spwalik series. 
This article is unfortunately unfamiliar to palacoprimato- 
logists and palacomammalogists, however, and is clearly 
unknown to Leakey. It therefore seems worthwhile to 
summarize Krynine’ s conclusions as they relate to the 
palacoecology of the deposits during Čhinji, Nagri anel 
Dhok Pathan times. 

The Chinji deposits are primarily composed of fine- 
grained red elastics, while the rest of the section consists of 
medium-grained clasties of the channel type.  Intra- 
formational conglomerates imdicate river-channel bound- 
aries, and there is evidence of post-deposttional weathermg 
penecontemporaneous with deposition. Krynine con- 
cluded that these sediments indicate a humid tropical 
climate with heavy seasonal rainfall resulting in short, 
destructive floods; aa shifting, wide rivers flowing 
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through a heaviiy-forested, flat country with numerous 
water bodies and a relatively small number of open 
clearings. 

During Nagri time the medium-grained predominated 
over the fine-grained clastics. Rainfall was probably 
more seasonal than during Chinji time, but a forested 
environment prevailed, though perhaps becoming more 
broken than during the Chinji. Only with the Dhok 
Pathan is the lithological and faunal evidence indicative 

of the formation of open prairie and. at the top of this 
zone, an arid environment. 

I am surprised that Leakey objects to my faunal 
analysis of the palaeoecology of the Nagri zone, because he 
has himself used this type of procedure in inferring the 
ecology of the fossil sites of Rusinga Island. In any 
event, Leakey has failed to demonstrate that my con- 
clusions on the ecology of the Nagri formation should be 
changed. 

Tan TATTERSALL 
Department of Geology and Geophysics, 
Yale University, 
New Haven, 
Connecticut 06520, 
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Do Disappearance Patterns in Low 
illumination constitute a Perceptual 
Phenomenon or a Response Artefact ? 


ir a dimly Uluminated target is steadily fixated in a 
darkened room, all or parts of the target may seem to 
disappear and then reappear. There have been several 
reports that such disappearances are “structured” or 
“meaningful”! 3. For example, whole lines presumably 
tend to disappear and reappear as units. Such 
“structured” disappearances have also been reported in 
stabilized retinal image and after-image conditions‘, 
Hebb interpreted the seeming ubiquity of whole Ime 
disappearances as support for the idea that the whole line 
is a basic perceptual “unt” in complex visual percepts. 

Before disappearance reports can be interpreted to 
support any theory it is necessary to know whether they 
are a genuine perceptual phenomenon or a response 
artefact. A subject may report only ““meaningful’ and 
“structured” fragmentations simply because they are casier 
to report. There is some evidence for this with respect to 
stabilized retinal images*. What would happen if it were 
equally easy for a subject to report whole lines, parts of 
lines and angle disappearances ? Would the apparent 
absence of part line disappearances hold and would whole 
line disappearances occur to the extent reported in the 
literature? We have investigated these questions. 

In our first experiment a 5 inch square was presented 
6 feet and 12 feet (in balanced order) from the subjects. 
Three male and seven female subjects were told they would 
have to fixate a point in the centre of the square, that they 
might see all or parts of the square disappear and re- 
appear, and that we were interested in three kinds of 
reports. What constituted a whole line, part of a line, 
and angle was explained on a sample square. The experi- 
menter pointed to different parts of the square and elicited 
all three responses an equal number of times. The 
square was cut out from black contact paper, with a 
0-5 inch thick line, and was backed with a sheet of bond 
paper which diffused light froma 6 W, 120 V bulb lowered 
to 24 V by a rheostat. Subjects were allowed to become 
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accustomed to the dark for 5 min and the square was 
presented in a darkened room for 2 min. One minute rest 
was given between tests, “Whole”, “part” and “angle” 
responses were simply tallied. 

Cf 117 reported disappearances, 47-3 per cent were 
whole lines, 28-2 per cent were parts of lines, and 24-5 per 
cent were angles. (Angle disappearances could i 
whele or part lines, and so five more subjects described 
only angle disappearances. Of these reports, TT4 per 
cent involved part lines and 22-6 per cent whole lines. 
It is therefore likely that the percentage of part line 
disappearances reported here is an under-estinate.) 
Thus, although whole lme disappearances predominated, 
part line fragmentations were reported far more often 
than is evident in the literature. 

A second experiment was run with sixteen female 
subjects involving four tests: the two of the first experi- 
ment and two in which a square coated with ‘Nite-Brite’ 
lumimous paint was presented 6 feet and 12 feet from the 
subject (details in ref. 1). We wanted to replicate the 
o of the first experiment and to compare responses 
when illumination was suppled by electric light and 
luminous paint. Subjects did all four tests, in balanced 
order. with the same instructions as in the first experi- 
ment. Between trials, the luminous figure was scanned by 
a GE white fluorescent bulb to revivify the luminescence. 

The results are quite similar to those of the first expert- 
ment. Whole line disappearances account for 41-8 per 
cent of the reports, part lines for 32-3 per cent, and angles 


for 25-9 per cent. 
Table 1. NUMBER OF FRAGMENTATIONS IN DIFFERENT CONDITIONS (SECOND 
EXPERIMENT 


Fluorescent 


iumination 
Ofeef away 12 feetaway 


Luminous paint. 
iumination 


© feet away 12 feet away Total 


Part- a31. (77%) G (10-2%) -31 (77%) 27 (67%) 130 (32-3%) 
Whole 32 (80%) 72(17-9%) 36 (90%) 28 (70%) 163 UT 9%) 
Angle 23 (37°) 45 41-28) Ig (5%) IB (5%) JOJ (25-092) 
Total $6 (21-4%) 158 393%) 85 (21-29%) 73 82%) 402 (00-1) 


Analysis of variance reveals no significant differences 
between luminous as opposed to electrical Ubumination 
and a tendency towards significantly more disappearances 
when the square was 12 feet from the subject (F(1.30) = 
3°39; @10< P > 0-05), 


We have found that whole line disappearances are the 
most frequent responses, but are not as predominant as 


Their frequency is about equal to 
part line and angle disappearances together. We cannot 
therefore cite the presumed empirical ubiquity of whole 
line disappearances as evidence for the idea of the whole 
line as a basic perceptual “unit”. 

Our results suggest the importance of ease of report 
as a factor influencing disappearance reports. Apparently, 
with the subject experiencing various elusive and complex 
visual phenomena, it is easier for him to offer the simpler 
report, “a line” (or another “structured” percept) than 
the more elaborate “lower, middle, or upper part of a line” 
The results reported here suggest that at least some 
proportion of the “structured” disappearances so fre- 
quently reported before, and the infrequency of “un- 
structured” disappearances, may be an artefact of case 
of report. It therefore is important in) experiments 
of this kind, to give the subject an equal opportunity to 
report “structured” and “unstructured” disappearances. 
Morris N. EACLE 
A. Lewis HiL 
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Book Reviews 


MEETING OF IDEAS 


A History of Japanese Astronomy 
Chinese Background and Western Impact. By Shigeru 
Nakayama. (Harvard-Yenching Institute Monograph 


Series, Vol. 18.) Pp. xni+329. (Harvard University 
Press: Cambridge, Massachusetts; Oxford University 
Press: London, July 1969.) 95s. 


Tue author states at the outset that his main objectives 
in writing this book are to describe Japanese adaptation 
of traditional Chinese astronomy and to examine Japanese 
reception of the astronomical ideas and techniques of the 
West about the time of the scientific revolution. These 
objectives appear to have been reached in an elegant and 
scholarly manner. 

The book 1s divided into three parts. Part one deals 
with the period before 1600, when Japanese astronomy was 
thoroughly Chinese in character. Part two deals with 
the first tentative contacts with Western science in the 
17th century—tentative because there existed at that time 
an official ban on foreign treatises of all a Part three 


the ban was lifted to ‘that dramatic a of Hens, which 
made Japan the most westernized of all Asian countries. 
There are a number of appendices of a more mathematical 
nature. 

Throughout the book, a prominent place is given to the 
calendrical science of the Far East. This is proper, for 
calendar making certainly absorbed the greater part of 
the energy of the astronomers there, and the result of their 
endeavour is only too little known in the West. This 
matter is especially well treated in chapter six, which 
contains a telling diagram showing the frequency of 
calendar reforms in China and Japan. The purely 
arithmetical character of the Chinese calendar making, 
however, as opposed to the Western delight in the devising 
of geometrical models, seems to find disfavour with the 
author, and the dissatisfaction is reflected in the rather 
sweeping remark at the conclusion of chapter ten to the 


effect that the Far Eastern calendars never surpassed the- 


standard of Ptolemy’s Almagest, To be sure, geometrical 
models are nice things to have, but they are something of 
a luxury from a positivist standpoint, Sa the insistence 
on calendrical arithmetic had its compensations: for 
example, it stimulated the invention and perfection of 
the interpolation technique. 

The other part of Far Eastern astronomy—-that dealing 
with the observation of celestial phenomena—is dealt 
with summarily, for the author thinks that too much 
emphasis was put on the irregular and the extraordinary, 
and too little done in the way of routine observations. 
This is a little unfair. Apart from the fact that people 
like Chang Heng, Tsu Ch’ung-Chih and I-Hsing did 
undertake long series of regular observations, one should 
not underrate the contribution made by the Chinese, 
Japanese and Korean astronomers in their records of the 
extraordinary. These records are the more valuable for 
being completely uncluttered with any astronomical 
theory—witness the current interest in the possible 
identification of “‘guest-stars’’ with radio-sources and 
pulsars. 
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The story of the slow penetration into Japan's con- 
sciousness during the Tokugawa Period (1600-1867) of 
Western astronomy is told with fine detail and many 
delightful quotations. But, alas, contrary to what is 
said near the beginning of the book, the recorded TAPPras- 
sions of the Japanese astronomers do not seem to lead 
to definite answers to the interesting question as to 
which aspects of Western astronomy are local and whieh 
universal, Possibly the question cannot be answered in 
this way. The impressions are made by people who had a` 
definite background, with a particular set of prejudices, 
implanted in them ee Sede ot A C me 
classicist tradition. The meeting of ideas depends on the 
new as well as the old, and ines outcome Ca joe more 
than a relative comparison between “those who write 
vertically and eat with chopsticks” and “those who 
write horizontally and eat with bare hands”. 

The author is certainly free from any nationalistic bias, 
and, if anything, errs a little in another direction m not 
giving enough credit to the ancients here and there. 

The physical appearance of the book is very attrac tive 
indeed; it is beautifully printed and bound, and the almost 
perfect balance between the English alphabet and the 
Chinese characters is a rare achievement. T. KRIANG 


QUESTIONS AND ANSWERS 


Astronomical Problems 

An Introductory Course in Astronomy. By B. A. Voront- 
sov-Vel Yaminov. Translated by P., M. Rabbitt. Trans- 
lation edited by Arthur Beer and John B. Hutchings. 
Pp. xi+314419 plates. (Pergamon: Oxford, London 
and New York, July 1969.) 80s; $14. 


IT was very pleased some years ago when I managed to 
pick up a copy of the original Russian edition of this book, 
for compilations of the question and answer type are a 
normal and highly developed form of Russian pedagogy, 
whereas in this country and in the United States they 
seem to be much rarer. Yet some parts of the subject 
can only be clearly understood via a basic skill im numeri- 
cal manipulations. 

The Russian compendia come at all levels of difficulty - 
the questions in this one (although they are graded into 
two degrees of hardness) are fairly elementary. The 
standard is, perhaps, equivalent to sixth-form level, 
although, because astronomy is not a school subject, the 
questions would provide useful initial practice for a first- 
year astronomy course at university. In spite of the 
length of time between the original and the translation, 
problems of this elementary nature date very little. A 
more up to date collection would, however, almost cer- 
tainly include a larger number of problems on artificial 
satellites. As it is, the author has provided twelve extra 
questions in this area (to the original total of 1,200) 
during the proof stage of the book. 

A major criticism of the book, both in the orginal amd 
in this translation, is the quality of the plates. Russian 
photographs always give the impression that thev are 
relics from some earlier and more primitive age: the oncs 
in this book are no exception. It seems that the text 
diagrams have been redrawn for the translation and it 
would have been well worthwhile substituting new photo- 
graphs at the same time. 

One or two minor points might be taken up in the 
translation. For example, question 987 speaks of the 
“compression” of the solar sphere, whereas the word in 
this context should clearly be translated as “‘shrinkage’’. 
Again, “Ciolkovski” is better known to Western readers 
as “Tsiolkovski”. The general standard of both the 
translation and the editing is, however, high. As an 
introduction to simple astronomical calculations this 
book can be recommended. A. J. Meapows 
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BACKGROUND ASTROPHYSICS 
High-Energy Astrophysics 


By Trevor C. Weekes. Pp. xi+ 209, 
London, July 1969.) 60s. 

ASTROPHYSICS, like many other subjects, is moving for- 
ward at a fantastic pace; but in few other subjects have 
so many fascinating discoveries been made in the past 
few deeades—-pulsars were discovered in February 1968, 
quasars in 1963, the microwave background of the 
universe in 1965, X-ray astronomy was started in 1962, 
gamma-ray astronomy in 1966, neutrino astrophysics in 
1964 and the grandfather of them all, radio astronomy, 
only dates back to 1946. Not only have we seen advances 
im experimental techniques and observational data but 
theories have kept apace. Thoughts of neutron stars and 
colliding galaxies are now commonplace, and cosmology, 
with the competing theories of steady state, big-bang 
and oscillating universe. has even got the physicists 
thinking that the conservation of matter might not be 
one of the fundamental truths. Who can say what other 
“truths” might be questioned in future decades ? Every 
month, the journals contain papers with new observations, 
more advanced techniques and more profound theories. 
For every important piece of observed data there are 
probably a dozen theories; m no other field has a theorist 
so much room to manoeuvre. Astronomers and astro- 
physicists not directly working in the field of high energy 
pei Gee cannot he uP being i hiala by these new 


(Chapman and Hall: 


new results and a 

Trevor Weekes has come to our aid. He has provided in 
this book a baekground account of these new subjects 
which will enable us to follow all the new developments. 
A reader cannot fail to capture the author's enthusiasm; 
one's interest is not only retained but expanded. The 
book is clearly and coneisely written and contains many 
useful diagrams and tables. It is an excellent addition to 
the fine series of monographs published by Chapman and 
Hall in ther “International Astrophysics Series”. The 
subject matter has been restricted to high energy astro- 


physics: high energies relate . to the rest mass of the 
object (novae, supernovae, radio galaxies, quasars, 
pulsars), individual quanta aie high energy 


(cosmic rays, X-rays, gamma-rays), and the possible large 
cosmic energy densities (neutrinos, microwav es). 

The book starts with an introduction to the terminology 
used in astrophysics and then continues with chapters on 
magnetic bremsstrahlung and Compton radiation, novae 
and supernovae, the origin of cosmic radiation, radio 
galaxies, quasars, theories of extragalactic radio sources, 
X-ray astronomy. gamma ray astronomy. neutrino astro- 
physics, microwave background and pulsars. Each 
chapter deals with the discovery of the phenomena and 
the observational data, experimental techniques and 
current theories associated with them. The author 
stresses observations. In a subject that is so sparsely 
blessed with observations, the few that have been made 
take on a greater importance and the extension of experi- 
mental techniques becomes 
the discipline. Most of the theories are presented in out- 
line with details and mathematics omitted. The book 
ends with a useful reference list of the basic papers in 
high energy astrophysics. Davin W. HUGHES 


SUBSIDIARY PHYSICS 


introductory Physics 
A Model Approach. By Robert Karplus. Pp. xix +498. 
(Benjamin: New York and Amsterdam, 1969.) $13.75. 


Tris book is intended for readers with very little scientific 
background—-for example. for arts students taking physics 
as a subsidiary subject. 


vital in the development of 
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The author avoids a rigid adherence to a historical 
approach for, as he quite rightly remarks, this makes it 
necessary to introduce Newtonian mechanics at an early 
stage. For the beginner in science it is extremely diffic ult 
to understand Newton’s tremendous conceptual leap from 
observation to theory, <A difficulty of this magnitude early 
in the course could well be a disincentive to further r study 
and so it is the last of the four parts of the book which is 
devoted to Newton’s laws of motion and universal gravita- 
tion. i 

The early parts of the book deal with those aspects of 
physies which are more intuitive and ean be illustrated in 
terms of everyday phenome na and easily visualized models, 
In the first part, there is a general review of the principles 
which underhe the whole of physics—interactions, 
equilibrium, coupled systems and the like. The second 
part deals with wave motion in its various manifestations, 
in particular light and sound, concluding with a brief but 
clear introduction to the ideas of wave mechanics and 
atomic structure. The concept of energy—thermal, 
chemical, mechanical and eleetrical---is developed in the 
third part where the gravitational field of the Earth is also 
introduced. This leads conveniently to the topic of 
universal gravitation in the final part. 

After the formal instructional part of the book there 
is a short epilogue, historical and philosophical in style, 
which discusses the origin of scientifie method and the 
role of the scientist in the community. Finally, there are 
some appendices dealing with the basie mathematical 
tools required for an understanding of the book. 

At the end of each chapter there are numerous examples 
which are well graded and searching, and solutions to 
the numerical problems are given. 

The writing is a little verbose and there are over- 
elaborate explanations of physical concepts im terms of 
everyday phenomena. One can get so involved in the 
complex analogies that the overall effect can be distracting 
rather than helpful. In spite of this criticism, this is 
without doubt a successful book which puts over a great 
deal of material in a deceptively casual way. 

M. M. Wootrson 


COLOUR SCIENCE 


The Measurement of Colour 

By W. D. Wright. Fourth edition. Pp. x + 340- 10 plates. 
(Hilger: London, July 1969.) 80s. 

Srvce the publication of the first edition in 1944, this 
book has become firmly established as a standard work 
on the measurement of colour. Its author, well known as 
a leading authority on the subject, was responsible for 
much of the experimental work on which the present 
internationally agreed system of colour specification and 
measurement was based. He has provided a book which, 
for a quarter af a century, has mtroduecd many to the 
fascination of the subject. 

In the fourth edition, the book has been revised and 
extended to take account of developments in colorimetry 
which have oceurred in the past five years. These include 
the adoption by the Commission Internationale de 
VEclairage (CIE) in 1964 of colour matching funetions 
for a 10° visual field based on the results of Stiles and 
Speranskaya; standard spectral energy distributions at 
correlated colour temperatures of 5,500 K. 6.500 K and 
7,500 K to represent different phases of daylight and also 
the CIE recommendations in 1967 of four alternative 
arrangements of iIHuminating and viewing conditions in 
eclorimeters and spectrophotometers. 

Two new chapters have been added which give valuable 
treatments of metamerism, including a physiological 
assessment of metamerism and the important industrial 
problem of metamerism between surface colours and colour 
difference metrology including the just noticeable 
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difference between two colours, uniform chromaticity 
scales, colour difference formulae and colour tolerances. 
The chapter on practical applications has been extended, 
particularly in the section on dyeing. This now deals 
with eolorant formulation methods based on Kubelka~- 
Munk theory made possible by modern computers. 
Smaller additions and revisions have been made to other 
parts of the book and the references; the appendices have 
been enlarged to include tables of the energy distribution 
of Hluminants Ds Deso and D.:5, and the 1964 10° 
distribution coefficients weighted by energy values of 
these ihiminants. 

It is difficult to find anything but praise for this book 
for content and printing; revision of units throughout 
the book could have extended to the use of SI units for 
luminance on page 42; and the colour patehes on the 
chromaticity diagram of Plate 7 have been changed from 
circles to trapezia but the legend still refers to circles. 

A number of books on colour science and technology of 
various levels of complexity have appeared in recent 
years, but there can be no doubt that this book will still 
hold its place as an excellent introduction to the subject 
and can be recommended unreservedly. 

D. A. HUMPHREYS 


HILBERT SPACES 


Introduction to Spectral Theory in Hilbert Space 

By Gilbert Helmberg. (North-Holland Series in Applied 
Mathematics and Mechanics, Vol. 6.) P xiii + 346. 
(North-Holland: Amsterdam and London, 1969.) 140s. 


THE contents of this book can best be deseribed by asking 
in this review some of the questions posed by the author 
himself in the preface to his book, such as, what is a Hilbert 
space, what is a bounded operator in a Hilbert space, 
what is a (not necessarily bounded) self-adjoint operator 
in Hilbert space, and so on. To all these questions the 
reader will find full and adequate answers in the text of 
the book. 

Chapters one and two are concerned with the concept. 
and elementary properties of Hilbert spaces including the 
geometry of such spaces. The spaces 7, (summable-square 
sequences) and L, (integrable-square functions) are con- 
sidered in some detail and used to illustrate many of the 
properties developed for general Hilbert spaces. Chapter 
three is devoted to the study of bounded linear operators 
and develops the theory of adjoint, self-adjoint, normal 
and projection operators. There is a detailed discussion 
of the Fourier~Plancherel operator to illustrate several 
of the concepts introduced in this chapter. In chapter 
four, the general theory of linear operators in Hilbert 
spaces is developed and includes the theory of unbounded 
operators and their adjoints, the concept of a closed 
operator, the idea of invariant subspaces of an operator 
and a careful account of the spectrum of an operator with 
special reference to self-adjoint and unitary operators. 
Examples given are the differentiation and multiplication 
operators in the L, spaces, and the Fourier—Plancherel 
theory is used to link the properties of these two operators. 
Chapter five contains a standard acccunt of the spectral 
propertics of compact operators with applications to the 
theory of Fredholm operators. The spectral analysis of 
bounded linear operators is presented in chapter six, which 
considers in detail the cases of self-adjoint, unitary and 
normal operators; in all three cases the spectral theorem 
is preved in detail. The final chapter, seven, applies the 
ideas of previous chapters to develop the spectral theorem 
for unbounded self-adjoint operators; examples are dis- 
cussed, ip particular the differentiation operator of 
previous chapters. 

There are two appendices; the first is on the graph of a 
linear operator, while the second contains a brief account 
of the properties of the Riemann-Stieltjes and Lebesgue 
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integrals needed elsewhere in the book. There is a detailed 
bibliography, an index of symbols and a subject: index. 
The book has been clearly and carefully printed. 

I can recommend this book as a most helpful introduc- 
tion to spectral theory in Hilbert space. The author has 
clearly taken great care in the preparation of his text and 
has produced a book which should be of a, e 
help to students and research workers ı 
The price is high, but the serious reader w it fad. never- 
theless, that this book will be a valuable acquisition for 
his library shelves. W. N. EVERITT 


CURVE SYSTEMS 


Systems of Frequency Curves 

By Wiliam Palin Elderton and Norman Liovd Johnson. 
Pp. 216. (Cambridge University Press: London, June 
1969.) 60s; $10. 


Srr WILLIAM ELDERTON’S Frequency Curves and Correla- 
tion was originally published in 1906. The present book 
is a fairly drastic revision of the fourth edition of this 
work. Most of the material on correlation is now removed. 
Also, whereas Elderton’s discussion was largely limited to 
curves of the Pearson system, Professor Johnson has now 
extended the treatment to other systers including some 
curves ain which his own name has ı NOW e Derog eae bieu- 


Sel en E a ee 

The fitting of theoretical frequency curves to observed 
one oo maana, measurements play ed | & more 
ae it toes ees Tts importance 
overemphasized and in time “curve- fitting’ as a statistical 
activity was very much called in question, Strangely, 
along with this criticism, there stil] continued much lively 
discussion of the problem of determining the best method 
of estimating the parameters of the fitted curves. Here, 
however, curve-fitting procedures were possibly being used 
to illustrate currently developing theories of statistical 
inference, rather than because of the intrinsic HNport ance 
of the curves actually fitted to mdividual sets of data. 


w ag ae 


Much talking at cross-purposes may have resulted from 
this. Johnson touches on sorne of these issues in an 


appendix but does not enter very far into discussion of 
them. 
It was not only the graduation of distributions of 
individual observations, however. that gave impetus to 
the iets eater Very cary l Pem arson recognize T the 
the probability E of ae rent t sampling € erite ria. 
One may instance here the early development of the +*- 
distribution. Later landmarks were the crap headings li 
theory of Student and of R. A. Fisher. The competing 
Gram-Charlier and Edgeworth systems of curves were 
also found to have application to some of the more complex 
samphng problems not subsumed under the general lmear 
hypothesis of normal theory, Although these systems ar 
of an approximate nature. being based on series dev: ee 
ments. they have made possible some progress in the 
development. of the small sample theory of OP Nene 
intractable sampling problems. These various consider 
tions may explain why Elderton’s book has had continui- 
ing success for so long. The reader may not now 
this book for the reasons that the or imal author intended, 
But it does provide a systematic account of an area of 
statistical methodology whieh is lacking in most modern 
texts, but which still has relevance to many of the problems 
which statisticians today take up and discuss. Johnson 
has admirably preserve ed the spirit of the origimal work, 
While his additional material contributes considerably to 
its usefulness and should ensure for it a further long lease 


of life, B. L. WELCH 


RA £) to 
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MAGNETIC MATERIALS 


Magnetic Materials 

By R. 8. Tebble and D. J. Craik. Pp. xiv+726. (Wiley 
(Interscience): London and New York, August 1969.) 
240s. 

Tus most self confident of authors might be daunted by 
the prospect of selecting the content matter for a hand- 
book of magnetic materials to be presented within the 
limited space of some seven hundred pages. Recent 
publications of comparable length have confined them- 
selves to such restricted magnetic topics as ferrites or, 
even, soft ferrites. The chance therefore that any single 
reader will agree with the choice of content in the present 
case must be considered rather remote. This is even more 
true when it is realized that, of the whole volume, one 
half is given over to those technical and structure sensitive 
properties of the materials which determine their practical 
application, for here again there 1s much scope for dis- 
agreement among fellow magneticians regarding the 
relative importance of individual topies. Allowing for 
this necessarily personal choice in the content, however, 
this book will probably become a standard reference for 
physicists, electrical engineers and chemists for whom 
magnetic materials play a significant part in research or 
development work. It will oceupy the middle ground 
between the handbooks of specialist magnetic materials 
and those recent theoretical works in which material 
properties have been introduced only as they are illustra- 
tive of the particular magnetic theories. 

The introductory chapter is a short statement cf oe 
basic results of magnetic theory and is followed by 
comprehensive and critical coverage of the intrinsic daia 
of the various groups of magnetic materials; those 
elements, alloys. oxides. chaleogenides and the like, 
which can aie in magnetically ordered forms. The 
presentation is clear and well doeumented, suitable 
primarily for reference purposes, with numerous tables 
and graphs which would have been much enhanced by an 
extended subject index. 

The second half treats those technical features which, 
in microwave, square-loop, permanent magnet and high 
permeability devices, depend on specifie, frequently 
structure-sensitive, teal properties. By quoting only 
the significant experimental details and theoretical results, 
it has been possible to collate much that was previously 
dispersed in original and review articles in a concise, w ell 
documented and readable manner. In view of this con- 
tent, the price of the book will probably not be considered 
excessive. It is unfortunate, however, that a number of 
elementary errors have appeared in the final printing to 
give, for example, misquoted basic formulae and the 
transposition of some figure captions. A. J. Pornron 


SUCCESS STORY 
The CHEM Study Story 


A Successful Curriculum Improvement Project. By 
Richard J. Merrill and David W. Ridgway. (Chemical 
Education Material Study.) Pp. 162, (Freeman: San 


Francisco, August 1969.) 24s. 
CURRICULUM revision, of a radical kind, mevitably attracts 
strong personalities, each with his own favourite axe to 
grind: and the suecess of the whole enterprise largely 
depends on the central administration of the pro] ject. 
Discipline must be imposed if a coherent scheme is to 
emerge, but it must be sufficiently flexible to allow imdi- 
vidual creativeness to flourish. This is the message of The 
CHE M Study Story. There is little chemistry here and 
there is no serious attempt to describe the detailed scienti- 
fic and pedagogic problems that were encountered; the 
ae ag is simply to deseribe the planning and progress of 
CHEM Study from its conception in 1959 at the instigation 
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of the American Chemical Society through all the stages 
of recruiting contributors, generating ideas, writing and 
revising the course material, to the publication and 
distribution of the final texts. 

The authors, themselves participants in the project, 
convey the excitement of the pioneers, the frenzied 
activity of the early stages of writing and revision, the 
esprit de corps that developed among the members of the 
group, and their sense of pride in the nation-wide influence 
of CHEM Study. They have no doubt that theirs is a 
success story; indeed, they have tangible proof of success 
in terms of hard cash. The project, financed by a grant of 
$2,800,000 from the National Science Foundation, has 
already returned, by the sale of books and films, more 
than that sum to the United States Treasury—and this 
in spite of the ingenious and laudable procedure, described 
at some length in the coneluding section of the narrative, 
used by CHEM Study to phase itself out of existence, in 
order to avoid establishing a stronghold of orthodoxy 
that might discourage later initiatives in the field of 
eurriculum reform. 

‘The authors admit, however, that financial gain was not 
the purpose of CHEM Study, and they do give sorne 
account of an inconclusive evaluation of the project. 
based on a comparison of chemistry students who had 
been prepared for entry to college by CHEM Study 
courses with those who had not. They admut, too, that 
no assessment was made of CHEM Study’ s success In 
achieving its wider purpose of educating the great majority 
of students who pursue che mistry no further. 

Extensive appendices, occupying more than half the 
book, include a list of CHEM Study personnel, details of 
published materials and films, sample achievement tests, 
and a selection from the correspondence that passed in the 
early days of the project: between some of the principal 
contributors. 

The authors hope that the book will be of value to those 
responsible for curriculum development in the future. 
and, for those who have the good fortune to undertake 
such work on a three million dollar budget, no doubt it 
wil. B. J. HARTWELL 


CATEGORIES OF DEPOSITS 


Manual of Sedimentary Structures 
By C. E. B. Conybeare and K. A. W. Crook. (Common- 
wealth of Australia, Department of National Development, 
Bureau of Mineral Resources, Geology and Geophysics, 
Bulletin No. 102.) Pp. x+527. (Burean of Mineral 
Resources: Canberra, 1968.) 40s Gd. 


THE appearance within a matter of a few vears of vet 
another book on sedimentary structures must “surely bring 
groans to the lips of even the mildest spirited sedimento- 
logist. This latest volume does, however, merit very 
serious consideration, Conybeare and Crook have taken 
a significant step forward in the study of sedimentary 
structures. They analyse and discuss structures in terms 
of a dual classification, one based on observable morpho- 
logy only, and the other based on broad notions of genesis. 
This dual approach allows the authors to present, on the 
one hand, rational schemes for the recognition and 
description of sedimentary structures observable at out- 
crop or in hand specimen and, on the other, discussions 
of structures in terms of causes and environmental 
significance. Fact and theory are commendably kept 
apart in a subjeet where there is much confusion and 
uninformed thinking in matters of nomenclature and 
interpretation. 

The morphological classification adopted by Conybeare 
and Crook is hierarchical and can be traced to ideas 
advanced in the field of soil science. Hach hierarchical 
level in the classification represents a particular level of 
complexity of the observable elements which combine 
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to make a sedimentary structure. This classification 
provides a valuable basis for the analysis and description 
of structures in the field or in the specimen. The genetic 
classification used is essentially a substantial expansion 
of that proposed by R. E. Elliott. Structures are grouped 
according to origin into the four categories: hydro- 
dynamic, rheotropic, biogenic and diagenetic. Each of 
these groups is further classified. 

The authors set themselves the task of providing “an 
aid, for use in the field and laboratory, in the identifica- 
tion and description of sedimentary structures in both 
outcrop and core, and their application to the problem of 
reconstructing ancient depositional environments”. Curi- 
ously, having set themselves this imaginative brief, 
Conybeare and Crook then narrow down their task in a 
manner which will puzzle most sedimentologists used to 
thinking about sedimentary rocks and modern sediments 
as parts of a single continuum. Attention is to be confined 
to structures on what is called the mesoscopic scale, that 
is, visible in anything between hand specimen and outcrop. 
Moreover, sedimentary environments are to be thought of 
primarily as geographical places, rather than as portions 
of space in which unique assemblages of intrinsically 
quantifiable processes are located. The consequences of 
these self-imposed limitations, for example, the absence 
of discussion of the larger bed forms and a certain naivety 
in the treatment of the physical and environmental 
significance of structures, underlie the only reservations 
I have about an otherwise useful and attractive work. 
It is, I believe, essential to try to comprehend the whole 
continuum of sedimentary structures, from the surface 
texture of sand grains to the largest of desert dunes or 
linear sandstone bodies. Furthermore, I think it is more 
important to know first and in detail the immediate causes 
of a structure than where that structure is to be found. 
There are grave dangers in the purely empirical approach 
to the interpretation of sediments, if only because modern 
sediments on the Earth’s surface have as vet been most 
inadequately sampled, and more than a study of sedi- 
mentary structure is needed for success in environmental 
reconstruction. 

The book includes a long list of references followed by 
108 illustrative plates. The text is a clearly written and 
balanced survey of the sedimentary structures which the 


authors regard as falling within their compass. Schemes 


for description are given and key papers and reviews are 
cited. The plates, which mostly represent new material 
(chiefly from Australia), are, generally speaking, satis- 
factory, though a number have suffered during publica- 
tion. It is sometimes difficult to ascertain their scale 
properly, and inexperienced students will certainly be 
mystified by these instances. 

With the reservations mentioned above, I shall certain! y 
be glad to recommend this book to my students for use 
in the field (at base) and in the laboratory. At its price 
(to educational institutions) it is an excellent buy. 

J. R. L. ALLEN 


LANDSCAPE STUDY 


Principles of Geomorphology 
By William D. Thornbury. Second edition. Pp. xi +594. 
(Wiley: London and New York, April 1969.) 130s. 


WHEN this book was first published in 1954 it was very 
much ahead of its time and was probably one of the first to 
contain references to the then new quantitative methods 
m geomorphology, as well as being a sound university 
textbook. It is disappointing therefore that this second 
edition does not seem to have kept pace with the develop- 
ments in the ensuing fifteen years. Some new material 
has naturally been included, but the preface to the 
second edition is more an apology for what has been left 
out than an explanation of what recent advances have been 
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included. And it is a very great pity that the author “did 
not feel competent to do justice’ to a treatment of 
“Quantitative Geomorphology” especially as the chapter 
on “Tools of the Geomorphologist”’ of the first edition has 
not been included. His justification for the omission is 
that “several books have appeared on this subject in 
recent years’. But then, so have many other geomor- 
phology textbooks! 

All the branches of geomorphology are otherwise 
dealt with well in the book. With one exception, the 
organization is the same as that in the first edition. If 
individual chapters are compared it is true to say that 
much of it is unchanged but additions and amendments 
have been made to most of them. Obviously it would be 
too lengthy to itemize all the changes, but perhaps the 
most significant additions are those on the concept of 
equilibrium and the expansion of Penck’s ideas, and more 
especially the new chapter on palaeogeomorphology. 
This chapter—the only new one—divides these previously 
formed and now visible landscapes into relict, buried and 
exhumed types, the main criterion for their identification 
being that the landseape in question should have been 
formed by processes now no longer operative on it. The 
use to which the knowledge of these ancient landscapes 
may be put is discussed with special reference to petroleum. 
exploration. 

The book retains almost all of the diagrams and photo- 
graphs of the previous edition—new ones are hard to 
find. More has happened in geomorphology during the 
past fifteen years than is apparent here, however, and this 
amount of new material hardly seems to have justified 
another edition, and because the book is manifestly 
intended for students, its price—twice that of the previous 
edition—seems a little excessive. 





Joun R. Y. Brooxrs 


EXTINCT PLANTS 


The Yorkshire Jurassic Flora 

Vol. 3: Bennettitales. By Thomas Maxwell Harris. 
Pp. vi+ 186+ 8 plates. (Trustees of the British Museum 
(Natural History): London, February 1969.) 140s. 


THE Yorkshire Jurassic flora is now probably the most 
thoroughly known of all Mesozoit floras in the world. 
This is certainly due more to the work of Professor 
Harris than to any one of the many other palaecbotanists 
who have studied it during the past 150 years. The present 
volume is the third in a projected series of four which, 
when completed, will be a comprehensive account of the 
whole flora. This volume deals with a single order of 
extinct plants, the Bennettitales. It contains systematic 
descriptions and line drawings of all the Yorkshire 
Jurassic species, supported by eight collotype plates of 
photographs. There is a key to the genera of leaves, and 
a field key (based on macroscopic characters) for the 
species within each genus. 

Harris's style is unique; the descriptions are forthright, 
and the author draws the reader’s attention to the weak- 
nesses of his interpretations as vigorously as he hammers 
home his convictions. 


principally in a parallel range of leaf form. Harris con- 
cludes that “any phyletic connexion between them must 
be remote. The term ‘Cyeadophyte’ which was intended 
as a major phyletic group means no more than ‘Gymno- 
sperm with a pinnate leaf’. The old division of the 
Bennettitales into two families, based respectively on the 
Jurassic williamsonias and the Cretaceous cyecadeoids, 
is abandoned; this is the outcome of increased know- 
ledge of the whole group, and particularly of the work of 
Delevoryas at Yale, on the American eveadeonis, which 
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has shown that the supposed differences between these two 
“families” are less clear cut than was supposed. 

Although Harris has probably done more than any 
other worker to piece together the various organs of 
bennettitaleans which are normally found detached, his 
taxonomie treatment of the genera 18 characteristically 
empirical. He avoids the implications of connexion even 
when this has been very adequately established. He 
suggests that “the best treatment at present is to con- 
tinue to be cautious, to keep the different organs apart 
under different names, and where one feels sure that 
certain organs belong to a single plant, to say so, but 
without affecting the name”. To some neobotanists, who 
might visualize one goal of palaeobotany as the reassem- 
bling of whole plants from the fossil pieces (with a con- 
eomitant reduction in the number of names), this may 
sound like a counsel of despair; but to most palaeobotan- 
ists it is a philosophy of realism. If applied to all palaeo- 
botanical nomenclature, it would save us from some of 
the sterile convulsions of name changing to which this 
science is especially prone. W. G. CHALONER 


PSYCHOTIC STATES 
Psychopathology of the Psychoses 


By Thomas Freeman. Pp. 215. 
1969.) 45a. 

Dr FREEMAN is a clinical psychiatrist who has been 
preoccupied with the phenomena of psychotic illness for 
several years. His method and his point of view will be 
familiar to readers of his two previous volumes, Chronic 
Schizophrenia (1958) and Studies on Psychosis (1965). In 
this book he brings together his clinical experience and his 
interest in theory to formulate a point of view: “Only the 
study of psychopathology, with its emphasis on the way 
in which patients experience their thoughts, feelings, 
bodily sensations, and the world around them, can pro vide 
the material that will give a reliable foundation for clinical, 
physiological and biochemical investigations. The major 
contribution to this psychopathology comes from psycho- 
analysis”. 

After a preliminary discussion of the relevant theories 
advanced by Freud and Hughlings Jackson, the author 
outlines his method of categorizing and recording the 
clinical manifestations of psychotic states. Most of the 
remaining chapters are taken up with a discussion of his 
scheme in relation to various forms of psychosis, along 
with illustrative material. A final chapter is concerned 
with some of the therapeutic implications of this approach. 

The underlying outlook and concepts will not be 
new to readers who are familiar with the literature on the 
subject. Nor will the unconvinced be persuaded that the 
author has in any way refuted Karl Jaspers’s eritique of 
psychoanalysis as a psychology of meaningful, but not 
explanatory, connexions. None the less, the book is 
clearly written and gives ample evidence of the care and 
patience required for the detailed clinical observations on 
which it is based. More space, however, might have been 
devoted profitably to the section entitled ‘‘Methodology of 
Clinical Observation” (pages 39-42) in which too little 
consideration is given to the reliability of the techniques 
used. MICHAEL SHEPHERD 


(Tavistock: London, 


RETURN OF THE OSTRACIZED 


Mental Imagery 
By Alan Richardson. Pp. xii+180. (Routledge and 
Kegan Paul: London, August 1969.) 35s. 

As Dr Alan Richardson points out in his foreword, the 
1950s and 1960s have seen a re-emergence of interest m 
mental imagery. He finds one good reason for its study 
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in Robert Holt’s 1964 paper “Imagery: the Return of the 
Ostracized”’, which shows how imagery can intrude on 
such activities as radar watching, long distance driving, 
polar exploration in snow cats and flying jet planes. 
Modern technological advances compel us to take account 
of potentially dangerous emergences of imagery and 
hallugination-like processes, and to return to scientific 


some people experience in the hypnagogie or half-asleep 
state. Richardson’s survey deals with early researches 
like those of Kliiver into the stable, vivid and externally 
projected imagery called by Jaensch “eidetie’. More 
recent work cited includes Gordon’s measurement of 
controllability of imagery. the factor-analytic studies 
of Barrett on imagery and of Singer and Antrobus on 
day-dreaming. Richardson describes his own experiments 
on mental practice, showing how performance in physical 
activities like high jumping can be improved by rehearsal 
in imagery. Stroboscopie experiments in augmenting 
imagery, EEG studies and the relationship of imagery 
to mnemonic systems are discussed. The treatment of 
imagery accompaniments of synaesthesia is largely 
confined to the work of the Russian Luria, in the detailed 
study over several decades of one individual subject to 
this. 

The book is stronger in its reporting of the phenomena 
under study than in its survey of existing theory, or its 
own contributions to theory. Imagery is discussed 
largely in terms of two aspects: vividness (as measured 
by the Bett’s scale) and susceptibility to manipulation 
(as measured by the Gordon test). Many things are 
mentioned but left undeveloped. Thus the book touche- 
somewhat lightly on such topies as dream imagery, inters 
sensory phenomena like synaesthesia, and behaviour 
therapy in its relation to the uses of imagery. In the 
treatment of hallucinogens, the incorrect spelling of 
mescaline (as “mescalin”) is unfortunately perpetuated. 
It is pleasant to be able to weleome a book by a leading 
Australian psychologist which seeks “to bring together in 
one place a representative series of facts and hypotheses”, 
after the undeserved neglect of these important and 
intrinsically interesting phenomena, 

PETER MCKELLAR 


Dr B. V. Rollin 
BERNARD Vincent Ror, who died on June 18, was 
one of a small band of physicists who started research im 
Oxford in the 1930s under Franz (later Professor Sir 
Francis) Simon. His first research problem was to design 
a combined hydrogen and helium liquefier, using the 
adiabatic expansion method for liquefying helium, which 
became the basis of the standard “Simple Simon” liquefier 
used in the Clarendon Laboratory at Oxford. With the 
help of this liquefier Rollin set out to measure the specific 
heat of liquid helium as a function of pressure; he dis- 
covered in the course of this work that the rate of evapora- 
tion from a vessel containing liquid helium increased. 
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dramatically when the temperature fell below the 4 point 
at 2-19 K. 

A series of well planned experiments showed clearly 
that the effect was due to the presence of a liquid helium 
film on the inside of the pumping tube leading to the 
vessel, a result confirmed by the linear dependence of the 
evaporation rate on the tube diameter. Combined with 
an unexplained phenomenon observed in 1922 by Kamer- 
lingh Onnes, when the levels of helium in two concentric 
dewars were seen to equalize, this led Rollin and Simon 
to suggest a thin mobile film transporting liquid from the 
cold lower end in the liquid to the warm upper end where 
it evaporated. It was in recognition of Rollin’s contribu- 
tion that Keesom in his classic monograph Helium coined 
the name “Rollin film’. In 1936, Rollin, with Kurti, 
Lainé and Simon, carried out experiments at the Labora- 
toire du Grand Electro-Aimant in Bellevue (Paris) which 
led to the first liquefaction of helium in France, and the 
discovery of magnetic ordering in dilute paramagnetic 
salts at very low temperatures obtained by adiabatic 
demagnetization. 

After two years (1937-39) at the University of Cali- 
fornia, Berkeley, as a Commonwealth Fund (now Hark- 
ness) Fellow, Rollin returned to the Clarendon Laboratory 
to join an Admiralty team working on receiving tubes 
and other techniques for centimetre waves. He suggested 
immediately the use of a secondary emission target to 
convert velocity modulation into amplitude modulation 
in a reflex klystron; though this gave a low starting 
current for oscillation, and tubes at both 10 em and 3 em 
wavelength were already in use in 1940, it proved less 
stable, because of electrode contamination, than the 
system adopted later with a reflector at a negative volt- 
age. In the later years of the war, Rollin carried out 
important development work on magnetrons for wave- 
lengths in the 1 em wavelength region. 

In 1945 he started to extend the then novel technique 
of nuclear magnetic resonance to solids at low tempera- 
tures, using a simplified electronic system which became 
known as the “Rollin” cireuit. In collaboration with 
J. Hatton, resonance was observed in liquid hydrogen, 
and in solid ortho-hydrogen the absorption line was found 
to split into a triplet. Nuclear magnetic resonances due 
to beryllium-9 and silicon-29 were detected at helium 
temperatures, the latter in part of a brown beer bottle 
in which spin-lattice relaxation was speeded by the 
presence of electronic paramagnetic impurities, the im- 
portance of which had become apparent during this work. 
After a lengthy effort to concentrate helium-3 from its 
natural abundance (10-7) to 10-? by means of thermal 
diffusion, the nuclear resonance of helium-3 was sought 
but no signal could be detected. Instead, the small 
quantity of enriched helium was used to study the reaction 
*"He+d->‘He+p, with the object of looking for excited 
states of the « particle. 

Rollm then returned to an interest stimulated much 
earlier by Dr (now Professor) R. V. Jones, the develop- 
ment of a sensitive detector of infrared radiation, and 
devoted himself to the study of semi-conductors. Measure- 
ments of very low frequency “flicker” noise were made at 
low temperatures in germanium, but for the far infrared 
interest shifted to indium antimonide at liquid helium 
temperatures. Rollin proposed the use of the phenomenon 
of “hot electrons” generated in the semi-conductor by 
the absorption of radiation: the resultant change in their 
mobility was shown to provide a fast and sensitive 
detector of radiation at millimetre and sub-millimetre 
wavelengths. 

Rollin was born on June 20, 1911, and went from 
Watford Grammar School to Wadham College, Oxford, 
as a scholar in 1930. He obtained first-class honours in 
physics in 1933, and took his D.Phil. in 1936. He became 
a university lecturer in Oxford in 1945, and a Fellow of 
Wolfson College in 1967. In 1964 he married Angela 
Margaret Moylan, who survives him. 
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Correspondence 


The EMBO Question Debated 


SIR; —-Y our account (Nature, 224, 406; 1969) of the recent 
meeting to discuss British participation in a European 
molecular biology laboratory did not consider all the 
factors affecting the desirability of setting up international 
laboratories. You point out that none of the equipment 
used in molecular biology is so expensive as to be beyond 


the reach of a laboratory financed by s university or 
research council. This distinguishes the EMBO proposal! 
from, for example, CERN. A factor that was not men- 
tioned is the location of the laboratory. 

The argument that there is no ease for a European 
molecular biology laboratory is valid. But there could 
be good reasons for other international laboratories that 
would use only ordinary equipment. For example, a large 
laboratory may be needed, for elimatic or other reasons, 
in a region that is not industrialized. An institute in 
Antarctica is a case in point. More immediately useful 
would be an institute of food technology situated in the 
wet tropics and coneerned exclusively with producing 
food (especially protein rich food) from local sources for 
local consumption. The work of such an institute would 
complement rather than overlap the work that is being 
done in industrialized countries: it weuld call on an 
abundant supply of scientific goodwill: and, if it is not 
financed and staffed internationally. it is diffieult to see 
how it could be established because those who are now in 
most need of food have very little money. 


Yours faithfully, 

N. W, PIRE 
Department of Biochemistry, 

Rothamsted Experimental Station, 

Harpenden, 

Hertfordshire, 


Private Army of Contributors 


Sin,--May I, in the interests of accurae y, make two 
comments on Dr Macleod’s interesting article, “Private 
Army of Contributors”, in the centenary issue of Nature 
(224, 445; 1969) 7 


(1) The statement that Į “was writing a biography of 
Lockyer in 1927-28” may strengthen a false impression 
that there exists such a biography, not elsewhere referred 
to in the supplement, bearing my name. The facets are 
these: there is only one published biography of Lockyer, 
variously referred to in the supplement. with the precise 
title “Life and Work of Sir Norman Lockyer” by T. Mary 
Lockyer and Winifred L. Lockyer with the assistance of 
Professor H. Dingle and contributions by Dr Charles E. 
St John; Professor Megh Nad Saha, FRS; Sir Napier 
Shaw, FRS; Professor H. N. Russell: the Rev J. Griffith: 
Sir Richard Gregory and Professor A. Fowler, FRS.” 
Except for the “contributions” referred to, it was written 
by me, at the suggestion of Sir Richard Gregory, during 
the years 1922-28, from material selected by Lockyer’s 
widow and daughter, and published by Macmillan in 1928. 


(2) I have unearthed the notes I made at the time, and 
can now give an authentic version of Tait’s characteristic 
verse which, as Dr Macleod says, he recorded as I (imper- 
fectly) spoke it from memory. It is as follows: 


Your printers have made but one curious blunder, 
Correct it instanter, and then for the thunder! 

We'll see in a jiffy if this Mr. S-——— 

Has the ghost of a claim to be thought a good fencer, 
To my vision his merits have still seemed to dwindle, 
Since I found him allied with the great Dr. T——- 
While I have, for my part, grown cockier and cockier 
Since I found an ally in yourself, Mr. L- 
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And am always, in consequence, thoroughly willin’, 

To perform in the pages of Nature (M ). 
For reasons no longer existing, it was thought inadvisable 
to include this in the biography, and my note was made 
roughly in shorthand for my own interest: it is such that 
I cannot be certain that no proper name was written m 
full, but otherwise the version is trustworthy. 





Yours faithfully, 
HERBERT DINGLE 
Purley, 
Surrey. 


Environmental Studies 

Str,—The current term ‘environmental studies’? would 
seem to be of use as a general description of the total or 
some convenient grouping of parts, but, because of the 
considerable overlap between the various components, 
unification has been, and is being, pursued in order to 
systematize further the whole field and thereby to aid 
further study. Perhaps the suggestion of the term ‘'en- 
vironology”, which would refer to closely interrelated 
and unified studies in geographical, geological, biological 
and other fields, would be somewhat premature but would 
at least indicate a desirable target. 

The term “environics” is, however, suggested as being 
immediately applicable to the study of the physics of the 
environment, an important and substantial part of which 
should be instrumentation, largely of an electronic nature. 
The quantitative assessment of environmental features, 
based on the principles of physics, is an indispensable aid 
to understanding and unification; itis and would continue 
to be of paramount importance in environics, 

I propose these two terms with some diffidence in view 
of your leader on ‘‘Neologonumismatology” (Nature, 223, 
659; 1969), and make no claim as to their philological 
excellence. I suggest, however, that they are brief, 
euphonious and evocative and, although they may not 
fill a long established need, will be very useful in the 
shorthand largely peculiar to the sciences. 


? 


Yours faithfully, 
R. V. SHARMAN 
Department of Physics, 
Kingston College of Technology, 
Penrhyn Road, 
Kingston upon Thames. 


Human Biology 
Str,—This year it has become fashionable to talk of 
human biology as one might talk of physics or philosophy, 
and the new school of human sciences at Oxford (see 
Nature, 223, 660; 1969) has encouraged some to see in 
it a great leap forward. I do wonder, however, what are 
the concrete gains to be had from uniting human genetics, 
human ecology, psychology, and so on. One could always 
make a first degree out of human physiology, human 
geography and human psychology, for example. This 
does not seem to be the real issue, for human biology is 
there if you want to do it. 

The event of real interest is that the words “human 
biology” are on so many lips, but quite without any 
substance to follow. At this university these are commonly 


nothing but biological science. 
number of them about their behaviour, but at every 
attempt the substance of human biology evaporates. 
Clearly the thorn is on the inside and the outward symp- 
tom-—endless mention of human biology—has, like the 
word “ouch”, no remedial function. In short, the current 
enthusiasm for human biology may be an inappropriate 
solution to a problem that is acutely felt but poorly 
understood. 
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It is indeed a good idea to facilitate communication 
between university departments by bringing them closer 
together, but I am somewhat incredulous where human 
biology per se is regarded both as an innovation and a 
programme for action. How can we define human biology ? 
Its essence cannot be obtained when, by distillation, we 
merely arrive at a series of already existing courses. Nor 
do I believe that there is a series of hitherto undreamed 
courses from which this essence could be obtained. The 
essentialist programme won’t do. In a similar way it 
could be claimed that some whole called human biology 
emerges greater than the sum of its parts—but of course 
holism won’t do either. It is just a collective noun, and, 
since both the essence and the whole are such delightfully 
abstract entities, time and again talk of them has been 
adopted as a subterfuge. One is quite safe because there 
is no possibility of concrete consequence. This subterfuge 
is easier to grasp than the underlying thorn, but I would 
suggest the following solution. 

Every kind of knowledge, ineluding science, is valuable. 
But all kinds of knowledge are not valuable in the same 
way or for the same reason. There is one kind of know- 
ledge with which we control our physical environment: 
knowledge about things. But there is also another kind 
of knowledge about man, and about the spiritual and 
ethical explorations which make him pecuharly man. 
There are of course criticisms that can be levelled at this 
simple distinction-—I believe it perpetuates the body—mind 
fallacy. However, it is apt enough in the face of the 
behaviourist’s assertion that Freud and Shakespeare are 
useless because their work is unamenable to operational 
definition. 

The new school of human sciences at Oxford came into 
being on the recommendation of an inter-faculty com- 
mittee representing the Boards of Biology and Agricul- 
tural Sciences, Medicine, Social Studies, Anthropology 
and Geography and Psychology. These sciences have 
come in recent years to deal, quite deliberately, with man 
as thing. And vet I think one student betrayed what it 
was he really wanted when he (erroneously) described the 
Oxford experiment as a union of arts and science. 

It is a curiosity about man that cannot be pursued 
within the axioms of the biological sciences. Seience, like 
a waggish boy. can be brought into the study of man- 
indeed, the study of man would be quite incomplete 
without this. But I cannot take at all seriously attempts 
at the reverse, and such an attempt is not particularly 
well coneealed in any advocacy of human biology. It is 
of course common to attempt neither—which results, even 
at its best, in an unsatisfactory dualism. The hobbies of 
scientists listed in Who’s Who are always entertaining and 
frequently surprising. 

Yours faithfully, 
ANTONY COURTICE 
School of Biological Sciences, 
University of Svdney. 


University News 


Dr J. O. L. King, faculty of veterinary science, has been 
awarded the status and title of professor at the University 
of Liverpool. 

The title of professor of urology has been conferred on 
Mr J. P. Blandy, in respect of his post at the London 
Hospital Medical College, University of London. 

Dr E. L. Blair has been appointed to a personal chair in 
physiology at the University of Newcastle upon Tyne. 
Dr C. Ellenby has been appointed to a personal chair 
of zoology at the University of Newcastle upon Tyne. 
Mr T. G. Miller, formerly University College of Rhodesia, 
has been appointed visiting professor in the department of 
geography at the University of Reading. 
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Dr R. P. Pearce, Imperial College, University of London, 
has been appointed professor of meteorology and head of 
the department of geophysics at the University of 
Reading, in succession to Professor R. C. Sutcliffe, 
who will retire at the end of the present academic year. 


The personal title of professor of physics has been con- 
ferred on Dr B. Szigati, University of Reading. 


Dr J. M. Harvey has been appointed to the Trades House 
of Glasgow chair of mechanics of materials in the Univer- 
sity of Strathclyde. 


Announcements 


The following medals have been awarded by the president 
and council of the Royal Society: the Copley Medal to 
Sir Peter Medawar (National Institute for Medical 
Research) for his studies of tissue transplantation and 
immunological tolerance; the Davy Medal to Dr F. S. 
Dainton (University of Nottingham) for his work on the 
mechanisms of chemical reactions; the Hughes Medal 
to Professor N. Kurti (Clarendon Laboratory, Univer- 
sity of Oxford) for his work in low-temperature physics 
and in thermodynamics; and the Leverhulme Medal to 
Dr H. Kronberger (United Kingdom Atomic Energy 
Authority) for his contributions to nuclear reactor research 
and development and for his leadership in all branches of 
this field. The Royal Medals for the current year have 
been awarded as follows: to Dr G. E. R. Deacon 
{National Institute of Oceanography) for his contributions 
to physical oceanography and for his leadership as director 
of the National Institute of Oceanography; to Dr F. 
Sanger (Medical Research Council) for his pioneer work 
on the sequences of amino-acids in proteins and of nuc- 
leotides of ribonucleic acids; and to Professor C. W. 
Oatley (University of Cambridge) for his work in the 
wartime development of radar and latterly for the design 
and development of a highly successful scanning electron 
microscope. 

The Industrial Research Institute Medal for 1970 will 
be awarded to Dr W. O. Baker, vice-president for research 
and patents at Bell Telephone Laboratories. 


The William Bate Hardy Prize of the Cambridge 
Philosophical Society for 1969 has been awarded to Dr 
S. Brenner, for his research on nucleic acids in virus and 
other organisms, especially on mRNA and the genetic 
code; and to Dr R. Riley, for his research in the field of 
plant breeding, especially of cultivated wheat. 


British Diary 


Monday, November 24 


Factors Controlling Plasma Albumin Metabolism (4 p.m.j Dr R. Hoffen- 
berg, University of London, at the Royal Postgraduate Medical 
School, Du Cane Road, London W12, 

Force and Inertia in Seventeenth Century Dynamics (5.30 p.m.) Dr W. A. 
Gabbey, British Society for the History of Science, at the Science 
Afuseum, London SW. 

Lubrication, Friction and Wear (Tribology) in Powder Metallurgy 
{three-day symposium) Powder Metallurgy Joint Group of the Iron 
and Steel Institute, the Institute of Metals, and the Institution of 
Metallurgists, at the Grand Hotel, Eastbourne, 

Metallic Chemistry in 1,2 and 3 Dimensions (6.30 p.m.) Dr L. S, Darken, 
iron and Steel Institute, at the University of Sheffield. 

Relativity and Cosmology (2.30 p.m. Civil Service Lecture) Professor P. 
Hoyle, FRS, The Royal Institution, at 21 Albemarle Street, London 
Wi. 


Tuesday, November 25 


Automatic T est Equipment (7.50 p.m.) Mr O. H. Davie, Institution of 
Electrical Engineers, in the J. J. Thomson Laboratory, University of 
Reading. 

Computer Aided Design (7.30 p.m.) Mr J. A. Weaver, Institution of Electrical 
Engineers, at the Star and Garter Hotel, Dorking. 


Differences in Reiterated Nucleotide Sequences detected by DNA-RNA 
Hybridization (9.30 p.m.) Dr Forbes W. Robertson, Universi ty of 
London, at University College London, Gower Street, London WC1. 


831 


Digital Satellite Communication (three-day conference) Institution of 
Electrical Engineers; and INTELSAT, at Savoy Place, Loadon 
y T + 

Muscle Spindles (5.30 p.m.) Dr P. B. C., Matthews, University of London, at 
the Institute of Child Health, Guilford Street, London Wok 


Presentation of Particle Size Distribution Data (6.30 p.m.) Mr H. Heywood 
and Mr B. Searlett, Society for Analytical Chemistry, in the Physics 
Lecture Theatre, Imperial College, London SW7. 


Recent Work on the Continental Shelf and Continental Margin of the 
British Isles {11 a.m.) Geological Society of London, at Burlington 
House, Piccadilly, London W1. 


Regenerative Heat Exchangers (6 p.m. discussion) Institution of Mechanica! 
Engineers, at 1 Birdcage Walk, London SW1. 

The Preparation and Properties of Polkalkylene Suiphides (6 p.m.) Dr 
W. Cooper, Society of Chemical Industry, at 14 Belgrave Square, 
London SWI. 


Colloidal Aspects of Flour Testing (6 p.m.) Dr H. G. Muller, Society c 
Chemical Industry, Food Group and the Colloid and Surface Chemistry 
Group, at 14 Belgrave Square, London SW1. 

Genes and Enzymes (2 p.m.j Dr D. A. Hopkinson, University of London, at 
the Royal Postgraduate Medical School, DuCane Road, London Wi2. 

Intertidal Sandbars in the Minas Basin, Bay of Fundy, Dr G. de Vries 
Klein and Dr G. V. Middleton; Photographs of the Surface of the 
Moon obtained by the Lunar Orbiter Spacecraft, Dr TEs Guest; 
The Lunar Surface (3 p.m.) Geological Society, at Burlington House, 
Piceadiliv, London W1. 

Isoelectric Focusing (3 pam.) Society for Analytical Chemistry, Chromate- 
graphy and Electrophoresis Group, at the Middlesex Hospital Medical 
School, London W1. 

Management by Objectives (6 p.m.) Mr D. Simpson, Lastitution of Electronic 
and Radio Engineers, at 9 Bedford Square, London WCH, 

Selective Electrode Systems (6.30 p.m. inaugural meeting} Society for 
Analytical Chemistry, Electroanalytical Group, in _the Mechanical 
Engineering Department, Imperial College, London SW7. 

Technological Forecasting (6 pan.) Professor W. H, G. Armytage, [Institution 
of Mechanical Engineers, at 1 Birdcage Walk, London SW. 

The Genetics of Growth in Drosophila (5.30 p.m.) Dr Forbes W, Robertson, 
University of London, at University College London, Gower Street, 
London WC1, 

The Foundation of the Iron and Steel Institute (1 p.m.) Mr M. La Pearl, 
Royal Institution, History of Science Discussion Group, at 21 Albe- 
marie Street, London WH. 


Wednesday, November 26 


Thursday, November 27 

A Teaching Computer (7.30 pm.) Mr Y. F. Thomas, Institution of Electronic 
and Radio Engineers, at Basingstoke Technical College, Basingstoke, 

Brain and Hand (5.30 p.m.) Professor C. G. Phillips, University of London, 
at the Institute of Child Health, Guilford Street, London WC1. 


Cosmic Rays and Cosmology, Professor C, F. Powell, at Chelsea College of 
Science and Technology, London SW3. 

Fundamental Particles and Atomic Nuclei (2.50 p.m. Civil Service Lecture} 
Professor C, ©. Butler, FRS, Royal Institution, at 21 Albemarle 
Street, London Wi 

Technical Forecasting (6.30 p.m.) Mr D. Allen. Institution of Chemical 
Engineers, at the University of Newcastle upon Tyne. 

The Application of the Air Cushion Principle to the Movement of 
Industrial Loads (6 p.m. discussion) Institution of Mechanical 

Engineers, at 1 Birdcage Walk, London SW1. 


Friday, November 28 


Evolutionary Divergence in Hawaiian Drosophila (5.30 pon) Dr 
W. Robertson, University of London, at University College London, 
Gower Street, Londen WC1. 

The Direct Measurement of Radiationiess Processes (1 pm} Dr T. F, 
Hunter, Royal Institution, Photochemistry Discussion Group, at 21 
Albemarle Street, Londen Wt. 

The Microscope in Reverse (9 p.m.) Dr G. W, W, Stevens, Royal Institution , 
at 21 Albemarle Street, London WH. 


teh one oS 
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Saturday, November 29 


Darwin in the Galapagos Islands (3.30 p.m.) Dr David f Stanbary, 
Horniman Museum, Londen Road, Forest Hi, London S23, 


at the 


Monday, December | 


Anniversary Meeting (2.50 p.m.) Royal Society, ai 6 Carlton House Terrace, 
London SW1. 

Development on Concorde (7 p.m.) Mr H. Hill, Institution of Electrical 
Engineers, at the Royal Star, Maidstone, Kent. 

In This World, Many Odours (7.20 p.m.) Dr W. MoCartney, British Society 
of Perfumers, at the Royal Society of Arts, John Adam Street, London 
WCE: 

Molecules (2.50 p.m., Civil Service Lecture} Professor C, Porter, FRS, Royal 
Institution, at 21 Albemarle Street, London WI, 


Recent Advances in Electrochemistry (6.36 pimi Professor G. Hils, 
Society of Chemical Industry, at 14 Belgrave Square, London SWH. 


The Systems Approach (5.30 p.m.) Professor G, M. Tenkins, Institution of 
Electrical Engineers: the Institute of Measurement; and the 
Institution of Mechanical Engineers, at Savoy Place, London WC. 

Viral Hepatitis and Hepatitis Viruses (4 p.m.) Professor A. P. Watersan, 
University of London, at the Royal Postgraduate Medical School, 
DuCane Road, London W12, 
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Reports and Publications 
inot included in the monthly Books Supplement) 


Great Britain and Ireland 


Freshwater Biological Association. Thirty-seventh Annual Report for 
the year ended 31 March 1969. Pp.148. (Ambleside: Freshwater Biological 


Association, 1969.) 5e. l [119 
_ Social Reform in the Centrifugal Society. Pp. 31. (London: New 
Science Publications, 1969.) 2s 6d. {119 


Building Research Station. Current Papers 28/69: Information Retrieval 
at the Building Research Station. By D. P. Delany and H. H. Neville. 
Pp.4. (Reprinted from Build International, 1969, Vol. 2 (4) May.) (Garston, 
Watford: Building Research Station, 1969.) gratis. 119 


Phase Equilibria and Formation of Portland Cement Minerals. By Pr 
R. W. Nurse. Pp. 21. (Garston: Building Research Station, 1968.) 
Gratis. (159 

Ministry of Power, Safety in Mines Research Establishment. SMRE 
Bibliography. Compiled by M. Belton. Third edition. Pp. vili+ 320. 
(Sheffield: Safety in Mines Research Establishment, 1969.) 388. [159 


PEP, European Series No. 11: Problems of British Entry Into the HEC-— 
Reports to the Action Committee for the United States of Europe. Pp. 108. 
(London: Chatham House; and Political and Economic Planning, 1969.) 
Orders to Research Publications, 11 Nelson Road, London, 8E10.) 10s. [169 

Philosophical Transactions of the Royal Society of London. Series B: 
Biological Sciences. No, 800, Vol. 255 (28 August, 1969): A Discussion on 
the Results of the Royal Society Expedition to the British Solomon Islands 
Protectorate, 1965, Organized by i. J. H. Corner, ERS. Pp. 185-631 + 
plates 46-77. (London: The Royal Society, 1969.) 280s.; $36.40. [169 

Ministry of Transport, Road Research Laboratory. RRL Report LR152: 
Injuries Produced by Motor-Car Windscreens. By J. A. Hobbs. R. E. 
Allsop and H. J. H. Starcks. Pp. 38 (9 plates). (Crowthorne, Berkshire: 
Road Research Laboratory, 1969.) Gratis. {179 

Building Research Station Digest. No. 70: Painting Metals in Buildings— 
1: Iron and Steel. Pp. 8. 6d. No. 80: Soil and Waste Pipe Systems for 
Housing. Pp. 3. 6d. No. 109: Zine-coated Reinforcement for Concrete. 
Pp. & 6d. (London: HM Stationery Office, 1969.) [179 

The Institute of Navigation. Annual Report, 1968-69. Pp. 20, (London: 
The Institute of Navigation, 1969.) [159 

Department of Health and Social Security—Social Science Research Unit. 
Study No. 1: Nursing Attachments to General Practice. By R. Ann Abel. 
Pp. viii +119. (London: HM Stationery Office, 1969.) 10s, 6d. net. {189 

Philosophical Transactions of the Royal Society of London. Series A: 
Mathematical and Physical Sciences. No. 1156, Vol. 264 (18 September, 
1969): The Structure of Free Vertical Shear Layers in a Rotating Fluid and 
the Motion Produced by a Slowly Rising Body. By D. W. Moore and P. G. 
Saffman. Pp. 597-684. (London: The Royal Society, 1969.)  20s.; 
$2.60, [189 

Natural Environment Research Council, Institute of Geological Sciences. 
British Regional Geology-—-South-West England. By E. A. Edmonds, 
M. €. MeKeown and M. Williams. Third edition. Pp. xi4+130+412 plates. 
(London: HM Stationery Office, 1969.) 8s. net. {199 

Department of Education and Science. Animals (Restriction of Importa- 
tions Act 1964 Advisory Committee. Summary of Statistics year ending 31st 
Deeember, 1968. Pp. iii+24. (London: HM Stationery Office, 1969.) 
4s, net. {199 

Bulletin of the British Museum (Natural History). Entomology. Supple- 
ment 15: An Analysis of the Eurasian and Australian Neptini (Lepidoptera: 
Nymphalidae.) By John Nevill Eliot. Pp. 15543 plates. (London: British 
Museum (Natural History), 1969.) 80s, [199 

Philosophical Transactions of the Royal Society of London. B: Biclogical 
Sciences. Vol 256, No. 801 (4 September, 1969): On the Functional Morph- 
ology of the Gorgonopsid Skull. By T. 8. Kemp. Pp. 1-83+ plate 1. 
{London: The Royal Society, 1969.) 458.; $5.85. {229 


Other Countries 


New Zealand Marine Department. Fisheries Technical Report No. 35: 
Fisheries Division Publications to 1968. Edited by B. T. Cunningham. 
Ta (Wellington: New Zealand Marine Department, Fisheries Division, 
1969, 49 

Oak Ridge National Laboratory. Publications, Reports and Papers Nor 
1968 from Oak Ridge National Laboratory. Edited by F. N, O'Hara, Jr., 
and Ann S, Klein. (ORNL-8300, Vol. 8, Special.) Pp. vili+827. (Oak 
Ridge, Tennessee: Oak Ridge National Laboratory, 1969. Available from 
Clearinghouse for Federal Scientifle and Technical Information, N.B.S&., 
U.S. Dept. of Commerce, Springfield, Virginia). $3. [49 

US Department of the Interior: Geological Survey. Water-Supply 
Paper 1863-E: Hydrogeology of the Upper Capibaribe Basin, Pernambuco, 
Brazil—a Reconnaissance in an Area of Crystalline Rocks. By Luiz 
Goncalves, Chado Filho, Mario Dias Pessoa, and William C. Sinclair. Pp. 
iv+44+plate 1. Water-Supply Paper 1872: Hydrogeology of the Scioto 
River Valley near Piketon, South-Central Ohio. By Stanley E. Norris and 
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Richard E. Fidler. Pp. vii+ 70+ plates 1-4, $1. Professional Paper,614-B: 
Isotopic Composition of Diagenetic Carbonates in Marine Miocene Forma- 
tions of California and Oregon. By K. J. Murata, Irving Friedman and Beth 
M. Madsen. Pp. ifi+24. (Washington, D.C.: Government Printing Office, 
1966 and 1969.) {49 

Israel. Report of the Committee on the Organization and Administration 
of Governmental Research. Pp. 120. (Jerusalem: National Council for 
Research and Development, 1968.) 89 
O Food and Agriculture Organization of the United Nations. 
Fisheries Council— Proceedings, 3th Session, Brisbane, Queensland, 
Australia, 14~25 October, 1968, Section I. Pp. i+ 138, (Bangkok; IPFC 
Secretariat, FAO Regional Offiee for Asia and the Far East, 1969.) {89 

Swedish Natural Science Research Council, Bulletin No. 4: Methyl- 
mercury-—a Review of Health Hazards and Side Effects Associated with the 
Emission of Mercury Compounds info Natural Systems. By Göran Léfroth. 
Pp. 35, (Stockholm: Swedish Natural Science Research Council, 1969.) [99 


Indo-Pacific 


Board of Grain Commissioners for Canada, Winnipeg, Manitoba. Grain 
Research Laboratory--1968 Report. Pp. vie 90. (Ottawa: Queen's 
Printer, 1969.) 100 


US Department of the Interior: Geological Survey. Bulletin 1203-E: 
The Effect of Two-Dimensional Topography on Superficial Thermal Gra- 


dients. By Arthur H. Lachenbruch, Pp. vy +8642 plates. Water-Supply 
Paper 1967: Quality of Surface Waters for Irrigation, Western States, 
1965. Pp. vilit+148. (Washington, DC: 


Government Printing Office, 
1969.) {109 

Canada: Department of Energy, Mines and Resources, Geological Survey 
of Canada, Memoir 356: A Geological Reconnaissance of Leaf River Map- 
Area, New Quebec and Northwest Territories. By I. M. Stevenson, Pp. 112 
(17 plates) $3.50. Paper 68-5: Symposium on the Geology of Coronation 
Mine, Saskatchewan. Edited by A. R. Byers. Pp. 329. $5. Paper 68-28: 
The Gething Formation at Peace River Canyon, British Columbia, By 
D. F. Stott. Pp. v+30. $1.50, Paper 68-29: Triassic stratigraphy of the 
Bow River—Crowsnest Pass Region, Rocky Mountains of Alberta and British 
Columbia. By D. W. Gibson. Pp. v+48. $1.50. Paper 68-38: Geology 
of Coal River Map-Area, Yukon Territory and District of Mackenzie. By 
H. Gabrielse and 8. L. Blusson. Pp. v+22. $1.50. Paper 88-61: The 
Precambrian Geology of Fond-du-Lac Map-Area (74-0), Saskatchewan. 
By A. J. Baer. Pp. iv+7. $1.50. Paper 69-19: Preliminary Results of a 
Study of the Paleomagnetism of the Sudbury Irruptive. By A. Larochelle. 
Pp. iv+23. $1.50. Paper 60-27: Quaternary Stratigraphy and Radio- 
carbon Chronclogy in Southwestern Manitoba. By R. W. Klassen. Pp. 
v+19. $1.50. Paper 69-28: Kluane Lake, Yukon Territory, Its Drainage 
and Allieg Problems. By H. S. Bostock. Pp. v+19. $1.50. Economic 
Geology, Report No. 25: Geology of Titanium and Titaniferous Deposits 
of Canada. By E. R. Rose. Pp. 177. $4.25. (Ottawa: Queen's Printer, 
1968 and 1969.5 {109 

Smithsonian Contributions to Zoology, No. 5: A Monograph of the 
Cephalopoda of the North Atlantic—'The Family Cycloteuthidae. By 
Richard E. Young and Clyde F. E. Roper. Pp. 24 (9 plates) (Washington, 
PC: Smithsonian Institution Press, 1969. Available from US Government 
Printing Office.) $0.40. 119 

World Health Organization, ‘Technical Report Series, No. 423: Cell- 
Mediated Immune Responses—Report of a WHO Scientific Group. Pp. 61. 
(Geneva: World Health Organization; London: HM Stationery Office, 
1969.) 4 Sw. francs; Ss.; $1.25. 119 

Annals of the New York Academy of Sciences, Vol. 159, Article 2; Research 
in the Experimental and Clinical Aspects of Brain Tumors. By L. C. Schein- 
berg and 56 other authors. Pp. 335-620. (New York: New York Academy 
of Sciences, 1969.) l . i 119 

US Department of the Interior: Geological Survey. Bulletin 1277: 
Geology of the Gardiner Area, Park County, Montana. By George D. Fraser, 
Henry A. Waldrop and Harold J. Hyden. Pp. v+118+1 plate. Professional 
Paper 613-E: Carboniferous Megafaunal and Microfaunal Zonation in the 
Northern Cordillera of the United States. By William J. Sando, Bernard L. 
Mamet and J. Themas Dutro, Jr. Pp. iti+ 2941 plate. $0.75. Professional 
Paper 630: Econemic Geology of the Platinum Metals. By John B. Mertie, 
Jr. Pp. v+i120+1 plate. (Washington, DC: Government Printing ome 
1969.) 

United States National Museum Bulletin 291: Systematics and Zoogeo- 
graphy of the Worldwide Bathypelagic Squid Bathyteuthis (Cephalopoda: 
Oegopsida). By Clyde F. E. Roper. Pp. v+210+12 plates. (Washington, 
DC: Smithsonian Institution Press, 1969. Available from US Government 
Printing Office.) $1.50. | Toy Seep te vas _ tiie 

Institut Royal MStéorologique de Belgique. Publications, Série B. No. 56: 
Gridding Technique for Satellite Pictures, By E. de Dycker. Pp. 12, No, 
57: Théorie des Corps et Instruments Psychrométriques fondée sur les lols 
de la Diffusion en (z, z) dans la Couche Limite Laminaire, sous un Gradient 
Thermique, Par Etienne A. Bernard. (Uecle-Bruxelles: Institut Royal 
Météorologique de Belgique, 1969.) oe [125 

Laser Applications in Plasma Phyales (1962-1968). (Bibliographica 
Series, No. 35.) Pp. 228. (Vienna: International Atomic Energy Agency 
London: HM Staticnery Office, 1969.) 155 schillings: 50s.: $6. [125 

Science Council of Canada, Special Study No. 9: Chemistry and Chemica 
Engineering—a Survey of Research and Development in Canada. Prepare: 
by a Study Group of the Chemical Institute of Canada. Pp. xxi-+ 102 
(Ottawa: Queen’s Printer, 1969.) $2.50. [12 
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DIAZALD® 


(N-Methyl-N-nitroso-p-toluenesulfonamide) 
NO 


2 
CH—/ S—SsO,N 
eee AT 


N 


CH, 


for the preparation of 


DIAZOMETHANE 


FORMULA: C,H,,N,0,S 
M.W. 214.24 
DESCRIPTION AND CONSTANTS : 
Fine yellow crystals 
M.P. 61-62° 
Purity 98%, 
Soluble in ether and most organic solvents, insoluble in water 


Application and Literature : 


Diazald@ is probably the most useful reagent yet developed for the preparation of diazomethane. It is stable at room 
temperature for at least a year. (See, however, the precaution published in Org. Syn. Coll. Vol. IV, p. 945: “Although 
this material has been kept at room temperature for years without significant change, there has been reported one instance 
in which a sample stored for several months detonated spontaneously. For long periods of storage, it is recommended 
that the material be recrystallized and placed in a dark bottle.”) Diazald@ is nota skin irritant to most people, though we 
recommend that all nitroso compounds be handled with care, and that contact with the skin be avoided. 

The following is abstracted largely from Rec. tray. chim. 73, 229 (1954) and from the Ph.D. thesis of Dr. T. i. de Boer, 
Groningen, 1953. 


i. Preparation of ethereal—alcoholic solutions of diazomethane: 


Ethanol (95%, 25 ml) is added to a solution of potassium hydroxide (5 g) in water (8 mi) in a 100 mi distilling flask 
fitted with dropping funnel and an efficient condenser set downward for distillation. The condenser is connected to two 
receiving flasks in series, the second of which contains 20-30 m! ether. The inlet tube of the second receiver dips below 
the surface of the ether, and both receivers are cooled to 0°. | | 

The flask containing the alkali solution is heated in a water bath to 65°, and a solution of 21.5 g (0.1 mole) of Diazaid@® 
in about 200 mi of ether is added through the dropping funnel in about 25 minutes. The rate of distillation should about: 
equal the rate of addition. When the dropping funnel is empty, another 40 mi of ether is added siowly and the distillation 
is continued until the distilling ether is colourless. The combined ethereal distillate contains about 3 g of diazomethane. 

Diazomethane is not ays exceedingly toxic, but its solutions have been known to explode quite unaccountably. Hence 
ALL WORK WITH DIAZOMETHANE, regardiess of how it is generated, SHOULD BE CARRIED OUT BEHIND SAFETY 
SHIELDS IN EFFICIENT HOODS. 

in most reactions of diazomethane, the presence of ethanol is not harmful; in some, a promoting influence is reported.‘ 
if the acid chloride is not too reactive, even the Arndt-Eistert reaction can be carried out in a medium containing alcohol? 
in the reactions of diazomethane with reactive acid chlorides, with aldehydes, and in a few other reactions," ethanol must 
be absent. Procedure 2 is then used. 


2. Preparation of alcohol-free ethereal solutions of diazomethane: 


2-(2-Ethoxyethoxy)-ethanol, our No. E455-0, (35 ml) and ether (20 ml) are added to a solution of potassium hydroxide 
(6 g) in water (10 ml). This solution is placed in a 100 ml long-necked distilling flask fitted with dropping funnel, efficient 
condenser, and water bath at 70°. As the distillation of the ether starts, a solution of 21.5 g of Diazaid@® in about 200 
ml of ether is added through the dropping funnel over 20 minutes. During the distillation the flask is occasionally shaken 
vigorously. The ethereal diazomethane is collected in the same manner as in (1). The yield is identical. 


H H. Biltz and H. Paetzoid, Ber., 55, 1069 (1922) 
H. Meerwein and W., Burneleit, ibid., 61, 1840 (1928) 
S. M, Gerber and D. Y. Curtin, J. Am. Chem, Soc., Tf, 1499 (1949) 
F. Weygand and K. D. Kirchner, Z. angew. Chem,, 64, 203 {1952} 
A, Mustafa, J. Chem. Soc., 1951, 1369 
2. B, Eistert, Z. angew. Chem., 61, 185 (1949) 
3, J. Herzig and J. Tichatschek, Ber., 39, 268, 1557 {1906} 
H. Biicz, ibid, 64, 1146 (1935) 
B. Eistert, F. Weygand, and E. Csendes, ibid., 84, 745 (1951} 
§. C. Sheehan and P. T. izzo, J, Am. Chem. Soc., 71, 4059 {1949} 


PRICE : 100 g.—$6.00 1 Kg.—$45.00 10 Kg.—$35.00 per Kg. 100 Ib.—$14.00 per Ib. 


In addition to Diazald ®, we list the following precursors for diazomethane: 
D15,538-6 N,N’-Dimethyl-N,N’-dinitrosoterephthalamide, 70% in mineral oil 
12,994-1 N-Methyl-N’-nitro-N-nitrosoguanidine 





Write for our latest catalog 
IN THE U.S.A. IN GREAT BRITAIN 


Aldrich Chemical Ralph N, Emanuel Ltd, 
ALORICH Company, Inc. 264 Water Road, 


2371 NORTH 30th STREET, Alperton, Middlesex 
MILWAUKEE, WISCONSIN 53210 Tel: 01-998 4414 
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Ciassified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion, 
The Publishers will not be Hable fer any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor de 
they accept liability for printers’ errors, 
although every care is taken to avoid mistakes. 
Semi-displayed £6 per single column inch. 
Minimum £3, each additional [/f2th of an inch 
10s, Full page £158, Half page across £80. 
Colour {orange} £20 extra. 2/6 is charged 
for the re-direction of replies to advartise- 
ments with a box number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, i Clement's 
inn, Strand, London, W.C.2. Telephone: 
wee 4743. Telegrams: Textualist, London, 
















APPOINTMENTS VACANT 





LINCOLN COLLEGE 
(University College of Agriculture) 
NEW ZEALAND 
LECTURER/SENIOR LECTURER IN 
AGRONOMY 
LECTURER/SENIOR LECTURER IN 
CROP PHYSIOLOGY 


Applications are invited for the above-men- 
tioned two poshions in the Plant Science Depart- 
ment. Preference will bc given to (a) an agrono- 
mist with special knowledge of plant breeding or 
chemical weed control and tb) a crop or whole- 
plant physiologist with research interests in 
photosynthesis or plant regulators. Applications 
from outside these fields will also be considered. 
Applicants should hold a degree in pure and/or 
agricultural science, preferably with research €x- 
perience and a higher degree. 

Commencing salary will be according to quali- 
fications and experience within the range 
$N74,106 to S$N2Z4,800 per annum for Lecturer 
and $N74,706 to 3NZ5.400 per annum for Senior 
Lecturer. These salary scales are af present 
under review. New Zealand Government Super- 
annuation available or Federated Superannuation 
Seheme for Universities. Removal expenses and 
fares of successful applicant will be reimbursed 
up to specified limis. 

Further particulars, including description of 
research facilities, and conditions of appoint- 
ment available from the Secretary-General, 
Association of Commonwealth Universities 
(Apps), 36 Gordon Square, London, W.C.1, or 
from the Registrar of the College, with whom 
applications close on December 3, oe aot 


UNIVERSITY OF COLORADO 


and 
ENVIRONMENTAL SCIENCE SERVICES 
ADMINISTRATION 

The Cooperative Institute for Research in En- 
vironmental Sciences (CIRES) on the University 
of Colorado campus is intended to promote re- 
search and teaching in solid earth geophysics, 
oceanography, radio propagation, the physics of 
the upper and lower atmospheres, and solar 
terrestrial relationships,. and to serve as a centre 
for multidisciplinary collaboration of research 
workers from Boulder and the entire world. 

The permanent Fellows of CIRES are: J. C. 
Harrison (Director), G. C. Reid, J. R. Wait and 
I, W. Warwick. 

A Visiting Fellowship programme provides 
funds to enable scientists working in these fields 
to spend a period of time, normally a year, with 
CIRES. Applications for Visiting Fellowships 
for the academic year 1970-1971 are due before 
March 31, 1970. 

Further information may be obtained from the 
Cooperative Institute for Research in Environ- 
mental Sciences, University of Colorado, Boulder, 
Colorado, 80307, U.S.A. (1392) 





BRUNEL UNIVERSITY 
PROFESSOR OF BIOCHEMISTRY 


The University invites applications from 
suitably qualified candidates for a newly 
established post of PROFESSOR OF BIO- 
CHEMISTRY within the Department of 
Biology. 

Salary, according to experience and qualifi- 
cations but not less than £3,880 per annum, 
with FSA U. benefits. 

Further particulars can be obtained from 
the Academic Registrar, Brunel University, 
Uxbridge, Middx. Closing date: Decem- 
her 8, 1969. {1762} 
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CSURO 


RESEARCH ENGINEER 
OR SCIENTIST 


DIVISION OF MECHANICAL ENGINEERING 


GENERAL The Organization's Division of Mechanical Engineering, located at 
Highett, Victoria, wishes to appoint a Research Engineer to participate in the 
work of the Engineering Development Group. This group is concerned with 
research and development in various fields, including comfort air conditioning, 
crop harvesting and solar energy utilization. Extensive progress has been made 
with the development of solar stills used for converting saline water to fresh 
water suitable for domestic, commercial or stock use and initial investigations 
are being made into the development of solar air heaters for application to 
commercial drying. 


DUTIES The appointee will be engaged in theoretical studies and the design, 
development and evaluation of equipment for the utilization of solar energy. 


QUALIFICATIONS Applicants should have a Ph.D. degree in engineering 
or postgraduate research experience of equivalent standard and duration, 
supported by satisfactory evidence of research ability. Experience in the fields 
of solar distillation and solar radiation measurements would be an advantage. 


SALARY Depending upon qualifications and experience, the appointment 
will be made within the salary range of Research Scientist, $A5,960~$A7,562 
pa Salary rates for women are $4428 p.a. less than the corresponding rates 
for men, Promotion within CSIRO to a higher classification is determined by 
merit. 


CONDITIONS The appointment, which carries with it Commonwealth 
Superannuation Fund or Provident Account privileges. will be conditional upon 
passing a medical examination. An initial probationary period of twelve months 
may be specified. Fares paid for the appointee and his dependent family. 
Further details supplied on application. 


Applications (quoting Appointmant No.: 430/285), and stating full name, place, 
date and year of birth, nationality, marital status, present employment, details of 
qualifications and experience, together with the names of not more than four 
persons acquainted with the applicant's academic and professional standing, 
should reach: 
Mr. R. F. Turnbull, Chief Scientific Liaison Officer, Australian Scien- 
tific Liaison Office, 64 Kingsway, London, W.C.2, by the 12th December, 
1969. 
Applications in U.S.A. and Canada should be sent to The Scientific Attaché, 
Australian Embassy, 1601 Massachusetts Ave. NW, Washington DC 20036. 
(1735) 


AUSTRALIA 


COMMONWEALTH AGRICULTURAL BUREAUX 


Vacancy for 


SCIENTIFIC INFORMATION OFFICER 


at the 
COMMONWEALTH BUREAU OF PLANT BREEDING AND GENETICS 
School of Agriculture, Downing Street, Cambridge 


Duties: Duties include preparation and editing of abstracts for the journal, 
Plant Breeding Abstracts, classification of biological literature and dealing with 
scientific inquiries. 

Qualifications: Applicants preferred with a botanical or agricultural degree 
and/or knowledge of or aptitude for foreign languages. Ability to write good 
English essential. 

Salary: In scale £1,071 to £2,809 with provision for superannuation. Starting 
salary according to qualifications, experience and age. Two extra Increments 
after two years’ satisfactory service for applicants aged 32 or under on date 
of appointment. 
Appication forms and full particulars from the Secretary, Commonwealth 
Agricultural Bureaux, Farnham House, Farnham Royal, Nr. Slough, Bucks. 
“osing date for applications: 15 January, 1970. 

(1782) 
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UNIVERSITY OF ALBERTA 
FACULTY OF SCIENCE 
DEPARTMENT OF GENETICS 


Applications are invited for the position of a 
Geneticist withsfundamental research experience, 
especially in the fields of viral, human or popu- 
Jation genetics. Outstanding applicants in any 
field will be given serious consideration. 


The appointee will be expected to carry out 
research and to undertake teaching duties, The 
Department is housed in a new biological sciences 
gentre with extensive research and teaching 
facilities, 

The present staff of the Department partici- 
pates in active research on biochemical genetics 
of bacteria, fungi, Drosophila and higher plants, 
radiation biclogy of mammalian cell cultures, 
cytology and cytotaxonomy of animals and plants 
dincluding fungi), population genètics of animals 
and man, ecological aspects of genetic poly- 
morphisms, theoretical and applicd quantitative 
genetics of plants, chemically induced mutation 
and recombination, and developmental genetics. 


The rank and Salary will be appropriate to the 
appointee’s qualifications and candidates with 
exceptional ability will be given special con- 
sideration. 

Further inquiries concerning the post and the 
form of applications should be directed to: 

Chaaman, Department of Genetics, 
University of Alberta, 
Edmonton, Alberta, Canada. (1702) 
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BOARD (SCOTLAND) 


The Northern Regional Hospital Board invite 
applications for a senior appointment in Miere 
biology in the Board's Regional Laboratories at 
Inverness. The post will be in the Consultant or 
the Principal grade for medically and non- 
medically qualified candidates respectively, This 
new post is associated with the opening of a 
comprehensive laboratory block in April, 1970. 
Applicants should have a main interest and ex- 
perience in Immunology. 

Further particulars and forms of application 
are obtainable from the Senior Administrative 
Medical Officer, Northern Regional Hospital 
Board, Reay House, 17 Old Edinburgh Road, 
Inverness, with whom applcatians should be 
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UNIVERSITY OF CALGARY 
CALGARY, ALBERTA, CANADA 
FACULTY OF ARTS AND SCIENCE 


Applications are invited for a position as Pro- 
fessor of Astronomy within the Department of 
Physics. The appointment may be at the Assist- 
ant, Associate or Full Professor level, depending 
on Qualifications and experience. Current salary 
minima for this position are $10,300, $13,800 and 
$18,600 respectively. The Department has a 
developing programme in astronomy at the 
undergraduate level which may lead to ander- 
graduate dexzres programmes majoring in 
astronomy with honours in astronomy, At the 
graduate level the department has been active 
for ten years in the general area of space and 
upper atmosphere physics including cosmic radia- 
tion, X-ray astronomy and infra-red astronomy. 
‘Other things being equal, priority would be given 
to the appomtment of an optical astronomer 
who might assist in the development of the 
undergraduate programms and in the develop- 
ment of the 157 in. telescope now being planned 
for Mr. Kobau in Southern British Columbia. 
‘The University of Calgary is one of six partici- 
pating universities in the development of this 
major telescope facilities. 

Applications, including a curriculum vitae, 
should be addressed to, and information may be 
obtained from, Dr. C. E. Chalice, Head of the 
Department of Physics. (1703) 


UNIVERSITY OF ADELAIDE. APPLICA- 
tions are invited for the following appointments 
the closing date for anpplicaticens bheing Decem- 
‘ber 12, 1969. RESEARCH FELLOW IN EN. 
GINEERING NOISE CONTROL for work on 
mechanisms of noise generation in rock drills. 
An honours or higher degree in Engineering or 
Physis with some research experience in 
acoustics or vibrations is desirable. Salary 
Seve: $A5,000 to 3A6.000, some provision muy 
‘bs made to maintain an existing superannuation 
arrangement. Further particulars about gac 
posi and the conditions of appointment and other 
information sought will be supplied on request 
to the Registrar of the University, or to the 
Secretarv-General, Association of Commonwealth 
Lniversities (Appts.), 36 Gordon Square, Lon- 
Von, W.C.i.—Applications should be sent in 
duplicate and giving the information Usted in the 
‘statement that will be supplied to the Registrar, 
‘The University of Adelaide. North Terrace, 
Adelaide, South Australia S001. (1764) 











Senior 


Bacteriologist 


We are looking for either a man or woman with a 
degree in bacteriology who has had several years 
experience of bacteriological work. 


The position is based at Greenford in the Analytical 
and Quality Control Department and the respon- 
sibilities include bacteriological matters relating to 
the manufacture of the company’s food and | 
pharmaceutical products. Moderately frequent visits 
to other factories in the U.K. and the Republic of 
ireland would be entailed and there will be occasions 
when advice on bacteriological matters is sought 
from overseas companies within Glaxo Group. 


Some knowledge of microbiological assay of 
antibiotics and/or vitamins would be an advantage. 


The company offers excellent conditions of 
employment including a pension scheme and bonus 


scheme. 


Please write, quoting ref. U.850, to the 
Personnel Manager, Glaxo Laboratories Limited, 


Greenford, Middlesex. 





THE CLARENDON PRESS 


has a vacancy for a 


copy editor 


in its Education Department for Scientific 
and mathematical school books. At least 
an VAY level in one of these subjects is 
essential, Salary in accordance with age 
and experience. 


Appheations should be made in writing 
to the Secretary, Charendon Press, Oxford, 
together with brief curriculum vitae. 


(1751) 





UNIVERSITY OF BRISTOL 
SCHOOL OF CHEMISTRY 


Applications are invited for the post of 
LECTURER in THEORETICAL CHEM- 
ISTRY. Candidates should have research 
interesis in the field of Theoretical Chem- 
istry or Chemical Physics. The initial 
Salary will be within the range £1,585 to 
£2.045 per annum.—Further particulars 
may be obtained from the Registrar, Uni- 
versity Senate House, Bristol BS8 1TH 
{please quote reference EB}, to whom ap 
plications should be sent by December 31, 
1969. (1749) 





€1747} 





Taronga Zoological Park Trust 
CURATORS 


Vacancies exist for curators in the pe- 
partments of Mammals, Birds, Reptiles and 
Fishes in Taronga Zoo, Sydney, 

Applicants should have at least a fret 
degree in zoology or a  closely-related 
discipline. Experience in s malor zoo, of 
postgraduate research studies in s field of 
zoology relevant to animal management is 
desirable. 

Salary will be determined in regard to 
qualifications and experience. 

Applications, accompanied by the nares 
of three referers, should be made not later 
than January 31, 1969, to: The Exrector, 
Taronga Zoo and Aquarium, Mosman, 
N.S.W. 2088, Australia, from whom detalia 
of conditions and duties may be obtained 
ON request. (16113 


MOLTEN SALTS RESEARCH 


Applications are invited for a postdoc» 
toral research post for work supported by 
S.R.C., on the basic chemical physics and 
thermodynamics of moken sahs. 

The appointment will be fer a period 
of up ta two years, with salary ar an ane 
prepriate point in the range £1,240 by 
£115 to £2,044 plus £60 L.A. with FSS U. 

Send full curriculum vitae to: Professor 
A. R. Ubbelohde, CRE, KERS, Depar- 
ment of Chemical Engineering and Chemi- 
cal Technology, imperial College, Londen, 
K W.T. iva) 
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SOCIETY FOR 


(ICN i ENDOCRINOLOGY 
PHARMACEUTICALS DIVISION INTERNATIONAL SYMPOSIUM 

A f | * Subcellular Organisations 

: and Function in Endocrine Tissues ” 


Bristol, April 5-11, 1976 


: (Organisers: H, HELLER, K. LEDERIS) 
The programme will consist of sessions 
; on different endocrine tissues in which ir- 


vited speakers will discuss problems of 
synthesis, storage and release of hormones 


A vacancy exists in the Research Department of the Pharmaceuticals and the mechanisms of their control at the 
Fe os . ‘ subcellular level. The following hormone 
Division of ICI at the Alderley Park Research Laboratories for a Micro- systems will be considered: adenohypo- 
biologist to work in the general field of bacterial infections. Candidates physis, neurohypophysis, pineal, urophysis. 
; sg insulin and proinsulin, parathyroids and 
may or may not be medically qualified but should have had some ealclioain. -eciechOlamnGs: and. CE hor 
research experience and, preferably, hold a higher degree. | mones, 

, ; ; In addition, round-table conferences will 
The successful applicant will become a member of an interdisciplinary be held on a number of topics. Ample 
i di k diff tf t f bacterial di hai time will be provided for discussions from 

group engage in work on di CEN acetis Of Dacterna iseases—t eir invited participants and from the floor. 
prevention and treatment, and snould be capable of independent Full details and registration forms ob- 


tainable from Dr. P. Keen, Department of 
Pharmacology, The Medical School, Uni- 
versity of Bristol BSS ITD. (1764) 


research within a team. 


The research staff at Alderley Park is representative of all scientific 
disciplines pertaining to research on medical and veterinary drugs. 
Original and fundamental research is encouraged and much freedom 








is given to the publication of scientific papers. INSTITUTE OF OPHTHALMOLOGY 
Conditi i , , f , (UNIVERSITY OF LONDON) 
onditions of service, prospects, and the assistance given to married JUDD STREET, LONDON, W.C1 
men in moving home are designed to attract and retain staff of this i 
; : : ; . : ‘ : Applications are invited for the posi of LEC- 
high calibre, and would be discussed in detail at interview. TURER or SENIOR LECTURER IN BIO. 
F ; ead ‘ . ings i CHEMISTRY. The work will involve inyesti- 
For further information apply, giving brief details of age, qualifications gations on retinal degenerations. Salary scales : 
and experience, to : Lecturer, £1,240 to £2,850 per annum: Senior 
p $ i ' Lecturer, £2,770 to £3,670 per annum, together 
with London Allowance. F.S.S.U_ provision. 
J. Leak, Applications in writing, with curriculum vitae 
E and names of two referees. to ihe Secretary at 
Assistant Personnel Manager, above address by November 30, 1969. 
imperial Chemical Industries Limited, (1732 
Pharmaceuticals Division, a ial aa Ne ae ier ena laa di 
me oueews awann Mereside, Alderley Park, UNIVERSITY OF HONG KONG 
Y * z 
i966 1967 19681969 Macclesfield, Cheshire. LECTURESHIP/ASSISTANT LECTURESHIP 
GUD IN MECHANICAL ENGINEERING 


Applications are invited from materials 
scientists or metallurgists for a post of Lecturer 
or Assistant Lecturer in Mechanical Engineering. 

Annual salaries (superannuable) (approximate 
Sterling equivalents at current rate of exchange 
in parentheses) are: Lecturer, $H4K32,730 by 
SHK1,530 to $HK52,620 (£2,249 to £3,616) 
(mand), SHK28.320 by SHEI,8€0 to FHKI2Z,040 
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An Index of Quality 


The Pye Trap Index Level Selector is a brilliant new addition independently of the recorder by the amplifiers signal. And 

to the accessories available with the Series 105 Automatic up to six different actuation stages are available. Programming 
Preparative Chromatograph. In conjunction with the is straightforward ~ you press the command buttons either 
instrument's punch tape controi system, this highly to synchronise the tape with the chromatogram and index 
sophisticated control unit, with an electric comparator a trap, or simply to index a trap, then dial the amplifier output 
circuit, achieves an exceptional degree of accuracyin level at which the operation is to be carried out. 

component and fraction collection -even atthe end ofa Write or phone for full details of the Pye Series 105 
separation lasting several hours. Trap rotation and sample Automatic Preparative Chromatograph and its Index of 
collection atany level on the chromatogram are initiated Quality. 
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Precision Instruments 


This instrument, in its modern styling, still 
embodies the requirements laid down by 
Mr. Guild of the National Physical Labora- 
tory and the advice of research workers in 
various laboratories. 
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Playing Hooky by Tums 


Tue traditional gentility of school teachers in Britain 
seems to be melting away in a flood of exasperation. 
For some weeks now, teachers at schools up and down 
the country have been on one-day strikes intended to 
draw attention to their claim for a pay increase. Next 
week, events may take a more serious turn, with a 
pattern of two-week strikes well calculated to cause a 
great deal of disturbance at a time when, thanks to 
Christmas, people are all too busy. The National 
Union of Teachers has thus abandoned the restraints 
which have in the past made it speak ambivalently 
on teachers’ pay and conditions of employment. 
reflecting as much the snobbishness as the legitimate 
cupidity of its members. On the whole, the teachers’ 
case is strong and has understandably attracted public 
sympathy. Under present arrangements, a great 
many people are manifestly underpaid and the conse- 
quences are not merely injustice but the danger that 
recruitment to the teaching profession will be further 
impeded. It will only help to make things worse 
if too much weight is given to the assertion by the 
Minister of Education in the House of Commons a 
week ago that the teachers have been offered an 1] 
per cent increase of pay in the current year—they 
settled for just over 7 per cent on April 1, but the extra 
£50 which they have now been offered, equivalent to 
3-5 per cent on basic pay, would not be a reality until 
April next year. But for all the sympathy there may 
be for paying teachers more, it is important also to 
acknowledge that the new development is yet another 
sign that the educational system in Britain is overripe 
for change. 

The National Union of Teachers is perhaps the 
institution most in need of transformation. In its long 
attempt to reconcile the roles of trade union and pro- 
fessional association, it has become insensitive to 
contemporary needs. Thus it is that the NUT has been 
chiefly responsible for resisting attempts to loosen up 
the pattern of teaching in schools by the use of ancillary 
workers. Only in the past few weeks has it obtained from 
Mr Edward Short, the Minister of Education, the under- 
taking that future graduates will not be allowed to 
teach in maintained schools without a formal qualifica- 
tion in teaching methods. The union has consistently 
fought for equality of pay between men and women, 
which is just, and for equality of pay between primary 
and secondary school teachers, which is an attempt to 
fly in the face of the market forces. 
the union’s suecess has been the similarity of salary 
structures in the two kinds of schools. Another, less 
welcome, has been the strangely unprogressive charac- 


One measure of 
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ter of the salary structure in teaching. Thus, in 1967, 
the average salary of men graduates in their late thirties 
was £1,918 in secondary schools, while the average 
salary of men twenty years their senior was only 
£2,185. In the same year, only 3,600 people out of a 
teaching force of 150,000 managed to earn more than 

2,500 a year. In circumstances like these, if is no. 
wonder that the impoverishment of people at the 
bottom of the scale (£1,354 for those in their late 
twenties in 1967) should be matched by the bitterness 
of those higher up the ladder with hardly anything 
to show for “decades of service. Does not this deserve 
as much attention from the NUT as its egalitarian 
objectives ? 

The union’s record is itself a sufficient explanation 
of why the National Association of Schoolmasters-—an 
anti-feminist organization preaching the case for more 
senior members of the profession——has made such head- 
way in the past few years. Indeed, the NUT’s militancy 
seems to owe much to imitation of what the National 
Association of Schoolmasters has been doing. And 
certainly it is absurd that the NUT should have been 
able to settle for 7 per cent as recently as April without 
apparently anticipating the trouble which it now feels 
bound to cause. The truth is, of course, that the NAS 
is probably right in saying that the machinery for 
negotiating teachers’ salaries should be reorganized 
said. even at this late stage, it would be creditable if the 
NUT were to press for such a change rather than for 
an immediate pay increase. The trouble, of course, 
is that neither the union nor its members are ready 
for the kind of change which circumstances require. 
Should not there be some way of creating an individual 
relationship between school teachers and the schoo! 
system for which they work? And does this not 
imply an abandonment of the attempt to impose a 
uniform pattern on what is still an exeeedingly diverse 
school system ? Above all, does there not need to be 
some method by means of which school teachers can 
be well rewarded without the shabby devices of special 
allowances and the like, by means of which, at present, 
some degree of flexibility is added to the salary struc- 
ture ? 

It is improbable that the problems of employing 
teachers can be settled within the framework of what 1s 
ealled labour relations, however. The chances are high 
that the British school system has already come up 
against some of the long-term problems which are hkely 
to modify the place of education in Britain. So far, 
it has been the assumption or at least the hope of 
educationists that it would be possible to apply the 
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doctrines of the selective grammar school of the nine- 
teenth century to the whole population of secondary 
school age. This is a laudable ambition and it would 
be wrong to acquiesce in an abandonment of that 
doctrine. Unfortunately, however, the raising of the 
school-leaving age and the creation of comprehensive 
schools throughout the country have not immediately 
put the old-fashioned, but in many ways admirable, 
education within reach of everybody. If anything, 
they have more vividly served to emphasize that much 
of the variation in the attainment of individual 
pupils is to be attributed not so much to differences of 
schools and teachers as to differences in home environ- 
ment. Whatever the NUT may say, education, like 
charity, begins at home. It is no wonder that enlight- 
ened educationists have turned some of their enthus- 
lasin to broader questions of social reform. So far as 
the school system is concerned, however, it may well 
turn out to be unfeasible to provide each school student 
with the same range of opportunities as at present and 
yet allow the schools to teach, where they think it 
appropriate, exceedingly specialized courses. If what 
has happened in the United States is any pattern, the 
quest for equality among pupils is almost certain to 
mean that teachers will be required to concentrate on 





Mr MarsnaLL McLunan is no doubt the only one who 
can adequately explain how it comes about that the 
fashion for spotting catastrophes is as infectious as it 
seems to be. In the past few months, the legitimate 
concern with problems such as pollution has spilled 
over into a phrenetic anxiety about the survival of 
the human race; only the other day, no less a person 
than the Duke of Edinburg gh was telling an audience 
in Edinburgh that the struggle for a cleaner environ- 
ment is one of the biggest problems facing the modern 
world. This week has also seen a great deal of excited 
speculation about the meaning of the report, published 
in Nature last week, that Dr Jonathan Beckwith and 
his colleagues at the Harvard Medical School have been 
able to isolate the so-called lac operon from the genetic 
DNA of the familiar Æ., coli bacterium. A part of the 
trouble seems to have been a confrontation between 
the authors of the research and newspaper corre- 
spondents in Boston at the weekend; what seems to 
have caught the popular fancy is the awesome prospect 
of what might be done with genetic engineering if ever 
such a practice were possible. The same theme seems 
to have been seized on elsewhere as well—the London 
newspapers at the beginning of the week were also 
preoccupied with the false assumption that it could 
only be a short step from the isolation of a gene to the 
manipulation of human inheritance. It is regrettable 
that this line of speculation was helped along by 
comments from people who should have known better. 
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general education. It is worth noting that the NUT’s 
advocacy of equality among teachers, which increases 
the difficulty of recruiting specialized teachers to the 
schools, will only hasten the process. 

The most serious deficiency of the teachers’ case 
and the most disappointing aspect of the government's 
response is the failure to acknowledge that there is a 
need to reappraise the relationship between schools 
and the rest of society. Yet some serious examination 
of this question is what the educational system as a 
whole is most in need of. The advocates of compre- 
hensive secondary schools have been painfully slow to 
acknowledge that qualitative changes in secondary 
education are implicit in their perfectly proper case. 
In Britain, the Ministry of Education takes the view 
that the local authorities which pay most of the bill 
for primary and secondary education should be the 
principal arbiters of policy, yet none of the authorities 
—not even those in London—is strong enough to 
strike out on its own in ways which may cause trouble 
for pupils in their dealings with potential employers 
or even universities. The teachers could and should 
do more to help if only by working at a definition of 
the problem. In the process, they might well discover 
what teaching is really for in the 1970s. 


More Alarums and Excursions 


In the circumstances, it may be helpful to describe 
in simple language what Beckwith and his colleagues 
have done (see Nature, 224, 747; 1969). The lac or 
lactose gene is that responsible for metabolizing lactose 
in Æ. coli. Its tangible existence has been demon- 
strated in a host of recent experiments in which the 
lactose operon from the bacterium has been incor- 
porated in the DNA of bacterial viruses—bacterio- 
phages. If the object of Beckwith’s work had been to 
move the DNA which constitutes the lactose gene from 
one bacterium to another, it would have been sufficient 
to use transforming bacteriophages. In practice, what 
he and his colleagues have set out to do is to isolate 
the DNA which represents the gene not from the 
genetic material of the bacterium but from the genetic 
material of the bacteriophage into which the gene has 
been incorporated. The result is a series of photographs, 
published in Nature last week, which are electron micro- 
graphs of short pieces of DNA which are presumed to 
correspond to the isolated lactose gene. It remains to 
be seen, of course, that the pieces isolated in this way 
remain functionally active when they are returned to 
E. coli cells, although it would be something of a 
surprise if they do not. The immediate value “of the 
experiment is, however, that the isolation of a single 
gene, especially if the product is both pure and stable, 
should simplify laboratory studies of the biochemical 
expression of inherited genes. Moreover, it seems likely 
that this same technique can be used to isolate genes 
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other than that with which Beckwith has been con- 
cerned, There is, however, no assurance that manipula- 
tions like these presage the manipulation of the in- 
heritance of Æ. coli in any deliberate way, and it is of 
course a far cry from even that to the deliberate 
manipulation of genetic inheritance in more compli- 
cated organisms than bacteria. 

So why are people anxious to read sinister messages 
in this new development ? The question is perplexing 
because it reflects an implicit change in the public 
mood, A century ago, for sure, few people would have 
been tempted to look for such sinister outcomes. For 
all the opposition of the Victorians to what they called 
Darwinism, few people feared (as they might have 
done) that the discovery of the importance of natural 
selection would make it possible for eugenicists to 
transform the character of living things. Indeed, the 
tendency to seek sombre consequences for scientific 
discoveries is a comparatively recent event, a thing 
of the sixties and not simply of the nuclear world. 
Two dangers lie concealed in this. First, the progress 
of science itself may be interrupted or even halted by 
excessive fears of the consequences, Second, as in the 
tale of the shepherd boy who cried wolf too often, 
exaggeration may blunt the sensibilities of society to 
real dangers. It is for scientists to help to distinguish 
between a responsible concern for the social con- 
sequences of what they do and an exaggerated fear 
of them. 
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“t To the solid ground 
Or Nature trusts the mind whick builds for aps” —Worpswortit. 


The deep-sea 
dredgings in this cruise yielded no enc of novelties and 
interesting results in every department of the Invertebrata. 
They were enough to take one’s breath away. Among 
the Mollusca were valves of an imperforate Brachiopod 
with a septum in the lower valve, which I propose to 
name Cryptopora gnomon. Some shells were of a 
tolerable size; and the fry of Jsocardia cor (Kelliella 
abyssicola of Sars) were not uncommon. Many Crustacea 
(Amphipoda) were scarlet, and others bright red with 
feathered processes of a golden colour at the tail. A 
magnificent Annelid was pinkish, with purplish-brown 
spots on the line of segmentation. A Holothuria, from 
1,443 fathoms, was § inches long and 2} in circumference. 
None of the animals, especially the Mollusca, were living 
when they were brought on board and examined ; this was 
perhaps owing to the great change of temperature (some- 
times as much as 20°) between that of the sea-bed and 
that of the atmosphere. 


From J. Gwyn Jeffreys’s account of the deep sea dredging 
AA in HMS Porcupine. (Nature, 1, 136, December 
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Swann dissects Antibiotics | 


In recommending that antibiotics should be classed 
into feed antibiotics and therapeutic antibiotics, ef 
which only the former may be given to animals without 
a vet’s prescription, the committee chaired by Professcer 
Michael Swann has deftly struck what seems to be the 
optimum balance between two evils. The problem the 
Swann committee found itself facing was that the 
more severely it restricted the agricultural uses of 
antibiotics, thereby raising the costs of producing 
food, the more lives of old people and children wouk: 
eventually be saved from falling to resistant micro- 
organisms. 

“Solutions to such problems come not from dwelling 
on the ethical dilemma but by scientific discussion of 
the basic problems’, the committee declares in the firs 
page of its report (Report of the Joint Committee on the 
Use of Antibiotics in Animal Husbandry and Veterinary 
Medicine; HMSO, 8s 6d). In the spirit of this crede 
the report sets forth in uncluttered language the 
agricultural value of antibiotics and the dangers 
implicit in the situation, notably the transfer of 
organisms from animals to man and the transfer o° 
resistance between organisms. 

The report’s chief recommendation is that what are 
to be defined as “feed” antibiotics shall fulfil the three 
conditions that (a) they are of economic value in live- 
stock production, (6) they have little or no application 
as therapeutic agents in man or animals, and (c) they. 
will not impair the efficacy of therapeutic. 
through the development of resistant strains < an= 
isms. Therapeutic antibiotics should be available te 
treat animals only if preseribed by a vet. The com- 
mittee’s most taxing decision was whether to allow 
chloramphenicol, the chief antibiotic used in treatment 
of typhoid fever, to be available in this way. In the 
event, they decided that vets should be allowed te 
prescribe chloramphenicol in special circumstances. _ 

The Swann committee notes that more than hali 
the antibiotics used in Britain are prescribed for 
human use. Use of antibiotics by doctors fell outside 
the Swann committee’s terms of reference, but it 
recommends that a committee should be set up with 
overall responsibility for the whole field of use of 
antibiotics whether in man, animals, food preservation 
or for other purposes. 

The use of antibiotics for the treatment of “stress” 
in animals is frowned on as being unscientific, but the 
Swann committee recommends that feed antibiotics 
should be available for use in calves up to 3 months 
old as well as in pigs and poultry. Present legislation 
restricts the feeding of antibiotics to the latter two 
species, 

Feed containing antibiotics may be advertised, pro- 
vided it is labelled with the name and dose of the teed 
antibiotics it contains: therapeutic antibiotics, how- 
ever, may not be advertised to laymen. 

The Swann committee believes that too little is 
known about veterinary epidemiology, a subject which: 
is a distinct discipline in its own right. It wishes that 
departments of veterinary epidemiology were estab- 
lished in universities and that the Agricultural Research 
Council and the Medical Research Council would 
consider how best they could promote such studies. 

Mr Cledwyn Hughes, Minister of Agriculture, has: 
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declared that the government accepts, m general, the 
Swann committee’s proposals for the control of anti- 
biotics but that “some of the committee’s more 
detailed recommendations and longer term proposals 
on research and veterinary epidemiology will need 
further study”. Manufacturers will be given a reason- 
able period of grace to run down feed stocks which 
contain the prohibited “therapeutic” antibiotics; these 
include penicillin, the tetracyclines, tylosin, the sul- 
phonamides and certain nitrofurans. 


OPEN UNIVERSITY 


How to Get a Degree 


Tue Open University will accept applications from 
prospective students in January 1970, and will begin 
in earnest a year later. It seems that the plans have 
been made for a comprehensive selection of courses, 
and the student will graduate by building up a number 
of credits, each of which is awarded for successful 
completion of a one-year part-time course, Six credits 
are needed to qualify for a BA degree, and eight for a 
BA degree with honours. Because no more than two 
courses may usually be taken in any one year, the 
minimum period for achieving a degree will be three 
vears, but it is expected that many students will take 
courses one at a time over several years. 

Tuition will consist of a system of correspondence 
courses, radio and television programmes, a summer 
school, and regionally organized counselling. Students 
will probably spend about ten hours a week on their 
studies, including an hour’s television and radio courses. 
The first year will be spent on “foundation” courses, 
which will be repeated every year for new students, 
while successful students will carry on to second, third 
and fourth level courses. Two credits from foundation 
courses must be achieved before a student can qualify 
for a degree, and an honours qualification will include 
eredits from third or fourth levels. Apart from these 
restrictions, a student will be free to choose his courses, 
and he will therefore be able to combine a variety of 
subjects, for example, science and humanities, This is 
one obvious advantage that the Open University can 
offer, compared with conventional universities. 

The university later hopes to introduce postgraduate 
and post-experience courses, and also “updating” 
courses which will be intended for people wishing to 
keep pace with advances in their professions. In 
addition, already qualified teachers will be awarded 
one credit for every year that they have spent in a 
college of education, thus enabling them to qualify 
for a BA degree on successful completion of only three 
COUTSES, 

Students will be accepted for the 25,000 places that 
the Open University hopes to have available, on the 
basis of their occupation, age, preparedness, region, 
and the subjects which they hope to study, but Dr 
Walter Perry, Vice-Chancellor of the Open University, 
said that the weighting given to each of these criteria 
could not yet be determined. The cost of qualifying 
for a degree will vary according to whether a student 
takes one or two courses a year. There will be an 
initial registration fee of £10 and a single foundation 
course will cost £40. This fee will be payable in April, 
however, to allow students, who find that they do not 
want to carry on, to drop out before they have com- 
mitted themselves financially. Second, third and fourth 
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level courses cost £20, and it is therefore possible for 
a student to acquire a degree in three years for 140, 
or a BA with honours for £180, inclusive of accom- 
modation fees at the summer sehools. 


SEISMOLOGY 


Setting the Moon Ringing 


from our Geophysics Correspondent 


Ir is, of course, too early to do more than say 
“whoopee” and jump on the speculative bandwagon 
after the remarkable results from the lunar seismo- 
meter last week. We have been lucky in getting a 
comprehensive press coverage so soon, with comments 
from Drs Latham, Ewing and Press, but newspaper 
descriptions can only titillate the imagination—all 
geophysicists and planetary physicists will be itching 
to see the records for themselves. The hard facts that 
we have so far are that when the ascent stage of 
Intrepid was rammed back to the Moon’s surface, it 
produced a crater twenty feet across and two feet 
deep, some forty miles from the Apollo 12 seismometer. 
The impact generated seismic waves which continued 
for thirty to forty minutes. 

On Earth, this would be unthinkable. An explosion 
of modest size on the Earth’s surface--perhaps a few 
tens of tons—-could simulate this event, but a recording 
station a mere forty miles away would record signals 
for perhaps a minute or two as the surface waves 
passed by. After that there would be silence—and not 
just because the instrument would be not sensitive 
enough but because the next arrival of energy would be 
an hour or more later, from surface waves that had 
gone round the Earth the other way, and these would 
be so heavily damped by imperfections in the elasticity 
of the Earth (which has a Q between 200 and 500) that 
for practical purposes the waves would be completely 
blotted out. 

How is the Moon different? If we assume as a 
starting point that the elastic properties are com- 
parable, surface waves should get round the antipodal 
path much more quickly because the radius is smaller. 
These could certainly contribute to the signal, provided 
the an-elastic properties are not as marked as on 
Earth. For example, the presence of a low seismic 
velocity layer on Earth, probably the result of partial 
melting between 100 and 300 km, is widely believed 
also to lead to a low Q layer. This region of high 
seismic wave absorption dominates the attenuation of 
surface waves. On the Moon, things may be different. 
If there is no partial melting near the surface—and 
there is no reason why there should be an analogy with 
the Earth—then it is possible that Q is high throughout 
the Moon—maybe as high as a thousand. The Moon is 
then nearly as resonant as a bell, and any small 
disturbance will set it ringing for a very long time. 

It would be foolish, however, to state at this stage 
that the results unequivocally favour the “cold Moon” 
theory, as one or two enthusiasts have already claimed. 
Much of the Earth’s crust has a Q in the region of a 
thousand and the low Q zone may be a coincidence of 
thermal conditions, pressure and petrology. It is 
impossible to say at this stage whether the apparent 
absence of lunar absorption has any bearing on internal 
lunar temperatures. 

Without the seismograms themselves, we can only 
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guess, and a highly resonant Moon is the first idea that 
springs to mind. It is not the only possible explana- 
tion, however. Perhaps the impact triggered off 
numerous fractions which acted as an earthquake 
sequence. Explosions occasionally trigger earth- 
quakes, but the only large scale triggering on Earth 
has been after megaton tests in Nevada (Nature, 228. 
773; 1969). By analogy the Moon should not be 
expected to quake after such a minor impact, but who 
knows ? Exciting as the result is, a certain amount of 
unwilling suspension of judgment is necessary. 

Whatever the conclusions reached from the smash- 
down records, it does seem at first sight as if the signals 
recorded by Apollo 12’s seismometer before it went off 
the air were of entirely local origin. Many had thought 
they were probably landslides or venting from the 
lunar launchpad. This view is now strengthened by 
the knowledge that even fairly modest lunar events 
generate so substantial a seismic record. So perhaps 
there are no moonquakes worth mentioning. If so, 
exploration of the lunar interior will need artificial 
sources. It is a pleasant relief that nothing enormous 
will be needed. The idea of a nuclear explosion on the 
Moon “to see what happens” has already been semi- 
seriously canvassed. At least there will be no demand 
from lunar seismologists for such fearfully large and 
politically nonsensical experiments. 


IONOSPHERE 


Petrel on Target 


from our Astronomy Correspondent 


By all accounts, the success of an investigation into the 
auroral ionosphere earlier this year has been a good 
advertisement for the British Petrel rocket built by 
Bristol Aerojet Ltd. Eight Petrels were launched 
during February and March in a campaign organized 
by the Science Research Council which took place at 
the European Space Research Organization (ESRO) 
range at Kiruna in Sweden. Preliminary scientific 
results from the campaign were discussed last week at 
a meeting in the Department of Physics at the Univer- 
sity of Sheffield. For the first time in the history of the 
range, all the rockets in a campaign fell within the 
designated area. In the past, rockets such as Skylark 
and Arcas have been launched from Kiruna, and firings 
have been known to land not only outside the range 
but sometimes outside Sweden. Rockets have fallen 
in Finland, which meets Norway and Sweden not far 
from Kiruna. Despite reaching a greater height than 
normal—150 km instead of 125 km—because of a 
combination of meteorological factors and the altitude 
of the range, all the Petrels remained substantially on 
course, and it seems that their performance might 
earn them a place in the ESRO armoury. 

Although only 7-5 inches in diameter and small 
enough to be launched from a tube, Petrel can carry 
enough instrumentation to make most ionospheric 
scientists happy. And with one rocket per experiment 
they have made their contribution to a pleasant life 
on the range by ending the awkward problems of 
integrating experiments from different groups. 

It is now becoming easier to measure electric fields 
in the ionosphere, and several groups were preoccupied 
with the techniques. What seems to be the most 
promising method so far was described by the group 
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from the University of Birmingham (J. W. G. Wilson, 
J. H. Wager and C. P. van Zyl) and is based on meas- 
urements of the voltage difference between two 
spherical probes. Unfortunately, however, m the 
firing which they described the probes seem to have 
caused the rocket to precess more than normal, and 
the results are therefore not as good as they might 
have been. Another way to evaluate the field is to 
observe the drift of an artificial cloud of ions relative 
to a neutral cloud, and a joint team from the U niversities 
of Sussex and Southampton (J. Hunter, G. Martelli, 
K. Martin and P. Rothwell) has been extending this 
method to lower altitudes than normal. Clouds 
released in the E-region often do not separate into 
neutral and ionized components, yet nevertheless it 
seems possible to estimate the electric field from the 
way the cloud deforms. 

The Sheffield group (P. Beckingham, W. Gibbons 
and T. R. Kaiser) is concerned with direct measure- 
ments of the fine structure of electron density m 
auroras which has been inferred from radar work. 
To do this the group has developed a Langmuir probe 
which in theory has a spatial resolution of a few tens 
of centimetres, but which in practice, because of 
telemetry limitations, has a height resolution of about 
15m. The group is looking for the role in auroras of 
irregularities about a metre across and perhaps tens of 
metres long aligned along the magnetic field. 

There is also the question of the mechanism that 
accelerates electrons to energies of tens of keV and 
leads to very bright aurorae. Another group at 
Southampton (P. Rothwell et al.) and a group from 
the Radio and Space Research Station (D. A. Bryant, 
G. M. Courtier and G. Bennet) have been looking at 
electrons of these energies at times when acceleration 
is believed to be taking place. 

Oddly enough, informal discussions of the results of 
a campaign before anything is published is the excep- 
tion rather than the rule and people are hoping that the 
Sheffield meeting will set a trend. 


APOLLO 


New Broom on the Moon 
from a Correspondent 


tarth by the end of the 
decade.” Dr Mueller, it is claimed, was responsible 
for the largest research, development and operational 
programme ever undertaken by man. At its peak the 
Apollo programme employed 400,000 people. Among 
his principal achievements were devising methods for 
cutting down the interval between launchings. For 
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the first Moon landing, economizing on time was the 
essential feat. An outstanding engineer such as 
Mueller was a logical choice. 

But even with the second manned Moon landing, 
speed begins to take second place. Quality of results 
is becoming the criterion. Indeed, the lunar strategy 
review of the National Academy of Sciences Space 
Sciences Board (see Nature, 224, 529; 1969) specifically 
urged that there should be longer intervals between 
missions to give time for results to be digested and fed 
into the programme of future flights and that more 
time should be spent on the Moon with more selectivity 
in data collection. Several of these points have 
already been adopted for this week’s Apollo 12 mission. 
Twice as long is to be spent on the surface, and twice 
as much material is aimed for, with emphasis on sample 
selection. Six experiments are being performed 
instead of three. 

Dr Mueller’s successor has yet to be announced, but 
most of the other personalities behind the Apollo 11 
flight have already been replaced. There was even 
some speculation about how the Apollo 12 mission 
would get on with so few of the old familiar faces. 


SCIENCE RESEARCH COUNCIL 


Shoe Pinches in Physics 


THe Physics Committee of the Science Research 
Council, responsible for dispensing roughly £1 million 
a year on physics research in British universities and 
institutes, has produced a modest echo of the complaint 
elsewhere that other sources of support “for good 
fundamental work” have diminished. The committee 
has carried out and now published a review (to be had 
free of charge from the Science Research Council) of the 
fields in which it is at present engaged and of the 
directions in which it may find its work developing. It 
says that “on the national level . support from 
sources other than the SRC has decreased rapidly” 
chiefly because various government agencies have lost 
enthusiasm for various projects. The committee says 
that solid state physics and plasma physics have 
suffered most, no doubt because of the concentration 
of the defence research laboratories on practical applica- 
tious of electronics and because of the decision by the 
UK Atomic Energy Authority to cut down on work at 
Culham, the laboratory particularly concerned with 
thermonuclear research. The committee estimates 
that it would take an extra £200,000 to £300,000 in the 
next two to three years to make sure that the national 
effort continues at “a reasonable though reduced 
level’. One of the ironies of which the committee 
complains is that the short commons for solid state 
physics and plasma physics have come about precisely 
when the importance of these subjects is growing and 
when it is clear that “it is precisely from these fields 
that new technologies can confidently be expected to 


emerge”. 
The Physics Committee is not concerned with 


support for high energy physics or for astrophysics in 
the strict sense. In its review of the opportunities 
available, it has given prominence to the need for better 
facilities for neutron beam research, and spells out the 
advantages which may be obtained by a fuller exploita- 
tion of neutron beam experiments. Neutron diffrac- 
tion in crystallography is already widely used, but the 
committee points to possible applications to crystals 
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of biological molecules and the determination of 
magnetic structures. But there are also benefits to be 
won from studies of dynamical processes in crystals— 
phonons, magnons and the vibrations of polymer 
chains, for example. The committee says that the 
importance of this work “cannot be overemphasized” 
and that there is an urgent need of a high flux beam 
reactor, 

The committee seems also to have been captivated by 
the potentiality of synchrotron radiation in the study of 
gases and solids and has spent £150,000 on a national 
facility for synchrotron radiation at the Daresbury 
Laboratory. Elsewhere, the committee promises more 
help for ion implantation studies in semiconductors 
and other solids, the study of the amorphous state and 
new developments in surface physics. It also seeks to 
encourage the use of on-line computers as a part of the 
general improvement of laboratory facilities. Further 
ahead, the committee is proposing to look carefully 
at opportunities in collisions between atoms and heavy 
particles at low energy, principally on account of their 
interest in chemistry and astrophysics; the develop- 
ment of dye lasers, in part because of the way in which 
such tunable lasers can provide selective excitation in 
atomic physics; energy transfer processes in solids; 
mode locked lasers which give pico-second pulses; 
ferro-electric materials and what is called “‘techno- 
logical magnetism”; electronic structures in alloys; 
spectroscopy by laser scattering and non-linear optics; 
the electronic properties of polymers; inert gas solids; 
critical phenomena at low temperatures and tunnelling 
in superconductors. On the whole, the Physics Com- 
mittee gives a convincing impression that it knows 
where it would like its pensioners to go. The review 
deals also with matters such as the growth and supply of 
erystals for research in solid state physics, now helped 
along by work supported by the Science Research 
Council at Oxford, Strathclyde and Birmingham as well 
as by the Electronic Materials Unit of the Ministry of 
Technology at Malvern. The committee promises to 
pay attention to the development of instruments. On 
training, it says with pride that “very nearly 50 per cent 
of our postgraduate students are working on applied 
rather than fundamental physics” and promises to 
foster cooperative research and training between 
industry and universities by directing something like 
20 per cent of new research studentships towards work 
of this kind. 


COMMUNICATIONS SATELLITES 


Skynet Ahoy 


from a Correspondent 


Tue logic of providing a communications satellite 
system for defence purposes just as Britain is com- 
pleting its withdrawal of forces east of Suez is not 
immediately obvious. The chief object of the Skynet 
satellite, of which the first of two was successfully 
launched on November 22 by the American Thor- 
Delta, is to maintain instant interference-free voice 
communication between Whitehall and forces in the 
Middle and Far East. It may, however, provide Britain 
with valuable experience in designing and building 
advanced communications satellites components, and 
this is certainly an expanding technological field with 
substantial export possibilities. 
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Skynet is claimed to be the most advanced defence 
communications satellite system at present in existence. 
The only other one currently in being is the United 
States Air Force’s Interim Defense Communications 
Satellite Programme (IDCSP) inaugurated in 1966. 
This has employed medium-orbit satellites of relatively 
low power, so the ground stations working them are 
required to be both highly manoeuvrable and rather 
large. 

Britain has benefited from participation in the 
IDCSP. The Ministry of Defence was invited to make 
use of the satellites for test purposes—though strictly 
not for operational signals—and four ground stations 
were designed and built and all were ready in time to 
start operating as soon as the first bunch of satellites 
were up. The experience then acquired has been 
harnessed to the Skynet concept. Besides this, Skynet 
is inter-operable with the IDCSP system and is intended 
to be inter-operable with its successor now in view with- 
ina year orso. In addition, the contractor for the two 
first generation Skynet satellites is Philco-Ford, 
builders of the IDCSP satellites. 

In fact, Skynet is several steps in advance of the 
current American military system. For example, it 
employs a geostationary satellite—40° E over the 
Indian Ocean—in place of the series of fast passing 
vehicles. It is not likely now that further military 
communications systems will use low-orbit satellites 
but it was a bold step before Early Bird. SRDE, 
Christchurch, now part of the Ministry of Technology, 
drew up system specifications. 

Other features of Skynet are proving sufficient 
improvements over previous techniques to warrant 
copying. For example, the two-path transponder that 
enables small ground terminals to have equal and simul- 
taneous access with large ones without being swamped 
is apparently being incorporated in the projected 
NATO satellite communications system. The advan- 
tage of this arrangement is that it permits terminal 
antennae only a few feet across to be effective, which 
in turn makes for mobility and flexibility, for they 
can be easily dismantled and flown to a flare up area. 
Of the ten terminals so far commissioned, only one— 
that at the headquarters station of Oakhanger—is 
truly fixed. Two, each 2 metres only in diameter, are 
mounted in ships. 

The Royal Air Force is in overall command of the 
system, though each of the services handles one of the 
ground elements. The members of RAF Signals group 
are extremely pleased to have got into the space 
business, “and now the RAF has got in it does not 
intend to let go”. It is pointed out that the thinner 
the forces on the ground the tighter the command must 
be. And this means faster communications. 


CBW 


Closing Pandora’s Box 


UNDER certain circumstances, inspection procedures 
for chemical and biological weapons have a fifty-fifty 
chance of success, according to Mr Theodor Nemec, 
of the Stockholm International Peace Research 
Institute. Mr Nemec was speaking at a meeting in 
London last weekend organized by the Women’s 
International League for Peace and Freedom. The 
three-day affair, called primarily to discuss U Thant’s 
report on chemical and biological weapons published 
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in July, was run in an atmosphere of cheerful disorder. 
Scientists such as Professor Matthew Meselson of 
Harvard University and Dr John Humphrey, who is 
a member of the Pugwash subcommittee on CBW, 
found themselves talking to a committed audience 
when they spoke of the dangers of chemical and 
biological warfare. So did Academician Oganes 
Baroyan, director of the Gamaleya Institute of Epidem- 
iology and Microbiology of the USSR Academy 
of Medicine, who was revelling in his role as the only 
speaker from the Soviet Union. But the meeting 
tended to be suspicious of the motives of some of the 
politicians who addressed them. 

Mr Nemec said that the Stockholm institute was 
inspired by the Pugwash subcommittee on CBW to 
look at the pros and cons of inspection for chemical and 
biological weapons. The problem is of course that the 
lack of trust which gives rise to the need for Inspection 
is the obstacle to its introduction, but the inspection 
procedure does not have to be 100 per cent efficient. 
What the institute has been doing is to look at ways of 
detecting whether CBW work is going on. It seems 
clear that larger factories than many people think 
would be needed to produce significant quantities of 
chemical and biological weapons, and Mr Nemec cited 
as an example the Pine Bluff Arsenal, Arkansas, which 
employs 1,800 people and has a daily water consump- 
tion equivalent to a London suburb. This is why the 
institute played a game with fourteen European 
laboratories in nine countries, including NATO, War- 
saw Pact and non-aligned states. The aim was to see 
how useful on-site inspection would be. Two labora- 
tories in Britain took part, the Wellcome Laboratory 
at Beckenham, and the Lister Institute. Inspection 
was by questionnaire and visits. The fact that one 
western European pharmaceutical company estimated 
that it had cost $10,000 to fill in the questionnaire was 
a measure of how searching was the document. The 
Stockholm institute had twenty-five inspectors drawn 
from thirteen countries, and they discussed the prob- 
lem of inspection with some 100 other scientists. 
They then posed the following question: after a series 
of five visits by the same team, how effective would a 
sixth visit be in detecting a military CBW capability ? 
The mean of the answers gave a 61 per cent chance of 
success, but Mr Nemec noted that people directly 
involved with the experiment rated their chances 20 
per cent higher than those who were not. He con- 
cluded that a substantial measure of on-site inspection 
is a feasible way of looking for CBW activity. 


PARTY MEETING 


Technology in Poland 


from a Correspondent 


Tue recent Fourth Plenary Conference of the Central 
Committee of the Polish United Workers Party in 
Warsaw, following closely on the “Poland 2000” 
exhibition inaugurated by the Polish Academy of 
Sciences, has focused attention on technological 
progress and development in Poland. 

Just as the “Poland 2000” exhibition concentrated 
largely on forecasting the progress of science and 
technology, so the party mecting gave exceptional 
importance to technological progress. Although, in 
the centenary year of Lenin’s birth, one would expect 
any such conference in any Communist country to lay 
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large stress on anniversary tributes, the Warsaw 
meeting gave relatively small space to these honorifics, 
and the main feature of the opening session was the 
speech of Jan Kaczmarek, chairman of the Committee 
of Science and Technology. In his speech, Chairman 
Kaczmarek stressed in particular the necessity for 
working out methods of automating Polish industry to 
ensure optimum productivity, and also discussed the 
importance of increasing the effectiveness of industry- 
orientated scientific and technological research. The 
nancial problems inherent in such research were 
stressed: the appropriation for such research in the 
period 1969-75 will increase at a rate in excess of the 
rate of increase of the national income. In 1975, the 
a expenditure on research projects will be at 
least 25 milliard zloty (£430 million), which is twice the 
1969 appropriation. In view of this increase, it is not 
surprising that much of the latter part of Chairman 
Kaczmarek’s speech was devoted to practical and 
financial problems: improvement of the organization 
and structure of the scientific basis of industr y, organ- 
ization of education and training, and the stimulation 
of initiative and “commitment” of scientific workers. 
In the discussion which followed, Henryk Japlonski, 
Minister of Education, stressed the need for a “‘con- 
frontation with the principal aims” of the Polish 

economy, the financial coordination of research pro- 
jects and the revision of technical training programmes 
in institutes of higher education in accordance with the 
needs and trends of current technology. 

Both Chairman Kaczmarek and the speakers in the 
discussion raised the question of international coopera- 
tion on scientific and technological problems (with 
special reference, of course, to the Soviet Union and 
other countries of the Soviet bloc), but this topic 
seemed less important than the main subject of Polish 
financing of Polish industry. Clearly, the current 
expenditure is seen as a self-liquidating project, which 
will ultimately repay the initial investment by greater 
returns from industry, brought about by automation, 
rationalization and the introduction of new and more 
efficient methods. It is interesting to note, however, 
that while the Soviet Union still (at least in its pub- 
licity) seems to treat all scientific and technological 
progress (from sputniks to fish-spotting and from 
television sets to trans-continental pipelines) as 
primarily “prestige” achievements, at least one of her 
Socialist-bloe neighbours regards such progress from 
the practical and pragmatic basis of financial outlay 
and projected material returns, 


AIRPORTS 


Bold Plans from New Group 


Two independent companies are to join forces in an 
attempt to add more weight to the arguments for 
building London’s third airport at F oulness. They are 
the Thames Aer oport Group, a large consortium of 
Ser backed by private investment, and Bernard 

Clark and Partners, a group of ci eal engineering 
a This new group, which will operate as the 
Thames Aeroport Group, has submitted proposals to 
the Roskill Commission for a combined major airport 
and seaport on reclaimed land at Foulness, in the 
Thames Estuary. The Roskill Commission is at present 
investigating the suitability of sites at Foulness, Wing, 
Nuthampstead and T hurleigh. 
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Thames Aeroport Group's proposals are for a major 
seaport, on the lines of the massive Dutch Europort 
complex, and an airport to be built on fifty-six square 
miles of reclaimed land. The seaport would be capable 
of accommodating huge million-ton tankers and would 
provide an obvious location for a major container 
terminal. In fact, Mr F. Stower, chairman of the 
Thames Aeroport Group consultants team, said that 
the seaport may well be more important than the 
airport, and Mr Bernard Clark emphasized this by 
saying that every acre of Holland's Europort provides 
£10, 000 of business a year. The proposals also include 
a terminal for the airport, situated between St 
Katherine's and London docks, linked to the airport 
by a fast road and rail service through the North 
Thames docks area. 

Mr Clark indicated that much of the engineering 
studies on the project have already been done, and an 
economie survey is now needed. Such a survey will be 
carried out by the Netherlands Economic Institute, 
under contract to the group. The institute has carried 
out similar surveys for the World Bank, the EEC 
Development Fund, and several governments, and its 
president, Professor Leo H. Klaassen, has said that 
priority would be given to the Thames Aeroport 
Group’s Foulness proposals. 

The formation of this new consortium means that 
there are now tw o main ponenda for possible 
Thames Aeroport 
Group and Thames pee Dev elopment Company 
(TEDCO), both of which will be making proposals to 
the Roskill Commission. Sir William Gorell Barnes, 
Thames Aeroport Group’s chairman, took pains to 
point out, however, that the new consortium hopes to 
avoid intense competition between interested com- 
panies, because this might ee the chances of 
Foulness being accepted for the airport. It seems, 
however, that TEDCO are not enthusiastic about 
cooperation with Thames Aeroport, and, on the other 
hand, Thames Aeroport have stopped exchanging 
information with TEDCO. Sir William claims that the 
two consortia are not duplicating each other’s work to 
a great extent but, as they are both submitting plans 
for similar installations, that view point is rather dif- 
ficult to see. Moreover, TEDCO have already studied 
the possibilities for a combined seaport and industrial 
complex at Foulness (see Nature, 221, 702; 1969), and 
have come up with plans which bear a marked 
resemblance to the proposals made by the Thames 
Aeroport Group. 


MEDICINES 


New Medicines Commission 


Tue thirteen members of the new Medicines Commis- 
sion, which under the 1968 Medicines Act will advise 
the British Government on all matters relating to the 
safety, efficacy and quality of all drugs intended for 
human and veterinary use, have now been appointed 
and hope to have their first meeting before the end of 
the year. The chairman of the commission will be 
Sir Derrick Dunlop, who has been chairman of the 
Committee on Safety of Drugs since it was established 
in 1963 and which has been responsible for the volun- 
tary cooperation between the drug manufacturers, the 
medical profession and the government. 

Under the new Act, the government. will introduce 
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legislation to extend the present system of voluntary 
controls on the safety of drugs in relation to their 
efficacy to a licensing system to control the marketing 
of all drugs. A licensing body under the Ministers for 
Health, for Agriculture and for Scotland will be respon- 
sible for issuing licences for clinical trials and for the 
release of new drugs and devices such as metal or 
plastic implants. Products already on the market will 
be automatically licensed, but their use will be gradually 
reviewed. Where the drug has a new principle, or 
there is some doubt as to its safety, efficacy or specifica- 
tion, it would be referred to one of the specialist 
committees. It seems likely that there will be a com- 
mittee for the safety of drugs which may essentially 
be the present committee enlarged to include veterinary 
products, or may include two subcommittees for human 
and for veterinary products. Another committee would 
have to be responsible for the control of the quality of 
drugs and it would be this committee that would take 
over the direction of future editions of the British 
Pharmacopoeia from the General Medical Council. This 
may well be one of the first committees to begin its 
work and it is hoped that it will do so by February 
next year. Other committees, probably including one 
to advise on methods of inspection and on devices, 
will be formed in due course. The hope is that the 
whole system should become operational within about 
two years. 

The commission will advise the ministers on the 
general pattern for these committees, and it can 
recommend people to serve on it. It will also hear 
appeals by applicants for licences against decisions by 
the expert committees. 

It is hoped that by keeping the committees small, 
and not requiring them to examine every application 
in detail, the system will remain flexible. One question 
in doubt is the extent to which the commission will be 
responsible for classifying the relative efficacies of 
different drugs or for publishing the information for 
medical practitioners. There is an independent com- 
mittee under Professor MacGregor which classifies 
drugs and issues a proprietary list and this may, in 
line with the recommendations of the Sainsbury report, 
come under the aegis of the committee. Another 
recommendation made in the Samsbury report was 
that the commission should prepare mformation for 
doctors on new drugs before these are advertised. No 
provision is made for this in the new Act, but the 
commission will consider producing a journal such as 
the present Prescribers Journal in which information 
on drugs will be presented to practitioners. 


MEDICAL STATISTICS 


New Clothes for Old Body 


THe Medical Research Councils newly announced 
Statistical Research and Services Unit, housed in the 
University College Hospital Medical School in London, 
is remarkably similar to the Statistical Unit it was 
intended to replace. Only the size is different-—the 
scientific staff now numbers three instead of nine. 
According to the director, Dr I. Sutherland, the unit 
will make explicit a function of advising other MRC 
establishments on statistical problems; previously this 
aid had always been given but was subordinated to 
the unit’s own research. 

The change of title came when Dr Richard Doll, who 
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directed the Statistical Unit, took up the Regius Chair 
of Medicine at the University of Oxford at the begm- 
ning of July. With him went threc of the unit's 
scientists and several of its research projects, mainly 
those dealing with cancer and the relation of thrombo- 
embolism to the contraceptive pill. Two more of the 
staff have transferred their affiliations to the MRC 
Clinical Research Centre, which should be opening at 


Harrow next vear but at present consists of several 
divisions seattered around London. 


Those who remain will still be pursuing a number of 
research lines on a budget of whose size Dr Sutherland 
$e J f a 5 aR e AEREI E ba Sa ran OM arr? : 

says “nobody has the faintest idea”. The work is to 
include the development and evaluation of statistical 
techniques for biological and medical data, and—tfor 





the moment~—-epidemiology, although this will even- 
tually be dropped. New topics are expected later, 


when the staff rises to its projected size of five or six. 
There may also be cooperation with the MRC Computer 
Unit which was founded earlier this vear, although the 
links so far are limited to borrowing computer facilities. 


SELECT COMMITTEES 


New Enquiries 


THE eagle eve of the Select Committee on Science and 
Technology will this year be turned on the problems of 
population growth in the United Kingdom, while the 
Select Committee on Education and Science will tackle 
teacher training. The Select Committee on Science and 
Technology has also announced that it will be looking 
into an aspect of the computer industry and into 
atmospheric and river pollution, and it has appointed 
two sub-committees to resume the examination of the 
UK space research programme and to look at recent 
developments in carbon fibre technology. The com- 
mittee, which was re-appointed only last week, has 
not yet decided on which aspects of these complex 
fields to concentrate, but its inquiries into the computer 
industry and the space research programme will 
probably involve examination of the prospects for 
European cooperation, and the carbon fibre inquiry 
is likely to be dominated by a recent decision of Im- 
perial Chemical Industries not to produce the material. 

The Select Committee on Education and Science 
began its inquiry into teacher training last session, 
and its decision to carry on is no surprise. It will 
be welcomed by the National Union of Teachers and 
by the National Union of Students, which have both 
campaigned for such an inquiry. The decision, however, 
follows hard on the heels of Mr Edward Short’s state- 
ment that the Department of Education and Science 
is unlikely to institute an inquiry of its own. 

The Select Committee on Science and Technology 
will have the following members: Mr David Ginsberg, 
Mr. Arnold Gregory, Mr Frank Hooley, Mr Robert L. 
Howarth, Mr Michael Jopling, Mr Ted Ledbitter, 
Sir Harry Legge-Bourke, Mr Eric Lubbock, Mr Patrick 
MeNair-Wilson, Mr Eric Moonman, Mr Airey Neave, 
Mr Arthur Palmer (chairman), Mr Brian Parkyn and 
Mr David Price. Members of the Select Committee on 
Education and Science are: Mr Walter Aldritt, Mr 
Ronald Bell, Mr Donald Dewar, Mr Richard Hornby, 
Mr Gilbert Longden, Mr Kenneth Marks, Mr Richard 
Mitchell, Mr Trevor Park, Mr Christopher Price, Mr 
Arnold Shaw, Mr van Straubenzee, Mr Frederick 
Willey (chairman) and Mr Esmond Wright. 
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Miscellaneous Intelligence 


“GENETIC ‘BOMB’ FEARS GROW” whispered the 
Evening Standard in its midday editions of November 
24. The appeal of the front page headline was later 
widened by transmogrification to “NAKED GENE— 
SCIENTISTS SPLIT”. The Daily Mail was less 
colourful with “THE FRIGHTENING FACT OF 
LIFE” emblazoned across its front page, to which the 
legend ran, “Scientists find secret of human heredity— 
and it scares them”. The story beneath these banners 
turned out to have been scooped by Nature two days 
earlier, but Nature’s front page headline merely said 
‘ISOLATION OF PURE LAC OPERON”. Why so 
dull? Why did Nature not trumpet louder? Readers 
who may have read with interest the accounts of the 
press conference given by Dr Jon Beckwith and his 
colleagues but searched through their Nature article 
in vain for references to the genetic bomb and its ilk 
are assured that the manuscript was published as 
received from the authors. 


THe Swann committee, in the course of its study of 
how antibiotics are used on farms, has discovered that 
the human population of the British Isles weighs an 
aggregate of 3,310,000 metric tons. For the glory of 
the drug industry and the greater glory of the medical 
profession, this body politic is dosed with some 240 
tons of antibiotics a year. The Swann committee was 
not asked to determine whether doctors are over- 
preseribing antibiotics but, as mute witnesses go, 240 
tons is a clarion voice that doctors need vetting. 


A RECENT article in that learned journal the New 
England Journal of Medicine contained an electro- 
cardiogram tracing which was interpreted from its 
intricate notches and zigzags to show that the patient 
was suffering from retrograde atrial conduction. A 
correspondent has pointed out (New England Journal 
of Medicine, 281, 1132; 1969) that the ingenious 
interpretation is marred only by the fact that the 
tracing is printed upside down. 


Morrats in Sheffield will die easier in the knowledge 
that their medical officer of health is looking for an 
apparatus to register death. An _ electroencephalo- 
graph, perhaps, or even a simple cardiograph. Heart 
transplant surgeons will be interested in his choice. 
His problem is that in the last five years “between 
one and five” corpses have taken fright at the slabs 
in the Sheffield mortuary and flicker ed back to life. 


THE news sense of the US Atomic Energy Commission 
has been in strange abeyance of late. A press release 
on the fire that broke out at the AEC’s Rocky Flats 
plant near Boulder, Colorado, in May this year gives 
the impression of almost deliberately trying to conceal, 
by burying away on page three of a densely technical 
report, the not wholly insignificant fact that the 
damage caused by the fire is estimated as at least 
$45,000,000. 


Prans to bridge the Straits of Messina are even more 
popular than those to span the English Channel. 
A group, chaired by Professor Ernesto Manuelli, 
president of Finsider, has declared that a three span 
bridge would be technically possible and economically 
auspicious for Sicily and her tourist trade. 
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Parliament in Britain 


Hovercraft 


GOVERNMENT investment in the hovercraft industry 
has been about £10 million and is now running at 
about £3 million a year. Over the past two years, the 
industry has received orders worth more than £32 
million, of which £9 million has been in exports. These 
facts emerged from a lengthy question to Lord Dela- 
court-Smith, Minister of State, Ministry of Technology, 
from the Earl of Kinnoull, and both agreed that the 
industry is in a much healthier state than many people 
imagine. Lord Delacourt-Smith indicated that the 
government is supporting the hovercraft industry in 
three ways: by providing assistance for basic research 
in hovercraft technology being carried out at the 
National Physical Laboratory, by placing research and 
development contracts with private industry for the 
development of major components, and by providing 
financial support to hovercraft manufacturers. The 
present research and development programme includes 
considerable interest in high speed ground transport. 
Two experimental vehicles and three miles of electrified 
test track are being built near Cambridge, and trials 
and evaluations will be conducted up to spring 1971. 
Lord Delacourt-Smith said, however, that it is too 
early to decide how the further development and 
operation of hovertrains will be organized. Design, 
construction, maintenance and safety requirements are 
at present vetted by the Air Registration Board (ARB), 
and this function may later be transferred to an 
independent Hovercraft Authority. The President of 
the Board of Trade, he said, will probably appoint a 
committee, on which the ARB and Lloyd’s Register 
of Shipping would þe represented, to make recom- 
mendations about the constitution, terms of reference 
and financing of such an authority. (Oral answers, 
Lords, November 18.) 


European Cooperation 

THE government's attitude to European cooperation 
in space technology has not changed. Mr Anthony 
Wedgwood- Benn said that it still supported a single 
European Space Organization, and that the UK would 
be participating fully to this end in the work of the 
Committee of Senior Officials. He also said that the 
government believed that voting in the Intelsat 
‘Assembly, the body which will exercise general over- 
sight of the Intelsat organization, should be on the 
basis of one nation one vote, and that the commercial 
policy of the organization should be determined by 
the board of governors, whose voting rights would be 
related to investment shares. (Written answers, 
November 17.) 


Experiments on Animals 

Baroness LLEWELYN-Davises or HastToe said that she 
did not know when the government would be able to 
introduce legislation to implement the recommenda- 
tions of the Littlewood Committee on experiments on 
live animals, which were made in 1965. She said that 
this is a very complex matter, and that it is better to 
proceed slowly and arrive at the correct legislation. 
Lord Brooke of Cumnor thought, however, that the 
government’s delay in implementing the recommenda- 
tions of the Littlewood Committee is rapidly becoming 
a scandal. (Oral answers, Lords, November 20.) 
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NEWS AND VIEWS 


Iv is awkward that quasars seem to prefer certain 
values of redshift, and even worse that at a quick 
glance the preferred values seem to show a kind of 
regularity. Some of them stick out like a sore thumb— 
the clumping of redshifts around a z-value of 1-95, 
for example, is undoubtedly real, although to what 
extent it is an artefact of observational selection is 
still not certain. M. J. Rees, for instance, has talked 
of explaining the peak as an effect of quasar evolution 
which produces an excess of observable quasars at a 
time in the past corresponding to z=1-95. But quasar 
redshifts take z-values up to just over two and there 
seem to be other preferred values. What is more, the 
peaks seem to be more or less equally spaced so that 
they can be assigned a periodicity. It is of course 
proving impossible to account for the periodicities on 
the view that the redshifts are a result of the velocity 
of recession, unless the quasars belonging to each peak 
are in clusters with roughly the same velocity, which 
they palpably are not. The inescapable conclusion has 
to be that to some extent the redshifts are somehow 
controlled by conditions close to or actually within the 
quasars themselves. Nobody has much idea of what 
the mechanism could be, which is why the periodicities 
go very much against the grain. Now what seems to 
be the most convincing analysis of the redshift data 
yet has been carried out at Cambridge (see page 875), 
and there seems to be no statistical evidence for 
regularities in the data. 

The point is that the search for periodicities in the 
redshift data is the same problem as the detection of 
a signal almost blotted out by random noise, and the 
same techniques can be used One of the Cambridge 
group, S. H. Plagemann, has been using a method 
which electronics engineers call power spectrum 
analysis to pick out periodic variations in the light 
from stars, and the method has now been adapted to 
the redshift problem. The starting point of the method 
is to consider the redshift distribution as a “time 
series. C. L. Cowan was the first to do this, but his 
approach can be criticized (and so could that of G. 
Burbidge, who has also claimed red-shift periodicities) 
because the proper statistical tests for significance 
were not applied. This has now been remedied by the 
Cambridge group. They have found that at the 95 
per cent confidence limits the periodicities picked out 
by their power spectrum analysis are not significant. 

Up to now the application of power spectrum analysis 
to the quasar problem has been difficult chiefly because 
it has an unnerving tendency to indicate false periodici- 
ties when only small amounts of data are available. 
But, with 186 redshifts now listed, the Cambridge 
group beleve they are on firm ground. The conclusion 
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Redshifts not Intrinsic 


is that there is no evidence that quasar redshifts are 
intrinsic. 


PLANETS 


Contour Map of Mars 


from our Astronomy Correspondent 

ONE way of constructing a topographic map of Mars is 
to measure the thickness of the atmosphere at various 
places, and a refinement of this approach has now been 
tried by R. A. Wells at Kitt Peak (Science, 166, 862; 
1969), who has produced a convincing map of an area 
of Mars between latitudes 50° north and 40° south and 
from longitude 150° to about 350°, The technique is 
to see how the abundance of carbon dioxide varies over 
the surface. From the abundance measurements, the 
height of the surface above an arbitrary datum is 
established. The first results from the new method 
were published in Science last month by M. J. S. Belton 
and D. M. Hunten, who examined a patch from 
longitude 260° to 350° and between latitudes 40° north 
and 20° south (166, 225; 1969). Wells has now used 
the spectrophotometer devised by Belton and Hunten 
for the McMath solar telescope at Kitt Park National 
Observatory to cover about half of the dark areas 
on Mars. It is pleasing that his map agrees with 
that of Belton and Hunten where they overlap, and 
with radar measurements along latitude 21° north. 

What is odd about the dark markings on Mars, of 
course, is that for the most part they are confined 
to a band just to the south of the martian equator, and 
that they seem to have nothing in common with the 
dark maria of the Moon. This much is clear from 
Mariners 6 and 7, which in general failed to detect anh 
differences in terrain between light and dark areas 
(see Nature, 224, 750: 1969). Orthodox opinion is 
that the distinction has to do with a difference in 
elevation. 

Wells concludes on the basis of his results that 
there is no apparent correlation between albedo and 
height. The dark areas framing the desert Hesperia, 
for “example, slope from 22 km above datum at the 
edge of Hesperia to 12 km where they meet the desert 
area Ausonia. Because of the thinness of the atmo- 
sphere especially above high regions, however, heights 
above about 10 km have to be taken with a pinch 
of salt, and clearly the general trends are more 
reliable than the absolute values. But the data agree 
with the elevation differences of up to 15 km found by 
the radar method. 

Wells finally sets the cat among the pigeons by 
pointing out that when scaling factors have been taken 
into account, the sizes of the basins and of the high 
blocks on Mars are strikingly similar to terrestrial ocean 
basins and continents. Cle arly the large elevation 
differences are going to pose all sorts of questions about 
mountain- building processes on Mars. 
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PETROLOGY 


Rocks from the Ocean Floor 


from a Correspondent 


Tur dramatic development of the concept of sea floor 
spreading in the past two years by geophysicists has 
given great impetus and unity to geological and geo- 
chemical studies of the igneous and metamorphic rocks 
of the ocean floor. The results and implications of 
this work were the subject of a discussion meeting 
held at the Royal Society from November 12 to 14. 
The fresh tholeiitic basalts which make up most of 
the newest crust along world-wide mid-ocean ridge 
crests are strongly convergent in composition and they 
demand a simple and repeatable process of derivation 
from the mantle. This has been borne out by several 
studies. Compared with other basalts they usually 
have high contents of SiO,, CaO and Al,O, and values 
of K; Rb, Si/K and Ca/K. They have low abundances 
of ions. Dr J. R. Cann (University of East Anglia) 
concluded from a statistical study of ninety-four 
analyses that much of the variation within this group- 
ing could be attributed to variable subtraction of a 
3:1 mixture of basie plagioclase and olivine, and some 


clinopyroxene. Professor P. W. Gast (Lamont— 
Doherty Geological Observatory) analysed thirty 


basalts from the East Pacific and North Atlantic and 
found that the rare earths unfractionated relative to 
chondrites were responsible for depletion in La and 
Ce. Minor europium depletion varied with heavy rare 
earth abundance. Gast showed that a mec hanism 
virtually the same as Cann’s could produce all these 
anomalies and other observed scatter. To explain all 
the compositional spread, however, speakers on this 
theme had to invoke mantle inl 1omogene ity or varia- 
tions in magma generation processes such as Gast and 
Dr D. H. Green (Australian National U niversity, 
Canberra) proposed, which are based on the adiabatic 
upwelling of peridotite with a low water content. Dr 
S. R. Hart (Geophysical Laboratory, Washington) 
demonstrated clearly that seawater alteration affects 
some elements in the rock, at least as soon as any 
alteration becomes detectable optical! He also found 
identical contents of K, Rb, Cs, Sr in basalts from 
“fast-spreading” and “normal” ees and inferred 
that the levels of radioactivity heating were the same 
below both, and were thus unrelated to spreading rate. 

An important theme of the meeting was the con- 
tinuing search for a model for the oceanic crust and a 
mechanism for its generation, The range of rock types 
to be incorporated is now considerable. Ultramafic 
and mafic plutonie rocks and metamorphosed basalts 
have been dredged from fault scarps in many areas, 
and several investigators found a general increase in 
the grade of metamorphism in the basalts towards the 
base of scarps, from zeolite to greenschist and am- 
phibolite facies assemblages. U ltramafic rocks seem, 
however, to come from various levels. Professor E. 
Bonatti (University of Miami) found them strati- 
graphically below metamorphose 'd rocks in the Atlantic 
Equatorial fracture zone, whereas Dr F. Aumento 
(Geological Survey of Canada, Ottawa), in a detailed 
investigation of the Atlantic Ridge and high plateaux 
at 45° N, found them ev eryw here but in the Median 
Valley. Aumento concluded from their common 
lavered texture that they are derived from stratiform 
complexes. Dr W. G, Melson (Smithsonian Institution, 
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Washington) reported both cumulate and mylonitie 
textures in other ultramafic rocks from Atlantic frac- 
ture-zones and concluded that many may be remobil- 
ized nearly-solid cumulates (partial fusion residua). 
Strong zoning in Al shown by orthopyroxene he took 
to reflect partial re-equilibration of the rising mush 
in response to decreasing pressure. 

Aumento’s diorites and trondhjemites recently re- 
ported in Science (165, 1112; 1969) gave further weight 
to the idea that some ophiolite complexes could be 
ocean floor slices. Dr E. M. Moores (University of 
California, Davis) drew attention to this and other 
strong points of similarity in the Troodos Maasif, 
Cyprus (following the suggestion of Gass, Nature, 220, 
39; 1968), and in the Vourinos complex of northern 
Greece. Troodos has a thick sheeted complex of 
vertical dykes—-a convenient site of lateral expansion 
—but in Vourinos intrusive activity was more nearly 
horizontal, and Moores suggested the two may reflect: 
distinct types of mid-ocean ridge activity. 


ENGINEERING 


Uses of Mechanical Memory 


from our Materials Science Correspondent 


‘NITINOLS’, a range of alloys approximating to the 
composition NiTi, ‘have unique mechanical properties, 
which should make them very useful. An object 
made of “Nitinol’ can be deformed to an arbitrary shape, 
briefly heated to ` hl that shape, and then possesses 


a “memory”. If is straightened or crumpled, 
subsequent. area causes it spontaneously to 


return to the shape previously i imprinted in its memory: 
if prevented from thus returning, it exerts a steady 
force on the restraining clamp. 

“Nitinol’, ike the laser until quite recently, is a 
solution in search of a problem. Scientists at the 
Battelle Memorial Institute propose to undertake a 
large scale investigation of appropriate uses of the 
alloy, which presupposes the collection of many more 
experimental facts as well as the education of design 
engineers. As a taste of things to come, Wagner and 
Jackson of the institute have proposed some Ingenious 
applications of “Nitinol’ (Materials Engineering, 70. 
28: Oct. 1969). Some uses depend simply on a return 
to the “imprinted” shape when lack of access prevents 
the use of tools. Thus a self-locking cotter would 
require only heat to bend the ends. More commonly, 
the ea w oui me partiy restrained from reur amig 


placed - in ioi fain the fr ont ‘wad Taed o con- 
duction so that the shank and inaccessible rear end 
expanded and locked the rivet firmly in position. 

If the heat were applied by putting the alloy in an 
electric circuit, it could serve as a circuit-breaker. 
Here the material, acting against a spring, would be 
lightly constrained. Alternatively, the alloy could be 
used to replace a solenoid to exert a substantial force. 
By modifying the normal and imprinted shapes and the 
distribution of electrical resistance, various force; 
current characteristics could be designed into the device. 
A use in hydraulics would be for ‘the construction of 
accumulator bottles which would exert on the fluid 
they contain a pressure which depended only on the 
temperature to which they were subjected. 

The US Army and Navy have started to investigate 
biomedical applications of ‘Nitinol’, and these look 
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particularly promising. For example, a small bent 
piece of the alloy could be kept with a blood sample 
in transit to check whether a critical temperature had 
been exceeded: the piece would straighten irreversibly 
at this temperature, which could be varied within 
wide limits by adjusting the composition of the alloy. 
By controlling the release of stored refrigerant, a 
‘Nitinol’ valve could not only monitor but also control 
temperature in transit. Possible applications for 
artificial muscles and for the design of an efficient 
miniature heat engine for artificial hearts are being 
investigated, and so is the design of self-tightening 


linkages for repairing bone fractures, particularly of 


the jaw. 


NITROGEN 


New Teiragonal Phase 


from our Solid State Physics Correspondent 


SoLip nitrogen is known to exist in three distinct 
forms—the a phase, which is cubic, the 8 phase, which 
is hexagonal, and the recently discovered y phase. 
The erystal structure of the y phase, which only exists 
at pressures above 3,500 atmospheres and at very low 
temperatures, has now been measured by X-ray 
diffraction and found to be tetragonal with a c¢ to a 
ratio of 1-29 (Phys. Rev. Lett., 28, 1154; 1969). R. L. 
Mills and A. F. Schuch at Los Alamos carried out the 
measurements at 4,015 atmospheres and 205 K. 
They took twenty X-ray photographs of the y nitrogen 
and found that the observed composite of ten different 
reflexions could be indexed satisfactorily on the basis 
of a tetragonal lattice. 

New intermolecular forces clearly come into play 
when such great pressures are applied. Both the 
a and f phases are close packed structures, and Mills 
and Schuch suggest that the arrangement of molecules 
implied by the tetragonal structure of the y phase 
points to a minimization of the electric quadrupole- 
quadrupole interaction energy of the erystal. They 
visualize the lattice as made up of intermeshing layers 
of molecules in the shape of rugby balls. The surface 
of the balls, of course, represents a given contour level 
for the charge distribution of the electrons. In each 
layer the axes of the molecules are parallel, alternate 
layers with axes pointing normal and parallel to the 
planes respectively. 

The exact structure of the a phase of solid nitrogen 
has also been called in question. At a recent meeting 
of the Faraday Society in Oxford, attention was drawn 
to a discrepancy between the predictions from X-ray 
diffraction and spectroscopic investigations. The 
accepted structure of the a phase is face-centred cubic, 
with the four molecules in the simple cubic cell each 
having their own particular (111) orientations. The 
X-ray measurements, however, seem to indicate a 
slight deviation from this pattern, with each molecule 
shifted 0-17 Angstroms away from its prescribed site, in 
a direction parallel to its own axis. These deviations 
were not found in spectroscopic studies, however, 
when the four superlattices appeared to lock perfectly 
together into a face-centred cubic structure. 

The cubic phase exists below 35-6 K, and the hexa- 
gonal phase between 35-6 K and the melting point, 
63 K. The tetragonal y phase has a triple point with 
the other two at 44-5 K and 4,650 atmospheres. 
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MARINE BIOLOGY 


Pacific Plankton 


THESE fine specimens of nannoplankton were collected 
from the south-west Pacific earlier this year by Pro- 
fessors Susumu Honjo and Hisatake Okada of Hokkaido 
University in Japan. The scanning electron miero- 
graphs show (a) Umbellosphaera cf. tenuis and (b) 
Umbillicosphaera mirabilis. 








AGRICULTURE 


New and Better Fungicides 


from our Botany Correspondent 


ONE of the bright spots in the future of British agri- 
culture is the promised development of fungicides which 
can be applied to the soil or the seed, or sprayed on the 
leaves to protect crop plants from a wide range of 
diseases. This is a great advance on existing treatments 
that have to be given after the diseases have started to 
develop. Progress reports on some of these systemic 
fungicides, so called because they spread throughout 
the plants, were given at the British Insecticide and 
Fungicide Conference, held at Brighton from November 
17 to 20. 

Benomy] (‘Benlate’, Du Pont, methyl 1-(butyl carb- 
amoyl) 2-benzimidazolecarbamate), a systemic fungi- 
cide which has been on trial in the United Kingdom 
for three years, is particularly effective against asco- 
mycetes and fungi imperfecti. Dr W. S. Catling (Du 
Pont, Ltd) reported that benomyl has been used 
successfully as a seed dressing, foliar spray or soil 
dressing to control the fungi causing various diseases 
in many kinds of fruit, vegetable crops and ornamental 
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plants. Powdery mildew and scab of top fruit can both 
be controlled with benomyl, which can also afford 
protection from the red spider mite by preventing the 
eggs from hatching. 

Certain pyrimidine compounds have systemie and 
fungicidal properties, and one of the most important is 
ethirimol(5-n-butyl]-2-ethylamino-4-hydroxy-6-methyl- 
pyrimidine). This compound is ‘effective against 
powdery mildew of cereals, which is responsible for at 
least 15 per cent of losses of barle ‘y in Britain. Dr 
M. J. Geoghegen (Plant Protection Ltd, Bracknell) 
reported the results of trials carried out in 1968 and 
1969, showing that ethirimol is equally effective on 
all varieties of barley and all races of powdery mildew 
encountered in Europe. Trials of this most promising 
fungicide are continuing. 

Tridemorph (N-tridecyl-2,6-dimethylmorpholine) is 

a systemic fungicide, developed i in the Federal Republic 
of Germany, w ‘hich also shows promise against powdery 
mildew of cereals. Dr J. Kradel and his colleagues 
(BASF Agricultural Research Station, Limburgerhof ) 
reported successful preliminary trials with several 
varieties of barley. When results are promising with 
a disease that has previously been very difficult to 
control, it is not surprising that Mr E. Lester (National 
Agricultural Advisory Service, Cambridge) is hopeful 
that in about five years’ time systemic fungicides will 
be a familiar part of the agricultural scene. 


BACTERIA 


Antagonism in the Fly 


from our Microbiology Correspondent 
THE. microecology of the blowfly’s gut has not been 
well explored. A study by Bernard “Greenber g of the 
University of Illinois now suggests how certain miero- 
organisms inhabiting the gut “help to keep the insect 
clean of Salmonella. 

By studying bacterial interactions im vitro and in 
gnotobiotic flies (grown from germ free eggs and fed 
a known mixture of bacteria), Greenberg has tried to 
_define the endemic microflora which, individually or 
collectively, antagonize enteric bacterial pathogens. 
He already knew that salmonellac ingested by maggots 
are usually eliminated from the insect before morpho- 
genesis is ‘complete. 

Greenberg has recently investigated the factors that 
cause the elimination of Salmonella typhimurium, 
looking at the population dynamics of the bacteria at 
various stages during the development of the fly and 
in various parts y the digestive tract and pupal case 
(J. Bact., 99, 629; 1969). Changes in the population 
were monitored in eR dibiotic and tribiotic situa- 
tions involving Streptococcus faecalis, Pseudomonas 
AETUGINOSA and Proteus mirabilis. 

In the absence of competition Salmonella survived 
throughout the life cycle, but in dibiotic combinations 
it was at parity with Escherichia coli (an earlier observa- 
tion), dominant over Streptococcus faecalis and domin- 
ated by Proteus. Although a dibiotic combination with 
Proteus did not eliminate the pathogen, the ratio of 
Proteus to Salmonella had decreased to 12,000 to 1 by 
the onset of the prepupal stage. 
Salmonella by Proteus was noticeably less effective 
in vitro. In mixed broth culture, population densities 
in descending order were Proteus, Streptococcus end 
Salmonella, the latter being eliminated after just over 
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a week of incubation. A similar tribiotic system largely 
eliminated Salmonella and Streptococcus from the hind- 
guts of maggot and prepupa stages and the elimination 
intensified throughout morphogenesis. Essentially 
similar results followed in vitro and in vivo experiments 
with mixed populations of Proteus. Pseudomonas and 
Salmonella. 

Greenberg has considered several factors that might 
be implicated in the differential survival of the bacteria. 
First, the midgut is highly acid, and Proteus, by virtue 
of its ability to develop high population densities 
in the crop and multiply in t the hindgut, is best adapted 
to this ecosystem. Nevertheless, in vitro experiments 
have shown that acid conditions per se do not account 
for the differential survival. Similarly, although 
fatty acids produced by the normal gut flora may be 
bactericidal towards Salmonella, convincing supporting 
evidence is lacking. 

The different rates of growth that have been found 
for the different bacteria in optimal conditions have 
little relevance to mixed cultures; Greenberg found 
that Pseudomonas aeruginosa outgrew Salmonella, in 
vitro and in vivo, in spite of its slower doubling time in 
monoculture. Finally, Greenberg has pointed to the 
possible influence of the blowfly itself. The digestive 
tract of the maggot is far from favourable for microbial 
development because materials pass through so quickly ; 
the midgut is acidic: there is prepupal starvation and, 
eventually, eedysis of the lining of the gut. All these 
factors drastically reduce the micropopulation. Thus 
antagonism of Salmonella in the breeding medium 
pre vents the development of a population sufficiently 
large to prevail against these factors, and so emerge nt 
adults are largely free of the pathogens. 


CONSERVATION 


Importance of Old Grassland 


from a Correspondent 


Tue need for greater cooperation between archaeolo- 
gists and ecologists was demonstrated at a symposium 
held at the Nature Conservancy’s Monks Wood 
Experimental Station on November 18 and 19. Inter- 
esting grassland sites are being lost at an alarming rate, 
according to Mr A. D. Saunders (Inspectorate of 
Ancient Monuments) and Mr A. E. Smith (Society for 
the Promotion of Nature Reserves}. They fee! that 
archaeologists and ecologists should coope rate when- 
ever possible to protect nationally important sites. 
Reviewing current archaeological research, Mr HA. 
Bowen (Royal Commission, on Historical Monuments) 
and Mr P. J. Fowler (University of Bristol) pointed out 
that archaeologists could sometimes suggest when a 
grassland site was last ploughed or disturbed—a fact 
of great importance to ecologists because it might 
enable them to explain the present spec ies composition 
of many grasslands in terms of their history and 
ecology. Mr ©. C. Taylor (Royal Commission on 
Historical Monuments), however, sounded a note of 
caution on the use and interpretation of historical data 

by ecologists. Oddly enough, documentation on the 
carly twentieth century is less plentiful than on many 
earlier periods. 

Dr P. J. Grubb (University of Cambridge), Dr M. G. 
Morris and Dr Lena Ward (X ature Conservancy), who 
surveyed current research in ecology, stressed the 
floristic and faunistice richness of old grasslands, and 
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their value for teaching and ecological research. They 
also noted the potential value of these grasslands, 
especially those on alluvial soils, as sources of new 
material for the plant breeder. 

The meeting highlighted the problem of managing 
grassland sites on both field monuments and nature 
reserves. Many speakers emphasized the value of 
having clearly defined objectives in management. 
Although grazing and mowing are the most common 
forms of management, Mr T. ©. E. Wells (Nature 
Conservancy) suggested that other methods, such as 
burning, might be used in at baa cases to reclaim 


sites, deletae hoped that new mowing cece 
would be developed for managing small areas of grass- 
land on earthworks and steep slopes. Grassland will 
be used much more for recreational purposes during the 
next twenty years, and Mr C. C. Bonsey (land agent, 
Hampshire County Council) explained that cars, litter, 
dogs and people are only some of the factors to be 
considered by county councils producing plans for 
management. He emphasized the need for more 
research on these topics. 

Archaeology and ecology elearly have interests in 
common, as Dr M. E. D. Poore (Nature Conservancy), 
Professor W. G. Grimes (Institute of Archaeology) and 
Professor R. J. C. Atkinson (University of Cardiff) all 
noted. They suggested that there should be con- 
siderably more collaboration between the two disci- 
plines in both research and management. Increasing 
public interest in field archaeology and natural history, 
together with the development of recreational areas, 
emphasizes the value of close cooperation between those 
responsible for the countryside. 


PHOTOSYNTHESIS 


sugar Cane is Different 


from our Plant Physiology Correspondent 


Tropicat and temperate plants seem to differ in 
important biochemical ways. In 1957, when the 
classical experiments of Calvin and his colleagues on 
carbon fixation in green algae led to the formulation 
of what is known as the Calvin cycle, it seemed as if 
the principles of photosynthesis had been laid down 
for all plants. To begin with, it was understandable 
that there should have been some scepticism about the 
reports in 1965 by Kortschak, Hartt and Burr (Plant 
Physiol., 40, 209) and in 1966 by Hatch and Slack 
(Biochem. J.,101, 103) that the Calvin cycle was not a 
good. explanation of Cth a in sugar cane and 
other tropical plants. Gradually, however, it has been 
aceepted that carbon dioxide can be fixed photosyn- 
thetically either through the reactions of the Calvin 
cycle, or by what has “become known as the Hatch- 
Slack pathway. Recently, Baldry, Bucke and Coombs 
have published evidence that the light reactions of 
photosynthesis are directly linked to the dark reactions 
of the Hatch-Slack pathway (Biochem. Biophys. Res. 
Commun., 87, 828; 1969). 

Photosynthesis is the product of two separate but 
linked reactions. First, a process in which carbon 
dioxide is combined enzymatically with an acceptor 
molecule (dark reaction), and then a process in which 
light energy from the Sun is used to split water and pro- 
vide energy and reducing power which are utilized in the 
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reduction of the fixed carbon to sugars, and in the 
regeneration of the acceptor molecule. According to 
the Calvin scheme this acceptor is a 5 carbon (507 
molecule, ribulose diphosphate. Carbon dioxide is 
combined. enzymatically with this molecule to yield 
two 3C molecules of phosphoglveeric acid, which appear 
as the first measurable products of Calvin type photo- 
synthesis. Kortschak ef al. and Hatch and Slack, 
however, found instead the 4C acids malate and aspar- 
tate. It seems that the acceptor molecule in this new 
pathway is the 3C compound phospho-enol pyruvic 
acid. ‘This combines with carbon dioxide to yield the 
4C acid oxaloacetate, a reaction regulated by the 
enzyme phospho-enol pyruvate carboxylase, perhaps 
the most effective biological carboxylating mechanism 
known (D. A. Walker, Biol. Rev., 37, 215; 1962). 

Plants can be placed in two broad categories on the 
basis of their carbon fixing mechanism. In general, 
temperate plants have the Calvin type pathw ay, 
whereas many tropical and sub-tropical species have 
the Hateh-Slack or, more correctly, -carboxylation 
pathway. Morphologica! and physiological character- 
istics of these two groups can be related to the mechan- 
ism by which they fix carbon. In particular, photo- 
synthesis in Hatch-Slack plants is very resistant to 
photosaturation, whereas Calvin type plants reach a 
maximal level of photosynthesis in quite moderate 
light. 

Baldry et al. may have the explanation of this 
phenomenon. They have examined the influence of 
light on carboxylation in chloroplasts isolated from 
sugar cane, the archetypal Hatch-Slack plant. Fixa- 
tion of radioactive carbon dioxide supplied to the 
chloroplasts, which are the sites of photosynthesis, 
did not reach significant levels unless phospho-enol 
pyruvate was present as acceptor, and then only if the 
chloroplasts were illuminated. When the first products 
of photosynthesis were analysed most radioactivity 
was found in malic acid. Several compounds which 
inhibit the photosynthetic light reaction were tested, 
and found to reduce dr astically the amount of carbon 
fixed. 

Baldry ef al. reason that these results are consistent, 
with the fixation of carbon dioxide into pyruvate 
to yield oxaloacetic acid, which is then photoreduced 
very rapidly by products of the photosynthetic light 
reaction to form malic acid. This rapid remova al of 
the first product of photosynthesis could account for 
the extreme resistance of these plants to photosatura- 
tion; the possibility of end product accumulation, 
and so inhibition, would be minimized, Hatch—Slack 
plants have several features which promote their 
efficiency as photosynthetic factories. The leaves of 
sugar cane, for example, have two types of chloroplast, 
whereas Calvin type plants have one. Laetsch sug- 
gested that this represents a division of labour (Sed, 
Prog., 57, 323; 1969). One kind of chloro plast, found 
in the leaf lamellae, is responsible for the fixation of 
carbon dioxide and its reduction to sugars. The other 
kind, found in the cells surrounding the vascular tissues 
of the leaf, serves as a store shouse for the newly 
synthesized sugars during the day, and exports the 
sugars into the vascular system at night. 

Observations like these serve to underline the fact 
that almost all knowledge of plant physiology has been 
gained from studies of temperate plants; when tropical 
plants have been studied in similar detail, the text- 
books will almost certainly have to be rewritten. 
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NUCLEIC ACIDS 


More tRNA Fragments 


from our Molecular Biology Correspondent 


Many properties of RNA are curiously similar to ate 
of enzymes. One is the ability of the molecule 
re-assemble in a functional form from eat 
produced by covalent cleavage, exactly in the manner 
of, for example, ribonuclease modified by subtilisin. 
It is known, for example, that the two fragments 
generated by cleavage in the anticodon loop will 
recombine to give a fully functional molecule in respect 
of acceptor activity. This was regarded as evidence 
against the suggestion that the anticodon site is in- 
volved in the recognition of the synthetase (though 
it must be admitted this hare was a poor runner from 
the outset). The argument has now, however, been 
taken a stage further by Hashimoto et al. (Biochem. 
Biophys. Res. Commun., 37, 777: 1969), who made 
similar fragments from yeast tyrosine tRNA, using T1 
ribonuclease, and then chemically removed the 3’- 
terminal G residue of the 5’-fragment. In the absence 
of this nucleotide, the two halves still recombine, and 
indeed. have higher acceptor activity than the native 
tRNA. This may be seen as proof that the anticodon 
is irrelevant to the synthetase recognition process. 

It has now also been shown that the molecule can, 
with equally little consequence, be split in the dihydro- 
uridine loop (Seno et al., Biochim. Biophys. Acta, 190, 
285; 1969). Formy Imethionine {RNA from Æ. coli 
has no G residues in the anticodon loop, and the TI 
enzyme can therefore be used to break it at other points. 
Once again, recombination of the intact halves separ- 
ated from such a digest leads to complete restoration 
of acceptor activity: the kinetics of aminoacylation 
show that both the Michaclis constant and the maxi- 
mum rate are indistinguishable from those observed 
when the substrate is the intact (RNA. 

Formylation of the methionyl-tRNA is also unim- 
peded. Moreover, when the fragments were separated 
after charging with methionine, the aminoacylated half 
by itself could not serve as substrate for the formylating 
enzyme. The recombined fragments retained, though 
in impaired degree, the ability to form initiator com- 
plex with ribosomes and the appropriate trinucleotide. 
At the same time, an anomalous (perhaps non-specific) 
binding showed itself with a polynucleotide containing 
initiator triplets, in the absence of ribosomes. 

It has been noted (Imura et al., Nature, 222, 1147; 
1969) that some acceptor activity is retained by yeast 
alanine tRNA even when large tracts of the sequence 
have been excised. Indeed, a mere vestige of the mole- 
cule, consisting of the two terminal segments, nine 
and fifteen residues long, was reported to show 3-5 
per cent acceptor activity. It is, of course, necessary 
to exercise caution in interpreting such low levels of 
activity in terms of the nature of the active sites. With 
yeast valine tRNA, Mirzabekov et al. (FEBS Lett., 4, 
281: 1969) were not able to obtain the same effect. 
But after cleavage at all three loops of the cloverleaf, 
involving the loss of a dinucleotide from one of them, 
four fragments could be isolated, which on mixing 
produced a species with 50 per cent acceptor activity. 

This general approach should in time make it possible 
to delineate the elements of sequence and conformation 
invelved in the various recognition processes, and the 
experiments lend themselves to all manner of varia- 
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tions. Mirzabekov ef al. (cbid., 218) have, for example, 
produced partially active hybrid species from the 3’. 
half of a (RNA from yeast, with the 5’-fragments from 
E. coli and rat liver. 


MITOCHONDRIA 


Membranes and Respiration 


from a Correspondent 

THE meeting of the Biochemical Society at the Uni- 
versity of Warwick on November 13 and 14 was the 
first to be devoted to mitochondria. A colloquium 
on the biochemistry of mitochondria centred around 
the properties of the internal membranes of these 
organelles, and in particular on the structure, organ- 
ization and function of the components that are 
involved in respiratory chain phosphorylation. 

Dr J. B. Chappell (University of Bristol) deseribed 
experiments that establish the interdependence of some 
of the anion-transporting systems present in the mito- 
chondria of rat liver. Effectively a unidirectional 
cycle is set up with malate carried into the mito- 
chondrion and oxoglutarate carried out, by means of 
specific carriers. Dr K. van Dam (Amsterdam) 

showed that several uncouplers behave in many ways 
like mitochondrial substrates, and that in addition to 
anion carriers the presence of relatively immobile 
positive charges (chiefly K*) inside the mitochondrion 
means that it behaves in some respects like an anion- 
exchanger. Dr Chappell’s paper and those by Dr 
E. Carafoli (Modena) on calcium ion transport and by 
Dr E. A. Munn (ARC Unit of Animal Phys siology, 
Cambridge) on the electron microscopic appearance “of 
mitochondria emphasized the different properties of 
mitochondria from various sources, of which various 

mammalian tissues, blowfly flight muscle, protozoa 
and yeasts seem to be the most popular choices. 

Isolated mitochondria can bind Ca++ by three differ- 


ent but possibly interrelated processes: energy- 
linked, low-affinity and high-affinity binding. Energy- 


linked uptake of Ca++ occurs only in mitochondria from 
mammalian tissues and high-affinity binding only in 
some of these. A protein thought to be the carrier for 
high-affinity binding has been partially purified; it has 
a molecular weight of 100,000-200,000. Dr R. B. 
Beechey (Shell, Sittingbourne) has isolated a coupling 
factor with the properties of a protein previously 
recognized to confer oligomycin sensitivity (OSCP), with 
a view to testing his hypothesis that the activity of the 
dozen or so coupling factor preparations described so 
far is due to the presence of variable amounts of this 
protein in each preparation. He has shown that the 
activity of at least three of the coupling factors could 
be attributed to OSCP. 

Dr P. Mitchell (Bodmin) provided experimental 
evidence to support his chemiosmotic hypothesis of 
respiratory chain phosphorylation, showing that pro- 
tons are translocated across the inner membrane of rat 
liver mitochondria in numbers and at a rate sufficient 
to account for ATP synthesis. The protons are trans- 
located outwards by intact membranes and digitonin 
fragments, and inwards by fragments produced by 
sonication (in keeping with the reversed polarity of 
these two types of fragment revealed by electron 
microscopy). Dr Mitchell went on to propose a scheme 
for the organization of the respiratory chain with 
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cytochromes b, a and a, on the inner side and cyto- 
chromes ¢ and c, on the outer side of the cristal mem- 
brane, with cytochrome c, oxidizing dihydroubiquinone 
and releasing protons outwards. 

Several speakers attempted to relate their observa- 
tions on isolated mitochondria to the situation in vivo. 
One of the most challenging problems in the relation 
of the mitochondria to the other cell components is the 
coordination of the mitochondrial and the nuclear 
genetic systems. Dr G. Schatz (Ithaca) showed that 
the mitochondria of anaerobically grown baker’s yeast 
(promitochondria) possess cristae, but lack a respira- 
tory chain. The promitochondria possess a functional 
system for synthesizing protein, which incorporates 
amino-acids into the inner membrane, some of it into 
OSCP. When the cells are exposed to oxygen the 
promitochondria rapidly form a respiratory chain. 
These findings are consistent with the possibility that 
oxygen derepresses some cistrons on mitochondrial 


DNA. 


MINERAL METABOLISM 


Phosphonutes to protect Bone 


from our Medical Biochemistry Correspondent 


Compounns have been found that may be useful drugs 
for treating disorders of mineral metabolism. Pyro- 
phosphate, which is thought to play a part in regulating 
mineral metabolism—the deposition of calcium phos- 
phate to form bones and teeth—is broken down by 
pyrophosphatases and rendered inactive in some 
tissues. Recent work has suggested, however, that 
diphosphonates have very similar effects but are not 
susceptible to enzyme hydrolysis, which might make 
them useful drugs. 

Fleisch, Russell and Francis (Science, 165, 1262: 
1969) found that the release of calcium and phosphate 
ions from crystals of hydroxyapatite, which are found 
in bones and teeth, was inhibited by a solution of 
pyrophosphate or two diphosphonates (sodium di- 
chloromethylenediphosphonate and sodium methylene- 
diphosphonate), but not by the monophosphonate. 
Cultured foetal skull bones of mice lost minerals when 
parathyroid extract was added, but this resorption 
could be inhibited by both diphosphonates and pyro- 
phosphate, although not by the monophosphate. 

Diphosphonates were also active against bone re- 
sorption in vivo. Thyroids and parathyroids were 
removed from male rats, and four days later blood 
samples were taken before, and six hours after, the 
injection of parathyroid extract. The increase in 
plasma calcium after this treatment. was abolished if 
the rats had previously been treated with a diphos- 
phonate. Treatment with dichloromethylenediphos- 
phonate also reversed the high concentration of calcium 
in the blood induced by parathyroid extract. This 
suggests that the diphosphonates could be useful 
agents for treating other conditions in which bony 
tissue is lost, such as osteoporosis, which is extremely: 
common in elderly women. 

Diphosphonates may also prevent calcification in 
soft tissues. Fleisch et al. also showed that, like pyro- 
phosphate, the diphosphonates do not affect the 
precipitation of amorphous calcium phosphate but 
inhibit the growth of hydroxyapatite crystals (Science, 
165, 1264; 1969). The compounds also increase the 
minimum product (Ca x PO,) required for the pre- 
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cipitation of calcium phosphate. A monophosphonate 
that was tested also increased the concentration re- 
quired for precipitation but had no effect on crystal 
formation. 

Fleisch et al. also found that diphosphonates could 
inhibit calcification in soft tissues in vivo. Rats given 
excess vitamin D, developed aortic and renal calcifica- 
tion, which was inhibited if they were given diphos- 
phonates orally or subcutaneously. The most interest- 
ing aspect of this work is that, whereas pyrophosphate 
inhibits aortie calcification only, the diphosphonates 
also reverse the effects of excess vitamin D in the 
kidney. This is almost certainly a consequence of the 
resistance of the diphosphonates to attack by kidney 
pyrophosphatase. If the compounds are safe enough 
for clinical use, they may therefore be valuable in 
treating several disorders of mineral metabolism. 


CANCER 


Bacteria as a Cause 


from a Correspondent 


THe meeting of the New York Academy of Sciences, 
held from November 5 to 8, to discuss unusual isolates 
from clinical material, covered some rarely discussed 
topics. The theme was the possible pathogenic roles 
of various bacteria, L-forms, mycoplasmas and so on 
not usually regarded as harmful, and there was a short 
symposium on bacteria in relation to cancer. 

The realization that tumour viruses cannot be 
ignored in relation to human disease seems to have 
allowed some relaxation of the attitude that bacteria 
should not be discussed as a possible cause of cancer. 

Dr S. Inoue (Gunma University, Japan) and Dr M. 
Singer (Case Western Reserve University) discussed 
further experimental evidence for their earlier work, 
which produced the first indubitable example of an 
experimentally induced bacterial tumour (Nature, 
205, 408; 1965). The organism concerned, which has 
proved to be a mycobacterium, has recently been used 
to induce tumours after injection into other species 
of amphibia, including Xenopus. This news gave 
support to the claim by Dr E. Alexander-Jackson 
(University of California, San Diego} that the Rous 
sarcoma virus is the mycoplasma-lke L-form of a 
similar, pleomorphic, variably acid-fast bacterium. 

There is good evidence that such bacteria are 
associated with human tumours, and in mice the extent 
of infection can be shown to be numerically coordinated 
with the incidence of tumours. Dr P. Pease (Univer- 
sity of Birmingham, England), who believes that the 
bacteria belong to the Listeria/Erysipelothrix group 
and are widely distributed in healthy persons and 
animals (Nature, 215, 936; 1967), pointed out that this 
type of distribution is characteristic of tumour viruses 
in susceptible populations, and that the bacteria 
themselves have distinct resemblances to the tumour 
bacteria of plants. 

The general feeling at the symposium was that if not 
everybody accepted the more enthusiastic ideas of a 
direct and uncomplicated relationship between cancer 
and bacteria, at least the problem does exist and de- 
serves more work and consideration than it has 
received. The classical lines of cancer research cannot 
claim such success that their protagonists may reason- 
ably dismiss out of hand all analogy with a phenomenon 
that is observable in both plants and lower vertebrates. 
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Colloquium on RNA Polymerase 


from our Special Correspondent 


Florence, November 16. 

LepetitT, the Milanese drug company, evidently believes 
that doctors prefer the products of drug companies 
which have an international reputation for sponsoring 
basic science. In this spirit, the company, which makes 
rifamycin and rifampicin, organized in Florence from 
November 14 to 16 a colloquium on RNA polymerase 
and transcription. The company made no effort to 
hide its immediate interest in the event, with Dr J. D. 
Watson as star of the show, receptions in the town hall, 
long addresses from civic dignitaries and even a minister 
up from Rome for the occasion. 

The first afternoon was spent defining RNA poly- 
merase; the complete or holoenzyme has two a chains 
(molecular weight 39,000), one 8 chain (molecular 
weight about 155,000), one f’ chain (molecular weight 
about 165,000) and a molecule of sigma, o, factor 
(molecular weight 90-95,000). The core enzyme lacks 
‘he molecule of o factor. There is still doubt about 
the status of another polypeptide chain, the omega, w, 
chain. Dr R. Burgess (Harvard) finds between 0-5 and 
2 « chains per molecule. Dr M. J. Chamberlin 
(Berkeley) reproducibly finds two molecules per 
enzyme, but Dr W Zillig (Munich) suggested that w 
may be an acidie protein contaminant. Holoenzyme 
might therefore be appo or aqweff’s. 

The second afternoon was dominated by the young 
men who are making the running in the sigma and 
terminator factor fields. Dr A. Travers (Harvard) 
reported that the phage T4 sigma factor is coded for by 
one of the immediate early mRNAs made during the 
first. two minutes of infection. This sigma, he suggests, 
replaces the host sigma and so sw itches on delaved 
relay mRNA transcription. The change in sigma 
factors is accompanied by modification of the core 
enzyme resulting in less tight binding of host sigma. 

Travers believes the start of delayed early transcrip- 
tion involves new initiation by the modified host core 
plus the new phage sigma, but this has still to be 
proved, If new initiation is required for the switch 
from immediate early to delayed early mRNA trans- 
eription two minutes after infection, the switch should 
be sensitive to rifampicin. Furthermore, T4 sigma 

should be present in the infected cells at two minutes. 

T ravers can only detect T4 sigma five to ten minutes 
after infection, but that might well be because assay 
procedures are not yet sufficiently refined to detect. it 
earlier. As Dr R. H. Epstein (Geneva) noted, an anti- 
terminator made in the first two minutes, rather than a 
new sigma factor, could explain the appearance of 
delayed early mRNA only after two minutes. The 
erncial experiment to decide the issue is to test whether 
delayed early mRNA synthesis requires new initiation ; 

in other words, whether or not it is sensitive to rifam- 
picin. Unfortunately, so far no one has unequivocal 
data eae the effects of rifampicin. 

Dr W. Summers (Yale) has isolated a T7 phage 
sigma a and, as he described it, T7 has several 
advantages as an experimental system over T4. 
First, T7 has a much smaller genome; second, using 
temperature sensitive mutants, gene 1 has been identi- 
fied as the T7 sigma factor gene. Lambda phage also 


makes at least one sigma factor. Dr S. Naono (Pasteur 


Institute) reported that during the early stages of 
lambda induction the Æ. coli host polymerase is modi- 
fied. This modification depends on the function of 
gene Q of lambda which most people believe specifies a 
sigma factor. 

Even though sigma factors have not yet been detec- 
ted in eukaryotic cells, it is hard to resist speculating on 
their possible roles in cell differentiation, and Dr R. 
Losick (Harvard) seems on the verge of proving that 
sporulation in Bacillus subtilis involves a change in 
sigma factors. He knows that RNA polymerases from 
vegetative and sporulating cells differ in their ability 
to transcribe the DNA of phage ge; he now has to 
prove that the difference resides in different sigma 
factors. 

The terminator factor p that Dr J. Roberts (Har- 
vard) has isolated from Æ. coli complements the sigma 
factors. By a totally obscure mechanism, it ensures 
that transcription is halted at the correct site so that 
read through from one transcriptional group to another 
does not occur prematurely. In in vitro systems, 
addition of p, a protein of molecular weight about 
200,000 which is not a nuclease, results in synthesis of 
RNAs of about the same chain length as those made in 
vivo. In the absence of p RNAs are made which are 
too long. There is no evidence to suggest how p works, 
but its discovery means that much of the earlier work 
on RNA polymerase in cell free systems needs to be 
reinterpreted. 

On the last day of the colloquium, Schlessinger 
(Washington University) described ribonuclease y ; 
a new exonuclease which could be an mRNase. Ribo- 
nuclease V activity depends on the presence of GTP, 
ribosomes, translocation factors G and T and the actual 
translocation of ribosomes down an mRNA. Schlessin- 
ger suggested that occasionally a modified ribosome 
attaches to an mRNA and degrades it sequentially from 
the 5’ terminus. Dr N. Zinder (Rockefeller), on the 
other hand, reported experiments which suggest that 
polynucleotide phosphorylase may be imvolvcd in 
vivo in the degradation of RNA phage RNA. 

During the session on RNA phage RNAs, Dr C. 
Weissmann (Zürich) SIER the sequence of the first 
175 nucleotides of QB RNA. The first AUG codon 
appears after sixty nucleotides, but the Zürich group 
believe the first initiation site may be the AUG codon 
starting at base 102. The coat protein cistron is 
certainly not the first but the se ‘cond, starting around 
1,400 nucleotides in from the 5’ terminus. 

The animal virologists, including, I think, Professor 
J. H. Subak-Sharpe (Glasgow), now seem to agree that, 
in a concentration of about 100 ug/ml., rifampicin i is an 
anti-pox virus agent because it binds to nascent poly- 
merase molecules, normally destined to be wrapped up 
in progeny virions, and as a result prevents maturation 
of progeny virions. The Eee has no effect on 
virus uncoating, only slightly (20-25 per cent) depres- 
ses viral DNA synthesis and possibly viral RNA 
synthesis, and has no effect on viral protein synthesis. 
Apparently the methylaminopiperazine side chain, 
which distinguishes rifampicin from rifamycin, may be 
the only part of the rifampicin molecule involved in its 
anti-viral activity. 
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KNOWLEDGE of the approximate time required for the 
evolution of a landform fundamentally affects any con- 
sideration of its origin. A valley initiated some 100,000 
years ago would have been shaped largely by geomorpho- 
logical processes active in the climatic conditions of the last 
glaciation; this would no longer be the case if rates of 
erosion were found to be such that the valley could have 
been cut in less than 10,000 years. 

Evidence on which to base estimates of the rate of 
erosion comes from quantitative studies of geomorpho- 
logical processes, which have only become frequent during 
the past 15 years. I have grouped together the various 
types of evidence relating to the rate of lowering of the land 
surface by erosion now and in the recent past, and shall 
discuss here the orders of magnitude obtained. 

In the history of ideas about rates of geomorphological 
change there has been a progressive shortening in the 
conceptual time scale. In this respect there is a contrast 
with geology, in which recent evidence has tended to 
increase the absolute lengths of time attributed to the 
periods of the geological column. Early geomorphological 
thinking assigned to landforms ages comparable with those 
of the rocks from which they were formed; thus early 
Tertiary and even Triassic dates were attributed to 
erosion surfaces. W. M. Davis estimated the time required 
for an erosion cycle to proceed to old age (that is, for the 
reduction of an uplifted dissected land surface to a gently 
undulating plain) to be 20-200 million years. Since the 
late 1930s, new evidence has indicated that landforms are 
substantially younger. An important reference point was 
the dating of the 200 m erosion surface in southern England 
as late Pliocene (revised in 1947 to early Pleistocene); the 
complex series of landform changes known to post-date 
this surface must therefore have taken place in 2 million 
years. This change of approach was reviewed by Linton!'. 
In 1954 Thornbury? stated as a fundamental concept of 
geomorphology: “Little of the earth’s topography is older 
than Tertiary, and most of it no older than Pleistocene”. 

Four types of evidence are available for estimating the 
rate of loss of material from the land. First, there is a 
method based on estimates of the suspended and dissolved 
material transported by rivers, obtained by sampling the 
load and comparing it with discharge records*-'*. Most 
previous estimates of erosion rates on a world scale have 
used evidence of this type’. The second method involves 
measurement of the sediment accumulated in reser- 
voirs®+*9-34, as illustrated in Fig. 1; catchment areas known 
to be affected by accelerated erosion of agricultural origin 
are excluded. The third line of evidence involves measure- 
ments of surface processes on slopes, including rates of 
soil creep, surface wash and landslides*!:**-*!, The fourth 
class of evidence is the comparison of known geological or 
radiocarbon dates with landform changes identified as 
subsequent to them**-*?; for example, Caine and Jennings*’ 
estimated that a 10 m high basalt scarp in New South 
Wales retreated 33 m in 35,000 years. The third and, in 


A fresh look at available estimates of the rates of erosion suggests 
that landforms have taken longer to evolve than has been thought. 


part. the fourth types of evidence relate only to surface 
processes on slopes ; the rest of the evidence includes the 
erosion effects of rivers. 

Differences between environmental conditions are such 
that no two of the reported measurements are rigorously 
comparable; the principal variables affecting each result 
are rock type, climate, vegetation, and the nature of the 
landforms affected, including basin area, relative relief 
and steepness of slope. A further source of variability is 
differences in the techniques used. In relation to the 
number of variables, the data are insufficient for a multi- 
variate analysis; previous attempts to isolate the effect 
of climate have reached mutually inconsistent conclu- 





Sediment in Strines Reservoir. Sheffield, constructed in 1869 
In 87 years, 85,000 m’ of sediment 


Fig. 1. 

and drained for repairs in 1956. 

accumulated (seen dissected by stream flow following drainage). 

Excluding undissected moorland, the estimated mean rate of lowering 

of the land surface for steeply sloping, uncultivated, valleys of the 
catchment is 1,016 mm/1,000 years**. 


sions?**!*, With respect to rock type, there are no marked 
differences in rates of erosion between igneous and meta- 
morphic rocks, siliceous sedimentaries and limestones; 
unconsolidated rocks are eroded at rates of the order of 
10-1,000 times faster than consolidated (for example, 
4,600 mm/1,000 years**), and data from such rocks have 
been excluded. I have given equal standing to each result 
reported, and examined the data for agreement between 
orders of magnitude. 

A clear grouping emerges if the results are divided into 
two classes of relief: normal relief, including plains, 
moderately dissected areas, and gentle to moderate slopes; 
and steep relief, including mountainous areas and indi- 
vidual steep slopes. The results are shown in Fig. 2. The 
data have been converted to mm/1,000 years and are 
shown on a logarithmic scale. When a range of values is 
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reported, the extremes are shown. The individual values 
reported are of unequal standing, but cannot be given 
relative weights because of the diverse nature of the evi- 
dence; in such circumstances the median and inter-quartile 
ranges are appropriate measures of central tendency. These 
are, in mm/1,000 years, normal relief 46 (20-81), steep 
rehef 500 (92-970). Expressed as years required for the 
removal of a layer of ground 1 rn thick, the median values 
are: normal relief 22,000 years, steep relief 2,000 vears, 
These results are comparable in magnitude with previous 
studies based chiefly on river load; for plains and moun- 
tains respectively, Schumm! gave values of 72 and 915, 
and Corbel?®, 22 and 206 mm/1,000 years. For sus- 
pended sediment discharge Holeman?!’ found a mean value 
for all continents except Asia equivalent to 19 mm/1,000 
years. Thus the loss of ground from mountainous areas 
and steep slopes is of the order of ten times faster than from 
other landforms. 

It the median values are extrapolated in time. they 
indicate that in 10,000 years a steep slope retreats by 5m, 
and a gentle slope by less than 0-5 m; a gully 50 m deep 
vould be formed in 100,000 years. In 2 milion years a 
mountain range is reduced in altitude by 1,000 m, and a 
gently sloping landscape by 100 m. A possible estimate 
for the reduction of a major erosion surface is the lower 
limit of the inter-quartile range for normal relief; this gives 
a lowermg of 200 m in 10 million years. Of the many 
reservations concerning such extrapolations, the most 
important are the effects of agriculture on present erosion, 
and of the Pleistocene glaciations on erosion in the past. 
Comparison of cultivated and uncultivated catchments 
has shown that sediment yields estimated from partially 
cultivated river basins may overestimate geological rates 
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Fig. 2. Reported rates of lowering of the land surface. To the right are 

shown the median values and inter-quartile ranges for normal and steep 

relief. Types of evidence: R, river load; 5, sedimentation in reservoirs: 
P, surface process measurements; G, geological evidence. 
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of erosion by at least a factor of 2 (refs. 39 and 40). It is 
widely held that surface processes in polar climates are 
more efficacious than in temperate conditions, and that the 
present landforms of temperate latitudes are largely relict 
from periglacial conditions; this is unproven but, if true, 
extrapolation through the Pleistocene is affected. 

These results confirm that the revised ideas about rates 
of landform evolution put forward since 1940 are basically 
correct. They suggest, however, that the shortening of the 
conceptual time-scale for geomorphological change may 
have been carried to excess; that is, landforms have taken 
somewhat longer to evolve than is sometimes thought 
to have been the case. Slopes are unlikely to have been 
greatly modified during the past 20,000 years; therefore 
interpretations of the origin of the detailed form of indivi- 
dual slopes, as for example in studies based on slope profile 
analysis, must necessarily take inte account climatic 
changes during and since the last glaciation. Minor 
erosional landforms, such as V-shaped valleys 20-50 m 
deep, are correctly attributed to the late Pleistocene. 
Relief forms of intermediate scale are appropriately dis- 
cussed in the context of the whole of the Pleistocene period; 
this applies, for example, to studies of erosion surface 
remnants, valley formation and denudation chronology 
in regions of the British Isles, or other areas of comparable 
size. The origin of erosion surfaces of continental extent, 
such as those of the African continent, may reasonably be 
attributed to events dating substantially back into 
Tertiary time or even earlier; thus King’s controversial 
suggestion?! that the earliest “Gondwana” surface of 
Africa originated in the Jurassic is not contradicted by the 
orders of magnitude for rates of erosion I have obtained. 
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THe RNA from all RNA phages examined so far ter- 
minates in the sequence CCCAgy at the 3’-hydroxyl 
terminus'-§. If synthesis of the complementary strand 
begins precisely at the 3’-hydroxyl end of Q8 RNA, a 
complementary relationship between the 3’-terminus of 
the viral strand and the 5’-terminus of the complementary 
strand would be expected because polymerization by the 
Q8 RNA polymerase proceeds in a 5’ to 3’ direction? and 
is believed to involve base pairing in an antiparallel 
orientation. In actual fact, the 5’-terminus of the comple- 
mentary strand of phage Q8 RNA is pppG ... (refs. 7-9), 
not pppU ... Thus it may be questioned where synthesis 
of the complementary strand originates in relation to 
template Q8 RNA and how QS RNA acquires the terminal 
adenosine. 

To gain insight into these problems we have studied the 
effect of modifications of the 3’-terminus of Q8 RNA on 
template activity and infectivity. We have also estab- 
lished the identity of the 3’-nucleoside of RNA synthesized 
with the purified enzyme. It is concluded that the replica- 
tion of Q8 RNA is not simply the linear copying of a single 
stranded molecule from one end to the other and that 
other mechanisms must be invoked to explain the presence 
of the hydroxyl terminal adenosine. 


Modification of the 3’-Hydroxyl Terminus 


The effect of modification of the 3’-hydroxyl terminus 
on the infectivity of viral RNA was first studied by 
Singer and Fraenkel-Conrat?*" and later by Steinschneider 
and Fraenkel-Conrat!® 1, It was initially suggested that 
nucleotides could be removed from the hydroxyl terminus 
of TMV RNA without loss of infectivity?®1. In sub- 
sequent studies, however, in spite of improvements in 
the Whitfeld stepwise elimination procedure designed to 
reduce the frequency of internal breaks!+ 15, approximately 
95 per cent of the infectivity of TMV RNA was lost on 
successive treatment with periodate and aniline!?3, Pos- 
sible complications in the application of this technique 
are the incorporation of aniline into RNA! or the trans- 
amination or deamination of cytidinel®. Recently, how- 
ever, Kamen” employed the Steinschneider and Fraenkel- 
Conrat technique! 4 and reported that the infectivity of 
R17 RNA did not require the presence of the terminal 
adenylate, but was lost on removal of the penultimate 
eytidyvlate. The results of our experiments with Q8 RNA 
described here agree with the findings of Kamen, and, in 
addition, show that the im vitro template activity of QS 
RNA is not destroyed by modification or removal of the 
terminal adenylate. 

Sequential chemical elimination of the 3’-terminal 
nucleotides of QB RNA was carried out testing the vield 
of the reaction and isolating whole molecules at each step 
in the procedure. Control samples were processed simul- 
taneously to monitor possible inactivation of the RNA 
arising from side reactions. The modified species of RNA 
were tested for both template activity and infectivity 
(Table 1). 

The 3’-terminal ribose of Q8 RNA was oxidized with 
periodate to yield a dialdehyde. This reaction gave about 
90 per cent yield with adenosine, as determined by chro- 


Studies with Q8 RNA confirm Kamen’s finding, with RIZ RNA, 
that the terminal adenylate is not necessary for infectivity. 
now demonstrated that the in vitro template activity of Q8 RNA is 
not destroyed by removal of the adenylate and a scheme is put 
forward to account for the presence of 3’-terminal adenosine in the 
product of replication. 


it is 


matographic separation of C-adenosine and its modified 
derivatives, and more than 80 per cent yield with Q8 
RNA, as judged by separation of the nucleoside from its 
derivatives after alkaline hydrolysis of oxidized and 
reduced C-labelled QB RNA. Neither oxidation nor 
oxidation and borohydride reduction destroyed either the 
infectivity or the template activity of the RNA. This 
was true even with RNA taken through the oxidation 
procedure a second or a third time. It may be concluded 
either that the RNA is repaired under the conditions of 
the Q6 RNA polymerase reaction or that the enzyme does 
not require QG RNA with an intact adenosine hydroxy! 
terminus. 

Subsequent incubation with aniline to eliminate the 
terminal nucleoside yielded RNA terminating with cytid- 
ine 3’-phosphate. At this stage, the extent of elimination 
was more than 80 per cent—determined by isolation of 
the terminal base after it was dephosphorylated by 
alkaline phosphatase, oxidized and labelled with +H- 
borohydride*:*, By the same technique Kamen?’ re- 
ported 100 per cent yield. To ensure a quantitative 
reaction, the oxidation and aniline catalysed elimination 


Table 1. EFFECT OF MODIFICATIONS AT THE 3/-HYDROXYL TERMINUS oF 
THE TEMPLATE ACTIVITY OF QS RNA 
Template 
Sample 3°-Terminal Infectivity activity 
structure iper cent) (per cent) 
1 —CpCpCpAat 100 109 
2 —~CpCpCpAasid 65 Bo 
3 —Cpcpep l4 Ra 
4 —CpCpCon 107 RS 
5 me PCD 6 25 
6 -—OpCon 3G 33 


QË RNA (2 mg) was oxidized with periodate at pH 5-2 (sample 2) as 
described by Leppla ef al., Most of if (1-6 mg), waa then treated with 
aniline at pH 5-0 (sample 3) following the Stelnschneider and Frasnicel- 
Conrat procedure’??*;) the remainder was processed in an identical manner 
without aniline. An aliquot (0-8 meg} of the aniline treated sample was 
incubated at 37° for 30 min with 32 ag alkaline phosphatase (sample dj} The 
alkaline phosphatase (25 units/mg protein} had previously been treated tn a 
modification of the procedure described by Dr L. Heppel (personal conr 
munication) to remove ribonuclease activity. Other samples were taken 
through the entire procedure but not exposed to any of the reagents (paniod- 
ate, aniline or alkaline phosphatase), or were treated with aniline and alkaline 
phosphatase but not periodate (sample 1), All of these samples were made 
0-5 per cent with sodium dodecy! sulphate (SDS) and treated with phenol 
that had been freshly distilled and saturated with buffer 4400 mM NaCl, 
20 mM Tris (pH 7:7) and 10 mM EDTA). The RNA was precigitated with 
ethanol, redissolved in 10 mM EDTA and fractionated by zone centrifuga 
tion as described in Fig. 2. ‘The peak and leading fractions of the 225 RNA 
were pooled and the RNA precipitated with ethanol and dissolved in 5 mM 
EDTA. A second eycle of elimination was performed with RNA which had 
been carried through the entire procedure (periodate, aniline, and alkaline 
phosphatase) and aa a control with RNA treated with periodate and analine 
but not alkaline phosphatase. After the second cycle of periodate and 
aniline treatment one aliquot (sample 5) was retained and another treated 
with alkaline phosphatase (sample 6). All fractions, inchiding controls as 
described in the first cycle, were again treated with phenol and SDS, prp 
cipitated with ethanol, and centrifuged in a glycerol gradient. The leading 
fractions of the 328 peak were pooled and concentrated by ethanol precipi- 
tation, and the RNA dissolved in 5 mM EDTA. Template activity was 
assayed in the Q8 RNA polymerase reaction as described in the legend to 
Fig. 2, except that the reaction mixture was incubated for only 5 min. Each 
value for template activity was taken from an RNA saturation curve and 
representa the relative rate of incorporation at saturating concentrations of 






RNA compared with that of control QS RNA, In every case th entra 
tion of RNA required for half-maximal activity was 1-7 fo 2-2 «10° 4. The 





same enzyme preparation was used in every assay. fufeectivity was measured 
in the protoplast assay of Strauss and Sinsheimer?*, Bach valne represents 
the average of four or five protoplast assays at two levels of NA. all testad 
on three different protoplast preparations. The standard error of the assay 
was 15 percent. The results are compared with the activity or i nfectivity of 
control samples carried through the same procedure except that either 
periodate or alkaline phosphatase was omitted at various steps. fn this 
e m t the controls did not differ more than +25 per eent from untreated 
RNA, 
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Fig. 1. Sedimentation analysis and isolation of the RNA product of the 
QS RNA polymerase reaction directed by either normal Q3 RNA 
{A --- A) or a modified Q8 RNA (O-—-©O) template. The reaction 
mixtures (0-1 mi.) contained 100 mM Tris-HCI buffer (pH 7-7), 10 mM 
MetCl,, 5 mM 2-mercaptoethanol, 1 mM each of UTP, CTP, GTP and 
AFP (2,200 e.p.m./mymole), 15 gg of the DEAE-cellulose fraction 
containing factors I and IPS, 2 pg protein of the Q8 RNA polymerase 
giveerol gradient enzyme fraction”? and either 0-8 pmoles native Qf 


RNA or 0-95 pmoles of Q8 RNA, modified as described in Table 1 to 


contain a terminal cytidine 3’-phosphate. After incubation at 37° for 


40 min the reaction mixtures were layered on a solution (12-0 mi} 
containing 20 mM Tris-HCI (9H 7-73, 100 mM NaCl, § mM EDTA, and 
a 5-30 per cent glycerol gradient, and were centrifuged in an SW 41 
rotor for 6h at 40,000 r.poum. at 2° C. Thirty fractions were collected from 
the bottom of the tube. One-fourth (modified template) or one half 
(Q8 RNA template) of each fraction was counted in a dioxane scintilla- 
tion solution. The fractions utilized for subsequent procedures are 
indicated by the bar. 


were repeated. This RNA, which contained a 3’-terminal 
phosphate, had lost most of its infectivity, but the original 
level of infectivity was restored by treatment with 
alkaline phosphatase to yield a eytidine 3’-hydroxyl 
terminus. By contrast, template activity remained un- 
changed with RNA terminating in CCCp or CCCon. 
Phosphatase activity in the enzyme or factor fractions 
has been tested in a variety of ways and none could be 
detected. The requirement of a 3’-hydroxyl group for 
infectivity but not for template activity suggests that this 
group may participate in some process other than RNA 
replication, perhaps one mvolving penetration of the host 
cell or messenger function. 

Removal of the penultimate cytidylate by the second 
evele of elimination resulted in a marked decrease in both 
infectivity and template activity. Controls for this experi- 
ment included treating the RNA in an identical fashion 
twice with periodate and aniline, omitting only the first 
alkaline phosphatase treatment. Barring the unlikely 
possibility that the first cycle treatment with alkaline 
phosphatase introduced a susceptibility to inactivation 
by a change other than at the terminus—a base modifica- 
tion, for example--we may conclude that the penultimate 
evtidylate is essential for both the template function of 
QB RNA and for its infectivity. Some, or perhaps all, of 
the approximately 30 per cent residual activity remaining 
after the second cycle elimination and treatment with 
phosphatase can be attributed to incomplete removal of 
the penultimate nucleotide. It is also possible that after 
removal of this nucleotide the RNA is still partially 
active, but at a lower efficiency. 

A third elimination cycle resulted in complete loss of 
activity. The interpretation of these results is, however, 
limited by difficulties in carrying control samples through 
three elimination cycles without serious loss of activity. 
With RNA earried through two cycles, the inactivation 
in the controls due to treatment with aniline alone, or 
with aniline and periodate, was less than the standard 
error of the mean (15 per cent). Such results were ob- 
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tained, however, only when the RNA was handled with 
great care and when the treatment with aniline was 
earried out in an atmosphere of nitrogen. Even with 
these precautions we were unable to retain active RNA 
through three cycles. 


The 3'-Terminus of Q8 RNA synthesized in vitro 
Having established that Q8 RNA lacking adenosine 
and terminating in CCCp acts as template in the in vitro 
reaction, we have used this RNA to identify the 3’- 
terminal nucleoside of RNA synthesized in the reaction. 
A sensitive and accurate method for this analysis is to 
label the produet RNA with 3H-borohydride after the 
terminal sugar has been oxidized with periodate!®:!®, Be- 
cause this procedure is selective for 2’,3’-cis-glycol groups, 
the -Cp terminus of the modified template remains un- 
labelled. The modified RNA template. prepared by 
treatment with periodate and aniline and isolated by zone 
sedimentation as described in Table 1, was used as tem- 
plate in the standard QB RNA polymerase reaction. The 
vield of newly synthesized RNA was approximately 


sedimented with QS RNA as intact 325 molecules and the 
leading fractions of the 32.8 peak were collected (Fig. 1). 
Approximately 75 pmoles of product RNA were recovered 
from ten reactions. The 3’-terminus of this RNA was 
labelled with *H-borohydrite according to the procedure 
of Leppla et al.1°, and intact molecules were again isolated 
by zone centrifugation. After alkaline hydrolysis the 
nucleoside derivatives were separated by chromatography 
on DEAE-paper, using the four unlabelled hydroxy- 
methyldiethvlene glycol derivatives as standards™*, As 
a control, native Q8 RNA was treated identically (Table 2). 

A large proportion of the label in the product RNA, 
about 50 per cent in repeated experiments, was found in 
the reduced derivative of adenosine. From the amount of 
modified template added, 9-3 pmoles, and correcting for 
80 per cent elimination of the terminal nucleoside of this 
RNA, no more than 1-2 per cent of the adenosine deriva- 
tive found in this analysis could be accounted for by the 
initial template. Even if the initial template had been 
modified in some manner to contain a terminal adenosine, 
its contribution would have been less than 15 per cent. 
The other major component was cytidine: some of this 
could perhaps be attributed to the presence of strands 
complementary to Q6 RNA, although the terminal nueleo- 
side of the complementary strand is not known. Some 
chains terminated in uridine, or there may have been 
deamination of cytidine. 

It was also found that QS RNA isolated from purified 
phage contained both cytidine and adenosine at the 
hydroxyl terminus (Table 2). This finding has been 
established in several experiments with different phage 


THE 3’-NUCLEOSIDE OF RNA SYNTHESIZED IN THE Qf RNA 
POLYMERASE REACTION in vitro 


32S reaction product 


Table 2. 


Q2 RNA control 


Nucleoside Rp {Per cent {Per cent 
derivatives (C.p.m.) of total) (C.p.m.) of total) 
3i O-15 < 500 <5 < 100 < 
Tè 0-52 1.700 14 < 100 <6 
At 0-70 5,500 46 1,310 72 
C3} 0-87 4,700 40 p20 27 


The RNA product was synthesized in a reaction with a modified Qf RNA 
template and isolated by zone centrifugation as described in Fig. 2, RNA 
present in the leading fractions of the 32S peak, 75 pmoles, was precipitated 
with ethanol, and then further processed by the labelling technique described 
by Leppla et al., except that potassium *H-borohydride (2 C/mmole) was 
used instead of the sodium sait and the reduction time was 30 min. The 
labelled RNA was further purified, in addition to that of the labelling proe 
cedure, by zone centrifugation to isolate 328 material. This RNA was 
precipitated with ethanol and dissolved in 0-1 ml. of 0-3 M KOH and incubated 
at 37° C for 18 h. The hydrolysis was terminated by chilling in ice and 
adjusting the pH to 8-0-8-5 with 7 per cent perchloric acid, The precipitate 
was collected by centrifugation and extracted three times with a dilute 
aqueous solution of the 2(3’)-ribonucleoside monophosphates and the four 
unlabelled hydroxymethyldicthylene glycol derivatives of the nucleosides™. 
The combined supernatant solutions were concentrated to 0-1 mi. by evapora- 
tion and spotted on DEAE-paper. Descending chromatogra hy, with 
deionized water separated the four nucleoside derivatives (G°, U, A’, C); 
the nucleotides stayed at the origin. The paper was cut into strips and 
tritium radioactivity was counted in a toluene scintillator solution at 4-5 per 
cent efficiency. As a control, the procedure was carried out with QB RNA. 
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The son: our new 1 mi Biopette automatic pipette. And the gun it’s a 
son of: our original revolver-reminiscent Biopette. So the chore of repeti- 
tive pipetting is now further lessened. 


THE NEW 1 ML BIOPETTE 


The charm of this new automatic pipette is that it retains the advan- 
tages of the original Biopette while picking up a few of its own. 

And lest you have forgotten these advantages: Biopettes (both of 
them) make repetitive pipetting fast, simple, and accurate. Both 
Biopettes avoid the problems of contamination and washing because the 
measured aliquot is held in the disposable plastic tip and doesn’t enter 
the unit itself. Both Biopettes permit rapid switching from one liquid to 
another by simply changing tips. And both Biopettes eliminate contact 
between the operator and liquid. 

The new 1 ml Biopette pipettes 0.1 ml to 1.0 ml in 0.1 ml increments 
with an accuracy of + 2% and a reproducibility of + 1%. Its Biotip 
disposable tip is of autoclavable polypropylene and suffices for all volumes 
from 0.1 to 1.0 ml. The tips are supplied in cartons containing four boxes 
of 250 oriented tips each. The tips are oriented to permit direct extrac- 
tion from the box with the Biopette itself rather than by hand. 


THE ORIGINAL 0.2 ML BIOPETTE 


First let it be noted that the second-born Biopette diminishes our 
enthusiasm for the original device not one whit. Although both Biopettes 
are conceptually alike, the delivery volumes differ. This original Biopette 
delivers 0.1 ml or 0.2 ml (immediately adjustable from one to the other), 
or with adapters, 0.025, 0.050, 0.075 and 0.150 mi. Another difference: 
the Biotip disposable tips for this unit are of polyethylene. 

Now request detailed information on both Biopettes. Thank you. 






Orangeburg, N.Y. 10962 


T Biopette and Biotip are trademarks of Becton, Dickinson and 


Schwarz BioResearch 


Company. Applicable U.S. Patents: 198,263; 199,309; 3,244,009. Division of Becton, Dickinson and Company. 
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preparations each of which contained a variable amount, 
as much as 30 per cent of the terminal base as cytidine. 
Cytidine as well as adenosine was also found at the 
termini of f2 and MS2 RNA by Lee and Gilham®. 


Scheme for Hydroxyl Terminus Replication 


The presence of 5’-terminal ppG. .. in the complement- 
ary strand and 3’-terminal adenosine in Q8 RNA syn- 
thesized in vitro demonstrates that a process other than 
simple linear copying from one end to the other of a 
completely single stranded molecule appears to be in- 
volved in the replication of Q8 RNA. Two questions 
arise: (1) Is the terminal adenosine copied ? (2) Does 
the adenosine terminus result from transcription or some 
other process ? 

With respect to the initiation site for copying of Q8 
RNA we have found that the terminal adenylate, but not 
the penultimate cytidylate, may be removed without 
destroying its template activity or infectivity. Moreover, 
the primary structure at the 3’-hydroxyl terminus is not 
critical for template activity, for neither oxidation nor 
oxidation and reduction of the adenosine residue, nor the 
presence of cytidine 3’-phosphate, destroyed template 
activity. These observations, together with the knowledge 
that the complementary strand contains pppG... at the 
5’-terminus?~*, strongly support the hypothesis that copy- 
ing of QB RNA does not begin at the terminal adenosine. 
The only alternative to the conclusion that the adenylate 
is neither copied nor required for template activity or 
infectivity is that the hydroxyl terminus of the chemically 
treated RNA is repaired in the purified enzyme system. 
One may speculate that synthesis begins at the nucleotide 
penultimate to the hydroxy! terminus, for this cytidylate 
is required for both template activity and infectivity. 
This has not been proved, however, and the cytidylate 
could be required without being the actual site for the 
initiation of synthesis. The 3’-terminus may also be 
related to other functions as well, for infectivity but not 
template activity was inhibited by the presence of a 
terminal cytidine 3’-phosphate. 

How then does Q8 RNA come to be terminated by 
adenosine ? Because we have now found that some of the 
RNA product contains adenosine, even when the template 
does not, it is not necessary to invoke anything other than 
the activities present in the purified polymerase system 
to explain its presence. The two host cell factors required 
for replication of QB RNA do not appear to be implicated, 
for the QB 6S RNA also has both adenosine and cytidine 
at the hydroxyl terminus (unpublished observations of 
U. R.) but contains only pppG. .. at the 5’-terminus and 
is replicated without factors®*. A search has been made 
for an adenylate incorporating activity in crude extracts 
of E. colt in partially purified fractions of the Q8 RNA 
polymerase (Carol Prives, unpublished observation). The 
only activity detected possessed properties of the poly- 
riboadenylate polymerase®’; this activity is not present 
in the purified Q8 RNA polymerase preparations. Purified 
adenylate (cytidylate) pyrophosphorylase®*.?% was also 
tested and found not to be active with Q8 RNA. It 
therefore appears that the Q8 RNA polymerase itself 
catalyses the incorporation of the terminal adenylate. 
These observations refine those of Kamen”, who found 
normal progeny RNA when protoplasts were infected 
with R17 RNA lacking adenosine and implicated a host 
cell activity for the addition of adenosine. 

There are several ways by which the terminal incorpora- 
tion of adenylate or several nucleotides might be catalysed 
by the Q8 RNA polymerase. For example: (1) The 
enzyme could utilize RNA as a primer, catalysing addition 
to the hydroxyl terminus in a reaction divorced from 
synthesis. (2) As a feature of chain termination in the 
synthesis reaction, the enzyme could add the hydroxyl 
terminal nucleotides in the absence of template. (3) The 
presence of the terminal adenylate might be ascribed to 
the secondary or tertiary structure of the RNA whereby 
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Fig. 2. A model for transcription of the terminal adenosine. This scheme 
envisions one possibility of intramolecular complementarity involving 
the 5’-end of the complementary strand. The newly synthesized Ge 
RNA has the opportunity of transcribing one or more nucleotides from 
its own strand. The arrows indicate the 5’ to 3’ polarity of the strand. 
A similar arrangement can be imagined to allow intermolecular transcrip 
tion from a nonterminal region of the complementary strand, 


the enzyme transcribes an internal uridylate as a result 
of intra or intermolecular hydrogen bonding. A feature 
of the latter possibility as compared with the others is 
that it adheres to the basic transcriptional function of the 
enzyme and may not require additional enzyme active 
sites. Also, by a transcriptional mechanism, the hetero- 
geneity of the terminus can be explained by a dependence 
on the secondary structure of the RNA molecules whereas 
the nontranscriptional mechanisms imply a variability 
in enzyme function or the involvement. of different enzyme 
activities or other processes. One may hypothesize that a 
sequence of nucleotides in Q8 RNA or the complementary 
strand, with the proper strand polarity, could compete 
with the 5’-end of the complementary strand for the 
enzyme, and provide copying of uridylate (Fig. 2). A 
similar explanation may be invoked to explain the hetero- 
geneity of the 5’-terminus of Q8 RNA reported by De 
Wachter and Fiers’? and at the 3’-terminus of satellite 
tobacco necrosis virus RNA by Wimmer and Reichmann". 

It is clear, however, that these examples are merely 
the simplest of many that could account for the experi- 
mental observations concerning Q8 RNA replication. 
More complicated models might also be entertained, 
involving excision and addition or transpositions of regions 
of the genome, or external primer molecules. It is also 
possible that the heterogeneity at the 3’-hydroxvl terminus 
is related to different functions of phage RNA. 
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AntTI-LYMPHOCYTIC serum (ALS) causes prolongation of 
heart grafts in rats!, dogs? and mice? when it 1s given as 
the only immunosuppressive agent. The addition of anti- 
lymphocytic globulin (ALG) to the 1 mmunosuppressive 
treatment of patients who receive renal allografts 1s 
reported to result in improved survival and function of the 
transplanted kidneys*. On this basis, we decided to treat 
all patients who were to receive cardiac and pulmonary 
allografts with ALG as an adjunct to routine immuno- 
suppressive treatment with azathioprine and cortico- 
steroids. We found that patients treated with ALG 
developed antibody to horse immunoglobulin G (IgG) 
in a manner similar to that which had been demonstrated 
previously in experimental animals treated with ALG 
(refs. 5-7). To circumvent the problem of antibody 
formation against the ALG, we then attempted to produce 
tolerance to ALG by pre-treating patients with small 
doses of aggregate-free normal horse IgG, adapting to 
man a model which had been used successfully in animals 
to prevent sensitization to ALG (refs. 6, 8-10). 


Treatment of Patients 

The plasma survival of radioactively labelled normal 
horse IgG or ALG was determined in twenty-three 
patients: fifteen cardiac and two lung allograft recipients, 
one kidney recipient and five other patients who did not 
receive transplants. Of these patients, twenty were 
treated with ALG and four were treated with aggregate- 
free normal horse IgG before the ALG therapy. The 
heart and lung recipients had normal immunological 
reactivity before modification by immunosuppressive 


+ Address reprint requests to W. T, Butler, Immunology Research Labora- 
peated n E en . Pe ale ; p ae tarpe i Bard =a 
tory, The Veterans Administration Hospital, Houston, Texas 77025. 


Prior treatment of human allograft recipients with 
aggregate-free normal horse immunoglobulin 
circumvents the problem of antibody formation 
in subsequent anti-lymphocytic globulin therapy. 


treatment™, All patients except 38 and 41 were tested 
intradermally for hypersensitivity to horse IgG (1-2 ug) 
30 min before reeeiving their first intravenous injection. 
Clinical data on some of the patients have been recorded 
elsewhere!?-}4. 


Preparation of ALG and Normal Horse IgG 

To prepare the ALG, four horses were repeatedly 
injected with washed human thymus cells in either killed 
Corynebacterium parvum or complete Freund’s adjuvants. 
The IgG fraction of the horse serum was isolated by 
batch chromatography on DEAE-cellulose, made bacteria- 
free by filtration through a 0-22 um ‘Millipore’ membrane 
and kept at 4° C before uset. ALG prepared from the 
sera of these horses caused marked prolongation of skin 
graft survival in rhesus monkeys (in vivo evaluation of 
immunosuppressive potency kindly performed by Dr 
Hans Balner and Dr Kenneth Sell). The ALG was non- 
pyrogenic in rabbits. contained between 6-2 and 22-5 mg 
horse IgG per ml. and possessed Iymphocytotoxic titre 
between 1: 800 and 1: 10,000 against human thymus 
cells, Normal horse IgG was also prepared from pooled 
normal horse serum by DEAE-cellulose chromatography. 
Neither the original serum pool nor the IgG produced from 
it had detectable cytotoxic or agglutinating activity 
against human peripheral blood cells. The purity of all 
fractions was tested by immunoelectrophoresis using goat 
antisera to whole horse serum and reagents kindly 
donated by Dr R. J. Genco which were specific for the 
IgGr and the IgGa, IgG» and IgG.; of the horse. When 
tested at protein concentrations up to 45 mg/ml., no IgGr 
was detected in the preparations of ALG or normal horse 
IgG used. 
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Aggregate-free ALG or normal horse IgG was prepared 
by centrifuging the purified protem at 20,000g for 1 h 
at 4° C. The top one-third of the centrifuged material 
was collected into 50 mg/ml. human serum albumin 
(Albumisol’) in 0-15 M NaCl buffered at pH 7-4 with 0-01 
M sodium phosphate, sterilized by ‘Millipore’ filtration 
and tested for the absence of pyrogens before use in man. 
In some cases, the horse immunoglobulin was centrifuged 
at 48,0009 for 1 h at 4° C; the top two-thirds was centri- 
fuged again at the same force for 1 hin the same conditions 
and the top one-third of the second run was prepared for 
use in patients as described. When horse IgG labelled 
with 1% was processed by either method so as to be 
“aggregate-free’” and then studied by sucrose density 
gradient ultracentrifugation'’®, a homogeneous, symmetri- 
cal protein band sedimenting at 6-8 S was demonstrated 
which contained no detectable aggregates. 

Labelling of ALG or normal horse IgG was performed 
by the iodine monochloride method using 1I or iI 
(ref. 17). Tracer studies in patients were carried out as 
deseribed elsewhere!*. Individuals under therapy with 
aggregate-free normal horse IgG were given a tracer dose 
of radioactively labelled horse IgG treated as indicated 
to remove aggregated protein. 


Administration of ALG 


Immunosuppressive treatment was begun in the patients 
just before transplantation and consisted of corticosteroids, 
azathioprine and ALG (refs. 12-14). The original dose of 
ALG was based on a comparison of the cytotoxic titres 
against human thymus cells of our preparation of ALG 
and of one given by Dr T. E. Starzl. The ALG from Dr 
Starzl had a lymphocytotoxic titre of 1 : 800 and was given 
in the customary dose of 4 ml. per day to renal allograft 
recipients in Denver. Because our initial batch of ALG 
had a corresponding titre of 1: 3,200, we established a 
unit dose of 1 ml. Seven patients (numbers 1-7) received 
I ml. of ALG intramuscularly each day for approximately 
2 weeks, and then I ml. every other day for the next 
2 weeks, twice a week for the next 2 months and weekly 
thereafter. As we gained experience with the use of ALG 
-and taking into account rejection crises which occurred 
frequently among some cardiac allograft recipients at this 
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Fig. 1, Plasma survival of I-labeled ALG in three patients who 


received dally intramuscular injectiona of ALG, 
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Fig. 2. Plasma survival of “I-labeled ALG in ten recipients of human 

heart allografts who at the time of the tracer study had received between 

is and 125 days of treatment with ALG. Two control patients (broken 
lines) received only a tracer dose of ALG. 


relatively low dosage—subsequent patients were given 
as much as 5 mg/kg body weight daily of a preparation 
with a cytotoxicity titre of 1: 10,000. Early in the series, 
ALG was given by intramuscular injection. Subsequenthy, 


with aggregate-free normal horse IgG, all injections of 
ALG were given intravenously. 


Clearance of ALG and Survival of Patients 

ALG tracer studies were begun in three patients from 
the onset. of ALG treatment at the time of transplantation. 
After the initial equilibration phase, a component of the 
labelled ALG preparation disappeared from the plasma 
at a relatively constant rate with a half-life survival 
between 3-5 and 4 days (Fig. 1). Between | and 2 weeks 
later, the rate of clearance of ALG from the plasma 
increased abruptly leading to half-life survival times of 
1-0, 1:3 and 2-3 days, respectively, in the three patients. 

Additional tracer studies were done in ten cardiac recipi- 
ents between 18 and 125 days after transplantation 
(Table 1 and Fig. 2). The half-life survival of ALG in 
the plasma varied considerably from patient to patient, 
but was not related to the total dose of ALG received 
(rank correlation test, r=0-400, P>0Q-10; ref. 19). 


Table 1. PLASMA SURVIVAL OF I-LABELLED ALG IN TEN HEART TRANS- 
PLANT PATIENTS TREATED FOR VARIOUS PERIODS WITH ALG 


ALG administration before tracer study 


Half-life 
gurvivalof Total Number Treat- Patient Cause 
Patient ALG in dose of ment survival aft 
plasma* (mg) injections period (days) death 
(days) given idays} 
1 0-2 393 44 65 149 Rejection 
28 0-3 333 58 58 > 800 Living 
37 0-4 2,498 23 22 35 Relection 
4 0-6 320 38 46 267 Rejection. 
2 0:7 2,237 52 125 200 Reljeetion 
3 1-0 149 18 18 68 Infvetion 
7 38 223 29 38 55 Infection 
5 3:8 304 35 44 1760 election 
18 4-4 232 47 81 156 = Infextion 
4) 5-6 500 43 113 145 Bejection 
9 (control) 8-3 2 t === 
S (control) 12-3 2 1 m 


* Based on rate of disappearance from plasma of the remaining 10 per cent 
of the intravenously injected tracer dose. 
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Days following first injection of horse IgG 


Fig. 3. Plasma survival of }**I-labelled horse IgG in two patients treated 
with daily intravenous injections of aggregate-free normal horse IgG. 
Patient 38 underwent thoracic duct lymph drainage with removal of 
3x 10*—-9 « 10° lymphocytes each day by centrifugation followed by 
daily reinfusion of cell-free lymph for 51 days before administration of 
horse IgG; he was subsequently treated with intravenous ALG at the 
time of transplantation (day 56). The plasma survival of the labelled 
IgG was somewhat shorter after transplantation (ue: 3-0 days compared 
with fys 93 days prior to surgery) possibly because of blood loss ani! 
replacement during and after surgery. Patient 39 received normal 
horse lad without concurrent immunosup pressive therapy. 


Patients tended to fall into two groups; those with very 
rapid sr anlage of ALG from the plasma (patients 1, 28, 
37, 4, 2 and 3) and those with only a slightly increased 
rate of clearance (patients 7, 5, 18 and 6). Prolonged 
circulation of ALG in the plasma did not appear to en- 
hance the survival of patients, for those with rapid 
clearance of ALG survived about the same length of time 
as those who had a slower rate of clearance. 

Sera of the patients treated with ALG were examined 
for precipitating antibody to horse protein by the tech- 
niques of double diffusion in agar and immunoelectro- 
phoresis. No antibody was detected, even from z of 
patients who had developed rapid clearance of ALG 
from the plasma. Using a technique which will also 
measure non-precipitating antibody*®®, we were, however, 
able to demonstrate the appearance of antibodies specifie 
for horse IgG concurrent with the development of rapid 
immune clearance after ALG treatment. 

Treatment with aggregate-free ALG did not prevent 
subsequent antibody formation to horse IgG (Table 2, 
group 1). In patient 29, however, the immune elimination 
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of horse IgG was probably influenced by prior sensitiza- 
tion to horse proteins, for non-preeipitating antibodies to 
horse serum proteins were subsequently shown to be 
present in the serum taken before starting ALG. Treat- 
ment with aggregate-free normal horse IgG without 
concurrent chemical immunosuppression also did not 
uniformly prevent sensitization to horse IgG (Table 2, 
group 2; and Fig. 3). If, however, patients were treated 
daily with azathioprine (3 to 5 mg/kg body weight) and 
corticosteroids (methylprednisolone, | to 3 mg/kg body 
weight) when aggregate-free normal horse IgG was started, 
and this treatment was continued throughout the subse- 
quent period of ALG therapy, immune elimimation of 
horse IgG did not oceur (Table 2, group 3). Similarly, 
chronic drainage of lymphoevtes from the thoracic duct 
before normal horse IgG therapy prevented antibody 
formation to horse IgG and ALG (Table 2, group 3; and 
Fig. 3). 


Implications for Therapy in Man 


The results of the present turnover studies indicated 
that within 2 weeks of starting ALG treatment there was 
an abrupt and significant increase in the rate of clearance 
of horse y-globulin from the plasma in treated patients. 
The shape of the plasma disappearance curves of ALG 
were characteristic of those for the development of rapid 
immune elimination of an injected antigen®!, Although 
we were unable to detect precipitating antibody in the 
sera of patients with rapid clearance of ALG, the presence 
of antibody to horse IgG may be detected in these sera 
using a solid-state immunoadsorbent to which purified 
horse IgG has been bound. We are presently investigating 
the relationship of the avidity of these antibodies to the 
rate of clearance of antigen from the plasma. 

These results confirm and extend to man findings previ- 
ously reported in animals. Antibody to ALS has been 
detected in sera of mice, rats, monkeys and dogs either 
by direct measurement of precipitating or hacmagglutinat- 
ing antibody7-#-*2-8° or by the appearance of immune 
elimination of ALG (refs, 5-7, 9, 31, 32). Our findings 
also confirm those of Guttmann and associates, who showed 
that immune elimination of ALG in rats occurred in the 
absence of demonstrable precipitating antibody’. In 
general, it seems that precipitating antibodies are less 
likely to develop against the IgG portion of ALG (refs. 
23, 24, 29) and hence it is not unexpected that we were 
unable to demonstrate such precipitating antibodies in 
our patients. Others who have also given purified ALG 
to patients have either been unable to demonstrate or 
have only rarely demonstrated precipitating or haemag- 


Table 2. ATTEMPTS TO PREVENT ANTIBODY FORMATION TO HORSE ANTI-HUMAN LYMPHOCYTIO GLOBULIN 


Anti-lymphocytiec globulin 


Normal horse IgG 
(intravenously) 


(intravenonsly) 


Patient (type of 
transplant) 


Dose of horse IgG* (mg) 
Rapid Prior to 


immune devel- Total 
clear- oping during Commenta 
ance immune obser- 


clearance vation 


Group 1: Aggregate-free ALG 


29 (awaiting heart) None 18 mg day 1; 9 mg day 2; 
4-5 mg daily days 3 to 10 

30 (kidney) None 18 mg day 1; 9 mg day 2; 
4-5 mg daily days 3 to 92 

40 (awaiting heart) None 18 mg day 1; 9 mg day 2 2: 


45 mg daily dasa 3 


Group 2: 
12 mg in first 2 days: 2 mg +45 mg daily for 3 days 
daily for 13 days; total 
38 mg 
3-6 mg dally for 13 days; 
total 46-8 mg 


31 {awaiting heart) 


39 (heart) None 


Group 3: Aggregate-free normal horse IgG followed by ALG; 


days; 2 mg 36 mg daily for 14 days 


12 mg in first 2 
total 


daily for 4 days; 
20 mg 

24 mg daily for 61 days: 
total 122-4 mg 


32 Cheart) 


38 (Jung) 200 mg daily for 10 days 


& mg daily for 2 days; total 
dose 12 mg 


* Either as normal horse IgG or as ALG, 


d heart 
41 (heart) 39 mg daily days 23 to 52 


3 to 9 
Ageregate-free normal horse IgG followed by ALG 


190 mg daily days 1 to 22: 


Present 45 Pre-existing antibody to horse serum; nof 
transplanted 

Present 54 Kidney transplant § days after first ALG 

Absent 68:5 Withdrew from study, day 9; not transplanted 


Absent 515 Treatment stopped day 3 of ALG: local reac- 
tion at site of injection; not transplanted 
Present 36 Treated solely with azathioprine and corti- 


costeroids post-transplantation; died of 


rejection on day 32 
concurrent immunosuppression with other agents 
Absent 524-0 Azathioprine and corticosteroid therapy began 
6 days after starting normal horse IgG: died 
of rejection, 14 days after transplantation 
Concurrent thoracie duct drainage of lympho- 
cytes; died of infection 10 days after trans- 
plantation and start of ALO therapy 
Azathioprine and corticosteroid therapy begun 
2 days prior to horse IgG 


Absent 2,122-4 


Absent 5,3862-0 


as 
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glutinating antibody**-**, whereas precipitins are readily 
demonstrable in patients who receive ALG which contains 
a mixture of «, 8 and y-globulims’?®: 37, 

All our ALG treated patients received relatively high 
doses of azathioprine and corticosteroids throughout the 
study. Formation of antibody to horse IgG in these 
globulin-—is highly antigenic in man, and that the ALG 
in the doses given does not inhibit antibody formation to 
itself. Moreover, ALG treated to remove aggregated 
protein still proved to be immunogenic. Possibly, the 
attachment of ALG to cells might cause them to be 
selectively subjected to phagocytosis, so initiating antibody 
formation against the horse IgG (ref. 32). 

In another patient we studied, who received ALG as 
the only immunosuppressive agent and in whom ALG 
led initially to a diminution of established delayed hyper- 
sensitivity, responsiveness to some skin test antigens 
reappeared concomitantly with the development of rapid 
immune clearance, suggesting a decrease in effectiveness 
of the ALG (ref. 38). The exceedingly short plasma 
survival times of ALG seen in several of our patients 
also lead one to speculate that the ALG has become less 
effective as an immunosuppressive agent. Experiments 
in animals have revealed that the formation of antibody 
against ALG correlates with a reduction in its effectiveness 
as an immunosuppressive agent®>®?7, In our patients, 
ALG did not seem to cause a striking prolongation of their 
survival, although it is difficult to be certain about this, 
for there was no comparable group of cardiac recipients 
treated without ALG. Moreover, other factors may be 
operative in cardiac transplantation which are more 
difficult to overcome with the current programme of 
immunosuppression. The potential cardiac recipient has 
relatively normal immunological reactivity"! and is not 
favoured with the impaired immunological reactivity 
which is found in uraermic patients awaiting kidney 
transplantation®®. Moreover, the requirement for cadavers 
for cardiac transplantation and the availability of only 
a relatively small number of recipients at any time mean 
that the chances of obtaining a good tissue antigen match 
are poor. 


Efficacy of Prior IgG Administration 


These considerations therefore led us to search for 
methods to produce antigen-induced tolerance to ALG. 
The conditions under which tolerance or immunological 
paralysis may occur have recently been reviewed by 
Dresser and Mitchison*®. Removal of aggregated material 
from the antigen, the use of very small or very large doses 
of antigen, and the concurrent use of pharmacological 
agents or other treatments which will reduce the numbers 
of potentially reactive immunocompetent cells all contri- 
bute to the prevention of antibody formation following 
the introduction of foreign materials“, We attempted to 
induce non-reactivity to horse IgG by administering small 
quantities (50-100 ug protein per kg body weight) of the 
aggregate-free material hoping that this dosage might be 
that required for induction of “low zone” tolerance‘. 
Because the frequency and severity of serum sickness are 
related to the dose of antigen administered, attempts to 
induce tolerance with high dosages of normal horse Ig 
were avoided. 

Although one of the two persons who received aggregate- 
free normal horse IgG alone developed antibody to it, 
none of the three patients who received immunosuppres- 
sive therapy at the same time as the disaggregated normal 
horse IgG developed immunity either to normal horse 
globulin or to subsequently administered ALG, in spite 
of the wide variation in the duration and cumulative dose 
of normal horse [IgG which was given. Because the trans- 
plant recipients who received comparable chemical im- 
munosuppressive therapy almost invariably developed 
antibody to ALG within 10 to 12 days, the failure of the 
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three patients in this study to exhibit such a response 
suggests that pre-treatment with the agyregate-free normal 
horse IgG may have been a decisive factor in preventing 
this immune response, 

Whether the observed non-reactivity represents true 
immunological paralysis or tolerance is uncertain, for the 
appropriate challenge studies with horse IgG or ALG in 
adjuvant which would make these studies completely 
comparable with experience in experimental animals 
were not done. Moreover, we do not know whether or for 
how long non-reactivity to ALG will persist if administra- 
tion of ALG is stopped for a prolonged period. Neverthe- 
less, these studies indicate that the period during which 
high levels of circulating ALG are maintained can be 
considerably prolonged by appropriate short-term pre- 
treatment of the recipients with small doses of aggregate- 
free normal horse IgG, thus extending the period of thera- 
peutic usefulness of ALG. 
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Tue terrestrial biosphere, consisting of all living organ- 


isms and the ordered environment that they generate, 
ean be examined both in terms of its function and of its 
structure, From the functional point of view, the bio- 
sphere can be described as a system that processes a part 
of the continuous flow of information that reaches the 
terrestrial surface. From the structural point of view, the 
biosphere can be regarded as an aggregate of information, 
stored in the ordered structure of living orgs anisms and 
the nonliving systems that they originate, in contrast to 
the random state in which the corresponding material 
constituents would exist in the absence of life. The func- 
tional and structural aspects of the biosphere can be inte- 
grated by showing that the total structural biospheric 
information is a quantitative measure of the functional 
efficiency of the biosphere in its role of an information 
processing system. 

Schrödinger! was the first to point out the relationship 
between hfe and negentropy, a quantity equivalent? to 
the concept of information that was later introduced by 
Shannon’. Organisms require a continuous input of 
information which they use either to augment their struc- 
tural informational content or to fuel the information 
processing functions that they perform through their 
sensory, nervous, or motor systems. Prigogine* has 
treated several aspects of non-equilibrium thermodynamics 
pertinent to the operation of life. 

Irreversibilities which occur during the processing of 
information by living organisms result in a loss’, which is 
balanced by the flow of new information into the bio- 
sphere. Elimimating irreversibilities improves the efficiency 
of information processing, which corresponds to an in- 
crease in the total structural biospheric information. The 
fact that the biosphene informational reservoir has grown 
through chemical, genetic and cultural evolution from 
nothing to its present size is evidence for the existence of 
forces that alter information processing systems to improve 
efficiency and increase structural informational content. 

The total biospheric information can serve as a criterion 
for the progress of a biosphere along the evolutionary 
scale. Evolutionary forces can be quantitatively evaluated 
by their contribution to the increase of the total bio- 
spheric information. The viability of a new biological 
species, technological tool or social system can be assessed 
by determining whether their survival results in a bio- 
sphere of a higher information content. 


The total structural informational content of the biosphere emerges 
as a quantitative measure of functional efficiency in processing 
information, and as an objective criterion of evolutionary progress. 


Information Sources on the Terrestrial Surface 


The main source of biospheric information is the stream 
of solar photons. These photons represent information 
for systems operating at terrestrial surface temperatures, 
for photon energies (2-3 eV per photon in the visible 
range) are much higher than thermal energies (about 
0-025 eV per particle or per photon of thermal radiation 
at 20°C). Even though energy is the carrier of this 
information, the two entities of energy and imformation 
are Clearly distinguishable. Life is not sustained by the 
energy of the solar photons but rather by the information 
that ‘they represent in the low temperature environment of 
the Earth. The ternperature of the terrestrial surface is 
maintained at its present levels through radiative losses 
toward the cold sky. As pointed out by Morowitz*, the 
actual source of “solar” information is the inhomogeneous 
temperature pattern of the hot Sun against the cold sky. 

The biosphere is also affected by information in the 
form of geological energy, hard radiation, tidal waves, 
and soon. Man has recently gained access to an important 
source of information in the form of nuclear energy. 
Sources such as the wind, rivers, coal or oil are secondary 
versions of the primary solar information just as plants 
or animals that are used as food or for other purposes. 


Efficiency, Life-time and Total Biospheric Information 


We consider a system (Fig. la) exposed to a steady 
informational input of 4 bits/s. Trrev orsibilities Occurring 
within the system result in a loss of 2’ bits/s; such a loss 
may be the result of transformation of energy into heat 
at the environmental temperature, which is the level of 
zero information. The informational content of the system 
is J bits, defined as the information which would not have 
been there had the system not been exposed to the input 
i. We have the relationship: 


df l 
— atat (1) 
dit 
Under steady state we have: 
tx 0 (2) 
d7 
anel ~ =Ü (3) 
alt 


For a system in steady state we can detine an informa- 
tion life-time +, equal to the average time before the 
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dissipation of information that enters the system: 


I 
P (4) 
į 
If Le S (5) 
u 
and E E (6) 


the system is under quasi-steady-state conditions, and I 
changes at a rate much slower than the information flow. 
In a quasi-steady-state system we can define an approxi- 
mate information life-time: 


tw - (7) 


Whenever a system is altered to eliminate an irreversi- 
bility, the information life-time + mereases; in the ideal- 
ized case where all irreversibilities are eliminated, informa- 
tion is never lost and v is infinite. The smaller the 
number of irreversibilities in a system, the more efficient 
it will be, because it ean perform more tasks for a given 
input. The information life-time 7 is therefore a measure 
of efficiency. According to equations (4) and (7), this 
measure of the efficiency of a system is also expressed by 
its total structural information per unit of information 
processed. This alternative expression can be useful 
because it involves quantities that are more amenable to 
computation than the information life-time. 

Fig. 16 is an illustration of two steady-state systems 
which process equal inputs 7. System | is sophisticated, 
and has a large informational content J,, resulting in a 
long information life-time t,. An example of a sophisti- 
cated system is the biosphere; information processed by 
the biosphere has a long average life-time, being repeatedly 
turned over from one organism to another. The second 
system in Fig. 1b is less complex, and has a smaller 
informational content Ia; the information life-time +t, is 
shorter. An example of such unsophisticated information 
processing is the impact of solar energy on an area of 
desert. The information is instantly dissipated, and its 
life-time is of the order of the time required for collisions 
to convert the photon energy into heat. A more sophisti- 
cated system, still much eruder than the biosphere, is an 
ocean, exposed to sunlight, which generates the ocean- 
cloud—rain—ocean evele by continuous evaporation and 
condensation. 

If a certain flow of information is distributed between 
two systems of vastly different sophistication, the longest 
information life-time and the highest overall efficiency 
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Fig. 1. Schematie information flow diagrama. 





will be obtained if the sophisticated system is exp 

to accommodate as much of the information as possib 
If a fixed input of information is divided between 
sophisticated biospheric system and a crude nonbiospherie 





one, the overall information life-time will be maxuniged © 


if the biosphere is expanded as much as allowed by the 
availability of its material constituents, or by any other 
hmiting factors. 


Biospheric Information and Evolutionary Progress 


An evolving biosphere is a quasi-steady-state informa- 
tion processing system that undergoes evolutionary 
changes in informational content at a rate much slower 
than the rate at which mformation is processed. The 
diagram displayed in Fig. le is an approximation to the 
terrestrial system. The solar information imput ts is 
divided into a biospheric part 7% and a nonbiospheric part 
inp. We assume a constant flow of solar information iy, 
and ignore any other information sources. Slow evolution 
results in a non-zero time derivative d/,/dé, satisfying 
the quasi-steadyv-state condition: 


ha aa ee (8) 
We define the biospheric and nonbiospheric information 


life-times ty, and Tao, as well as the overall average life- 
time Ts, for the incoming solar information te: 
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The evolution of a biosphere that shares a steady flow - 
of information with a less sophisticated nonbiospherte. 
system ean be deseribed as a long-term, gradual increase 
of the biospheric information Jp, accompanied probably 
by some short-term, transient fluctuations. The fact that 
the informational content of the terrestrial biosphere has 
evolved from nothing to its present size is “experimental” 
evidence for the validity of an evolutionary law of rising 
biospherie informational content fp. 

Evolution toward a larger Jy is equivalent to evolution 
toward a higher information processing efficiency, and a 
longer life-time ts. According to equation (7), temporal 
changes in Jp can be expressed in terms of its factors ty 
and zy: 


Br al 
+ 


(11) 


% 





Level of zero information 
€ 


a, Information flow through a non-steady-state information processing system. 
b, Two steady-state systems of unequal sophistication processing equal informational in puts. 


e, Division of the continuous fow of 


solar information between the two quasi-steady-atate systems of the biosphere and the nonbiospheric environment, 
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(12) 


It will suffice to show, therefore, that temporal increases 
in č and t, correspond to higher overall efficiency and 
longer life-time ts. Because the disparity in efficiency be- 
tween the biospheric and the nonbiospheric systems is 
large, any increase in zt at the expense of tn, results in a 
higher overall efficiency. Any increase in tp will also 
obviously improve overall efficiency. Improving overall 
efficiency, resulting in a longer life-time ts, 1s thus reflected 
in a steadily growing biospheric information J». 

The use of Jp in defining the arrow of evolution can be 
very useful, because it allows problems of evolution and 
ecology to be approached in terms of a single representa- 
tive parameter. The importance of evolutionary forces 
can be thus measured by their contribution to the increase 
of Jy. The increase of Jy can also be a criterion of “value” 
in establishing whether a new “biospherie component” 
useful to the biosphere and therefore whether it will 
survive. Such a biospheric component can be a bio- 
chemical pathway or a biological species generated 
through chemical or genetic evolution, as well as a new 
tool, a language, or a social system developed through 
cultural evolution. The value of the new component, and 
the resulting capacity for survival, can be assessed by its 
contribution to the increase of Jp. 

The structural information of living organisms and 
other biospheric components can be estimated using 
approaches usually employed in evaluating the informa- 
tion content of structured systems?:®. Use of J, as a 
quantitative criterion in studying the biosphere does not 
require the calculation of the total biospheric information, 
or even of the total structural information down to the 
atomic level for the biospheric segment that we are 
interested in. If a problem involves a biospheric segment 
that consists of certain types of organisms or “other 
systems, an estimation of their relative informational 
contents with respect to each other is sufficient to evaluate 
potential developments through the differential changes 
in I, that they cause. This is similar to the approach used 
in thermodynamics where entropy is calculated with 
respect to an arbitrary reference leve] determined by the 
part of the structural organization that is affected by the 
phenomena under study. 


Avenues of Biospheric Evolution 

Evolution toward a larger J» can proceed through 
changes toward more efficient information processing, 
through expansion to handle new informational! sources, 
and through the use of new structural materials. The 
evolutionary criterion of an increasing J» is not at variance 
with accepted evolutionary concepts. such as survival of 
the fittest in the competition between species, techno- 
logical products, or social systems. Such classical evolu- 
tionary mechanisms are encompassed among the various 
transitions that can lead to a larger Ip. F or example, 
suppose that an organism undergo es a mutation that 
eliminates some irreversibility., The organism performs 
more efficiently and at a saving of effort, which can be 
used to win confrontations with other organisms for food 
or space, and possibly to replace them in the ecological 
environment. The survival of the fittest is thus equivalent 
to improved efficiency, a longer information life-time Tp 
and therefore a larger Jy. Such evolution toward higher 
efficiency by competition over a limited supply of vital 
necessities is at the heart of the Darwinian evolutionary 
concept. 

Consider next a genetic or a cultural development 
allowing access to a previously inaccessible part of the 
information input. The organism or the technological 
system will be able to survive and expand, either through 
lack of competition for the new information source, or 
by using it to win contests for previously available but 
limited information sources. Survival of the fittest, in 
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terms of improved access to information, increases the 
processed information i, leading again to a larger Ip. 
Finally, in a biosphere limited by the availability of 
structural materials, evolution toward a higher Jp can be 
achieved by utilizing new, readily available materials. 
Technological advancements have introduced materials 
such as semiconductors and metals into the biospheric 
structure. 

Evolution toward expanded sources of information and 
new structural materials works against the restrictive 
Malthusian barrier of material and mformation avail- 
ability that only allows evolution through displacement 
of one species by another in the Darwinian struggle for 
survival, Human cultural evolution has opened vast 
horizons of biospheric evolution using new informational 
sources and novel structural materials. 

Use of the conceptually simple and general criterion of 
the biospherie information J, affords a better perspective 
on an ecological system, and on the merits of any changes 
in the ecological balance, If we assume, for example, 
that the biosphere is limited by the existing supply of 
carbon, we can examine the value of burning organic 
fuels, such as oil or coal, in terms of the disadvantage of 
depleting energy supplies and generating pollution, against 
the advantage of reintroducing the immobilized carbon 
into the active biospheric structure. A similar view holds 
in choosing materials for technological products, such as 
clothing, homes, machines, and so on. In deciding 
between materials with a high or a low carbon content 
one should remember that extensive use of carbon-rich 
materials, such as wood or plastics, will tighten the carbon 
limit on the biosphere. 

Although solar photons have been the major source of 
information, the terrestrial surface has been subjected to 
additional instantaneous informational inputs that have 
deeply affected the biosphere and its evolution. Blasts of 
extraterrestrial hard radiation, earthquakes and voleanic 
eruptions, as well as redistributions of lands and oceans, 
are important examples. Some of these additional informa- 
tion inputs will clearly upset the simple evolutionary 
picture of a steadily increasing Jẹ. Fig. 2 illustrates this 
point with a diagram of Is over four periods (a, b, c and 
d) of “normal” evolution, divided by three events of major 
instantaneous information input. Durmg the event 
between periods a and b, a large decrease in J, occurred. 
This would be the case for a biosphere located mostly on 
land during a large ocean expansion. The situation 
ereated by the sudden event will be the initial condition 


Biospheric information Tas 





Tiras t 


Major instantaneous informational inputs 


Fig. 2. Schematic representation of biospheric evolution displaying 

typical time-dependence of the total biospheric informational content Ip 

through four periods of evolution under a continuous flow of solar infor- 

mation separated by three instances oe instantaneous informational 
inputs 
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from which normal evolution is resumed. Between periods 
b and c, a sharp increase in Ip took place. Such would be 
the case for a land-oriented biosphere if a large recession 
of the oceans occurred. Normal evolution resumes again 
from a new starting point. The event between periods 
c and d caused a sharp drop in J», followed by a fast 
recovery. A big disaster that destroys a large part of the 
biosphere without substantially changing the make-up of 
the terrestrial surface may have such: an effect. After 
the decline, the biosphere will return relatively rapidly to 
the same point as before the event, because environmental 
conditions are not markedly different. 
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Fluidization Phenomena and Possible Implications 


for the Origin of Lunar Craters 


by 
A. A. MILLS 


Craters resembling those of the Moon and Mars are produced on a e 


fluidized bed. 


Departments of Geology and Astronomy 
University of Leicester 


In recent years automatic and manned lunar probes have 
vastly increased our knowledge of detailed lunar topo- 
graphy’. In particular, it has been shown that the far 
side of the Moon is extensively cratered, the maria being 
almost entirely confined to the Earth-facing hemisphere. 
The Mariner IV television pictures of 1965 demonstrated 
that Mars too is cratered, a discovery confirmed and 
amplified by recent results from Mariners VI and VII. 
It is suspected that Mercury, Venus and the larger satel- 
lites of Jupiter are similarly marked, so it would seem that 
the cratering mechanism——whatever it may be—has been 
of widespread importance in the evolution of the Solar 
System. 

Theories of crater formation which imply a violent birth, 
either by impact or by voleanic processes*, are difficult to 
reconcile with observations pointing to a comparatively 
gentle mode of origin followed by an extended period of 
modification’-§. My experiments show that these criteria 
are satisfied by circular structures which develop on the 
surface of a slowly collapsing fluidized bed. It is suggested 
that a related situation occurred on a large scale in the 
early evolution of the Moon and terrestrial planets, because 
of extensive degassing, 


Multiple Craters 


Several mechanisms appear capable of producing single, 
isolated craters, but craters which occur in groups of two 
or more are less easily explained. Multiple formations of 
particular relevance may be divided into contiguous, 
interpenetrating and twin craters. Contiguous craters 
have centres separated by distances equal to, or slightly 
exceeding, the sum of their radii. The narrow, sharply 
delineated, arcuate dividing wall often contains small 
craters and fine structure. A good example is Magelhaens 
and Magelhaens A, as photographed on the Apollo 8 
mission. 

The separation between centres of interpenetrating 
craters is less than the sum of their radii. The smaller 
crater almost always intrudes the larger, and is the 
younger formation. The dividing walls are near-perfect 
and undistorted until close to the point of junction. 
The triple formation Thebit iHustrates this (Fig. 1). 

Twin craters exhibit a straight, level dividing wall 
separating craters of similar size. This is held to indicate 


a simultaneous origin. The twin lunar craters Azophi 
and Abenezra are shown in Fig. 2. The recent Mariner 
pictures of Mars include a number of examples of multiple 
craters. 

Violent mechanisms would be expected to cause corn- 
siderable destruction of the dividing wall in multiple 
raters. Attempts to simulate these structures by conse- 
cutive or simultaneous explosions of electric detonators in 
a bed of portland cement powder proved unsuccessful 
for this reason. Another difficulty is the statistical im- 
probability of numbers of double impacts—-twin astro- 
blemes have not been identified on Earth. The alignments 
of lunar and Martian features strongly indicate a degree of 
control from within the globe. 


Fluidized Beds 


It is concluded that comparatively gentle, long- 
continued endogenous processes have been responsible for 


we 





Fig. 1. 


The triple lunar formation Thebit. (NABA National Space 
Science Data Center; Orbiter IV-108H,. 





864 NATURE VOL. 224 NOVEMBER 29 1969 


Shaping much of the lunar surface, with impact relegated 
to a minor role. “Endogenous lunar processes’ have 
generally been identified with high-temperature aspects 
of our contemporary terrestrial experience of volcanism, 
such as the eruption of lavas and the explosive eviscera- 
tion of volcanoes to produce calderas. I think this view 
is incorrect. I have suggested’ that. on the Moon, we are 
seeing the long-preserved results of an alternative endo- 
genous process which is now only rarely represented on 
Earth by much smaller natural phenomena. This is the 
process of fluidization, which is nevertheless very familiar 
as an industrial technique’. 

If a slow stream of gas is introduced beneath a layer of 
solid particles, the gas merely percolates through the 
stationary bed, but as the gas velocity is increased there 
comes a point at which the viscous drag on the particles 
becomes equal to their weight. The bed then begins to 
expand and to display many of the properties of a liquid, 
such as flow and wave phenomena. With still greater 
gas flow the fluidized system becomes more agitated, and 
bubbles form. Finally, wholesale pneumatic transport 
of the particles in the gas phase occurs. 





Fig. 3. Random circular structures produced at the surface of a con- 
tracting fluidized bed, 


Particulate Matter and Degassing in the Early Solar 
System 


McCrea'® has proposed that precursors of the planets 
grew by cold accretion of the (differentiated) dust and gas 
of the primaeval solar nebula. Much gas, mainly hydrogen 
and helium, would be occluded. Gravitational contraction 
and heating lead to loss of gas, accompanied by an 
increase in the angular velocity of the remaining material. 
McCrea suggests that the two inner members of the original 
system thereby became rotationally unstable and broke 
up into unequal fragments, producing Mercury- Venus and 
Karth-Moon—Mars respectively. 

The embryo terrestrial planets are thought to continue 
to lose volatiles, the gas passing through an outer shell 
of particulate, solid material. I suggest that conditions 
for widespread fluidization were thereby achieved. The 
duration of intense activity would be comparatively short, 
but it is expected that regionalized and sporadic escape of 
gas from the interiors would persist over a long period. 
As the gas flow diminished, so the depth which could be 
held in the fluidized state would decrease, and the resulting 





Fig, 2. The twin lunar craters Azophi and Abenezra. (NASA/ National 
Space Science Data Center; Orbiter [V-06H,.) 


Natural terrestrial examples of fluidized systems include 
certain quicksands (where the fluid phase is a rising current 
of water) and the volcanic eruptions known as nuées 
ardentes®. The latter were much more common in the 
geological past, erupting from fissures to lay down im- 
mense deposits of pyroclastic debris soon hardening into 
welded tuffs or ignimbrites. Doris Reynolds*:'’ first 
pointed out the possibilities of fluidization in geology. 
while Holmes’ notes the significance of tuffisite and kim- 
berlite pipes, and refers to certain features in the Ruwen- 
zori region of Africa as “fluidization craters”, 

Brown and McTaggart" have investigated the mechanics 
of nuées ardentes, and drawn attention to the remarkably 
low gas-flow required to induce fluidization when fine dust 
is present. O'Keefe and Cameron'*:'*> proposed a nuée 
ardente origin for flow structures in certain lunar craters 
and sinuous rilles. Because of the reduced lunar gravity 
the amount of gas required is only one-thirty-sixth of 
that necessary on Earth''. In 1966 Miller and King" 
reported what seems to be the only experimental investiga- 





i : ? Fig. 4. Apparatus for production and photography of tuidization 
tion of the behaviour of fluidized beds at reduced pressures. structures. 
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static levels could be indurated and undergo metamorph- 
ism by heat, compression and hydrothermal alteration. 

Adoption of this model for the Moon obviates the need 
to explain the particulate nature of its surface by some 
post-consolidation mechanism, for example, meteoritic 
impact. It also agrees with the evidence from crater 
diameters of the available energy decreasing with time; 
with our present view of the Moon as a moribund (if not 


quite dead) celestial body; and with an age in excess of 


3,000 million years for near-surface lunar material!’, 


Experimental Production of Craters 


I have studied the behaviour of slowly collapsing 
fluidized beds by experiments with simple laboratory 
models. The first apparatus consisted of a rectangular 
‘Perspex’ tank closed at the bottom by a porous diaphragm 
of felt sandwiched between wire gauze. A 3 inch deep 
layer of powdered rock was added, and fluidized by a 
uniform upward current of compressed air regulated by 
an ordinary gas tap. The rock used was crushed diorite 
from Croft, Leicestershire, no attempt being made to 
match any proposed lunar composition. The sieve 
fraction <100 >200 mesh (152-76 um) was employed, 
but the unwashed particles retained a coating of fine 
dust. Normal bed expansion, fluidization and bubbling 
could be demonstrated. Abrupt termination of the air 
flow resulted in collapse of the bed to leave an almost 





Fig. 5. Successive stages of regional fluidization. a, Release of gas from 

depth; b, bed expansion, with doming over channel of preferential 

escape: e, lateral flow of basal fluidized system beneath a disperse cloud: 

d, gas flow diminishing—activity subsiding within the ring structure: 

bed contraction is accompanied by ring slumping; e, cessation of gas 

flow and general consolidation results in an approximately circular 
depressed area surrounded by a raised wall. 





4 circular subsidiary diaphragm 7 em in diameter 
Note the flow structures on the right 


Model crater. 
was used. 


Fig. 6, 


flat surface, but slow diminution of the supply gave a 
very different result. When the flow rate was insufficient 
to support turbulent boiling the trregular rock particles 
tended to agglomerate, producing an aggregatively 
fluidized bed which did not contract uniformly. Instead 
the gas found and maintained certain channels of prefer- 
ential escape'*’, and circular structures were built up on 
the surface (Fig. 3). Many lunar-like features could be 
reproduced, sometimes sharply intercepted by the walls 
of the apparatus. These structures appeared in a random 
manner and at different positions on each trial: the only 
control was the rate of decrease of the fluidizing air. 

Some of these experiments produced multiple craters 
with sharply defined dividing walls. but close study was 
hindered by a thick deposit of electrostatically charged 
dust adhering to the walls of the apparatus. This effect 
persisted even when the fluidizing air was saturated with 
water. A second apparatus, which could be partially 
distnantled for photography of the obliquely illuminated 
bed. was therefore constructed around a 9 inch square base 
of $ inch porous polythene (Fig. 4). Areas of preferential 
gas release could also be deliberately produced by one or 
more small porous diaphragms injecting air additional to 
that entering through the of flow were 
controlled by precision needle-valves. 

It was found that the diameter to depth ratio of craters 
was controlled by the degree of background fluidization. 
A high level of fluidization “‘dissolved” any structure, a 
moderate level produced craters shallow 
and an immobile background resulted in craters of funnel- 
like section. In the intermediate state a combination of 
basal “liquid” fiow and aerial projection transported 
material radially from a focus of activity to yield a struc- 
ture with a circular plan. With diminishing gas flow 
activity subsided within the erater, and bed contraction 
was accompanied by extensive ring slumping and faulting. 
Subsidiary were produced, Flow 
patterns were left by currents in the fluidized bed. This 
scheme is illustrated diagran'{natically in Fig. 5, and by 
model craters in Figs. 6 and 7. 

Multiple craters were also investigated on the model. 
The various types of dividing wall were satisfactorily 
reproduced, some results being shown in Figs. 8 and 9. 
Elongated coalescent structures, Fauth or 
Schiller, could also be made. 

In the model experiments small craterlets were ocea- 
sionally produced by the bursting of individual bubbles. 


hase. {ates 


with slopes, 


eraters SOMETIMES 


resembling 


866 


These became increasingly abundant as the bed thickness 
was reduced, and seem to be an explanation for the smallest 
lunar craterlets. The Ranger and Orbiter photographs of 
Alphonsus, for example, have shown that its flat, dark 
floor is pock-marked with an exceptionally high concen- 
tration of small craters—imany more than on the ramparts 
or the adjacent mare. Raised within the ramparts, how- 
ever, may be distinguished small, flat. darkish areas 
where there is again a high concentration of craterlets’, 
Such a distribution is difficult to explain by impact or 
voleano-—tectonic hypotheses, but is consistent with the 
terminal stage of gas release. Alphonsus is a well known 
site of transient lunar phenomena. 


Other Lunar Features 

The low strength and superficial nature of lunar craters 
are most obviously demonstrated where they are inter- 
sected by rilles passing out into mare areas. The rilles 
show no sign of diversion by deep igneous dykes or cone- 
sheets, and the depression of the floor of a rille may be 


‘om 





Model crater. A square subsidiary diaphragm of 7 em edge was 
Comparisons may be drawn with, for example, Eratosthenes’, 


Fig. 7 
ad t 
i. i. 


used, 





\ model structure resembling Thebit. 


Fig. 8. 
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Twin fluidization craters. 


Ls ‘ 
Fig. 9. 


similar in both mare and ramparts*®. Fluidization 
craters are surface features without deep roots in the usual 
sense, The shallow slopes characterizing lunar topography 
are a problem on conventional views, but are accounted 
for by the mechanism proposed here. 

The temperature regime of volatiles degassing from the 
Moon is not known. Cool fluidization would result in the 
rounding of particles and larger “floating” masses within 
a fluidized region by “sandblasting” and attrition*:’. 
Some sorting should occur, the finest particles being elutri- 
ated upwards into the overlying cloud. Periods of higher 
temperatures, perhaps associated with incipient melting, 
differentiation and segregation at depth, would promote 
thermal metamorphism, A proportion of the smaller 
suspended particles could be fused into glassy droplets'’ 
and threads. Sporadic local renewals of activity would 
eject angular blocks of indurated material from depth, 
and impact pits from these are to be expected. 

It is believed that many other significant features of 
the lunar surface may also be explained by the fluidization 
hypothesis, and a more detailed account will be published 
elsewhere. 

This work was supported by a grant from the Natural 
Environment Research Council. 
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Species Specificity of Polypeptide Chain Initiation 


by Ribosomes of B. stearothermophilus differ from those of Escherichia 
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N-FORMYLMETHIONYL-?RNA initiates the synthesis of all 
bacterial proteins'*, In vitro, the trinucleotide codons 
AUG and GUG, and possibly others, can code for fMet- 
tRNA®*, These triplets also code for other aminoacyl 
tRNAs which cannot initiate polypeptide chains. More- 
over, in any large messenger RNA there are undoubtedly 
AUG and GUG sequences which are not in the proper 
reading frame and do not therefore code for any amino- 
acyl-tRNA. How, and by what elements of the protein- 
synthesizing system, are certain AUG or GUG sequences 
on a messenger recognized as fMet codons and as signals 
for polypeptide chain initiation ? 

In a cell-free system prepared from the host Escherichia 
coli, RNA from bacteriophage f2 directs synthesis of only 
the three known?* virus-specific proteins: coat protein, 
polymerase and maturation protein®-¥. We now demon- 
strate that ribosomes from Bacillus stearothermophilus 
initiate translation of only the f2 maturation protein, the 
protein made in least amount by Æ. colt ribosomes!?-¥, 
This result shows that the complex of ribosomes and 
initiation factors plays a critical part im recognizing 
regions of a messenger RNA as signals for polypeptide 
chain initiation. 


Protein Synthesis in Extracts of Bacillus stearothermo- 
philus 


Addition of f2 RNA to a preincubated cell-free extract 
from B. stearothermophilus results in a marked stimulation 
of protein synthesis (Fig. 1). Except for the concentration 
of Mg**, the reaction composition is identical to that used 
for Ë. coli extracets!™15, The optimum temperature for 
incorporation is 59°-65° C; protein synthesis at 49° C 
is about 10 per cent of that at 59°C. By contrast, extracts 
from E. coli support f2 protein synthesis equally well at 37° 
C and 49° C; at 49° C (at 8 mM Mg?*+) f2 specific synthesis 
is 141 pmoles uC-lysine in a 50 ul. reaction, fifty times that 
of B. stearothermophilus extracts at 49° C (Fig. la). 


Amino-terminal Peptide 


Two types of experiment showed that B. stearothermo- 
philus extracts synthesize only the f2 maturation protein. 
Because all f2 proteins begin with N-formylmethion- 
ine?-4-13, we used N-formyl-**S-methionyl-tRNA to label 
the amino-terminal peptides formed in a cell-free system. 
In confirmation of earlier work!>!, Fig. 2 (lane 3) shows 
that enzymie digestion of protein from £. coli extracts 


coli in initiating the synthesis of only one protein coded for by 
bacteriophage f2 RNA, irrespective of the reaction conditions, 
supernatant enzymes or tRNA used. 


yielded only three radioactive peptides containing N- 
formy]-*5S-methionine (A, C and E) and smaller amounts 
of a deformylated derivative of each (B, D and F, respec- 
tively). Peptides A and B are derived from the amino- 
terminus of the coat protein, © and D from the RNA 
polymerase, and E and F from the maturation protein 
(see ref. 12 for details). By contrast, digestion of protein 
made by B. stearothermophilus labelled with N-formy|-*5- 
methionyl-tRNA. yielded only one peptide (Fig. 2, lane 2). 
This peptide was inseparable from peptide F, the RINN- 
terminal peptide of the maturation protein, by paper 


ionophoresis at pH 1-9 (Fig. 2), pH 3-5, 4-5, 6-5 and also = i 
in the paper chromatographic system deseribed previously, =~ 


Only peptide F was obtained from reactions at 49° C, 


59° C and 65° C, using either E. coli or B. stearothermo- 
of B; oe 


philus *S-fmet-tRNA. Two different strains 
stearothermophilus gave the same result (Table 1). 


Because no peptides from the amino-terminus of either. a n 
the coat (A and B} or polymerase (C and D) are made, T 


conclude that B. stearothermophilus extracts Initiate 
synthesis of only the f2 maturation protein. Enzymes: 
are, however, known which might remove the N-formyl- 
methionine group from the amino-terminus of the other 
f2 proteins!*-!7, so it was necessary to search for the 
synthesis of peptides in the interior of the three f2 
proteins. | 


Characterization of Tryptic Peptides 


Because the total number of tryptic peptides in all 
three f2 proteins is large, we chose to examime only those 


which contain methionine. Tryptie peptides from 
36S-methionine-labelled coat and maturation proteus 


(prepared from labelled phage) were meena by iono- 
phoresis, at pH 3-5 (Fig. 3f, e, respectively). There is 
only one methionine containing peptide in the f2 coat 
(T6, residues 107-113, ref. 18) (Fig. 3f). One peptide 
from the maturation protein (T6, Fig. 3e) has a mobility — 
identical to that of authentic T6, and is probably derived 
from coat protein contaminating the preparation, T oe 
other methionine-containing peptides {numbers l-4) are — 
from the maturation protein. E 
Fig. 3¢ shows that trypsin digestion of protein labelled - 
with *8-methionine and synthesized in B. stearothermo~ 





philus extracts yielded only four radioactive peptides, < 
with mobilities at pH 3-4 identical to those from authentic — 


maturation protein (Fig. 3c, peptides 1, 2, 3 and 4}. 


Table 1. EFFECTS OF RIBOSOMES AND SUPERNATANT ENZYMES 
Protein Ribosomes; E. coli E. coli B. stearothermophiius B. stearothermophitas 
synthesized Supernatant: E. coli B. stearothermophilus E. coli B. stearothermophilus 
Coat 233,000 (1-00) 96,900 (0-42) 7,000 (0-03) 230 (0-00) 
Polymerase 124,900 (1-00) 46,140 (0-37) 2,563 (0-02) 230 (0430) 
Maturation 6,520 (1-00) 4,430 (0-68) 5,360 (0-82) 5,127 (73) 


Preincubated E. coli and B, stearothermophilus (strain 10, obtained from Dr L. L. Campbell) 8-30 were centrifuged at 50,000 rpm. for 2-5 h Beckman: .. ee 


65 rotor). The top two-thirds of the supernatant (S100) was dialysed against buffer (0-03 M tris, pH 7:8-0-06 M KCI-0-61 M magnesium acrobate- iri 
2-mercaptoethanol) and frozen at — 70° C. The ribosomal pellet was washed by Centri gatun three times, resuspended in standard buffer and froger. 
Reaction mixtures (0-5 ml.) contained, in addition to the components listed in Fig. 1 {per mi}, 0:25 ml. S100, 34 ae nm units ribosomes, 7 gmoles magnesium 
acetate, 500 ug B. EA ag ta tRNA charged only with N-formyl-**S-methionine' (7 x 10° c. p.m. mz), 100 nmoles of twenty non-radioactive a 
acids, and 2907 ugf2 RNA. After incubation at 49° C for 10 min the radioactive protei was isolated, digested with trypsin and chymotrypsin, and as: 
by paper ionophoresis at pH 1-9 as in Fig. 2. Results are expressed in c.p.m./0-5 ml. N-formyl-**S-methionyl {RNA incorporated, Coat protein? 
of radioactivity in peptides A and B; RNA polymerase, C and D; and maturation protein, E and F (see refs. 12 and 13). A smal) background (fo 
cpm.) from reactions without f2 RNA has been subtracted. The figures in parentheses are the ratios of the amount of protein made relative tot 
duced by the homologous E. coli system. No radioactive peptides other than those from the three known f2 proteins'*.* were detected. No incorpora 
was observed in absence of 8100 or of ribosomes. The small amount of coat protein (0-03) made by B. stearothermophiius ribosomes and E, cots S100 may 
arise from ribosomal subunits contaminating the E. coli $100. 
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Peptides 1, 2 and 3 from Fig. 3¢ were also inseparable paper chromatography in the solvent system described 
from the corresponding peptides from authentic matura- previously!?. Paper ionophoresis at pH 45 of peak 4 
IOT ti iy P g >y z oy a P" ~ 2 e y EAE : p é £ ` i avy r 
tion protein (Fig. 3e) by paper ionophoresis at pH 4-5 and from maturation protein (Fig. 3e) yielded two radio- 
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Fig. 1. Protein synthesis in extracts of Bacillus stearothermophilus. 
Reactions (50 wl.) contained, per mi., 50 «moles N-2-hydroxyethylpiper- 
wzine-N’-2-ethanesulphonic acid (pH 7-0); 100 xmoles NH,CI; 10 
#moles 2-mercaptoethanel; 2 umoles ATP; 42 umoles phosphoenol- 
pyruvic acid; 0-3 wmoles GEP; and 0-25 ml. preincubated 8-30 from 
Bacilus stearothermophilus strain 15038-4R (obtained from Dr Peter 
Lengyel), 5-30 was prepared from log phase cells following ref. 28; 
ATP and phosphoenolpyruvate were added to 2-5 wmoles/ml. and 3:5 
emoles/ml., respectively, and the extract was preincubated 12 min at 
o7° C. After overnight dialysis against “standard buffer’ if was stored 
frozen in small aliquots at — 70° C. a, Reaction mixtures contained in 
addition, per mi., 500 ug E. coli (RNA, 16 nmoles “C-lysine (246 
mCi/mmoles), 100 nmoles of nineteen other amino-acids (non-radio- 
active), and where indicated 220 eg f2 RNA. After incubation for 10 min 
at the indicated temperature the reaction was digested with alkali and 
prepared for counting as described previously“. W- - - Ø., 49°, no 
added RNA; MM, 49°, f2 RNA: O---+ O, 59°, no added RNA; 
O— CO, 69°, f2 RNA; @--- @, 65°, noadded RNA; @-—-@, 65°, [2 
RNA. b, Reaction mixtures contained, per ml, & emoles magnesium 
acetate, 7 nmoles *H-tyrosine (16 Ci/mmoie), 100 nmoles of nineteen other 
amino-acids (non-radioactive), and 500 ug E. coli (RNA charged only 
with N-formyl-34S-methionine!® (5,060 mCi/mmole, about 4x 104 
«.p.m./mg), and, where indicated, 180 ug f2 RNA. Incubation was at 
55° C and 50 ul. aliquots were taken at intervals for counting. A, 
*58-fMet, no added RNA; A, S-fMet, f2 RNA: ©, *H-tyrosine, no 
added RNA: @, °H-tyrosine, f2 RNA. 


active peptides, which had mobilities identical to the two 
peptides which were obtained at pH 4-5 from peak 4 
of Fig, 3e. This indicates that the principal protein 
synthesized by f? RNA in B. stearothermophilus extracts 





wen 





AB + | 
Fig. 2. Autoradiogram of digest of protein formed in vitro and labelled 
with N-formyl-*S-methionylt¢RNA. 1) B. stearathermophilus 8-30, 
no added RNA: (2) same with added 275 [2 RNA; (8) E. coli 8-50, 
278 f2 RNA: (4) same but with 27S sus3 RNA: (5) same as (3) but no 
added RNA. Reaction mixture (500 ul.) contained, in addition to the 
components listed in Fig. 1 (per mL} 500 ag B. stearothermophilus (RNA 
charged only with N-formyl-“S-methionine, 100 nmoles each of 20 non- 
radioactive amino-acids, and, where indicated, 200 pg f2 or sus3 RNA. 
(1) and (2) contained 10 umoles/m!. Mg** and 0-25 ml. B. stearothermo- 
philus 1508-4R 8-30; (3), (4) and (5) 7 smoles/ml. Mg** and 0:20 mi. 
E. coli 8-30 (ref. 12). Incubation was for 10 min at 56° C (1 and 2) or 
37° C (8, 4,5). Digestion with ribonuclease, isolation of the radioactive 
protein, and digestion with trypsin and chymotrypsin were described 
previously (ref, 12). Electrophoresis was at pH 1-9, acetie-formic acid 
buffer, at 2 h at 50 V/em. The electrophoretogram was exposed to 
Kodak ‘Royal Blue’ X-ray film for 8 days. Correlation with 2-dimen- 
sional fingerprints"? * was used fo identify the radioactive peptides. 
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is indeed the f? maturation protein. Furthermore, an 
RNA messenger (sus4) which contains an amber mutation 
in the maturation cistron! does not synthesize peptide 2 
(Fig. 3d) but makes all other “S-methionine peptides 
characteristic of the maturation protein. This result 
agrees with the finding that in Æ. coli extracts sust RNA 
directs synthesis of all **S-methionine peptides of the 
maturation protein except peptide 2 (ref. 13). Tryptic 
peptide 2 from B. stearothermophilus extracts must there- 
fore be derived from the maturation protein. This is 
additional proof that f? RNA faithfully directs the svn- 
thesis of maturation protein m B. stearothermophilus 
extracts. 

One notes that the protein made in B. stearothermophilus 
extracts does not yield radioactive tryptic peptide T6—- 
proof again that these extracts do not make coat protein 
{compare Fig. 3¢ and f). 

To show that B. stearothermophilus extracts do not 
synthesize RNA polymerase. we take advantage of the 
fact that in E. coli extracts about 30 per cent of the pro- 


tein product is polymerase™!-?7, Fig. 3g shows that-~as 
expected-——the major “S-methionine labelled peptide 


derived from f2 protein made in Ẹ. coli extracts is T6, 
from the coat protein. None of the other labelled tryptic 
peptides (arrows, Fig. 3g) correspond with either peptides 
from the coat (Fig. 3f) or maturation protein (Fig. 3e). If 
their synthesis in vitro is specifically repressed by f2 
coat protein! (not shown), they are almost certainly 
derived from the f2 RNA polymerase. Because these 
polymerase peptides are not made in B. stearothermophilus 
extracts, this is a further indication that in such extracts 
f2 RNA does not direct svnthesis of the RNA polymerase. 


Origin of Specificity 

To obtain further insight into the remarkable specificity 
of the B. stearothermoephilus system, extracts from Æ. colt 
and B. stearcthermophilus were separated by ultracentri- 
fugation into their supernatant and ribosome components, 
which were then mixed in various combinations and tested 
for ability to direct the synthesis of f2 proteins at 49° C. 
The nature of the N-terminal peptides produced depended 
solely on the species from which the ribosomes were 
isolated, and not on the origin of the supernatant enzymes 
(Table 1). Additional experiments established that the 
origin of the tRNA has no effect on the nature or amount 
of the proteins made. The same result as in Table 1 was 
obtained when “S-methionine was used as the source 
of radioactivity, and the proteins were identified by 
tryptic fingerprints as in Fig. 3. 


Degradation of f2 RNA 


The possibility remains that ribosomes from B. stearo- 
thermophilus specifically destroy the region of f2 RNA 
which codes for polymerase and coat protein, but the 
experiment in Table 2 eliminates this explanation. A 
reaction mixture containing “8-fMet-(TNA was incubated 
with f2 RNA and B. stearothermophilus ribosomes for 
3 min at 49° C. To different aliquots, either E. coli or 
B. stearothermophilus ribosomes were added and incuba- 
tion was continued for an additional 10 min. Reaction 
mixtures containing only B. stearothermophilus ribo- 
somes yielded labelled maturation protein only, confirming 
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Fig. 3. Strip count of tryptic digest of protein labelled with *S-methio- 
nine. @, Protein labelled with N-formyl-“S-methionyléRNA synthesized 
in B. stearothermophilus extract with f2 RNA as messenger; 6, protein 
labelled with **S-methionine synthesized in B. stearothermophilus extract: 
no added RNA; ¢, asb, plusf2 RNA; d, asb, plus au34 RNA; s, mature 
tion protein labelled with ““S-methionine: f, coat protein labelled with 
ss8-methionine; g, protein labelled with **S-methionine, synthesized in 
E. coli 8-30 with added f2 RNA. Inaati ml. reaction mixture identical 
to that for Fig. 2, lane 2, was used. Reactions (0-7 mi.) for b, c, d and g 
contained, in addition to the components listed in the legend to Fig. 1, 
per mi: 500 ug E. coli tRNA, 10 nmoles *S-methionine (5,500 mCi! 
mmole), 100 nmoles each of 19 non-radioactive amino-acids, and 220. 
ag f2 or sust RNA. b, cang d contained 11 uimoles/ml, Me* and 6-25 
mi./mil. B. stearothermophilus 8-30; incubation was for 10 min at 85° O, 
g contained $ ~moles/m!. Mg*+ and 0-20 ml./ml. B. coi S-50: incubation 
was for 15 min at 37° C, *°S-Methionine labelled maturation and coat 
protein were prepared from labelled virus by Steitz’s procedure™ as 
detailed previously**. Trypsin digestion of the isolated protein and 
electrophoresis at pH 3-5 on 3 MM paper have been described*** except 
that TPCK trypsin (Worthington Biochemicals} was used. A Packard 
7201 strip scanner was used to detect the radioactive peptides, e was 
counted at 100 counts scale at 0-2 em/min with a 100 a half-time, the 
others at 1 cm/min with a 10s half-time. Two maturation protein peptides 
(numbers 4 and 5 of ref. 13) which were separable by ionophoresis at pH 3-5 
in our earlier study** migrated aa the single peak 4 In scans c, d and g, 
but they are separable at pH 4-4 (see text). The maturation peptide 6 
found earlier is ne longer seen: if may have been formed because of 
chymotrypsin impurities in the trypsin, which were here eliminated by 
the use of TPCK trypsin. 


the results in Table 1. Addition of Æ. coli ribosomes, 
however, resulted in the synthesis of 70 per cent of the 
amount of radioactive coat and polymerase protein made 
in control reaction mixtures containing Æ. coli ribosomes 
alone. In addition to showing that B. stearothermophilus 
ribosomes do not irreversibly alter the ability of f2 RNA 


Table 2. ABSENCE OF DEGRADATION OF f2 RNA 
Protein product Protein synthesized from 
Reaction Ribosomes* Time Poly- Matura- 3 to 13 min 

assayed Coat merase tion Coat Polymerase 
1 B. colt (30) at 0 min 3 min 84,000 44,500 2 630 
2 E. colt (30) at 0 min 13 min 132,000 69,500 4,100 45 OG 25,006 
3 B. stearothermophilus (39) at 0 min 3 min < 100 < 100 §,020 
4 BB. stearothermophilus (39) at 0 min 18 min 120 <100 8,300 20 ü 
5 B. stearothermophilus (39) at 0 min plus E, coli (30) at 8 min 13 min 35,600 17,200 6,800 35,600 (745) 17,260 (66%) 
6 B, stearothermophilus (39) at 0 min plus B. stearothermophilus (30) at 3 min 13 min 140 160 4,820 40 


Reaction mixtures (500 ul.) were as described in Table 1, except that only B. stearothermophilus STOO was used. After incubation at 49° © for $ min, the 
reactions were chilled on ice and additional ribosomes were added to reactions 5 and 6. Reactions 2, 4, 5 and 6 were then incubated an additional 16 min 
at 49°C. Quantitation of *S-fMet in peptides from the amino-termini of f2 proteins was performed asin Table 1. Data are expressed in c.p.te/min in product, 

* Numbers of absorbance units (Ass nm) per mil. are indicated In parentheses, 
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to direct synthesis of coat and polymerase proteins, this 
experiment also demonstrates that these ribosomes 
do not contain proteolytic enzymes which might degrade 
any coat or polymerase proteins produced by B. stearo- 
thermophilus ribosomes. 


Differences between Ribosomes 


We have previously shown that in extracts from Æ. coli 
the genes on f2 are not translated sequentially from one 
end of the RNA. Rather, F. coli ribosomes attach inde- 
pendently to two sites on the f2 RNA, those which signal 
initiation of translation of the f2 coat and maturation 
proteins'®-4_ By contrast, in identical reaction conditions, 
B. stearothermophilus ribosomes initiate the synthesis of 
only the f2? maturation protein. 

We do not know whether the region of messenger RNA 
to which a ribosome binds is identical to the region for 
initiation of protein synthesis, so that it is impossible to 
say whether B. stearothermophilus ribosomes can bind to 
f2 RNA only at the site for initiation of maturation protein 
synthesis, or whether they can bind to the same two sites 
as do E. colt ribosomes, but are otherwise blocked in 
initiation of synthesis of the coat protein. In this work 
I used ribosomes which have not had their initiation 
factors removed. Consequently, I do not yet know 
whether the specificity of polypeptide chain initiation is 
determined by the origin of one or more of the three 
initiation factors?è?!, of either of the two ribosome sub- 
units, or by some combination of these. 

The elegant work of Steitz?¢ has shown that all three 
phage genes begin with the same fMet codon, AUG, but 
that the nucleotide sequences surrounding these three 
AUG triplets are very different. Because B. stearothermo- 
philus ribosomes ean synthesize maturation protein, they 
can utilize the same fMet codon as do Æ. coli ribosomes. 
One possibility is that the primary sequence of nucleotides 
surrounding an AUG sequence in a messenger determines 
whether or not a given ribosome will recognize it as a 
signal for polypeptide chain initiation. Thus Æ. coli 
ribosomes would recognize at least three such sequences as 
initiator regions. B. stearothermophilus ribosomes, on 
the other hand, would recognize only some of these 
sequences, as well as others, perhaps, which are not 
initiation sequences for E. colt ribosomes. 

A second possibility is that the RNA secondary struc- 
ture about an AUG sequence determines whether the AUG 
wil code for the initiator (TNA or for an internal amino- 
acyl-tRNA. For example, in f2 RNA all nucleotides in 
an AUG sequence, except those at the beginning of the 
three phage genes. might be hydrogen bonded to other 
nucleotides or otherwise buried in the interior of the 


Primordial Cosmic Ray Sources 
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F. W. STECKER 
Theoretical Studies Branch, 
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Greenbelt, Maryland 


I HAVE recently proposed that the isotropic component of 
cosmic gamma radiation at energies greater than 1 MeV 
is a remnant of an earlier epoch in the evolution of the 
universe and is. the result of interaction of primordial 
cosmic rays which may have been produced in large 
quantities as a by-product of the process of galaxy forma- 
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RNA molecule. They would then be prevented from 
attaching directly to a ribosome. Æ, coli ribosomes, of 
course, could attach only to the three normal AUG 
initiator regions, whereas some unknown feature of the 
RNA secondary structure would prevent B. stearothermo- 
philus ribosomes from binding to the initiator AUG at the 
beginning of the coat and polymerase genes. One predic- 
tion of this model is that it should be possible to modify 
the secondary structure of f2 RNA so that it would be able 
to initiate synthesis of coat and polymerase protein in 
B. stearothermophilus extracts. 

The finding that ribosomes can differ markedly in their 
ability to translate the same messenger RNA suggests a 
new mechanism for the regulation of protein biosynthesis. 
In developing systems such as virus replication and 
differentiation of multi-cellular organisms, the synthesis 
of one specific protein (initiation factor or ribosomal 
structural protein) could enable the cell to translate an 
entire class of messenger RNAs which pre-existed in the 
cell but which were not read. This provides a mechanism 
of switching on (or off) the synthesis of a large number of 
proteins at the same time. 

This research was supported by a grant from the US 
National Institutes of Health. The technical assistance 
of Miss Elaine Holgate is greatly appreciated. 
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New gamma ray observations have provided what may be evidence 
for primordial cosmic ray sources existing out to redshifts of the 
order of 100. These sources may be galaxies and quasars in their 
initial stages of formation. 
energy source for ionizing the intergalactic gas. 


They may have provided the basic 


tioni. Recent measurements (ref. 4 and J. I. Vette, 
D. Gruber, J. L. Matteson and L. E. Peterson at the IAU 
Symposium No. 37 on non-solar X-rays and gamma rays, 
Rome, 1969) of cosmic gamma rays having energies greater 
than 1 MeV have now provided evidence in support of this 
proposal (F. W. Stecker at the IAU symposium) and 
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Fig. 1. Theoretical’ and observed extragalactic photon spectra. The 

data are from Vette et al. (unpublished), Clark et al.4, Metzger et al.**, and 

from a private communication from G, Share. Theoretical predictions: 

B—Bremsstrahhing, C--Compton collisions, P—cosmic ray inelastic 
p-p collisions (Zmax = 100). 


suggest that the galaxy formation stage may have begun 
at a redshift of ~ 100. 

In particular, the new data of Vette et al., which provide 
the first measurements of cosmic gamma rays in the 1-6 
MeV energy range, have already yielded valuable informa- 
tion. Their preliminary results are shown in Fig. 1. 
These measurements are consistent with the well known 
power-law X-ray spectrum below 1 MeV. They indicate 
a marked departure from the power-law above 1 MeV. 
however. For example, the 6 MeV point is an order of 
magnitude higher than what would be expected on the 
basis of a power-law extrapolation of the X-ray data. 
These data, taken with the data of Clark et al.}, being 
interpreted as a real flux, fit the shape of the theoretical 
gamma ray spectrum from cosmic ray p-p interactions 
integrated to a maximum redshift of ~ 100 for a burst or 
evolving source model where cosmie ray production was 
higher in the past (refs. 1-3 and F. W. Stecker at the IAU 
symposium). They do not seem consistent with other 
theoretical spectra for energies above 1 MeV. Vette et al. 
have interpreted their results to indicate a new component 
of the cosmic gamma ray spectrum above 1 MeV which 
they find to be consistent with the theoretical interpreta- 
tion presented here. In addition, G. W. Clark, G. P. 
Garmire and W. L. Kraushaar, also at the LAU symposium, 
reported qualitative results indicating that the isotropic 
component of cosmic gamma radiation above 100 MeV 
has a softer spectrum than the galactic component. 
This result is also in agreement with the theoretical 
predictions presented previously*®?. 

These suggestive results make it even more imperative 
to obtain other gamma ray observations in the 1-100 MeV 
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region in order to confirm the present data and to extend 
the range of the measurements. On the basis of these 
first results, however, I present the following interpreta- 
tion. Comparison of the predicted spectra with the 
gamma ray observations indicates that extragalactic 
gamma radiation may be due to the decay of neutral 
pi-mesons produced in inelastic collisions of extragalactic 
cosmic ray protons and gas. The peak in the resultant 
gamma ray spectrum, which normally oceurs at ~ 70 
MeV, is redshifted down to ~1 MeV energy. This effect 
is due to the inereased collision rate at larger redshifts 
when our expanding universe was in a more compact state 
as well as increased cosmic ray production at large red- 
shifts. A cosmic ray production rate which is constant 
over all redshifts will not account for the new observa- 
tions? The assumption of various time-dependent 
models for cosmic ray production leads to different 
requirements for the present metagalactic cosmic ray flux 
needed to produce the observed gamma rays". The 
maximum redshift needed to fit the observations is ~ 100 
which corresponds to an epoch when the age of the 
universe was 10’~108 yr and the temperature of the univer- 
sal radiation field was ~270 K. This may correspond to 
the epoch when objects of galactic mass were beginning 
to form from the metagalactic medium*®, There is mount- 
ing evidence that radio sources were more active (or 
prevalent) at earlier epochs*-* and it is plausible to 
speculate that in these sources, where electrons are 
accelerated to cosmic ray energies, protons may also be 
accelerated to these energies. Whereas electrons have 
short lifetimes at high redshifts due to Compton inter- 
actions with the universal radiation field®}* possibly 
restricting their radio emission stage to redshifts of ~ 10 
or less, the protons do not undergo significant depletion 
from Compton interactions. Thus the sources producing 
gamma rays at redshifts of ~ 100 will not be visible as 
radio sources. They may also be unobservable in the 
optical! and X-ray region (unpublished work of M. J. 
Rees and of J. Arons and R. McCray) because a dense 
intergalactic medium becomes opaque to X-rays at red- 
shifts <10. Thus our best chance of studying these 
sources comes from gamma ray observations and study 
of the sources should be of prime importance to the young 
field of gamma ray astronomy. 

I will henceforth refer to these primordial cosmic ray 
sources as “‘protars’. It seems reasonable to speculate 
that protars may be early stages in the evolution of 
quasars and galaxies, that is, objects of high mass which 
are in the initial stages of condensation out of the mete- 
galactic medium. The subsequent release of gravitational 
energy, coupled with the generation of strong magnetic 
fields during the contraction, could then provide energy 
for the acceleration of cosmic rays. 

Although most theoretical arguments favour a present 
intergalactic gas density of 10-7 to 10-5 em, studies of 
the spectra of quasars’? having redshifts of ~2 have 
indicated a neutral hydrogen density <10-% em. This 
fact argues for a strongly ionized intergalactic medium. 
In addition, soft X-ray observations by Henry et al.” 
have produced evidence of a hot intergalactic plasma with 
a density of 10-* to 10- em. Recent comparisons of 
radio observations with theoretical models of free—free 
emission-spectra from ionized intergalactic gas have 
indicated that the intergalactic medium could have 
become ionized at some redshift $100. Cosmic rays 
from protars would provide a natural source for heating 
the intergalactic medium at this epoch. It can be shown? 
that once the ionization occurs, the medium would then 
remain ionized up to the present epoch because of subse- 
quent cosmic ray heating. Rees! has recently argued 
for an intergalactic gas remaining neutral at redshifts 
between ~2 and ~1,000. Although quantitative caleula- 
tions are beyond our present knowledge, I wish to point 
out that cosmic rays from protars which have energies of 
~ 300 MeV (the threshold for neutral pi-meson production) 
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at a redshift of ~ 100, would have their energy reduced to 
~ 100 keV at a redshift of ~2 and would be ~50 times 
more effective in heating the intergalactic gas. Cosmic 


therefore cause a delayed ionization of the intergalactic 
medium effective at much lower redshifts. A detailed 
calculation of the ionization process will be presented in 
a future article. 

The redshifts of ~100 proposed here for the protars 
may indicate that they are near the limit of gamma ray 
observations. Rees (unpublished) and, mdependently, 
Arons and McCray (unpublished) have considered the 
absorption of gamma rays by intergalactic gas due to 
Compton interactions and pair production. In an 
Einstein—de Sitter universe with a gas density of 10-5 em-%, 
the gamma ray absorption coefficient varies as the 3/2 
power of redshift. For a high density universe and a red- 
shift of z=100, Arons and McCray have calculated an 
optical depth near unity for gamma rays between 1 and 
100 MeV. 

Thus for a high density universe, the gamma rays 
reaching us may be partially depleted by absorption 
effects. Of course, for models with ny <10-5 em~, 
absorption effects are negligible at z~100. For a low 
density model where n,= 10-? em~, the universe is trans- 
parent to gamma ravs out to redshifts of ~ 3,000. 

It should also be noted that in a high density model at 
redshifts of the order of 100, cosmic ray attenuation by 
nuclear collisions will also become important. The cross- 
section for cosmic ray attenuation by nuclear collisions 
is of the order of 1-5 x 10-8 em?. Using this value, we 
find that in a high density universe, attenuation effects 
become important for z~100. Thus we must increase 
somewhat the cosmic ray production requirements for 
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the high density model. For present densities less than 
05x 10-5 em-*, however, attenuation is negligible. 
It has been previously shown? that the gamma ray opacity 
due to interactions with blackbody radiation is negligible 
for zx 100 and #,55,000 MeV. 

Taking absorption effects into account, and considering 
models where the present gas density is 10-7-10-> cm-?, we 
can conclude that if the protar hypothesis is correct, 
protars have filled intergalactic space with remnant cosmic 
rays having a present density of 10-10- of the galactic 
value®, that is, 10-1%-10-™ erg cm-. 

I thank Drs Rees and McCray for bringing to my atten- 
tion the significance of the absorption effects discussed 
here and for preprints and helpful discussions. I also 
thank Drs Vette and Peterson for their gamma ray results 
before publication and for helpful discussions. 
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Some time between February 24 and March 3. 1969. the 
pulse frequency of the Vela pulsar (PSR 0833-45) suddenly 
increased. Its angular velocity showed a fractional 
increase}? AOQ/Qs2 x 10-8, while its rate of slowing down 
showed much greater fractional increase? AQ/OQ=8 x 10-3. 
This event is a unique opportunity for exploring the 
interior of a neutron star, and confirms details of the 
description of the star as a solid crust containing nuclear 
superfluids. Detailed and continued observations on the 
Vela pulsar frequency over the next few years could, 
moreover, lead to information on its mass and perhaps 
even its internal magnetic field. 

The evidence is that pulsars are rotating neutron stars, 
A typical neutron star is expected‘ to have a solid outer 
erust of very high electrical conductivity, extending from 
a few metres below the surface to a depth at which the 

+ On leave of absence from Magdalen College, Oxford, England. 


Assuming that the speed up of the Vela pulsar was caused by a 
“starquake’’, a number of predictions can be made, and the event 
can be taken as evidence that the interior of the pulsar is a superfluid. 


density reaches ~5 x 10" g em, For a heavy neutron 
star the crust is of order 105 em thick, compared with a 
stellar radius of order 10° em. Beneath the crust is a 
mixture of three degenerate interacting quanturn liquids. 
Neutrons are the main constituent, and are probably 
superfluid’ at least until a density of 2 x 10" g em (and 
probably much more) is reached. The number density of 
protons, also probably superconducting®, is a few per cent 
that of the neutrons. There is also a normal relativistic 
electron gas of the same number density as the proton 
liquid. 

We wish to propose the following scenario for the 
Vela event. (i) The initial speed up is produced by a 
“starquake”’? which occurs in the crust as follows. The 
initially oblate crust, formed when the star was spinning 
comparatively fast, and stressed as the centrifugal force 
on it decreases, cracks when the internal stress exceeds 
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the yield point. This results in a fractional decrease in its 
moment of inertia ~ 10-*, and by conservation of its angular 
momentum, in a speed up of AQ/O ~ 10-6 of the rotational 
velocity of the crust (the pulsar clock, in other words). 
The time seale for the cracking and initial spin up is of 
the order of 0-01 to 0-1 s, the time for a shear wave in the 
crust to propagate a stellar radius. We emphasize, 
however, that the events following the starquake do not 
depend on its detailed causes. 

(ii) The spin up of the crust is then communicated to 
the charged particles in the interior by the strong magnetic 
field in a time of the order of hundreds of seconds; Alfvén 
oscillations corresponding to a relative motion of the 
crust and the charged particles of the interior are produced 
by distortions of the magnetic field lines. 

(iii) Fimally, the neutron superfluid responds, in 4 
characteristic time of the order of years, to the changed 
angular velocity of the crust- charged particle system. 
This occurs via the scattering of the electrons by the 

“normal fluid’ cores of the vortex lines in the rotating 
superfluid. 

Using this picture we can show how a change of one 
part in 10® in © can lead to a change of one per cent in Q. 
We find that in a few years the effects of the starquake 
will have died down, Q returing to essentially the value it 
would have had in the absence of the quake. Also 0 
may at present have a small (Alfvén) modulation, of 
period 10 to 10? s for internal magnetic fields between 10}? 
and 101° G. Measurement of this period would provide 
information on the field strength. 


After the Starquake 


The behaviour following the starquake can be under- 
stood in terms of a simple two component model. One 
component is the combined crust-charged particle system, 
of moment of inertia Ie, assumed always to rotate uni- 
formly with angular velocity Q(t). The second component 
is the neutron superfluid, with moment of inertia Jn, 
assumed to rotate uniformly with angular velocity 
QO,(t). The two components are coupled by a mutual 
friction having a relaxation time te Their angular 
velocities are governed by the equations for the rate of 
change of angular momentum of the individual com- 
ponents 


ToQ= — a (Ie t¢e)(Q— Qn) (1) 
Tn Qn = (of te)(Q— Qe) (2) 


where « is the radiation torque, that is the braking torque 
due to the coupling of the neutron star, via the crust and 
charged particles, to the external werld. We neglect at 
first the variation of « with Q. 


For times long compared with ‘to, 
p x Q 
Q=—-=-—> (3) 
I T 


where J=J,+J, is the total moment of inertia of the 
neutron star, and T for the Vela pulsar is at present 


24,000 y (refs. I and 2). Also 
. s 4 In Te Ta 
On er (o) I ee Te SoS Q 
Tle Thk n 


For ve of the order of seven years and Je~ 10- In (a 
reasonable assumption for a heavy neutron star, for which 
the charged particles in the interior contribute about this 
fraction) we find Qa — Q ~ Q/36. 

Equations (3) and (4) specify the rotational state of 
the star before the quake. The quake causes sudden 
changes Al, (~ 10-7.) and AZ, ( <10- In) in the moments 
of inertia of the two components, as well as changes in « 
and +, of the order of parts per million. The angular 
momentum of each component does not, however, change 
on the time scale of the starquake. Thus following the 
quake one finds AQ/Q = — AI./I, and AOn/Og= — Al a/Tn. 


By straightforward calculation, neglecting small terms, 
the change in Q following the quake is 


AQ AQ ae a 


oa teh Ai (6) 
Fractional changes in Q are thus amplified by a factor 

~Tjre~ 10! over those in Q. Using the data of ref. 2 
in equation (5) we conclude that t,.= 6-6/1 —(Alu/ts)/ 
(Al./Lo)] yr. The fact that AQ/Q is observed to be 
positive implies that A/n/In< åle/Ie This is expected 
because the density increase in a neutron star below the 
crust implies that ‘slight changes in the crust shape are 
not effective in forcing the superfluid core to change its 
shape, especially in heavier neutron stars. [One is re- 
minded of a golf ball in a bag of water. | 

By similar calculation one finds that for times after 
the quake which are very short compared with te, 


T r 


n Te 


(8) 


where Q, the second derivative just before the quake, 
is negligible compared with the first term on the right. 
The observable parameter 


Q=(AQ)/OA0 (7) 


furnishes a measure of whether the star is heavy or light. 
From equations (5) and (6) we have 


1—(Aln/in)/{ AeL } (8) 


ea aT aa 


so that Osos I. A value of Q close to unity implies 
that the star is heavy, because in this case the fractional 
change in I, caused by the cracking of the crust is small 
compared with that in Je, and in addition J, is small corn- 
pared with Ja. Indeed, equation (8) implies the limits 


Al n Al. 
ee ix OF} 
ANERE 
and 
Ie 
— <Qi—] 
7, =@ 


In a light neutron star, on the other hand, the moment of 
inertia of the crust is comparable with that of the interior 
and AJ,/In is comparable with Alee, which is the case 
when Q is close to zero. 

The long term behaviour following the quake is pre- 
dicted by equations (1) and (2) to be an exponential 
relaxation back to the steady state, with a characteristic 
time (In/J)+e=6-6Q vr. On this time seale, the frequency 
dependence of the radiation torque comes into play (it 
does not influence shifts over a short time interval-——the 


AQ and AQ already calculated). The resulting value of 
Q is not that obtained from a straight line extrapolation 
of its behaviour before the quake [shifted upward by 
(1—-Q)AQ}. ` Rather the frequency dependence of the 
torque acts to curve this prequake extrapolation enough 
for the quake to lose its long term effects. The expected 
value of Q is depicted (on an exaggerated scale) in Fig. L 


Modulation of the Pulse Period 


We have assumed that the crust and charged particles 
rotate as a unit. Electrons and protons in the interior are 
forced to corotate by electromagnetic coupling, while 
communication between the charged particles and crust 
is primarily through the strong magnetic field, frozen to 
both the charged particles and crust. Any angular 
displacement of the crust relative to the charged particles 
is opposed by the tension in the magnetic field lines, and 
no relative angular displacement can build up. When the 
crust speeds up at the starquake, angular momentum is 
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Fig. 1. Expected behaviour of angular frequency versus time. The solid 


line is the angular frequency and the jump is greatly exaggerated for 

clarity, The dashed lines are linear extrapolations of the pre-quake and 

immediate post-quake behaviour, while the dash-dot line gives the 

expected long term behaviour, neglecting upward curvature due to fre- 

quency dependence of the radiation torque. Possible Alfvén oscillations 
in Q after the quake are not shown. 


transmitted to the charged particles in the interior in a 
time tą, of order the stellar radius divided by the interior 
Alfvén velocity: 


where pep is the (relativistic) mass density of the electron 
proton sea. (If B~0, Ekman spin up of the charged 
particles would be the dominant mechanism.) The 
relative crust-charged particle motion following the quake 
is an Alfvén oscillation of frequency 


where Iep is the moment of inertia of the electron—proton 
sea, and Ie =e lep 1s the moment of inertia of the 
crust. For B~10" G and fe ~Iep~ 101, we find 
o~l s, 

Oscillations excited by the quake will be damped by the 
viscosity of the electrons. Even when both the protons 
and neutrons are superfluid, electron—electron scattering 
leads to a finite electron viscosity and a damping time of 
the order of days. In a strong magnetic field, however, 
the viscosity is highly anisotropic, with some components 
considerably reduced from their zero field values. Thus 
one expects certain Alfvén modes to have considerably 
longer lifetime if the magnetic field in the neutron star 
has rotational symmetry about some axis. Such long- 
hved modes, if of sufficiently large amplitude, could be 
observed as modulations of the pulse repetition frequency. 
Specifically, the relative motion of the crust and the in- 
terior causes an oscillation 8Q(t) about the observed 
§Q~10-°O, On the basis of a simple model, in which 
changes in Iep are neglected, we find a contribution from 
such a mode which is 8O(#)= AQ(Tep/Te’) cosmt cos? for 
a magnetic field whose symmetry axis is inclined at 
an angle 0 to the axis of rotation. The amplitude 
of the resulting oscillation in the pulse arrival tame is 
~ (Tep/Te’) (AQ/Qw)~ 10s for o~ 10> s- and Jep fe ~ 1. 
The remarkable sharpness and regularity of the pulse 
from Vela offer some hope that such modulations in its 
period could be detected. 


Superfluidity in the Vela Pulsar 

We now consider the source of the mutual friction 
between the interior neutron liquid and the crust-charged 
particle system. One would expect the time te character- 
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izing this coupling to be microscopic because it does not 
depend on global processes. The remarkable fact that te 
is observed to be of the order of years suggests immediately 
that the interior is, at least in part, superfluid. Indeed 
when both the neutrons and protons are superfluid the 
only important coupling between the charged particles and 
neutrons is the magnetic moment interaction of the elec- 
trons with the normal cores of the rotational vortices in 


the neutron superfluid. This interaction leads to a 
coupling time® 
l ez \2 . ce Q 
ae > =): zè chy = (9) 
Te 3 he L'e è Pep Qe, 
where T is the temperature, Te the electron Fermi 
temperature, ky the electron Fermi wave number. x the 
neutron magnetic moment (in nuclear magnetons). 


Qo, ~ 107° s- is the upper critical angular velocity and pe 
is the (relativistic) electron mass density. The factor 
Q)/Qe., the relative volume occupied by the vortex cores, 
provides @ rough measure of the reduction, due to neutron 
superfluidity, of the neutron excitations available for 
scattering. For T~108K and &r~0-5x 10" em, one 
finds te~ 1 yr, the right order of magnitude to explain the 
Vela observations. We further note that if only the 
neutrons are superfluid the characteristic relaxation time 
is 10° times smaller*, while if neither the neutrons or 
protons are superfluid the times are further shortened by a 
factor Q/Q..~ 10-18. These results are strong evidence for 
the superfluidity of both the neutron and proton liquids 
in the interior of the Vela pulsar. 


The Next Step 


The estimate for te is of necessity rough, because of 
uncertainties in the neutron energy gap, Fermi energy and 
temperature, as well as in the structure of excitations in 
the vortex cores. Furthermore, the model of a neutron 
star which we have taken is crude, and a number of 
problems deserve further study. These include (a) 
coupling of the crust lattice to the neutron fluid within and 
near the crust, (b) character and damping of interior 
Alfvén waves, (c) direct boundary layer torque trans- 
mission between the crust and the neutron superfluid, 
(d) possibility of hydrodynamic instabilities im the 
spinning neutron superfluid in the vicinity of the crust- 
neutron boundary, and (e) possible role of a superdense 
core of p> 10 g em-*, of unknown static properties and 
transport coefficients. 

We want to emphasize that the sudden shift in the 
frequency of the Vela pulsar provides a unique probe of 
the structure of a neutron star, similar to the use of earth- 
quakes in determining the nature of the Earth’s interior. 
We also note that the mechanism for spin up of the 
charged particles would be entirely different were there 
not a large magnetic field in the interior. One may hope 
that this field may be confirmed through observation of 
Alfvén waves excited in the liquid by the sudden shift of 
the crust. 

We thank Professor Peter Goldreich for helpful dis- 
eussions on spin up in liquids, and are grateful to the 
Aspen Center for Physics, whose hospitality made this 
collaboration possible. This research was supported in 
part by the US National Science Foundation, the Air Force 
Office of Scientific Research and the Army Research 
Office (Durham). 


Received September 29, 1969. 


! Radhakrishnan, V., and Manchester, R, N., Mature, 222, 228 (1969). 

? Reichley, P. E., and Downs, G. S., Nature, 222, 229 (1969). 

4 Gold, T., Nature, 218, 731 (1968). 

4 Ruderman, M. A., Nature, 218, 1128 (1988): J. de Physique (in the press). 

* Migdal, A. B., Zk. Exp. Theor. Fiz., 37, 249 (1059) (English trans.); Sov. 

Phys. JETP, 16, 176 (1980); Ginzburg, ¥. L., and Kirzhnits, D. A., 
Zh. Exp. Theor. Fiz., 47, 2006 (1964) (English trans.); Sev, Phys. JETP, 
20, 1346 (1965). 

t Baym, G., Pethick, C., and Pines, D., Nature, 224, 673 (1969). 

7 Ruderman, M. A., Nature, 228, 597 (1959). 


NATURE VOL. 224 NOVEMBER 29 1969 


875 


Power Spectrum Analysis of the Emission-Line Redshift 
Distribution of Quasi-stellar and Related Objects 


by 

S. H. PLAGEMANN 
P. A. FELDMAN 

J. R. GRIBBIN 


Institute of Theoretical Astronomy, 
University of Cambridge, 
Cambridge 


THERE has been more interest recently in the possible 
existence of intrinsic redshift components, that is, red- 
shifts of non-cosmological origin, in the optical spectra 
of quasars'. The apparent presence of both sharp cluster- 
ing and periodicity in the distribution of quasar redshifts 
has been taken as important evidence in favour of this 
hypothesis*. Here we wish only to consider whether or 
not any statistically significant periodicities can be found 
in the most up-to-date distribution of emission-line red- 
shifts for quasars (and related objects) that is currently 
available to us. Several investigators have satisfied them- 
selves that such a nonrandom pattern does indeed exist 
in this distribution, and some interesting ideas have been 
suggested to account for the supposed effect*?+. The data 
used by these workers have been considerably augmented 
in the past year, however, and a fresh analysis seems 
called for. One of us® has been working on problems 
involving power spectrum analysis of the kind used by 
Cowan’, so we have been readily able to analyse the 
expanded list of 186 redshifts compiled recently by 
Burbidge and Burbidge‘. 


The Power Spectrum Analysis 

As in ref. 3, we have treated the ordered list of emission- 
line redshifts as a ‘“‘time’’ series and subjected this 
sequence to spectral analysis. Several bm sizes (Az) were 
used in this investigation, but only the results for Az=0-01 
are given here; this is the bin size used by Cowan, and the 


Log spectral density 








0 10 20 30 40 5) 
Wave number in units of 1/z 
Fig. 1. The power spectrum of quasar redshifts for Az=0-01 obtained 


from the data of Burbidge and Burbidge* using a similar analysis to that 
of Cowan? but at 50 lags in order to provide a plot with lower variance. 
The vertical bar marked defines the 95 per cent confidence limit. 


An analysis of a recent list of 186 redshifts indicates that, at best, 
only marginal importance can be attached to the periodicities in the 
redshift distribution that have been found by others. 


variation in bin size so far studied does not significantly 
affect the nature of the power spectra. 

The mean of the series, T, was subtracted to remove the 
zero-frequency component from the spectrum. The series 
was prewhitened to remove the high-frequency com- 
ponents resulting from the discontinuous change between 
one bin and the next, so that 


Yi = Ving mm CTI 


n ion A ae 5 wasa baaada estimator, ey i8 Written 


(ula) — 7) yiq +k) —ğ) 


where k is the lag calculated for k=0, 1, 
an arbitrary maximum lag. 


This maximum defines the 


bandwidth 6 for the “hamming?” window used in our 
analysis, so that 
1-26 
Í = 
M 


To obtain a raw estimate of the power spectrum, we 
can write 


z ” (Az) AL pas 
ieee E exC,(k) cos 42) 
Tr Ę = =Å} * . £ 


where e=} for 0<k< M, ex=1/2 for k=0 and Af, and 
h=0,1,... M. The raw estimate H(f) is then smoothed 
by techniques described by Blackman and Tukey’. We 
have plotted the smoothed sample power spectrum as 
log, H (f) so that the variations in spectrum can be accom- 
modated easily. This type of plot has the advantage that 
the 95 per cent confidence level is constant over the entire 
range of frequencies less than the Nyquist frequeney 
1/2(Az). Because the bandwidth is constant with fre- —. 
quency, the wave number is plotted linearly, The results 
for a typical power spectrum of quasar redshifts is given: 
in Fig. 


Test for Randomness 

It has been pointed out by Jenkins and Watts? that we 
can write a sample spectrum estimator S(f) for a purely 
random normal process with zero mean. S(f) will be used 
as a test for white noise, because at the harmonic fre- 
quencies it provides an unbiased estimator of the spectrum 
of white noise. We write S(f) as 


_ N-~-t 2 
Sane = | l 2 iP) COs { 2nfp( Az))) + 


ee po 


wd) = 


Mi 


+ de YP) ysin (2 nfp( Az) “| 
lp= -N ) 


The spectrum of a discrete white noise process rf) isa 
constant equal to (âz), where oj is the variance. The 
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Fig. 2. This “randomness” plot has been prepared using Cowan’s data*. 

The central of the three parallel lines is the pior expected from a pure 

white noise spectrum; the other two parallel lines are 65 per cent 
confidence limits. 
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Fig. 3. This plot has been prepared using the same analysis as for 


Fig. 2, but with the data of Burbidge and Burbidge’. Although this 
curve differs slightly from that of Fig. 2, there is no statistically sig- 
nificant difference between the two sets of results. 


integrated spectrum of the white noise process I(f) is 
then a linear function of the frequency, so that 


I(f) = p Tig)dg = 2(Az)o% f, n 3 


We then let the integrated pa spectrum be 





i 
Ife) = - 7 SOY I 
where fr=r]N(Az), r=0, 1,.. ae In practice we 
normalize I(f,) by dividing by a so that J[1/2(Az)j= 1-0. 
Thus at the harmonic frequencies fr the quantity 25(fr)/ 
(Az)c2 is distributed as y? random variables which are 
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mutually independent for each lag k. For a plot of the 
estimate of I(f,)/of against 2(Az)f, the points should be 
scattered about a straight line through the points (0,0) 
and (1,1). Departures from this line provide a eheck on 
the sample spectral density for deviations from random- 
ness due to latent periodicities in y; or peaks caused by 
local correlations in the autocovariance. Because I(f,) is 
the sum of random variables, the Kolmogoroff-Smirnov 
probability limits applicable to cumulative distribution 
functions can be used to judge if the process is random. 
The probability limits in this case consist of a band 


+B/+/(N/2)—1 about the line (0,0) to (1,1). For a ¥? 
significance level of 95 per cent, B= +136. We have 


placed these 95 per cent confidence levels in our plots of 
this randomness test in Figs. 2 and 3. 


Results 


The spectral analysis of the new quasar data published 
by Burbidge and Burbidge? is presented in Fig. 1 for 
Az=0-01. The spectrum was analysed for different lag 
numbers following the method of “window closing” (see 
ref. 8). For the optimal estimate of 50 lags we were able 
to use a bandwidth of 2-5 wave numbers which is less 
than the half-width of the important peaks. This choice 
of lag number also achieves a good balance of small band- 
width with a reasonable accuracy of estimate, because 
there are thirteen degrees of freedom and the variance 


Var (A (f= 0-79 = A) 
is only 16 per cent. 

The 95 per cent confidence level in Fig. 1, when con- 
sidered with reference to the average noise level, shows 
no strong evidence for any periodicity at wave numbers 
less than its Nyquist wave number z?=50. This con- 
clusion is reinforced by the randomness test shown in 
Fig. 3. At best, only marginal importance can be attached 
to the “peaks” in the spectral density at 6 and 15 wave 
numbers which have been discussed in, for example, ref. 6. 
Strictly speaking, we mean that only one time in twenty 


do the estimates of log,,H(f) fall outside the 95 per cent 
confidence limits. We have compared the results at 
50 lags for the more recent data of Burbidge and Burbidge’ 
with those for Cowan’s data’ and find that the peak at 
fifteen wave numbers has dropped by 50 per cent. 

An even more convincing illustration that the quasar 
data resemble a white noise process is given in Figs. 2 
and 3, which show the results of the randomness test at 
Az=0-01 using both sets of deta. The interpretation of 
the 95 per cent confidence limits for the randomness test is 
that in one out of twenty plots, on average, the maximum 
deviation from the theoretical line (0,0) to (1,1) will he 
outside the limits. The randomness test for bin sizes of 
0-011 and 0-013 also revealed a white noise process. For 
a bin size Az > 0-015, the randomness test showed a sample 
spectral density of about twice the expected value for 
white noise. 

We thank Dr M. J. Rees for helpful criticism, and the 
computer staff of the institute for assistance. J.R.G. 
holds an Isaac Newton studentship from the University 
of Cambridge and a minor studentship from University 
College, Cambridge, and P. A. F. holds a NATO post- 
doctoral fellowship. 
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Tars work starts from the hypothesis that the conven- 
tional electrolytic process for reducing alumina is con- 
strained by a residual lattice structure which is only 
partially disordered in the molten ionic salt and that the 
residual lattice can be further disordered by activation. 
While the entire salt may be ionized, few of the ions are 
free to respond to a low voltage field. Occasionally, ions 
at their maximum amplitude of vibration and jogged by 
phonons vacate some lattice sites and an equilibrium of 
free ions, vacancies and phonons is set up at a low level. 
This activation process increases the equilibrium level 
with valuable effects for electrolytic reduction. 

The activation process could be brought about by 
firing into the molten salt one or a group of electrical 
discharges with parameters which must lie in a certain 
continuum, and this process results in a critical state 
characterized by increased disorder and intense phonon 
activity. The discharges trigger a vacancy-phonon-— 
vacancy energy chain which lasts from minutes to hours 
at 960° C. Viscosity and direct current resistivity are 
sharply reduced. The kinetics of the electrolytic reduction 
are supplemented by side effects which include quasi- 
ehemical reduction and forward “fuel cell” voltage. 


The Activation 


The melt can be activated with several pulses having 
energy peaks such as 2x 10° W/kg for 1 us and a total 
input of, say, 10-> kW/kg. The ions receive increments of 
energy so that more of them leave the lattice at the 
limit of their amplitudes. The potential energy at these 
amplitudes—the excess of binding energy—becomes a 
batch of phonons. Provided that the induced phonons 
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Activation of the lattice disorder in molten cryolite-alumina 
electrolyte increases the population of free ions and of ionized 
oxide fragments. 
partial reduction. 


This results in collapse of ionic resistance and 
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Fig. 2. Activation levels. 

are not extinguished by over dilution or by competing 
forces, a chain is triggered off, and a critical concentration 
gradient starts to form. The induced phonons attack 
other lattice sites and trigger off more vacancies and 
phonons. Thus a higher equilibrium level of phonons is 
established from which the electrochemical effects follow. 
Nearly all the power for the activated equilibrium level _ 
derives from the internal heat of the lattice. The new 
level can be replenished with further pulses, and it can 
be raised to a higher level by a more extensive pulsing 
programmet, 

Fig. 1 shows a melt going critical and levelling off in 
terms of current density against time during electrolysis 
with two equal anodes at constant 5-1 V. A group of ten 
activation-triggering impulses set up a concentration 
gradient which, during the first five minutes, developed 
itself and nucleated the melt to such an extent that the 
electrolysing current levelled off at a density of 180 AJ 
inch? compared with 6 A/inch? in the initial state, The 
induction period varies from seconds to minutes depending 
on the parameters of the triggering programme. 

The activation levels in Fig. 2 are the consequence of 
the population density and of the closeness of the phonon 
frequency to the vibrational frequency of the lattice ions. 
They depend on the triggering input during the formation 
of the critical state. The troughs are indicative of com- 
peting forces. The established level persists tenaciously, 
thereby suggesting that the triggering programme 
determines the phonon frequency. The activation level 
is estimated from current density per applied volt during 
electrolysis. The length of the chain depends partly on 
the activation level, and it exists from minutes to days 
under electrolysis in a continuously molten condition. 
The gain in current density at 5 V overall ranges from 
100 per cent to 3,000 per cent. 

The increase of disorder when the melt goes critical is 
reflected in a rapid fall in temperature of about 10° ©, 
Melts have been frozen solid when activation-triggering 
impulses with a heat content of about 250 ealories/kg 
entered them. Provided that the molten condition has 
been maintained, the temperature returns to within 
0-5° C of the initial temperature in the course of a minute. 

The energy for induction of the chain and for its main- 
tenance is very small compared with the lattice energy, 
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and nearly all of it is thermal. The initial change in 
entropy, caused by the increase in disorder, results m the 
rapid withdrawal of about 100 calories from the heat of 
the melt for each calorie of the activation-triggering input. 
It seems sufficient that about 1 lattice atom in 10,000 is 
removed from its lattice field during induction. 

The chain is carried by the eryolite lattice. When the 
oxide is depleted, the addition of fresh oxide restores 
the direct current conductivity to its activated level 
without applying replenishing pulses. The activated 
eryolite extends its cham to fresh eryolite on simple 
addition of one to the other. 

An activated melt was frozen and stored for three years 
at room temperature. It was then added to an initial state 
melt, whereon it rapidly displayed activation, including 
low viscosity, acoustic turmoil and high direct current 
conductivity. The direct current conductivity was, 
however, lower than it was before the freezing and 
storage. The ratio of current densities at 5 V was 1: 30: 4 
for the initial state, the activated state and the remolten 
activated state respectively. 

The first role of the phonons in the activation 1s the 
triggering of an increased population of vacancies, when 
each vacancy generates many more phonons than are 
consumed. The excess phonons induce orbital shifting 
in the oxide groups and cause a substantial increase in the 
population level of certain oxyradical ions. The vacancy 
hypothesis accounts for the observed diminution in 
concentration polarization at normal and at higher rates 
of deposition. The oxvradical hypothesis accounts for 
the observed, unique supplements to voltage and rate of 
deposition. 


The Vacancy Hypothesis 

The vacancies are of the Schottky type. In the molten 
initial state, the population level is of the order of 0-01 
per cent. The previously described temperature change 
suggests a change of entropy corresponding to a vacancy 
population of 10 per cent in the developing gradient. 
The population levels off to a steady equilibrium of 
1 per cent. 

The most direct ionic measurement, overall direct 
current conductivity, showed a rise of 3,000 per cent on 
activation. A sharp drop in viscosity was observed, 
and this could account for some of the increased conduc- 
tivity. The rise in disorder and vacancy formation, 
however, accounts for the lower viscosity as well as for 
the increase in free ions. The apparent conductivity also 
includes a term for the forward fuel cell voltage which 
is to be discussed. Some of the conductivity 1s lost to 
competing forces including pairing. 

Such a large increase in the population of vacancies 
would require a low initial disorder, and this is supported 
by other observations. Breckenridge?* counted vacancies 
in solid ionic crystals at their maximum vacancy content 
by means of dielectric loss measurements. He concluded 
that, near the melting point, these salts contained 2 x 10% 
vacancies/m*, Assuming a residual crystal structure in 
the melt, these data support the hypothesis that molten 
eryolite has a vacancy population of 0-01 per cent in the 
initial state. Residual structure in the melt was observed 
by Zarzycki‘ and Levy et al.*, who found short range order 
in alkali halide melts similar to long range order in the 
solid, except that the radial distribution curves of their 
X-ray diffraction spectra showed a decrease in coordina- 
tion number for the melt. The decrease in coordination 
number was interpreted by Levy et al and by Lidiard 
and others in the discussion’ to indicate a small number of 
vacancies and vacancy pairs. 


The Oxyradical Hypothesis 

To account for apparent current efficiencies which exceed 
100 per cent and for voltage losses in the purely resistive 
elements of the cell which exceed the applied voltage, it is 
proposed that, under the intense phonon activity of an 
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activated melt, oxyradical ions are electrically attracted 
to the chemical proximity of the carbon anodes, and 
react with them to produce a supplement of quasi-direct 
reduction and exothermic energy, some of which appears 
as a forward fuel cell voltage. 

The current efficiency in activated melts was found to be 
higher at the normal rate of deposition and still higher at 
higher rates of deposition, reaching 100 per cent at twice 
the normal rate and 105 per cent at three times normal, 
and so on. Obviously, the usual Faradaic computation 
needs to be modified for valence state or supplemented by 
a non-Faradaic component, or both. The mechanism 
must also support a fuel cell effect and allow regenerative 
processes, because both the percentage of supplementary 
deposition and of supplementary forward voltage increase 
as the rate of electrolysis imereases. 

The existence of more than a dozen oxyradicals in 
eryolite-alumina melts has been proposed on the basis 
of physico-chemical data. Although they often involve 
a valence of less than three for each atom of aluminium 
which they contain, none has been shown to affect the 
Faradaie requirement for metal deposition. Without the 
forees released by activation, the radicals need not react 
with the carbon anode at the temperature of the melt, 
960° C. Indeed, far from being useful, they may consume 
electrical energy by attraction and concentrate in the 
vicmity of the anode, producing similar effects to concen- 
tration polarization. 

The intense phonon activity which accompanies electro- 
lysis under activation could cause one or more of these 
radicals to react with the carbon anode despite the com- 
paratively low temperature of the melt. The AIO, radical 
is particularly interesting in view of these observations. 


AlO;+C+e+=Al+CO,+A 


This is an exothermic reaction and some of the released 
energy can produce a fuel cell effect, with carbon as the 
fuel. 

The percentage increase of quasi-chemical supplement. 
with the rate of electrolysis is explained by an excess of 
phonons being released as a vacancy is formed. The more 
rapidly ions are consumed by reaction, the more rapidly 
vacancies are formed to maintain their equilibrium. 
In addition to the rate of electrolysis, the quasi-chemical 
reaction is a function of the induced phonon population, 
the closeness of the phonon frequency to the vibrational 
frequency of the lattice ions and the initial build-up of 
the concentration gradient. Fuel cell voltage increases 
with the rate of fuel consumption. If the fuel cell effect 
results from the same reaction, its voltage should increase 
with the rate of electrolysis in the same way as the quasi- 
chemical supplement inereases. The current which is, 
normally obtained with 5-1 V is obtained under activation 
with 1-7 V. The fuel cell effect is less than 3-4 V, At 
thirty times the normal current, the fuel cell voltage is at 
least 17 V. 

The AIO,—C reaction not only yields sufficient exother- 
mic energy. but it 1s normally possible at temperatures 
higher than 2,000° C, so that the phonon forces need only 
assist in reaching the activation energy of the reaction. 
The activation level is sensitive to the concentration of 
alumina, although the ervohte lattice can carry the cham 
when the alumina has been consumed down to anode 
effect. The electrical discharges directly influence the 
formation of the initial gradient of activated AIO, . 

It seems that the alumina attaches to the cryolite lattice 
coordinately at two points and, because of its higher 
dielectric constant, forms the principal pathway for the 
electrical discharges. Thus the alumina is directly split 
into radicals. As the gradient develops, the dielectric 
constant of the melt falls. Moreover, this hypothesis 
suggests chemical mechanisms for the unlimited produc- 
tion of AlO, and the data indicate that this radical or its 
dimer®* with the least subtility is present, particularly 
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when the alumina comprises more than 2 per cent by 
weight of the melt—a requisite for the activating pr ocess!. 

Anomalies have been observed in the counter EMF during 
the activation process. Instead of a normal counter 
EMF of about 1-6 V, values down to 0:4 V, and even 
reversed voltages, have been observed. The conclusion 
to be drawn is that the forward fuel cell voltage opposes 
the counter EMF and that the latter is only observed 
because the forward fuel cell relaxes more rapidly. The 
fuel cell voltage cannot be ignored in any event. Purely 
resistive (non-ionic) cell losses have been assiduously 
studied? and, at thirty times the normal current, the 
corresponding voltage losses are about thirty times 
larger. 


Table 1 
“Current 
State Volts A* efficiency” %4 
Initial 5 40 85 
Active 51 1,200 > 100 
Active 2:1 80 100 
Active 1-7 40 G5 


* 2 inch x2 ineh coke anodes, insulated wall. 


Table 1 shows comparative efficiencies for normal and 
for activated melts. Current efficiency or its equivalent 
was determined by measuring the ampere hours corre- 
sponding to the consumption of aliquots of oxide between 
selected pairs of anode effect. The method was checked 
against metal deposition in a complete run. 

Mechanisms have been suggested for the scavenging 
of oxygen which has previously been released by electro- 
lysis of a normal melt. One such mechanism! entails 
subsurface adsorption of oxygen which results in porosity 
and encrustation. The activated oxyradical reaction 
proceeds at the interface and the crusting is seen to be 
lighter on an anode which has been removed from an 
activated melt. The encrustation may be a qualitative 
measure of the extent to which activated reaction displaces 
the scavenging. 


Nature of the Activation 

This lattice activation has a number of features in 
common with those of most chain reactions. The length 
of the chain increases with the distance between the walls. 
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The wall surface has an effect; frozen eryolite on a carbon —— 

wall, for example, supports a longer chain length anda _ 
higher activation level than uncoated carbon wail. 
induction period which is seen in Fig. | is common to 
chain reactions. Impurities can affect the chain length 
until they are electrochemically deposited, for example, 
25 p.p.m. of VO, is sufficient to stop the chain. 

On the other hand, activation processes such as those 
which produce F centres are expected to anneal at high 
temperatures, and 960° C seems forbidding. The vacan- 
cies and activated oxyradicals of this activation process 
resist high temperature. Sheer (in a private cormmuruca- 
tion) observed the AlO, radical spectroscopicaily in a 
plasma with a temperature range of 10,000° to 15,000° C. 

The activated particles are similar to those of the initial 
state. This is indicated in a unique mobility test. Brief 
pulses, co-directional with the electrolysing field and with 
a peak of 900 V, were applied in an attempt to arrange 
the ions and to combat initial inertia. After each pulse, 
the current rose by 35 per cent and was maintained for 
4 s before the start of decay. When these pulses were 
applied to the activated melt, the current rose by 35 
per cent of the activated current, and the hold and decay 
patterns were the same. 

In summary, a molten eryolite-alumina electrolyte has 
been treated as a solid state problem, lattice disorder has 
been activated, and the population of free ions and of 
ionized oxide fragments has been thereby increased by 
several thousand per cent. In consequence, ionic resistance 
collapsed, and a partial quasi-chemical reduction supple- 
mented the external voltage and the Faradaic deposition. 
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THE gram positive bacterium Flavobacterium dehydro- 
genans produces a fifty carbon atom (C,,) carotenoid as 
its principal pigment during growth in light!-?. This first 
known naturally occurring decapreno-carotenoid is 2,2’- 
di(3-hydroxymethyl-but-2-enyl)-<-carotene (Fig. 1, 1)*4 
and the trivial name decaprenoxanthin now is proposed to 
replace the previously used dehydrogenans-P439. Earlier 


Several minor carotenoids and monohydroxy carotenoids concerned 
in the biosynthesis of the Cso pigment in F. dehydrogenans have been 
characterized by mass spectrometry. 


studies of the carotenoid system of F. dehydrogenana 
showed minor quantities of carotenoids in addition to 
decaprenoxanthin when cultural conditions were varied. 
The minor carotenoids have been tentatively identified as 
hydrolycopenes similar to those of a Porter~Lincoln series® 
and as monohydroxy-carotenoids of an unknown natūre? 
(Table 1). Three of the dehydrogenans carotenes and three 
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of the monohydroxy-carotenoids now have been character- 
ized using mass spectrometry as the primary analytical 
tool. 


Fragmentation of Authentic Carotenes 


As a preliminary to the study of carotenes from F. 
dehydrogenans, authentic samples of phytoene, phyto- 
fluene, -carotene and neurosporene were examined by 
high resolution mass spectrometry {AEI MS902; ioniza- 
tion potential 70 eV). All exhibited strong molecular 
ions, and characteristic fragmentation patterns with m/e 
69 as the base peak. As expected by analogy with lyco- 
pene? and the prenols’, fragmentation of the “bis-allylic” 


HOH2C 


decaprenoxanthin, 
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469, 0-8 per cent; metastable m/e 409, 4697/538 = 408-9) 
indicated fission of the 7,8 and 37,4’ bonds, respectively. 
Mass spectrometry not only affords a convenient method 
of determining the molecular formula of a hydrolycopene 
(and hence its precise hydrogenation level), but also allows 
the position of the polyene chromophore to be located in 
the chain. 


Hydrolycopenes and Lycopene 

Mass spectrometric analyses were made on two hydro- 
lvcopenes and lycopene from F. dehydrogenans. Amounts of 
two other hydrolycopenes, dehydrogenans-{-carotene and 
-neurosporene, were too small for such analysis (Table 1). 


a CH 20H 
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Ii2\- dehy drononaprenoxanthin, CasHggO (1y) 
Fig. 1. Carotenoids from gram-positive bacteria, Flavobacterium dehydrogenans (I, IL, IHI, IV). Broken lines show origin of mass spectral 


fragments of characterizing significance followed by m/e values. 


single bonds was observed. With the hydrolycopenes, 
however, it was found that this fission occurs preferentially 
at“the bis-allylic bonds adjacent to the main chromophore, 
presumably because this allows the best delocalization of 
the positive charge in the resulting fragment ions. Thus 
phytoene exhibited the expected molecular ion (m/e 
544-494, 25 per cent; calculated for CygH,,, 544-501). A 
strong M —205 ion (m/e 339-304, 9 per cent; calculated 
for C,;H,,, 339305; metastable m/e 211, 3397/544 = 
211-2), from fission of the 11,12 or 11’,12’ bond, was 
observed, but only weak ions for M —137 and M — 69. 
With phytofluene (m/e 542, 15 per cent) both M — 205 
(mje 337, 8-4 per cent; metastable m/e 209-5, 3377/542= 
209-5) and M--137 (m/e 405, 2-2 per cent; metastable 
mje 302-6, 4052/542= 302-7) ions were seen, indicating 
fission of the 11,12 and 7’,8’ bonds, respectively. ¢-Caro- 
tene (m/e 540, 48 per cent) exhibited a strong M — 137 
ion (m/e 403, 5-8 per cent; metastable m/e 301, 4032/540 = 
300-7) from fission of the 7,8 or 7,8” bond, and a weak 
ion at M—69. Neurosporene revealed the expected 
molecular ion (m/e 538-452, 36 per cent; calculated fer 
CHa 538-454). Tons at M—137 (m/e 401, 2-2 per cent; 
metastable m/e 299, 4012/538= 298-8) and M-—69 (m/e 


The molecular ion peaks found, and corresponding molecu- 
lar formulae, were: dehydrogenans—phytoene, m/e 544-504 
(Ciota); dehydrogenans—phytofluene, m/e 542-485 (C4)- 
H,.); and dehydrogenans-lycopene, m/e 536 (CygEH 5). 
These agree well with those for authentic phytoene, 
phytofluene and lycopene. Comparison of mass spectral 
fragmentation patterns of dehydrogenans-phytocne with 
authentic phytoene and of dehydrogenans—phytofluene 
with authentic phytofluene revealed identical molecular 
fissions. This means the position of the chromophore in 
the central carbon chain of each compared pair is the 
same. Dehydrogenans-lycopene and authentic lycopene 
also underwent identical molecular fragmentation indicat- 
ing that dehydrogenans—lycopene has a symmetrically sub- 
stituted polyene chain. Further support for equating the 
dehydrogenans carotenes with their authentic counter- 


parts came from agreement of electronic absorption spectra 


(hexane) and identical behaviour in thin-layer co-chroma- 
tographic systems. _ 

Quantities of dehydrogenans—phytoene were sufficient 
for nuclear magnetic resonance (NMR) spectrometry 
(Varian HA100, 2 mg sample in CCL). Signals at + 8-43, 
8-36 and 8-27 indicated six methyl groups cis to chain 
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rapidly after the viral genome enters the cell. To determine 
the time required for the synthesis of this function, both 


-pulse-labelled (9 to 12 min) and homologous competitor 


RNA were obtained from cultures to which chlorampheni- 
col was added before infection, simultaneously with the 
virus, and at l min intervals after phage addition. 
Effective competition obtained with 292 (CM): 0-12 clearly 
demonstrates that if chloramphenicol is added to the 
culture before infection (Fig. 44), simultaneously with 
the virus (4B), or 1 min after phage addition (zero-time) 
(4C), Class I RNA is synthesized exclusively between 9 
and 12 min. If chloramphenicol is added 2 or 3 min after 
phage addition (Fig. 4D and E), however, the inhibitor 
is without effect; that is, Class II RNA synthesis occurs 
normally between 9 and 12 min. Thus the new protein 
required for the synthesis of Class IT RNA is made between 


Relative amount of 
SH-RNA in hybrid 
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RNA in chloramphenicol-treated, infected cells, m addi- 
tion to in vitro studies, indicates that de novo protem 
synthesis is net required for the initial binding of the 
enzyme to the template. 

The initial species of RNA synthesized im vitro were 
shown to be identical with those early species formed an 
vivo immediately after T4 infection!. Preliminary evidence 
obtained from hybridization-competition experiments in 
our laboratory suggests that Class I RNA is very similar, 
if not identical. to RNA synthesized in certain in vitro 
conditions by RNA polymerase from uninfected E. colt 
(R.J.G. and J. P. Pispa, unpublished observations). 
Experiments are now in progress to determine whether 
Class II RNA formed in vivo and RNA synthesized in 
vitro under the direction of the 7'40 factor contain identical 
molecular species. 





40 RO 


., unlabelled n 
Ratio “labelled RNA 


Fig. 4. 


i and 2 min after the virus is added to the bacteria. 
Furthermore, this experiment also shows that, once Class 
II RNA synthesis starts, simultaneous protein synthesis 
is not required for the continuation of Class IT RNA 
synthesis. 

The control of RNA synthesis by phage-induced pro- 
teins could provide the specificity and fidelity required 


- for the correct transcriptional events to occur throughout 


the viral maturation period. Our in vivo observations, 
together with the in vitro evidence’, support the con- 
elusion that in 7'4-infected bacteria, a new phage-specific 
protein is rapidly induced and is responsible for mitiating 
Class IT RNA synthesis. This “switch” in RNA synthesis 
from Class I to Class IT occurs within 3 min after the 
phage is added to the cells and approximately 4 min 
before the commencement of “late” RNA synthesis, which 
might very well be initiated by a different function, such 
as the gene 55 product®. The sequential initiation of 
several different classes of RNA by distinct 7'4-induced 
proteins is therefore a plausible hypothesis. 

The activity of RNA polymerase exhibits a transient 
increase immediately after T4 DNA enters the host and, 
as the infection proceeds, the activity then rapidly 
decreases**. The decrease in enzymatic activity, which is 
prevented if chloramphenicol is supplied, could result 
from the loss of the host o factor?!, or some other modifica- 
tion of the enzyme**. Conceivably, both the loss of activity 
and of the host o protein may occur only if this enzyme 
component is replaced by a phage-specific o factor. The 
temporary increase in enzymatic activity, which is un- 
affected by the presence of chloramphenicol. could reflect 
a greater “affinity”? of the unmodified host enzyme for 
the viral template?*. The synthesis. in vivo, of Class I 


The rapid synthesis of a 74 protein required for the initiation of Class 1] RNA 


nthesis. 

A, 292 (CM): 9-12*, 448 c.p.m.; B, 292 (CMat—1’):9-12*, 585 ep.m.; C, 292 (CM at 0’): 9-12", 

511 ¢.p.m.; D, 292 (CMat+1’): 9-12", 1,482 c.p.m.; E, 202 (CMat+2") : 9-12", 2,642 opm. Com- 

petitor RNA preparations used were: A through E, 292 (CM): 6-12 (©); B through E, homologous 
(©) and mixed competitors (©). See the legend to Fig. 1 for details. 
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ACCURATE single-crystal analyses of small monomer 
molecules supply bond lengths, bond angles and con- 
formational angles. The first two can be used with little 
reservation as supplementary data in the lower resolution 
X-ray analyses of macromolecules. There is good reason 
for expecting that the third class of monomer-derived 
information would, m general, be irrelevant for polymers: 
conformational angles theoretically have wide ranges of 
variability, and in polymers it could be that the geo- 
metrical forms of net minimum energy would have indi- 
vidual conformational angles very different from one 
another and from the mean values found in monomers. 
This is the ease for proteins. A study?! of the two variable 
backbone torsion angles in each residue in myoglobin 
and lysozyme shows that rotations about N-Ca have 
values throughout the range 30°--150° and rotations about 
C-C have values between 100°-210° and between 260° 

320°, thus precluding any attempt to develop a simple 

“conformational code” for polypeptide chains. 

In striking contrast, the conformational angles in 
monomers related to the nucleic acids are confined to a 
few narrow ranges, no matter what their crystal environ- 
ment may be. This constaney of conformation is also 
shown by all the polynucleotide structures that have so 
far been analysed in detail. Moreover, almost identical 
values of the angles occur in both monomers and polymers. 
This is an important consideration for the prediction and 
analysis of complex polynucleotide structures by molecu- 
lar model -building and low resolution X-ray diffraction 
analysis. 


Description of Nucleotide Conformations 


A nucleotide unit and atom numbering scheme is defined 
in Fig. la. By analogy with the standard scheme for 
defining polypeptide conformations? we define the rotas 
tions about single bonds by different Greek letters, 9, y 
0,8.6, wo, y. If the unit is part of a polymer the con- 
formation in the ith residue may be described by, for 
example, gi; when the residue number is less important 
and added descriptiveness desirable, gop. Ypo, %c¢ and 
so on, are used. The angles are positive for right-handed 
rotations (that is, the far end of any bond rotates clock- 
wise relative to the near end). The zero angle of rotation 
is the cis conformation for successive chain bonds (for y 
the zero angle is for the bond N-—(purine C4 or pyrimidine 
C2) eis to Cl’-C2’}, A complication arises because of the 
sugar rings: one can describe the conformation about 
C4'-C3’ as relating either C3’-O1’ relative to C4’-CS’ (o) 
or C3’-C2’ relative to C4’-C5’ (o°). When standard bond 
lengths and angles are used, o'x 125° +o. 


Survey of Conformations 


The values of the experimentally determined conforma- 
tion angles for each chain bond are shown in Fig. 2. The 
monomer values*-!* are shown by radial lines, the polymer 
values by circles. The structures of A~DNA®, B-DNA”, 
C-DNA®, « and 8-A-RNA (reovirus)**, A’-RNA (poly 
rLrC) aab eked work of S. A., Dover, Fuller and 


Conformational angles in mononucleotides and mononucleosides 
are confined to narrow ranges. 
sponding angles observed for polynucleotides occur in the same 
narrow ranges. 


it is remarkable that the corre- 


Hodgson) and protonated polyadenylic acid? have been 
determined by manual molecular model-building and 
trial-and-error fitting of the calculated molecular Fourier 
transforms to an “‘observed”’ transform deduced from the 
X-ray intensities. Some features of these models are 
unsatisfactory, partly because the bond lengths and angles 
deviate from standard values to an unacceptably large 
extent, and we therefore distinguish such determinations 
(open circles) from the more reliable, computerized, linked- 
atom determinations where standard bond lengths and 
angles are maintamed and where a least-squares best-fit 
between the observed and calculated intensities has been 
obtained. These determinations (filled circles) have been 
made for A-~-DNA, B-DNA, z and 8-A-RNA (reovirus)*, 
B-~A-RNA (poly rA.rU) and A~RNA (poly rirC) (in- 
published work of 8S. A., Dover, Fuller and Hodgson) and 
for a DNA-~RNA hybrid (poly ri.dC)**, and it is to these 
that the quantitative discussion below will refer. 

5. For the purpose of this discussion we have determined 


Z, the mean value of the n conformational angles ({) in a 


particular range, and S = (X(¢—2)#/(n—1))1/? as a measure 
of the variability of the > angle v o Our discussion here 


will concern values of 2% C+. 


The Chain Angles, ¢, J, 0, É, a 


rotation about P-O1’, 
63° + 17°. 


For the 
observed for monomers, 


ọ, three ranges are 
196° + 25° and 294°+ 





Fig. 1. a, The atom numbering system and the nomenclature for the 

R E R angles in one nucleotide unit. Where base atoms have. 

to be distinguished in the text, from other chain atoms with the same. 

symbol, the latter will have a prime added. b, The three conformational}, 
angles that define the shape of the (deoxy-) ribose ring. 
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Fig. 2, Projections to show the conformations observed for each bond in the nucleotide unit. For each bond a view in both rections je preseated, 
for example, in a the view on the left is along P-O1 _from P (with its substituents 04’, 03’, 02’) and the monomer observations (thin radial lines) and 
polymer observations (circles) show the projected position of O1'-C3"; the view on the right is along P-OW from OL (with its aclitary substituent 03) and 


the experimental observations show the projected position of P~O4’ with respect to these atoms. a-j are such paired projected views for 
o,¢ 


model-building with least-squares optimization of the agreement between observed and caloulated structure amplitudes. 


i BF, 0, č + 8, Hs 
,2",0°” respectively. The polymer experimental observations are divided into two classes: the open circles show those derived from maunal melecuiar 
model-building and trial-and-error fitting of the observed and calculated molecular Fourier transforms, and the filled circles those from eompmiterizel 
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Fig. 3. Projections parallel ta the C1i’-O5—-C4’ plane to shaw the four 

discrete modes of sugar ring puckering (deoxy-) ribose. C2’ and C3’ are 

either ~0-5 or ~0-1 A distant from the reference plane. The nomen- 

clature indicates which atom is most out-of-plane and whether that atom 

is on the same side (endo} as C5’ or on the opposite side (ero). a, CX -endo; 
h, CB endo: e, C2 ezo, d, C3" ern. 


14°, and only one range in polymers, 290° + 14°, corre- 
sponding precisely with the third monomer conformation. 

A similar situation exists for rotation about O4-P, y: 
there are three monomer ranges, 64°+ 16°, 182° +59, 
306°+ 11°, and only one polymer range, 294° + 8°, corre- 
sponding with the last monomer conformation. 

The rotation about C5’-O4’, 0, has two ranges in 
monomers, 262°+ 14° (nucleosides only) and 181° + 22°, 
The values for polymers, 188°+4°, all correspond with 
the second range. 

Only one rotation about C4’-C5’, §=48°+ 7°, is pre- 
ferred in monomers and the same range occurs in all 
polynucleotides where §=51°+4°. The rare monomer 
ranges are 177°+8° (two values) and 292° (one value). 

The only chain angle for which this monomer—polymer 
correspondence does not exist is œ, the rotation about 
Ol-C3’, where in monomers, w = 252°+ 16° and in poly- 
mers 196°+10°. This value, implying that O1’-P is 
trans to C3’-C4’ and gauche to C3’-H and C3’-C2’, is 
perfectly acceptable on stereochemical grounds and the 
fact that it is not observed in monomers may be because 
only three determinations of 3’-nucleotides have been 
made. 


The Mutual Orientation of Base and Sugar Rings, x 


Monomers, 


Sugar-ring Conformations, o’, o”, o” 

Five-membered rings can vary in conformation only to 
an extent limited by the (small) variability of bond lengths 
and angles, except that there are four discrete sets of 
a’, o”, o” corresponding to the four modes of sugar ring 
puckering (see Fig. 3). In monomers only two sets, 
C3’-endo and C2’~endo, are commonly found with (0’, 0”, 
g’) = (204° + 2°, 37°4.4°, 97° + 6°) and (266° + 4°, 323° + 
4°, 152° + 3°) respectively. C3’~exo puckering is found on 
two occasions!” IS with (272°+2°, 324°+ 2°, 145° + 4°). 
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In polymer analyses bond lengths and angles are now 
usually fixed or nearly so and, with the values chosen. 
(6,0, 0°" )= (205°, 38°, 94°) for C3’-endo sugar rings and 
(266°, 323°, 158°) for C2*-endo. 


General Principles 


The conformations observed for mono and polv- 
nucleotides fall into very limited ranges with S~ 10°; for 
the polymers the variation tends to be less. With the 
exception of œw (and y for B and C-DNA) the mean values 
in polymers are never more than 12° different from the 
mean values for monomers. For œ there is a paucity of 
monomer data, and polymer values are entirely accept- 
able on theoretical grounds. For B and C-DNA the values 
of y are theoretically acceptable but above the upper 


More remarkably, a single set of values of (p, J, 9, E, 
O, 7, 0, 0”, 0°) near (290°, 294°, 188°, 51°, 196°, 77°, 
203°, 38°, 94°) would be almost adequate to deseribe all 
the polynucleotides so far rigorously analysed, with the 
exception of B and C-DNA. For these, the only changes 
necessary are ino’, 0°, a and y, corresponding to the 
discrete change in sugar conformation from C3’—endo to 
C2’—endo and the correlated upward shift in y. All the 
conformations observed correspond to nearly optimum 


We should not be surprised if these combinations of con- 
formations were largely preserved in less regular poly- 
nucleotides, with changes in the sugar ring conformations 
and changes in ọ and y to the alternative ranges observed 
in monomers being the most likely sites of local variability. 
The information presented here could considerably aid 
the prediction of conformation by model-building for 
complex polynucleotides where diffraction data are sparse, 
or, in a similar way, it might be used to accelerate the 
analyses of crystalline polynucleotides where X-ray data 
of atomic resolution are not attained. 

We thank Professors Sir J. T. Randall and M. H. F. 
Wilkins for facilities and encouragement, Mrs Janet 
Rickard and Mr Zoltan Gabor for technical assistance. 
and the Science Research Council for a research training 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Complementarity and Philosophy: 
A Reply to Criticism 


I am sorry that M. P. Melrose has misunderstood my 
article “Complementarity and Philosophy”! as profoundly 
as is revealed by his note?. The relation between ordinary 
language and physical languages diseussed in the article 
is not at all of the kind Melrose presents in the note. 
On this point I can do nothing better than advise Melrose 
to read my article again. 

But further, the present situation in quantum physics 
is not as Melrose’s note supposes. The great number of 
fundamental particles or particle states discovered in 
high energy physics and the inability of quantum theory 
to account for the existence of the particle states show 
that this branch of physics is in a period of accumulating 
experimental data, the description of which may 
eventually result in a new revision of the conceptual 
framework of physics. But whatever the revision might 
be, it cannot exclude fundamental physical concepts 
(principles, laws), but only display their limited range of 
applicability. This is a logical consequence of their 
fundamentality, that is, they have afforded a solid 
foundation for the description of a wide field of experience 
basic to further developments in experimental technique. 
And quantum physics has shown incontestably that 
physical phenomena cannot be separated from the 
experimental conditions. 7 

Presumably the non-temporary character of funda- 
mental physical concepts (principles, laws) is hard to 
accept for many philosophers because they confuse 
temporariness with possible limitations in the range of 
applicability. In this context it is essential that a limita- 
tion in range of applicability is discovered by a remarkable 
advance in experimental technique, and hence coincides 
with the split between phenomena observable by the usual 
means of observation and phenomena which can be 
observed only by the new technique. As long as it was 
not possible to obtain evidence of individual atomic 
objects, there were no complementary phenomena within 
physical science. AH physical phenomena could be 
described in the conceptual framework of classical physics 
(note that “phenomenon” is used in Bohr’s sense of the 
word). 

Although the discovery of the quantum of action has 
displayed the limitations of the causality concept in 
physical description, this concept is still fundamental in 
physical investigation. Similarly, the complementarity 
concept may be subjected to certain limitations by future 


_- experimental results, but it will remain a fundamental 


element of physical description. As stressed by Niels 

Bohr, the exclusion of complementarity from physics is 
equivalent to the denial of the existence of the universal 
quantum of action and hence equivalent to the rejection 
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of the entire quantum theory. And quantum theory 
comprises the widest field of experience in natural science. 
T. BERGSTEIN 


Dr Margrethesvej 25, 
9600 Aars, 
Denmark. 
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Spectra of Extended Extragalactic 
Radio Sources 


Tae extended extragalactic radio sources! are thought? 
to be late stages in the evolution of relativistic plasme and 
magnetic fields ejected from galactic nuclei or guasi- 
stellar objects. The processes forming these sources, 
which may contain two or more components of emission 
in regions up to «300 kpe across, are not understood, 
Observations of their radio emission may, however, 
provide useful constraints on theories of their develop- 
ment (ref. 4, for example). 

Scheuer and Wiliams’ and Kellermann ef al.* have 
recently pomted out that the spectra of the total emission 
from many of these sources do not deviate appreciably 
from a power law in which the received flux density 
S(v) varies with observing frequency v aa S(vj}=Cv-s, 
where C and g are constants. They argue that if the 
individual components of such sources had power law 
spectra with differing values of « the total spectra could 
not have this form. Their spectral indices g would in- 
crease with decreasing frequency. as components with 





higher values of a would dominate the emission at low. — 






frequencies. They conclude that the component sp 
must be essentially similar in most of these sources, w 
the frequency range 38 to 5,000 MHz spanned by t 
data. 

This argument is misleading, however, for the apparent 
goodness of fit of a power law to the observed total spectra 
does not in fact place very stringent limits on the range of 
spectral indices which may be present among the com- 
ponents. Consider, for example, a two-component source 
in which the components have spectral indices «, and «.. 
Assume that the source can be observed at frequencies 
between 38 and 5,000 MHz with instruments which record 
the total flux density S(v) = S (y) + Say) = Cyt, + Cv, 
with negligible error, and that a single power law S{v)= 
Cy is then fitted to the resulting spectrum. Only if | 
Si(v) = S,(v) near 400 MHz could the departure of the total ~~ 
spectrum from a power law be appreciable: œ would 
otherwise be very close to «, or a. Making this assumption 
and taking «,=0-7, a typical value for an extragalactic 
source, it is easily shown that A«=/2,~ œ! must be > G4 
for the total spectrum to deviate from a simple power law 
by >10 per cent of the flux density at any frequency 
between 38 and 5,000 MHz. The 38 and 178 MHz data 
used in refs. 5 and 6 have random errors typically + 10 
per cent; at the higher frequencies random errors are 
smaller, but systematic errors may oceur because flux 
densities of some extended sources must be corrected for 
partial resolution of the sources by the narrow reception 
patterns of the instruments used. These observational 
difficulties. and the fact that in many sources 8,(v) does 
not equal S,(v) at 400 MHz (ref. 7). preclude the detection 
of differences Ax < 0-5 between components of most double 
sources using present observations of their total spectra. 

For multicomponent sources the spectral resolution 
Aw of the present data is still poorer. For example, in a 
three-component source with S,(v)=S,(v)=S,{v) at 400 
MHz and «,=0:4, 4,=0-7 and «,= 1-0, the total spectrum 
deviates from a power law with «=0-7 by <10 per cent 
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of the total flux density at any frequency between 38 
and 5,000 MHz. 

Differences Axzx0-5 are of the same order as those 
produced? by different energy loss mechanisms such as 
synchrotron radiation, inverse Compton scattering, 
Coulomb bremsstrahlung or ionization of ambient mater- 
ial, acting on a given population of relativistic electrons 
emitting by the synchrotron mechanism. Spectral 
resolution A« < 0-5 must therefore be obtained if physically 
significant differences are to be detected among the radio 
spectra of components of a multiple source. Such resolu- 
tion could only be obtained from observations of total 
spectra if these were accurate to 1 or 2 per cent at each 
frequency, or if they spanned a significantly wider fre- 
quency range than 38 to 5,000 MHz. It is therefore prema- 
ture to conclude from the present data that the component 
spectra in multiple sources are generally similar. 

High-resolution maps of some extended sources at 
several frequencies have in fact shown directly that this 
is incorrect. Macdonald et al. (MKN) derived spectral 
indices for components of twenty-one extended sources 
from maps at 408 and 1,407 MHz. In four of these 
sources the different components may be related to 
different optical objects; in eight of the remaining 
seventeen sources the components have spectral indices 
which differ by 20-3. Schilizzi and McAdam’ found 
seven out of seventeen extended southern sources to have 
components with spectral indices differing by 20-3 
between 408 and 1,401 MHz. 

It is of interest to compare the MKN component spectra 
with the total spectra of these sources (Table 1). The 
total spectra are taken from a study of radio spectra 
between 10 and 5,000 MHz (Costain, Roger and myself, 
in preparation), which extends the frequency range 
beyond that considered by Kellermann ef al. using 
measurements at 22-25 and 10-03 MHz made*!® at the 
Dominion Radio Astrophysical Observatory. The MKN 
component spectra are listed in Table 1 in order of de- 
creasing flux density at 408 MHz. 

The total spectra of 3C 33, 46, 184-1, 284, 285, 313, 
382, 390-3 and 465 do not deviate significantly from a 
power law in the frequency ranges considered, but only 
in 3C 46, 184-1, 285 and 313 do the MKN components 
have similar spectra. In 3C 33, the MKN components 
have significantly different spectra, and also cannot con- 
tribute the total intensity observed at low frequencies 
unless their 408 MHz intensities are appreciably under- 
estimated. A further component may therefore be pre- 
sent with spectral index «20-9 contributing œ 150 x 10-* 
W m- Hz-! at 10 MHz. This component may resemble 
the “bridge” components of 3C 76-1 (ref. 11) and Cyg A 
(ref. 12), which have spectral indices greater than those of 


Table 1, TOTAL SPECTRA AND COMPONENT SPECTRA FOR SOURCES RESOLVED 


BY MKN At 408 MHZ" 


Lowest 
Source Total spectral frequency MKN component 
index observed (MHz) spectral indices 

3C 33 0-71 10-03 6:39, 0-64 

8C 33-1 0-69 to 0-947 38 6-91, 0-93 

3C 46 0-96 22-25 6-97, 0-97 

3C 66 1-6 to 0-58 ¢ 10-03 0-61, 1-09 

3C 184-1 0-69 22°25 0:69, O57 

3C 219 0-65 to 0-91 t 10-63 0-80, 0-76 

3C 225 0-32 to 0-967 10-03 0-77, 0-65 

3C 274-1 0:83 to 1-03 38 0-85, 1-04 

30 284 0-85 10-03 M75, 17 

3C 285 O77 22-25 0-63, 0-61 

8C 313 0-85 22-25 0-76, 0-88 

8C 382 0-74 22°25 0-80, 1-08 

BC 390-3 O71 22-25 1:30, 0-90 

3C 402 1-2 to 0-567 22-25 0-59, 1-5 

Cyg aA — 05 to 1074 10-08 0-70, 0-74 

BC 452 0-5 to 0-92 Tt 10-03 0-74, 069 

3C 465 0-80 10-038 0-77, 0-66, 0-72, 

1:5, 0°57, 0-77, 
0-48 


* Excluding 3C 844+83-1, 86, 129+ 1201 and 437-1, in which the com- 
ponents may be related to different optical objects. 


+ Spectral index decreases with decreasing frequency. 


+ Spectral index increases and decreases in different frequency ranges- 


extreme values of the index are given. 
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the high-frequency components of these sourees. In 3C 
284 the MKN components have different spectra, but their 
sum accounts for the observed total intensity at all 
frequencies within experimental errors. In 3C 382 the 
MKN components have significantly different spectra 
between 408 and 1,407 MHz; the index of 1-08 in the 
south preceding component cannot be continued to 40 
MHz, however, because the intensity of this component 
would then exceed the total observed. The MKN compon- 
ents of 3C 390-3 have significantly different spectra, but the 
index of 1-3 in the southerly component may be partly 
due to inclusion of emission from a “bridge” at 408 MHz 
but not at 1,407 MHz; this index could not be maintaimed 
to 200 MHz, for the intensity of this component would 
then exceed the total observed. 3C 465 has seven com- 
ponents with spectral indices from 0-48 to 1-5; the total 
spectrum is well fitted by a power law, illustrating the 
insensitivity of the total spectrum to the component 
spectra in a complex source. The index of 1-5 cannot 
be maintained to 10 MHz, for the intensity of this com- 
ponent would then exceed the total observed. 

The remaining sources in Table 1 have total spectra 
which deviate from a power law. For those denoted by f 
the spectral index decreases with decreasing frequency. 
This may indicate that an absorption mechanism occurs 
within one or more components of the source. The total 
spectrum is sensitive to such effects because they intro- 
duce large departures from power-law spectra over small 
frequency ranges. Such departures have a much more 
pronounced effect on total spectra than the differences in 
component spectral indices already considered. In 3C 66 
and 3C 402, the total spectral index increases at frequencies 
below those considered by Kellermann ef al., which 
suggests that the components of these sources have widely 
differing spectral indices. The MKN components of 3C 66 
cannot contribute the total intensity observed at 22-25 
and 10:03 MHz; some of the emission at these frequencies 
originates in a component œ 1° in diameter which is there- 
fore absent from the MKN maps (Costain and myself, in 
preparation). In 3C 402, the increase in spectral index 
below 38 MHz is probably due to the most northerly MKN 
component’. 

Significant differences are therefore observed among 
component spectra of 40 to 50 per cent of the extended 
extragalactic sources, contrary to the suggestion®.® that 
these spectra are generally the same. 
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Collapsed Objects in Clusters 
of Galaxies 


APPLICATION of the virial theorem to clusters of galaxies!’ 
has shown that the masses of such clusters are unex- 
pectedly large. For the Virgo Cluster‘ a mass of Ix 
10% M > is obtained from the virial theorem. This value 
is between one and two orders of magnitude larger than 
the combined mass of all of the known cluster galaxies. 
This suggests that most of the mass, which is required to 
stabilize the cluster, might be in the form of invisible 
collapsed objects. 

Photographs of galaxies often show the tidal distortions 
that are produced by the gravitational interactions 
resulting from galaxy encounters. Similar distortions of 
galaxies would be produced by close encounters with 
very massive collapsed objects. Such events might be 
particularly frequent in rich clusters of galaxies. 

To test this hypothesis the known members of the Virgo 
Cluster were inspected on the prints of the Palomar Sky 
Survey. Of the seventy-three known cluster members', 
ten exhibit distortions which might be attributed to tidal 
interactions. Six of these ten galaxies have nearby 
companions that are almost certainly responsible for the 
observed distortions. The four isclated Virgo Cluster 
members that exhibit distortions are NGC 4192, NGC 

4569, NGC 4866 and NGC 4958. It is, of course, quite 
possible that the distortions in some of these galaxies are 
due to the after effects of violent internal events rather 
than to tidal distortions. 

These observations suggest that most distorted galaxies 
that are observed in the Virgo Cluster can be accounted 
for in terms of interactions with other galaxies. This in 
turn indicates that collapsed objects, with masses com- 
parable with those of typical galaxies, are less frequent in 
_ the Virgo Cluster than are normal galaxies. This implies 
that collapsed objects with masses of, say, 5x 10" Ma 
annot account for the missing mass that would be re- 
quired to stabilize the Virgo Cluster. The possibility 
that this mass is concentrated in a small number of 
exceedingly massive objects with masses larger than 

108 Mo cannot be excluded. Encounters between 
normel galaxies and a few such supermassive objects 
would be very rare. Also the observations cannot exclude 
the possibility that the missing mass is concentrated in a 
very large number of relatively small collapsed objects 
with masses less than 10° Mo. Presumably such relatively 
low-mass objects would not produce observable tidal 
distortions in normal galaxies. It is therefore concluded 
that rich clusters, such as the Virgo Cluster, probably do 
not contain large numbers of collapsed objects with masses 
in the range 10° Mo to 108 Me. 
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Supernova of AD 1437 


Krang? refers to the identification of the radio source 
CTB 35 as a supernova remnant and suggests a possible 
association with the Chinese supernova record of AD 1437. 
The only suggestion that CTB 35 is a supernova remnant 
was made by Braes and Hovenier*, who, incorrectly 





oO} 


interpreting the radio data, deduced that CTB 35 had & 
non-thermal spectrum. 





measurements! that CTB 35 is a thermal complex well 
identified with emission nebulae in this direction. The 
suggestion that it is a supernova remnant is not justified. 

The region within the Chinese asterism Foei is domini- 
ated by two sources: CTB 38, a thermal source aiso 
exhibiting recombination linest, and CTB 37, definitely a 
non-thermal double source’. The radio surface brightness 
of this latter source is comparable with that of the rem- 
nants of Tycho’s Nova and of Kepler’s Nova and it could 
be of the same age as these two remnants. It is therefore 
possible that CTB 37 is the remnant of the AD 1437 event. 

Immediately outside and close to the second and third 
stars in Woei there is another non-thermal source, 
Kesteven No. 45 (ref. 5). This object is of low radio 
surface brightness, and if ib is a supernova remnant 
it would be from a much earlier event than the events 
discussed by Kiang. 





D. K. MILNE 
CSIRO Division of Radiophysics, 
Sydney, 
Australia. 


Received September 4, 1968. 


> Kiang, T., Nature, 2238, 599 (1969). 

* Braes, L. E., and Hovenier, J. W., Bui. Astron. 
(1966). 

3 Milne, D. K., and Hill, E. R.. Ausiral, J, Phys., 22, 211 {1980h 

+ Wilson, T. L., thesis, M.T.T. (1969). 

* Kesteven, M. J. Lo, Austral. J. Phyu. 21, 309110608) 


fnats, Netheriands, 18, 234 


Alleged Supernova of AD 1006 # 


FURTHER information obtained recently’ makes it lkely 
that the identification of this object with x Lupi is 
doubtful? because the corrected declination for the epoch 
would most likely have been -44°, too far south to have 
been seen from St Gallen. 
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Linear Polarization of 
Pulsar PSR 0833-45 at 4°8 GHz 


OBSERVATIONS of the pulsar PSR 0833-45 at 6 cm wave- 
length have shown a double structure for the pulse, a drop 
in the polarization from 100 per cent to 50 per cent near 
the pulse maximum, and a non-linear variation of polariza- 
tion angle across the pulse. These observations are 
interpreted in terms of an oblique rotator model for the 
pulsar. 

PSR 0833-45 has been observed at frequencies of 
1,420 MHz, 1,720 MHz and 2,700 MHz by Radhakrishnan 
et al.’ and by Radhakrishnan and Cooke? On the basis 
of the polarization features it was concluded that the 
pulses were due to highly beamed radiation from the 
vicinity of the magnetic poles of a neutron star that was 
rotating rapidly with a period of 89 ms. The observations 
described here were to investigate the pulsar character- 
istics at a frequency of 4,830 MHz. 

The observations were carried out on May 19, 1969, 


with the Parkes 210 foot refiector using a 6G emi para- 


metric receiver on loan from the National Radio 


In fact it has been shown fron oa 
continuum observations? and H109% recombination lines- - 
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Fig. 1. a, The variation with time and angle of rotation of the integrated 
total intensity over the pulse; b, the variation of percentage polarization ; 
c, the variation of the polarization angle across the pulse. Smooth curves 
have been fitted to the observed points. Probable error limits are 
indicated. The broken lines in ¢ represent the linear variations fitted 
to the extreme observations. The arrow at 55° marks the extrapolation 
of the direction of polarization of the pulse maximum at lower frequencies. 
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Astronomy Observatory, Green Bank, West Virginia. 
This receiver had a system temperature of about 150 K 
and a 6 MHz passband centred on 4,830 MHz. Integrated 
pulse shapes for sets of 400 pulses (a time duration of 36 s) 
were obtained by the use of a 400-channel R.I.D.L. pulse- 
height analyser. This provided a time-resolution of 
0:22 ms. The expected pulse period was obtained from 
data kindly provided by Dr R. N. Manchester. 

The polarization features of the pulses were obtained by 
rotating the linearly polarized feed through 30° between 
each integration. The time delay between successive 
integrations averaged about 1-5 min. In all, a total 
of forty-two integrations was obtained in this manner. 
The mean intensity, percentage polarization, and direction 
of polarization, at intervals of 0-44 ms over the pulse, were 
caleulated by least-squares analysis on a CDC 3200 
computer. The mean results for total intensity and 
polarization are shown in Fig. 1, with smooth curves 
drawn through the points in Figs. 1b and ce. The fit of the 
points to the curves indicates that the errors were generally 
over-estimated. The dotted lines in Fig. le will be 
discussed later. The mean pulse has a half-intensity 
width of 3-5 ms; it is considerably wider than at lower 
frequencies (the width is about 2 ms at 1,720 MHz), and 
seems to have two components. At lower frequencies the 
pulses consist primarily of a single component’. The 
greater width at 4,830 MHz was not due to a difference 
between the pulse and sampling periods, because the 
total drift of the pulse pattern during the period of 
observation was found to be less than 0:5 ms; nor was it 
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due to dispersion-broadening in the 6 MHz bandwidth, 
as this was only 0-03 ms. 

The time-variations of the integrated pulse were 
investigated after correcting the intensity at each interval 
of 0-44 ms by the average linear polarization, on the 
assumption that the polarization remained constant. 
Additional information was provided by a sequence of 
pulse integrations obtained at a fixed direction of polariza- 
tion. It was found that the mean variation of intensity 
for each interval was about 50 per cent of the average 
intensity. The variation is at least five times greater 
than that reported at 1,720 MHz by Radhakrishnan 
et alt but similar to the variations observed at 408 MHz 
by Wielebinski?. The two subpulses appeared to vary 
independently, although each maintained its own shape. 
With the limited sample, all variation was random rather 
than periodic. The mean pulse energy is equal to 4:0 x 
10-3 J m- Hz. The spectral information at present 
available is shown in Fig. 2. The energy at 4,830 MHz is 
less than one-third of that extrapolated from lower 
frequencies with a spectral index of about — 0-9, suggesting 
a radiation cut-off frequency not far beyond 5 GHz. 

The polarization ranges from nearly 100 per cent in 
the wings of the pulse, where the direction of polarization 
varies at the rate of 12°/ms (represented by the broken 
lines in Fig. Ic), to 50 per cent near the pulse maximum, 
with an associated direction rate of 40°/ms. The mean 
rate does not. differ greatly from the value 25°/ms found 
by Radhakrishnan and Cooke. The arrow shown at 
position angle 55° represents the approximate value of 
the direction of polarization for the pulse maximum 
extrapolated from lower frequencies. It is not clear which 
part of the pulse should be associated with this direction, 
because all components of the pulse may not persist to 
lower frequencies. Its location in Fig. 1 corresponds to a 
region between the two subpulses. 

Radhakrishnan et al.) and to a greater extent Radha- 
krishnan and Cooke? have suggested a pulsar model 
in which highly beamed radiation is emitted from the 
vicinity of the magnetic pole of a rapidly rotating neutron 
star. Pulses are observed when the line of sight attains 
an inclination of only a few degrees to the magnetic 
axis. The present results cannot be fully explained by 
this simple model. The pulse shape and the polariza- 
tion features suggest the existence of two main subpulses, 
If they are assumed to be symmetrical in shape, they 
would be separated by 2-0 ms, and would be 100 per cent 
linearly polarized with directions of polarization differing 
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Fig. 2, The high-frequency energy spectrum of the pulsar. 
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by 70°. Additional polarized radiation must occur 
between the subpulses to prevent the polarization dropping 
below 50 per cent. The rate of change of direction of 
polarization for the radiation between the subpulses 
agrees with the simple model. The rate across the sub- 
pulses is considerably lower than expected, however; 

it could be due to the presence of discrete regions of radia- 
tion across which the polarization is relatively constant. 
The symmetry shown in the variation of polarization 
suggests that these regions are part of a symmetrical 
feature such as a conical annulus of emission centred on 
the magnetic pole. The subpulses would occur when the 
annulus passes through the line of sight, while the weaker 
radiation between the subpulses would come from near 
the pole. 

To summarize, the results at 4,830 MHz are generally 
in agreement with an oblique rotator model for a pulsar, 
although a more complex radiation distribution is required 
than at lower frequencies. The large variations in pulse 
shape and intensity seem to arise in the mechanism pro- 
ducing the radiation, for the increase of variability with 
frequency rules out scintillation in the intervening medium. 
The mean energy spectrum points to a radiation cut-off 
frequency near 5 GHz. 

The investigation was suggested to us by J. G. Bolton. 
We thank D. J. Cooke for setting up the equipment for 
the observations. The NRAO parametric amplifier was 
on loan by courtesy of Dr D. 8. Heeschen. 
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Absorption of High Energy Gamma-rays 
in the Vicinity of Pulsar NP 0532 


THE purpose of this article is to point out that photon- 
photon absorption may remove high energy y-rays from 
the vicmity of pulsar NP 0532 in the Crab Nebula. The 
pulsar was discovered at radio frequencies by Staelin and 
Reifenstein!, and recently Cocke, Disney and Taylor? 
discovered strong optical pulses. Fritz et al. have found 
pulsed X-rays. The pulse durations at the three different 
frequencies are similar. 

In recent years the effects of photon—photon absorption 
have been pointed out by many authors‘-§, In addition, 
Jelley’? has considered the same absorption process within 
the possible sources of y-rays. The absorption of a y-ray 
of energy Ey by a photon of energy s has a threshold at 
E pe(1 — cos) = 2(mec*)?, where me? is the rest energy of 
the electron and 6 the angle between their directions of 
motion. The cross-section o for the process rises from zero 
at threshold to a maximum just above it. For an isotropic 
distribution of photons we take c to be 10-75 em?. If w is 
the energy density of the soft photons the number density 
of these photons wa ben=u ufe and the mean free path for 


Here I assume tha the vol seamed by the optical 
and X-ray photons is the same as or larger than that from 
which the pulsed’ y-rays may originate. In addition, I 
consider that the emission of the optical and X-ray pulses 
is isotropic and that their distribution in the source is also 
isotropic. 

First I consider absorption between optical photons and 
high energy y-rays, Ey~ 10°? eV. If the Crab Nebula is 
located at a distance a 2 kpe the total optical luminosity? 
of the pulses is 10%4 erg s-!. The amplitude of the inter- 
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pulse is about 30 per cent of the main pulse. The total 
energy in the main pulse is 3x 10° erg, corresponding to 
10% photons during the pulse. The maximum size of the 
object ought to be comparable with the distance travelled 
by light in one pulse duration, 10° em, and the source 
volume should be 4x 10% em’, The number densit ty of 
optical photons is 2-5 x 1048 em~? and the mean free path 
h~ 4x 10% cm. 

Second, I consider absorption between keV A-rays and 
v-rays of energy greater than 50 MeV. Fritz ef al. have 
detected pulsed Xx. -rays in the photon energy region 1 to 
13 keV and found that 5 per cent of the total X- rays 
from the Crab Nebula were pulsed, with the pulsed 
component equally divided between the maim pulse and 
the interpulse. The X-ray pulsar flux is about 2x 10- 
erg cm? s7! or 6-6 x 10-1 erg em~? during the pulse where 
the pulse durations have been taken as 3 ms and the 
repetition rate as 30 Hz. The total energy in the A-ray 
pulse is 3 x 10%? erg corresponding to ~ 2 x 10° keV X-rays 
per pulse. The number density of these photons is 4x 1017 
cm~ and the mean free path 4~2x 107 cm. Recently an 
upper limit of 8x 10! erg em~? s-t has been measured® 
for the pulsed X-ray flux between 30 keV and 120 keV 
from the Crab Nebula. These results lead to a mean free 
path }>4x 10? em. 

If the optical and X-ray pulsed fluxes are joined by a 
straight line and the conditions mentioned are éorrect, 
then pulsed y-rays of energy greater than about 50 MeV 
will be strongly absorbed in the source. 

If pulsar models*:!° where the radiation is beamed are 
considered, then the photons will not be uniformly distri- 
buted throughout the source region and the absorption 
cannot be estimated. There are a number of effects that 
introduce large uncertainties. (i) The radiation will come 

oy » thresholds and photon— 
photon coilion frequencies will be modified. (i) The 
total optical and X-ray pulse luminosity may be either 
increased or decreased because we may be at the eentre 
of the main radiation lobe or on the edge of or even in a 
side lobe. (iu) The radio, optical and X-ray pulses occur 
with the same period and pulse width but could be pro- 
duced in the source at slightly different times. (iv) The 
volume of the source could be larger by many orders of 
magnitude. The upper limit on the radio and optical size 
of the source region is <0-1 s of arc, that is, 3x 10% om, 
compared with the size as deduced from the pulse width, 
108 em. The radiation could come from high energy 
particles travelling towards the observer and the pulse 
width as measured could be the difference between the 
particle velocity and that of the radiation. 

In conclusion, high energy pulsed y-rays of energy 
greater than about 50 MeV will suffer severe absorption if 
the optical and X-ray photons are isotropic m the source 
region; if beaming of the radiation occurs, as seems more 
probable, then the absorption, if any, cannot be estimated. 

Į thank Professors K. Greisen and J. Delwaille for 
helpful and detailed discussions. 
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Latitude Variation of the Effect of 
Magnetic Activity on lonospheric Drifts 


THE effect of magnetic activity on horizontal drifts in the 
ionosphere has been reported by several investigators. 
This communication deals with the effect of magnetic 
activity on ionospheric drifts at various latitudes with the 
objective of making apparent the variation in drift speeds 
with latitude under active magnetic conditions. We have 
used data on horizontal drifts available from World Data 
Centers for the IGY period and the drift stations are 
selected so as to represent a particular range of latitude. 
The drift speeds and the corresponding K index values are 
tabulated for all the drift recording stations and corre- 
sponding nearest magnetic observatories (Table 1). The 
tabulated values are then averaged and the average drift 
speed values for each corresponding A index are plotted as 
shown in Fig. 1. 

The drift speed in the # region increases with magnetic 
activity at all stations, more rapidly at higher values of 
K index. In both hemispheres the effect. of magnetic 
activity on drift speed is greater at higher latitudes. 

There is an interesting variation in the values of F2 
region drift speeds with latitude during magnetic activity. 
At Waltair the drift speed is found to decrease with 
increasing K index, so that the drift speed and K index 
are inversely correlated at the low latitudes. At Yama- 
gawa and Askhabad the K index has practically no effect 
on drift speed. At Simeiz the effect of magnetic activity 
on drift speed is positive, and at Gorky the drift speed is 
found to increase linearly with K index up to A=3, after 
which the increase is more rapid with increasing K index. 
The effect of magnetic activity on drift speed is quite 
prominent at high latitudes. In summary, the negative 
correlation of drift speed with K index at low latitudes 
changes gradually to a positive correlation at high 
latitudes, the reversal taking place about 30° geomagnetic 
latitude. 

The morphology of the F region during storms has been 
extensively studied?. At high latitudes there is a marked 
decrease in peak electron density with a pronounced 
diurnal variation, but at low latitudes there is often an 
inerease of electron density. The variation at intermediate 
latitudes showed a marked diurnal control and an overall 
depression, except for an occasional increase during the 
winter. Bowles’, from incoherent scatter radio soundings 
at Jicamarca, reported an increase in electron density at 
equatorial latitudes during geomagnetic storms. 

Kohl and King? have show n that neutral air pressure 
gradients at F region heights produce important atmo- 
spheric winds, the force of which is influenced by viscous, 
Coriolis and ion drag forces. They also estimated that 
atmospheric winds of the order of 100 m s- exist at most 


latitudes when Nm F? is 3x 105 cm- and of the order of 


35 m s~? when Nm F2 is 108 cm; this inverse relationship 
is a consequence of ion drag forces. An increase in electron 
density concentration inereases the collision frequency 
between ions and neutrals, and this results in more ion 
drag force and hence decreases the magnitude of the wind 
speed. Kohl and King also suggested that ionospheric 
drifts produced by the atmospheric winds may help to 
explain many of the F region anomalies. In the present 
investigation, a decrease in drift speed is observed with a 
corresponding increase in electron density concentration 
at low latitudes in magnetically active conditions. An 


Table 1. LOCATIONS OF DRIFT STATIONS WITH THE NEAREST MAGNETIC 
OBSERVATORIES USED IN THB INVESTIGATION 
Geomagnetic Magnetic Geomagnetic 
Drift station latitude observatory latitude 
Waltair TN Allibag 95° N 
Yamagawa 20-3" N Kanoya ` 207° N 
Askhabad 30-6° N Askhabad 30-6° N 
Simeiz 40-5° N Sucari 42-5° N 
Gorky 50-0° N Chambon-La-Foret 50-4° N 
Deppilt 58-8° N Witteveen §4:2° N 
Brisbane B5-R° 8 Brisbane 358° S 
Wellington 51°7° § Amberley 477° 8 


negative correlation with electron density. 


in electron density is observed. 
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increase in electron density leads to more ion drag force 
opposing the movements and thus the drift speed shows a 
Alternatively, 
s, in active magnetic conditions, a decrease 
This indicates that the ion 
drag force opposing the movements is low at high latitudes 
and consequently the drift speed increases and is positively 
correlated with K index. This inv estigation on F region 
drifts in active magnetic conditions attempts to show the 
latitude variation and points out an interesting correlation 
between drift speeds, electron densities, global wind 
system and K index. 


at high latitude 
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Bali Lightning 


Txis communication records the observation of ball 
lightning in unusual circumstances. I was seated near 
the front of the passenger cabin of an all-metal airliner 
(Eastern Airlines Flight EA 539) on a late night flight 
from New York to Washington. The aircraft encountered 
an electrical storm during which it was enveloped in a 
sudden bright and loud electrical discharge (0005 h EST, 
March 19, 1963). Some seconds after this a glowing 
sphere a little more than 20 cm in diameter emerged from 
the pilot’s cabin and passed down the aisle of the aircraft 
approximately 50 cm from me, maintaining the same 
height and course for the whole distance over which it 
could be observed. 

The observation was remarkable for the following 
reasons. (i) The appearance of the phenomenon in an 
almost totally screened environment; (ii) the relative 
velocity of the ball to that of the containing aircraft was 
L54405 m s71, typical of most ground observations; 
(iii) the object seemed perfectly symmetrical in all three 
dimensions and had no polar or torroidal structure; (iv) 
it was slightly limb darkened having an almost solid 
appearance and indicating that it was optically thick; 
(v) the object did not seem to radiate heat; (vi) the optical 
output could be assessed as approximately 5 to 10 W and 
its colour was blue-white; (vn) the diameter was 22+2 
em, assessed by eye relative to the surroundings; (viii) 
the height above the floor was approximately 75 em; 
(ix) the course was straight down the whole central aisle 
of the aircraft; (x) the object seemed to be in perfect 
equilibrium; (xi) the symmetry of the object was such 
that it was not possible to assess whether or not it was 
spinning. 

It is not easy to reconcile the symmetry of the ball 
and the lack of radiant heat with many of the theories 
that have been proposed for ball lightning!~*, though 
these aspects of the observation are consistent with 
many other cases reported by Singer‘. 
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Detonative Phase Transformations and 
Earthquakes 


In detonation, the energy liberated supports a shock front 
the impact of which on as yet unreacted material induces 
further energy release progressively. Elementary hydro- 
dynamic theory suggests that it should be possible for a 
wide variety of physico-chemical reactions to be pro- 
pagated in this way, at their characteristic detonation 
rates. But in practice detonation has been observed only 
for comparatively very few systems. The main reason for 
the (fortunate) rarity of detonations in physico-chemical 
reactions is that unless its liberation is very rapid, most of 
the energy of reaction can be dissipated sideways, instead 
of contributing to the hydrodynamie propagation of the 
shock front, the impact of which has in turn to trigger 
transformation in unreacted material ahead of it. Normally 
as a result of lateral energy losses, only very intense 
reactions can establish a detonation front with sufficient 
stability to be identifiable as such in the laboratory, or on 
the ordinary technological scale. i 
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But when the dimensions of the reaction system become 
greatly enlarged, for example on the geological scale, 
energy dissipation for even weak detonations becomes 
relatively much less important’. Weak detonations are 
thus a definite possibility for really large masses of 
reacting material. Tentative dimensional conditions for 
stability of detonation can be written down from general 
similitude considerations!, though direct proof that certain 
earthquakes originate from solid-solid phase trans- 
formations or other reactions in the condensed state 
proceeding at rates appropriate to weak detonation is 
difficult to establish in normal conditions. Velocities of 
propagation of weak detonations must in any case lie 
close to velocities of propagation of elastic displacements; 
only integral evaluation of the total energy liberated im 
any normal earthquake might disprove or permit its 
definite attribution to phase transformations on a geo- 
logical scale. 

With the advent of seismic studies on underground 
nuclear explosions®, new possibilities of testing such 
attribution become feasible. “Secondary” earthquakes 
resulting from nuclear explosions can be envisaged 
(i) through the triggering of transformations at detonative 
rates in thermodynamically unstable phases already 
present in large masses initially; G1) less probably, by the 
action of the primary shock causing transformation of 
fairly large masses into an unstable solid state, which 
relapses spontaneously as a secondary earthquake only 
after some lapse of time. 

Repeated underground nuclear explosions in the same 
area would eventually exhaust (i), whereas (ii) could 
permit indefinite recurrence of secondary localized. 
earthquakes wherever the geochemistry favoured the 
necessary underlying physico-chemical changes due to 
the primary shock wave. Evidence about secondary 
earthquakes from nuclear explosions? does not yet extend 
to a sufficient diversity of geochemistries to permit 
definite conclusions about the eventual exhaustion of 
seismic sensitivity, and thus to support (i). Nevertheless, 
the possibilities of weak detonations on a geological 
scale may now be closer to practical realization and should 
be kept in mind. 
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Polarization Characteristics of 
Individual Elements in a Pc | 
Micropulsation Event 


POLARIZATION characteristics of Pe 1 micropulsations of 
the Earth’s magnetic field were examined in narrow 
frequency bands. Wide-band observations were reported 
earlier!. The induction magnetometer data were recorded 
at College, Alaska, in FM mode on magnetic tape. The 
data were played back through a bank of active band-pass 
filters into a dual-beam oscilloscope. Each filter had 
attenuation slope 24 dB/octave nominal value and ap- 
proximately 12 dB/octave at a cut-off. Two filters were 
used in series for each magnetic field component. The 
high-frequency and low-frequency cut-offs were set equal 
to the desired mid-band frequency fm, then the filters were 
tuned to preserve the shape and sense of rotation for test 
patterns at fn. There was considerable phase shift through 
the filters, but this procedure preserved the shape 
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natural Pe 1 configurations in the narrow 
is these characteristics which are discussed 
here. Fig. 1. illustrates the attenuation on either 
side of fm. All circles had the same amplitude at the input 
to the filter system, The largest cirele is the filter output 
at fm=0°5 Hz. 

In this article we call attention to the polarization 
characteristics along particular frequency-time elements 
(“‘fine-structures’’*) ina Pe 1 event. The sonogram (Fig. 2) 
shows the event to be a normal periodically structured 
Pe 1 event except for two conspicuous elements which 
extend up to higher frequencies. The long elements give 
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the appearance of being triggered by certain other 


elements. It is known that VLF emissions can be triggered 
by Morse code dashes and by VLE whistlers*. The first 
long element seems to start a periodic emission, but the 
second long element. near 2205 UT, does not. 

Polarization diagrams for the long element 
and for the shorter element which precedes it are shown 
in Fig. 1. For the H—D displays. north (H) is upwards 
and east (D) is to the right. On the Z- display, Z is 
vertical and north (H) is to the right. Thus the H D 
display is the view of the activity looking down into the 
horizontal plane, the Z-H display is looking westwards 
into the Z—H plane, and the ZD display is the view 
looking northwards into the Z-D plane. 


ede j= 
near 205 
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Fig. 2. l event, May 1, 1967. 


Frequency, versus time display of P 


With fm=0-5 Hz, the short element near 2204 was 


found to have a constant left-hand ellipticity in the H-D 
plane (Fig. 1). The long element which followed 
also found to be constantly left-hand In sense (counter- 
clockwise, looking down), but the ellipse changed shape 
from circular at 0-4 Hz to nearly east-west elliptic at 0-46 
Hz to nearly circular and larger at 0:55 Hz and to a north- 
north-east elliptic orientation near O7 Hz. In the Z—H 
plane near 0-5 Hz, the characteristics were found to be 
even more persistent along each f-t element, being nearly 
linear in the short element and elliptie in the long one. 
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For both the short and long elements, the normal to the 
plane of the wave pointed consistently in the same diree- 
tion throughout the element, though the normal for the 
short element did not point in quite the same direction 
as for the long element. In both cases, the normal was 
inclined into the north-west quadrant, suggesting that 
the signals came from that direction. The relatively large 
amplitudes in this event (Fig. 3) imply that the source 
lines were not far from College field lines. 

The persistence of polarization characteristics along an 
f-t element suggests that the element is associated with 
a particular field line. This is not consistent with some 
earlier ideas which associated the frequency spread in an 
element with a latitude spread in the source region’, but 
if is consistent with more recent theories which associate 
an f-t element with a hydromagnetic wave packet propa- 
gating down a particular field line®®, 
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Geophysical Results from Caernarvon 
and Tremadoc Bays 


Durna March-April 1968 and December 1968, a marine 
magnetic and continuous reflexion (Sparker) survey was 
carried out simultaneously in the central Lrish Sea between 
3° 155° 50 longitude and 52° 40°-53° 35’ latitude. 
There were enough magnetic data to draw contours at 
intervals of 25 gamma, after removing the regional, secular 
and diurnal effects (Fig. 1). In its broad features the 
map seems consistent with the aer omagnetic map of Great 
Britain? and ties on well to the marine magnetic surv ey 
of Tremadoc Bay?. Compared with the aeromagnetic 
map, Fig. 1 emphasizes anomalies of shallow origin. A 
linear belt of such anomalies, 0-5-1-5 nautical miles w ide, 
stands out to the north-west of Anglesey and extends 
north-west from the vicinity of Holyhead Harbour across 
the Irish Sea. It consists of highly variable anomalies, 
with the chief negative anomaly varying between 500 and 
150 gamma in amplitude and 180 to 235 m in half-width. 
‘The main part of the anomaly can be explained if a steep 
dyke-hke body with a magnetization similar to that of 
the Tertiary lavas and dykes of Skye? and Antrim‘ is 
assumed to be running along it. Such a Tertiary body 
has to be about 70 m wide and —70 m O.D. near the 
harbour, deepening north-westwards. The shape of the 
anomaly suggests that the body may be made up of a 
group of dykes running parallel in this narrow belt. A 
similar linear anomaly runs parallel to the south-west 
coast of Holyhead Isle and may also o to the south- 
east parallel to the Anglesey coast. Fig. 1 also shows a 
broad linear “high” in nie, extreme hava west of the 
This feature 
has been 1 recor ded fariner west, off the ows of Treland, 
south-east of Dublin Bay®. 

Preliminary results from the Sparker survey indicate 
that the area is floored by a variable thickness of super- 
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ficial deposits which do not usually exhibit consist mb E 
structures, but occasionally show parallel horizons whieh. 
can be traced for several kilometres. These deposits: he . 
unconformably on solid rocks of variable character. 
Below the unconformity, gently folded sedimentary 
horizons are readily identified on Sparker records, but 
structurally complex Pre-Cambrian and Lower Palaeoxoie 
rocks are difficult to distinguish on Sparker evidence 
alone. The Sparker and magnetometer were operating 
simultaneously, so if was possible to study the local 
magnetic character of a particular horizon, especially 
over regions with limited sound penetration. The ares 

has therefore been subdivided into regions A-F (Fig. 2). 
Region D is accurately delineated by the complex sharp 
magnetic anomalies north-west of Anglesey, On the 
Sparker record, no penetration has been observed beyond 
the rugged sea bed reflexion. Because the nearby exposed 
rocks of north-west Anglesey are Pre-Cambrian, the s single 
sea bed reflexion is probably mainly of this age. 'Ẹ 
conclusion is supported by coring undertaken by 
Institute of Geological Sciences? and by an Asdie survey | 
made by this department. The western boundary of this 
region may be a teetonic one. 
(break) of the Pre-Cambrian to the west. of up to 80m, 
is a prominent feature on the Sparker records. It extends 
northwards from the vicinity of Holyhead Isle. fer so De 
35 km and is not accompanied by any magnetic feature, 














It seems to continue southwards. running parallel to the 


south-west coast of Holyhead Isle, only here it is asseci-. 
ated with the sharp, negative, dyke-li ke anomaly already 
mentioned. Westwards bevond this break the Pre-Cam- 
brian becomes covered by thick superficial deposits. 

In regions A and B, gently folded sedimentary rocks 
underly the superficial cover. The orientation of the fold 
axes is north-east-south-west, consistent with the Cale- 
donian trend. Beds usually show dips of 2°-10°. In 
Caernarvon Bay the north-western and south-eastern 
boundaries of B appear from the Sparker evidence to be 
fault controlled, the sedimentary rocks being w 
thrown towards the centre of the bay. On Fig. l, the 
south-east boundary of B is marked by a steep eee 
gradient which runs parallel with the north coast of 
Lleyn and may be correlated with the Dinorwie Fault 
system. North of Nefyn, however, this trend is compl- 
cated by another hnear positive anomaly which extends 
from the vicinity of Nefyn north-north-eastwards for some 
15km. The latter anomaly is best explained by assuming 
a linear igneous intrusion similar in magnetic character 
to those of northern Lleyn’. Such an intrusion may be 
— 390 m O.D., 700 m wide and dipping about 23° towards 
Lleyn. To the west of the Mid-Caernarvon Bay “high”, 
reflexions from the sedimentary rocks of region B become 
less numerous. 






They seem to be gently folded on the sarne 
north-east-south-west trend, however, sometimes showing 
monoclines and horizontal bedding. They are faulted at 
various places. In many ways these rocks seem similar 
to those of area D described by Blundell ef @f% The 
magnetic map shows a broad “low” over this region and 
a single gravity profile indicates a similar decrease’, 
It is believed therefore that the sedimentary column of 
B thickens westwards from Caernarvon Bay. To the 
extreme north-west, region B is bounded by the linear 
broad magnetic “high” already described. Sparker 
records immediately over this ‘ thigh” show no penetration 
bevond the base of the superficial cover, while prominent 
horizons dip away from the “high” on either side of it. 


This linear “high” may be caused by an uplift of Lower 
Palaeozoic rocks. Taking this postulated uplift into 


consideration, magnetic interpretation indicates that the 
sedimentary rocks of B to the south-east of the uplift 
vary in thickness between 2,300 and 2,600 m. 

No penetration beyond the superficial cover is observed 
in region C. The high magnetic relief and the close proxim- 
ity to the main Pre-Cambrian land mass of Anglesey 
suggest that the solid floor of C is of Pre- Cambrian and 
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Lower Palaeozoic rocks. The western margin of C is 
probably tectonic. This is indicated by the sudden 
disappearance of the reflecting dipping horizons of region 
B. No magnetic anomaly is associated with this boundary, 
however, due perhaps to lack of magnetic contrast across 
it. Such a situation would arise if the rocks of region B 
are faulted against relatively non-magnetic Lower Palaeo- 
zoie, rather than Pre-Cambrian, of region C. 

In region E, thick unstratified deposits overhe a highly 
irregular rather “hilly” horizon with complex magnetic 
character. In places, records show up to 200 m accumula- 
tion of these sediments. No penetration is observed below 
their irregular base. The picture in this region seems in 
many ways similar to the situation over Lleyn, where 
Lower Palaeozoic rocks as well as Pre-Cambrian base- 
ment are covered by variable thicknesses of superficial 
deposits. 

A detailed study is being carried out in region F (Trema- 
doe Bay) in an attempt to correlate the geological and 
geophysical logs from Mochras borehole? with the picture 
produced on the Sparker profiles of this area. A Mesozoic 
basin structure has now been confirmed for the bay, 
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where Mesozoic and Tertiary rocks are down-thrown by 
a major fault running along the Cambrian cliffs of Morfa 
Dyffryn?*-1-15, North-south sparker profiles indicate 
the nature of the northern boundary of this basin (Fig. 2). 
This boundary is marked by a sudden change of dip, 
from 2° to about 10° to the south, of a basement horizon 
which Blundell et al.!? considered to be Ordovician. This 
feature becomes less pronounced farther westwards. 
This suggests that the northern and western limits of the 
basin are not fault controlled. The Lower Palaeozoic 
basement of Lleyn seems to “sag” in a southerly direction, 
thus accommodating later rocks. 

Mochras borehole results!® have confirmed that some 
580 m of unconsolidated sediments rest on a thick column 
of Liassiec rocks. Sparker profiles in the bay suggest that 
these sediments fill two “depressions” or channels 
(S, Fig. 2). The first is elongate and runs along the coast 
from north of Morfa Dyffryn to the Fairbourne-Llwyngwryl 
coastline; some of its layers dip gently coastwards and 
correlate with sandy bands at —180 to —230 m O.D. 
in the borehole. The second, probably more local and 
superficial, traces around the central part of Sarn Badrig 
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Fig. 2. 


but may extend north-eastwards beyond the Sarn. 

The southern limit of the main depression is a fault 
running parallel to the south bank of the Mawddach 
estuary; rocks north of this fault are well bedded and 
have a velocity of 7,800 feet s- (ref. 12), while those to 
the south are probably Lower Palaeozoics. 

A few recent gravity profiles have confirmed the ridge 
of old rocks to the extreme north-west of the area and show 
the western boundary of C to be a major fault of more 
than 2 km throw; they also revealed a gravity “low” 
over most of region E where light granitic rocks may 
therefore exist. 
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Pliocene-Pleistocene Boundary in a 
South Pacific Deep-Sea Core 


THE purpose of this letter is to describe the biostratigraphy 
of a deep-sea core of late Pliocene to early Pleistocene age 
from a middle latitude area. This core contains a succes- 
sion of Globorotalia tosaensis Takayanagi and Saito and 
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Globorotalia truncatulinoides (d’Orbigny) distinctly differ- 
ent from that reported from tropical deep-sea sediments 
where it has been used to delineate the Pliocene 
Pleistocene boundary. Banner and Blow'? use the 
appearance of Globorotalia truncatulinoides in the detinition 
of their zone N22 and state that this zone occurs in the 
lower part of the stratotype Calabrian, Bayliss*, however, 
found G. truncatulinoides to be rather rare in the type 
section, occurring for the first time 135 m above the base 
of the exposed section and 30 m marker 
designated as the base of the Calabrian by Gignoux*. 
Based on the assumption that G. truncatulinowes does 
in fact appear for the first time within the Calabrian, its 
first appearance in tropical deep-sea sediments has been 
taken to represent the Pliocene—Pleistocene boundary®~’ 
This conclusion received support in the discovery by 
Berggren’ of a possible phylogenetic transition between 
Globorotalia tosaensis and G. truncatulinoides in a tropical 


above the 


Atlantic deep-sea core. Magnetic stratigraphy in this 
core indicated the age of a stratigraphically defined 


Pleistocene to be close to 2 million years. 





of Globorotalia truneatulinoides 


Fig. 1. 
and Globorotalia tosaensis in core Eltanin 21-5. Top, G. truncatulinoides 


Scanning electron micrographs 


from upper part of the core: middle, G. losaensia from midd] part ol 

core: bottom, G. truneatulinoides from lower part of core. G. trunca 

tulinoides has the keel characteristic of the species, is more conical and 

has a more distinct umbilical region than G. fosaensis which is shown in 
typical form without a keel. 


The core we studied (Hitanin 21-5), collected during 
cruise 21 of the USNS EZlitanin east of the Pacific- 
Antarctic rise at 36° 41’ S and 93° 38° W, is 483 em long 
and was recovered from a depth of 3,121 m. It is significant 
that this core is one of the few analysed with the Pliocene 
Pleistocene boundary present from a mid-latitude area 
transitional between tropical and warm temperate water 
upper 260 cm reddish brown 
mottled sandy silt which is underlain to 436 em by light 
tan mottled silty clay. A sharp break in lithology occurs 
at 436 cm separating this overlying sediment from under- 
lying brown, highly mottled sandy silt which makes up 
the sediment to the bottom of the core. A 
microfossils also occurs at this break with warmer-water 
assemblages below and cooler-water assernblages above. 
Faunal evidence, however, does not indicate a significant 
hiatus. 

The Pliocene—Pleistocene boundary is placed at 325 em, 
the level at which most 
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Fig. 2. Graph showing alternation of dominantly keeled and dominantly 
nom-keeled forms and coiling direction changes within the Globorotalia 
trunecahdinoides—te, tosaensis plexus in core Eltanin 21-3. 


including Discoaster pentaradiatus Tan Sin Hok and 
Discoaster surculus Martini and Bramlette. As in the 
stratotype Calabrian’, Discoaster brouweri Tan Sin Hok 
ranges into the Pleistocene where at 225 em it also becomes 
extinct. The presence of D. browwert in the core above the 
base of the Pleistocene. as well as the absence of the 
eoceolithophorid Gephyrocapsa oceanica Kamptner indi- 
cates a lower Pleistocene age, with the middle Pleistocene 
and much of the upper Pleistocene missing in unconformity 
at or near the core top. Palaeomagnetic stratigraphy in 
the upper and lower core section is not clear (N. D. Watkins, 
personal communication), while the middle part of the 
core (168-412 em) is primarily reversed with a possible 
normal event at 270 em. The occurrence of Hmiliania 
huxleyi (Lohmann) and GC. oceanica in the top 25 em 
guggests an uppermost Pleistocene-Recent age for this 
section. Planktonic foraminiferal faunas from the core 
top, on the other hand, include warm-water elements such 
as. Globorotaha menardii (d’Orbigny) which are not 
characteristic of present-day living and surface sediment 
distributions in this south-east Pacific area®?°. This 
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Fig. 3. 


Umbilicosphaera leptopora, and ranges of G. truncatulinoides, G. fosaensis and other species in core Khanin 21-5. 


boundary is placed at the last appearance of most discoaster species. 
bulloides: G.T., Globorotalia truncatulinoides-G@, tosaensis , G.P., 
GE., Globigerina faleonensis; Q.S., Globigerinoides saceulifer; 


duterirei;, and G.H., Glohorctaloides hexagona; 
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indicates that sediment at the core top was deposited 
under warmer-water conditions than the present day and 
possibly within the lower Pleistocene. The presence of 
E. huxleyi and Œ. oceanica in the core top is regarded as 
resulting from recent addition to the older sediment. 


DATA FOR SUCCESSIVE SAMPLES OF THE Globoretalia truneatulin- 
oldes—-G, tosaensis PLEXUS IN CORR Eltanin 21-5 


Table f. 


Per cent Number of Per cent of Per cent 


Core of fraction specimens sinistrally with 

depth > 177 pan counted coiling forms keel 
0-2 12 135 D4 Qi 
50- 52 12 tif 82 9] 
98--100 1 Si 68 RE 
128--130 ł 1G 80 90 
147-149 1 i4 86 64 
178-180 3 47 72 35 
198-200 <] Ot 65 lh 
228-230 <] | = -— 
248-250 <] Poo m ----- 
298-300 <I 2 et 
318-320 <1 & ~ en 
349-351 1 80 OS 20) 
378-380 <] 24 87 as 
421-423 <i I — were 
451-453 8 LIE 72 7s 
478-480 4 55 45 gl 


Unlike cores reported from tropical-equatorial areas, 
this core exhibits an alternation of dominantly keeled and 
non-keeled populations of the G. truncatulinoides—G. 
tosaensis plexus. The lower (425-483 em) and the upper 
(0-130 em) core sections contain populations dominated 
(>78 per cent) by keeled forms referable to G. trunca- 
tulinoides (Fig. 1) while intermediate intervals between 
198 and 400 em contain populations dominated (> 80 per 
cent) by non-keeled forms which resembled topotypes of 
G. tosaensis (Figs. 1 and 2, and Table 1). Transitional 

sij (The 
keel in the majority of individuals of G. truncatulinoides, 
although apparently buried by calcium carbonate en- 
crustation on earlier chambers, is not restricted to the 
final chamber but is discernible along the periphery of 
much of the test. In the upper part of the core. G. 
truncatulinoides has a slightly sharper periphery and a 
slightly more distinct keel. In addition to the presence of 
a keel, G. truncatulinoides is generally larger and more 
robust than G. tosaensis and has a higher more acutely 
angular periphery. Furthermore, the umbilicus is generally 
more widely open and bordered by steep walls along the 
umbilical margin.) The distinctive sequence of nanno- 
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fossil species discounts the possibility of an inversion 
resulting from either duplication of section during the 
coring process or the reworking of G. tosaensis into the 
middle part of the core. 

Counts were made of approximately 300 planktonic 
foraminiferal specimens from the sand fraction greater than 
177 um, at 25 em intervals in the core (Fig. 3). G. trunca- 
tulinoides is associated with marginal tropical foraminiferal 
assemblages including G. menardii, Globigerinoides con- 
globatus (Brady), “Globigerina” dutertrei @Orbigny and 
Globoquadrina conglomerata (Schwager). G. tosaensis, on 
the other hand, is associated with a warm temperate 
planktonic foraminiferal assemblage lacking these species 
but having higher frequencies of Globorotalia inflata 
(d'Orbigny), right coiling Globigerina pachyderma (Ehren- 
berg) and at one level (320-360 cm) high frequencies of 
Globigerina falconensis Blow. 

Climatic trends based on nannofossils are in agreement 
with those based on Foraminifera. lmbilicosphaera 
leptopora (Murray and Blackman), which prefers warmer 
waters!', exhibits significant increases in frequency in 
the upper and lower core sections containing G. trunca- 
tulinoides. In addition, coiling ratio changes in the G. 
truncatulinoides-G.. tosaensis plexus (Fig. 2) also support 
these climatic interpretations, with a decrease in the 
percentage of sinistral forms in the upper and lower, 
relative to the middle core section. 

This discovery of fluctuations of G. truncatulinoides and 
G. tosaensis that coincide with palaeoclimatic changes, 
although not decisive, suggests that during the late 
Pliocene to early Pleistocene, G. truncatulinoides and G. 
tosaensis were, at least in this area, phenotypic variants or 
separate subspecies or species with distinct environmental 
preferences. Furthermore, G. truncatulinoides may well 
appear below the Pliocene—Pleistocene boundary as de- 
fined on extinction of D. surculus and D. pentaradiatus. 
These observations thus provoke speculation as to whether 
the G. tosaensis to G. truncatulinoides evolutionary 
bioseries reported near the Pliocene—Pleistocene boundary 
in tropical areas*:’ is instead the result of oceanographic 
change. Although G. tosaensis is the most likely ancestor 
of G. truncatulinoides, the evolution may well be more 
complicated than the bioseries in tropical areas suggests. 
Workers should therefore be cautious in using the first 
appearance of G. truncatulinoides as marking the strati- 
graphically defined Pliocene Pleistocene boundary in 
diverse oceanographic regimes, until more is known about 
this plexus with regard to time and space. 

This work was supported by the US National Science 
Foundation and a Florida State University Committee on 
Faculty Research Support grant. We thank the Biology 
Department at Florida State University for the use of the 
scanning electron microscope and R. Parker for taking 
the electron micrographs. 
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Time-dependent Vertical Temperature 
Measurements across the Water-sediment 
Interface on the Continental Shelf 

West of Oregon 


A THERMOPROBE capable of measuring temperatures both 
2-5 m into the sediment and in the water up to 33 m 
above the sediment has been designed, constructed and 
used to monitor the temperatures across the water-sedi- 
ment interface at oceanic stations west of Oregon. 

The time variation of the temperature of the water- 
sediment interface was monitored in November 1966 
from a mooring site about 30 km west of Depoe Bay, 
Oregon, on the outer edge of the continental shelf in 250 m 
of water on a smooth seaward slope of 100 m per km. 
A total of 115 h of data was obtained from three stations 
at which the thermoprobe was moored with a surface float 
independently of the ship. 

Eight temperature sensors are mounted on the thermo- 
probe (Fig. 1); three equally spaced in the part which 
penetrates the sediment and five above the sediment with 
spacings weighted toward the interface. The unit records 
the output of a Wheatstone bridge circuit, the imbalance 
of which is a function of the resistance of a temperature 
sensor. The resolution of the temperature sensors is 
+0-002° C when the recording span is 2° C. When the 
instrument is run continuously, one of the two calibration 
resistors or one of the eight temperature sensors is con- 
nected to the system every 12 s, and with this arrangement 
one unknown is scanned every 120 s for periods up to 22 h. 
The instrument can also be programmed to record at 
pre-selected times for 6 min, giving up to 218 recordings. 

Response times for the temperature sensors in the water 
and in the sediment are 15 s and 8-5 + 0-2 min respectively. 


' Steel wire 
3/16 inch diameter 


Water thermistor staff 
j (length, 3-3 m) D 


Instrument case 


Lead ballast 


Sediment corer 


Sediment probe 
(length, 2-5 m) 





Fig. 1. A view of the Oregon State University thermoprobe and identifi- 
cation of its major components. 
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The variations of the interface temperatures from one 
series of observations are plotted in Fig. 2. Thermistors 
l and 2 were respectively 206 and 121 cm into the sedi- 
ment. Thermistor 3 was 36 em into the sediment but 
responded as though it were in the water. The physical 
spacing of the water thermistors is not important because 
the water column near the bottom was isothermal. 

A least-squares fit for the water temperature data 
plotted in Fig. 2 indicated a mean temperature increase 
of 3-8 x 10-3 °C h. Earlier measurements with strings 
of recording current meters and thermometers in the same 
area during part of October 1965 indicated warming 
trends in the water at shallow depths of the same order 
of magnitude as near the sediment interface with the 
thermoprobe!. When the currents were to the north-east. 
the water temperatures increased and conversely. 


Thermistor ~ 2. 


3 700 SN Thermistor -1 

3 T ee Least squares fit 
g 6-80 ee of the ascitiotory 
nn Coa data 

E i 

™ 6.90 Thermistors ~ 3 to 8 
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Combined Aerial and Shipboard 
Upwelling Study in the Benguela Current 


UrwELLING of cold, low salmity water occurs seasonally 
off the south and west coasts of southern Africa’, and 
is part of the Benguela current system which extends 
from the Cape of Good Hope to Cape Frio, 1,000 miles to 
the north. As part of a detailed study programme of 
coastal upwelling, a survey was undertaken. off the Cape 
Peninsula between November 18 and 29, 1968. Three 
methods were used in this survey: daily near-synoptic 
surface temperature charts were produced with a con- 
tinuously recording airborne radiation thermometer (ART) 
on four lines parallel to the coast; a grid of fixed stations 
(see Fig. la) was covered four times by RS Sardinops; 
and a drogue, lowered in a recently upwelled water mass, 
was followed for 72 h. Comprehensive bio- 
logical, chemical and physical measurements 
were carried out on board ship. 

Two contrasting patterns of surface tem- 
perature distribution can be distinguished 
from the ART results: one associated with 
active upwelling and high wind velocity (see 
Fig. la), and the other with quiescent condi- 
tions and moderate winds (see Fig. 1b). 
The wind blew constantly from the south- 
east for the study period, but varied in 
strength, with a lull from November 22 to 
mid-morning on November 24. The lull 


ct | corresponded with quiescent conditions. 
0 20 40 60 30 100 (There was no survey on November 22.) 


Tire (h) 


Fig. 2. 
thermoprobe on the Oregon continental shell. 


The temperatures from the linear fit (Fig. 2) were sub- 
tracted from the water temperatures so that the spectral 
density of the residuals could be evaluated. The results, 
confirmed by a Fourier analysis, indicated pronounced 
diurnal and semidiurnal frequencies. The amplitudes of 
the diurnal frequency and semidiurnal second harmonic 
are about 20 per cent of the semidiurnal amplitude. 

Temperature measurements at three stations just off 
the coast of southern California with fifteen temperature 
sensors spaced at intervals down to a depth of 3,800 m 
have suggested that temperature variations are associated 
with internal waves?. Spectral analysis also showed? 
harmonies of 0-08 cycles per hour, 0-16 cycles per hour and 
0-25 eycles per hour. A visual comparison of the hourly 
temperature records for equivalent depths from Lee’s 
deep-sea station and from the shelf mooring indicates 
that the deep-sea data are much more random. Smoother 
temperature records would probably be expected for 
our shelf data, for the recordings are made at the water- 
sediment boundary. The time of the temperature minima 
at the 50 and 100 h points of the temperature record 
indicates a very good correlation with the low tides 
predicted in the US Coast and Geodetic Survey 1966 
tide tables*. 
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Time dependent water and sediment temperatures recorded with the 


Active upwelling conditions were found each 
day from November 18 to 21 and 25 to 29 
and were associated with mean wind veloci- 
ties of 16 and 17 knots respectively for the 
two periods. (Velocities are means of all four 
hour observations from RS Sardinops available.) In active 
conditions (Fig. la) water of about 9° C upwelled within 
1-5 miles of the shore and formed a north-west drift of 
slowly warming water. An intense front between oceanic 
and upwelled water, shown by close packing of isotherms, 
remained far offshore except near the Cape of Good Hope. 
Quiescent conditions prevailed between the two periods 
of upwelling and were associated with south-east winds 
averaging 10 knots. In Fig. 1b, an example of these 
conditions, “recent” upwelled water is not apparent and 
the minimum surface temperature recorded was 11-6° C. 
The oceanic front was found closer to the shore and 
incursions of oceanic water in the south have separated a 
pocket of “old” upwelled water from the coast bringing 
warm water close inshore. Upwelling conditions found on 
November 25 developed from the quiescent conditions 
found on November 24 (Fig. 1b). This change occurred 
within 24 h following an increase in wind velocity from 
5 knots at 0600 hours to 17 knots at 1400 hours on 
November 24. The coldest water was found opposite the 
gaps between the mountains of the Peninsula. The wind 
funnels, at high velocities, through these gaps (broad 
arrows in Fig. la) creating plumes of sea-surface agitation 
visible up to two miles offshore (in the vicemuity of the 
10-0° C isotherm in Fig. la). 

The typical upwelling picture obtained from measure- 
ments made on RS Sardinops agrees closely with that 
obtained by the ART. Phosphate, nitrate, oxygen, phyto- 
plankton and salinity show surface distributions similar 
to that of temperature. In Fig. la, surface isolines of 
nitrate concentration are compared with ART surface 
temperatures (both on November 27). This shows that 
surface temperature is a good indicator for detecting 
upwelling. Extremely high concentrations of nitrate and 
phosphate were found in low temperature, low salinity 
water close inshore, but declined further offshore due to 
utilization by the phytoplankton whose numbers increase 
away from the coast (see Table 1). At offshore stations, 
nutrient levels increase with depth corresponding to a 
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Fig. 1. Surface temperature {° C) off the Cape Peninsula (a) during active upwelling on November 27 and (b) during quieacent conditions on. 


November 24, 1968, Solid lines—temperature measured with an ART. Broken lines (a only)—nitrate concentration (zg-atoma Nj). ATTOWS 
wind (see text). Narrow stippling—land over 1,000 ft. 


decrease in phytoplankton, oxygen, temperature and 
salinity. Vertical sections show that isolines slope steeply 
to the surface during upwelling, but the slope of the 
isoline varies with the parameter chosen (see Fig. 2). The 
significance of this variation is not fully understood. 

The drogue was lowered at the end of an upwelling 
period on November 21 between stations D and E (Fig. la) 
and was followed by RS Sardinops on an anticlockwise 





figure-6 shaped course. In the 10 h separating the first 
two drogue stations (see Table 1}, conditions between th 
surface and 20 m at the drogue changed drastical 
indicating either mixing or displacement of water at tl 
drogue. In either case some shoreward movement of 
water, undetected by the drogue, seems to have oceurred. - 
Shoreward movement of surface water, when wind stress 
is removed, is also postulated from ART charts (Figs. 










Table 1, COMPARISON OF EIGHT VARIABLES AT AN INSHORE STATION (STATION B, 1-3 MILES OFFSHORE, SOUNDING 47 M) AND AN OFESHORE 
STATION (STATION J, 112 MILES OFFSHORE, SOUNDING 164 M) DURING ACTIVE UPWELLING ON NOVEMBER 27 AND AT THREE OF THE DROGUE 
STATIONS (THE FIRST DURING ACTIVE UPWELLING ON NOVEMBER 21, 1968) 


Grid station (Nov. 27) 


Drogue stations l 
Nov. 21 Nov, 22 Nav, 24 


Station B Station J Station B Station J 2000 h 6600 h 0606 h 
ü m Öm 30 m 100 m 0-20 m av, O-20 m av. DRG m av, 
Temperature (° ©} 9-2: 13-12 8:95 9-53 O61 10-19 1183 
Salinity (fee) . 34-66 34°93 34-63 34-75 BETB 3472 B76 
Reactive phosphate (ug-atom P/L) 2-44 0-74 2.28 1-56 1-13 0-94 rsa 
Nitrate (vg-atom N/L) 21-58 8-16 22-36 14-03 21-74 15-89 5-88 
Chlorophyll @ (mg/m*) No data No data No data No data 244 Fed 7a 
Phytoplankton (cells/I.) 012 x10% 1098 «10% O15* x10f 1-284 x10 1211 x10% 1892 «10° 22-60 x10‘ 
Oxygen (mL/1) 4-72 8-92 4-52 4-75 5-33 6-15 770 
Chaetoceros compressus as percentage of 
phytoplankton 85-3 46-7 66°9* 38-5 t 814 84-9 gag 


* Sample from 40 m. t Sample from 50 m. 
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Fig. Vertical section of temperature (° Cj—aolid lines—and nitrate 

AA AN {ug-atoms NjL)-—broken lines—off the Cape Peninsula 

during active upwelling on November 27. Mean readings at stations B, 

D and E, stations G and H, stations F and M, and stations L and J and 

readings at station K are plotted, The depth of the deepest station of 
each group is shown. 


la and b) and is probably due to sinking of cold dense 
water near the coast. Subsequently, the changes at the 
drogue were less drastic and it seems likely that the same 
water mass was sampled for the remaining 62 h. The dense 
phytoplankton encountered was accompanied by low 
nutrient concentrations (as on the grid surveys) indicating 
rapid utilization, Throughout the drogue study the 
species composition remained constant with Chaetoceros 
compressus comprising 80 per cent of the population. This 
contrasts with the grid stations, where the species com- 
position of the phytoplankton was variable (Table 1). 

Water of similar temperature and salinity to that 
found at the surface close inshore during upwelling occurs 
between 400 and 600 m, 100 miles west of the Peninsula’, 
The uplift of water towards the surface ts Para er close 
to the shore averaging 3:5 m/mile from 100-25 mules 
offshore (ealeulated from Shannon?) and 8 m/mile from 
20-0 miles offshore. Coastal south-east winds play an 
important part in the processes of upwelling in the 
inshore area, bringing subsurface water to the surface in 
well defined local patches. Movement of the front between 
cold, upwelled water and warm, oceanic water is accom- 
panied by profound changes in oceanographic conditions 
and follows rapidly any change in local wind conditions. 
Very high phy toplankton concentrations develop rapidly 
near the surface in the upwelled water and these produce 
supersaturation of oxygen and large horizontal and 
vertical gradients of nutrient concentrations within 10 
miles of the shore. This high rate of phytoplankton pro- 
duction is the basis of the rich fishery in the Benguela 
current areg 

We thank Miss M. Malan for nitrate and phosphate 
analyses. More detailed results will be published in 
Division of Sea Fisheries Investigational Reports. 


W. R. H. ANDREWS 


Division of Sea Fisheries, 
Sea Point, 
Cape Town 


D. L. Cram 


CSIR Oceanographic Research Unit, 
University of Cape Town. 


Received July 29; revised September 19, 1969. 


NATURE VOL. 224 NOVEMBER 29 1969 


i Hart, T. J., and Currie, R. IL, Discovery Rep. 31, 123 (1962). 
? Shannon, L. V., Invest, Rep. Div. Sea Fish S, Afra, 58, 1 (1966). 
3 Stander, G. H., Taeesi. Rep. Marine Res. Lab. S.W. AJr. 12, 1 (1984). 


Rapakivi Texture in Rhyolite 


RaPaAKIVI texture has rarely been reported m voleanic 
rocks', A notable example of a voleame body with 
rapakivi texture is a Miocene rhyolite? that has an ex- 
posure area of about 1/16 square mile near California 
State Highway 178 on the east flank of Rhodes Hall 1/4 
mile west of the eastern boundary of Death Valley 
National Monument. The body is covered by fan deposits 
to the south and south-east of the exposure, is in fault 
contact with Pre-Cambrian metamorphic rocks at its south 
and south-west boundary and is separated by an igneous 
breccia from Cambrian and Pre-Cambrian marine rocks 
along its north and north-west margin’. 

Macroscopically, the rhyolite is porphyritic with 
phenoerysts of feldspar, quartz and biotite set in a greyish— 
red—purple microscopic matrix. The feldspar phenocrysts 
are as much as one inch in length, are usually euhedral, 
and typically have glassy translucent sanidine cores 
rimmed by milky plagioclase. Ovoids of feldspar are also 
common. Some phenocrysts consists of a single feldspar. 
The rock effervesces freely with dilute HCI. 

T he B ok hs consists o r 


aaie, aircon, iron oe and car Done pse phe 
after amphibole and biotite, and carbonate pseudomorphs 
after plagioclase set in a groundmass of anhedral alkali 
feldspar. quartz, carbonate and iron oxide. The micro- 
phenocrysts have a distinct flow structure and the ground- 
mass contains vesicles partly or completely filled by 
quartz. feldspar and carbonate. 

The macrophenocrysts of plagioclase occur as zoned 
and unzoned discrete individuals and glomeroporphs. 
The unzoned plagioclase has a composition near Ang, 
Zoned plagioclase varies from An, to An,, from core to 
rim, ae a Vesic se 5 e texture, cloudy 
O N j 

Sanidine macrophenocrysts usually form the cores of 
composite grains that have plagioclase rims, though 
diserete ovoidal grains of sanidine are sparsely distributed 
and some subhedral sanidine erystals are only partly 
rimmed by plagioclase. Some s sanidine displays oscillatory 
zoning and/or perthitic texture. the exsolved patches being 
in optical continuity with the plagioclase rims. Other 
sanidine has cloudy areas or cloudy rims. 

Optical and X-ray study of one mantled grain suggests 
that the sanidine is Or,,Ab,, and belongs to the low sani- 
dine-high albite series. The plagioclase rim is high- 
temperature oligoclase, An, 2; Vesicles are also abundant 
in sanidine, 

Quartz macrophenocrysts 
ovoidal or irregularly embayed. Vesicles are less common 
in quartz than in the feldspars. Biotite macrophenoerysts 
are euhedral even where they are enclosed by macro- 
phenocrysts of quartz and the feldspars and are usually 
partly or completely altered to iron oxide. 

Of significance in determining the origin of the rapakivi 
texture in this body are: (1) incomplete unmixing of the 
feldspars; (2) vesiculation during formation of the 
rapakivi texture is indicated by: (a) euhedral, unembayed 
boundaries on the plagioclase mantles of the composite 
feldspar crystals which include numerous partly and 
completely filled vesicles, (b) sanidine zones rimming 
the vesicles in plagioclase ‘and a zone of an unidentified 
feldspar rimming the vesicles in sanidine, (c) quartz 
erystals extending radially from the rim towards the 
middle of the vesicles, (d) plagioclase crystals m the 
vesicles in the sanidine, (e) zoning in sanidine subparallel 


are euhedral, subhedral, 
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to include vesicles; (3) mantled and unmantled sanidine; 
(4) at least two stages of formation of hydroxyl-bearing 
minerals; and (5) coexistence of ovoidal and euhedral 
grains of sanidine, plagioclase and quartz. 
A. L. EHRREICH 
R. E. WINCHELL 
Geology Department, 
California State College, 
Long Beach, California 90801. 
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Compression of Aluminium up to About 
200 kbar and Evidence of a 
Structure Change 


THEORETICAL calculations of compression (the ratio of 
volume, V, at high pressure, relative to the vol ume, Fy 
af ambient pressure) have evolved largely because of 
inadequacies in the quadratic expression used by Bridg- 
man? in his early investigations above about 30 kbar. 
Anderson? has shown that for reasonably compressible 
materials such as quartz and cadmium the previously 
neglected equation originally derived by Murnaghan? 


In i = B’, In { B’,(P/Bo) + 1} 


where B, and B’, are the ambient isothermal bulk modulus 


V/V =1— P/By+m(P/By)? —n(PIB +g P/B)! 


in which m, n, q involve only B, and its pressure deriva- 
tives. With the same assumption concerning linearit y 
of bulk modulus with pressure, he finds that this does 
not give agreement with experimental measurements 
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Fig. 1. The compression of aluminium. Solid and broken lines show 

theoretical values calculated using the logarithmic equation and the 

quartic equation respectively. Experimental measurements are shown 

aa: @, Increasing pressure: A, AC eesins pressure; ©, Bridgman’s 
Lila, 
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materials of very low compressibility such as MgO. 
Both these approaches permit caleulation of com- 
pression at very high pressures using only ambient- 
pressure data which can be measured accurately by 
modern ultrasonic interferometry". 

In this laboratory, measurements up to about 200 kbar 
on aluminium, with the opposed-anvil type of high pressure 
X-ray diffraction camera, agree very well with Murna- 
ghan’s logarithmic equation for compression (Fig. 1). 
The values of the isothermal bulk modulus and its pressure 
derivative used in the theoretical calculation were those 
reported by Schmunk and Smith. 

A further point of interest is that at the highest pressure 
used, 205 kbar, additional X-ray powder diffraction 
lines were observed. The d-spacings of these strongly 
suggest partial transformation of the structure from 
cubic to hexagonal close-packed. The lines index as 
1010, 1011 and 1012, with 0002 not separately detectable 
because of its equivalence to the 111 cubic spacing. 
Among metals, cobalt is an example of a thermally induced 
transformation of this type. Shear, likely to occur in the 
conditions in the opposed-anvil apparatus, is also a com- 
mon mechanism; for example, the conversion of wurtzite 
to the blende structure of ZnS by grinding". 

Fuller details of these findings are to be published 
elsewhere. We thank Dr P. L. Smith for help and advice. 
The investigations were made under a contract from the 
Ministry of Technology. 
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Structure and Phase Transition in 
Solid Hydrogen and Deuterium 
Sulphides 


SPECIFIC heat measurements!~? have shown that solid 
hydrogen sulphide undergoes a discontinuous transition. 


at 103-5 K followed by a lambda transition which is e 


completed at about 1262 K. Similar transitions were 


Coie? Eent 


Early X-ray powder diffraction studies! -tt proposed 
face-centred cubic structure for all three solid phases of 
both substances. More recent electron and X-ray diffrac- 
tion studies**-** using better temperature control, how- 
ever, led to the conclusion that the lowest solid phase of 
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hydrogen sulphide is tetragonal. Moreover, the electron 
diffraction patterns suggested that two different tetra- 
gonal structures exist in the lowest solid phase: a stable 
one containing sixteen molecules and a transient one 
containing four molecules in the unit cell. The position 
of the sulphur atoms was determined in both tetra- 
gonal phases from Patterson synthesis assuming space 
group P4, No information could be obtained from these 
investigations about the location of the hydrogen atoms 
and the nature of the disorder in the higher phases. 

This has now been accomplished by a combination of 
X-ray and neutron diffraction studies using similar 
techniques®6, The sulphur lattice parameters were 
determined by a least-squares analysis of X-ray powder 
photographs taken at eight temperatures (sec Table 1). 
The results show that the sulphur lattices of hydrogen 
and deuterium sulphides are isomorphous and that their 
unit cells contain four atoms in all three solid phases. 
They also show a marked shrinkage of the lattice on 
deuteration at all temperatures. 


Table 1 
No. of Lattice parameters 
7 Phase observed Lattice . (A) 
(K) powder Hnes type HS DS 
7 Primitive 
92 Low 25 tetragonal @=6-739+0-002 a@=6-726 + 0-002 
c= 410040005 ¢= 4-094 + 0-005 
102 K 28 5 z a=675440-008 a= 6735 + 0002, 
R 5 e= 41102+0005 e= 4-101 + 0-004 
— Face-centred 
112 Middle 13 eubie a=§745 £0-001 a= 5739 4 000I 
122 5 13 x 5 a =5 765 t0002 a= D TEB + 0-004 
137 High 13 » e a=5-794+0-004 g= 5 F8 t000 
142 ji 13 + ‘s a=5 805 t0004 a= 5789 + 0-002 


From the systematic absences in the X-ray powder 
patterns the space group of the tetragonal sulphur lattice 
was found to be P4,/mnm. The four atoms in the unit 
cell were assumed to occupy special positions of the 
(xv0) type and this model was refined by a least-squares 
analysis applied to several X-ray powder photographs 
taken at 102 K. To make use of all the information 
contained in the photographs, a modified version of the 
ORFLS program?? which was also capable of handling 
unresolvable compound peaks was used. The results 
obtained after six cycles of isotropic refinement were 


ag = 0-221 + 0-002 and Bg = 2-13 +025 A? (1) 


and the final agreement factor was Ry=3-8 per cent. 
(The star indicates that the refinement was cared out 
on intensities and not on structure factors as is usual.) 
Fig. la shows the arrangement of the sulphur atoms in 
this model. Tt can be considered as a face-centred lattice 
distorted in the (001) plane. To compare these results 
with those of earlier investigations**, the sulphur para- 
meters were subsequently redetermined assuming that 
the space group was P4, and the atoms occupied positions 
of the (xy0) type. A least-squares isotropic refinement 
of this model gave the following results after six cycles 


gg = 0-220 + 0-002 yg = 0-280 + 0-002 
Bo=213+0-26 Å? (2) 


The final agreement factor was R}=3-8 per cent. The 
arrangement of the atoms in this model is shown in 
Fig. 16. The relationships wg=2g and ya = 1/2 — xg 
indicate that this second model is equivalent to the first 
one. Indeed, the arrangement in Fig. 1b can be derived 
from the one in Fig. la by shifting the atoms through 
(a/24+¢/2). Apart from providing a consistency check, 
this second model was also useful because its space group 
turned out to be the same as that of the molecular arrange- 
ment in the low phase. 

The location of the deuterium atoms in the low phase 
was determined from five neutron powder patterns re- 
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corded at 102 K using a neutron wavelength of 1-06 Å. 
Although there were only eighteen peaks of measurable 
intensity in the angular range 0 = 0 to 30°, several of them 
were not observed in the corresponding X-ray powder 
photographs. After many unsuccessful attempts the 
neutron powder patterns were finally interpreted on the 
assumption that the space group was P4,, the unit cell 
contained sixteen molecules and the atoms occupied four- 
fold positions listed in Table 2. This model has only six 
independent positional parameters and it accounts for 
the systematic absence of all those (AkO) reflexions for 


whieh either A or k or both are odd without assuming the 


The results of the least-squares refinement of this model 
are summarized in Table 2. At first only the deuterium 


ally independent S-D bond lengths in Table 2 agree well 
not only with one another but also with the gas-phase 


value of the S-H bond length (1-3226 A) derived from 
microwave measurements. 
in Table 2 is, however, somewhat greater than the gas- 
phase vahic?® of the H-S-H angle (92° 6). This in- 
crease is probably significant and can be attributed to 
intermolecular coupling in the sold. 


Table 2. STRUCTURAL DATA OF DEUTERIUM SULPHIDE AT J02 R {LOW PHASE) 
Lattice parameters: o= 13-470 + 0-006 A. ee a tor+6-004 A, 
Space group P4,. No. of molecules in the unit ech: 16. 
Positions of the crystallographically independent atoms in the unit cells 


£ u z 7 y £ 
SI rs 4-23 G DY EDs YD Zn 
82 1/2448 EE EE Q pz TI HD an 
83 TR 3/4—-278 Q 330 LW2+7n, KASE ZD 
S4  U/2428 3/4 28 Q Dd ERETI Hite Zp 
D5 ED: T2¢+yp, å ZD 
DG EDs W2+yp2 ZD 
17 12- £M 12 +y 2p 
PS 12 +p VW2+y¥p, ZD 


Fractional values of the inde pendent positional parameters after six cycles 
of isotropic refinement: 
zp, = 0-193 + 0-001 
Yp = OSD + 0-001 


zp = O-OOT + 0-001 
zp = 07168 + 6-003 


Bond lengths: , ADEN P RSA 
St-D1 = 1333 P02 A S1-D2 = 133; +002 A <8-D> =1833+002Å 


Bond angle D-S-D: 94-5°£1-5°. 
Final agreement factor: 23 = 5-6 per cent. 


Fig. 2 shows the arrangement of the deuterium sulphide 
molecules in the low phase projected onto the (001) 
plane. The dashed lines indicate hydrogen bonds. Each 
sulphur atom is hydrogen-bonded to two neighbours, one 
being above the other below the (001) plane of the sulphur 
atom in question. As a result, the hydrogen bonds form 
yiecrae chains parallel to the [100] and [OILO] axes, 

‘The five neutron powder patterns recorded in the 
muddle phase of deuterium sulphide at 112 K also showed 
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additional peaks not observed in the corresponding 
X-ray powder photographs. This ruled out the possibility 
of a face-centred cubic middie phase, contrary to the 
claim of all previous investigators. The neutron powder 
patterns were interpreted on the basis of the primitive 
cubic space group Pa3 with four mcleeules in the unit 
cell. It was known from the X-ray photographs thet the 
sulphur atoms formed a face-centred arrangement and the 
deuterium atoms were assumed to oecupy two twenty- 
y The model chosen has only 
Tt assumes that im the middle phase each deuterium 
sulphide molecule has six equally probable equilibrium 
orientations among which the molecule reorients itself at 
random (six-fold orientational disorder). The hydrogen 
bonds in this model are only temporary; they break when 
the molecule reorients itself, and are subsequently replaced 
by other equally temporary hydrogen bonds. 


STRUCTURAL DATA OF DEUTERIUM SULPHIDE AT 112 K (MIDDELE 
PHASE) 


Table 3. 


Lattice parameter: a= 5-739+0-001 A. 
Space group Pa3. No. of molecules in the unit cell: 4. 
Fractional positional parameters after six cycles of isotropic refinement: 


x y z 
S 0 g Q 
D1 0-167 + 0-007 0-164 + 0-008 0-021 + 0-004 
D2 0-167 + 0-007 ~ 0-164 + 0-008 0-021 + 0-004 


Isotropic thermal parameters: Bs =3-05+0-20 Å? ; Bp =9-6240-78 A’. 
Bond length and bond angle: 8-D=1-344 0-04 As D-S-D =91-5° + 2°. 
Final agreement factor: R? = 7-9 per cent. 


The results of the least-squares refinement of this model 
are summarized in Table 3. It can be seen that both the 
S-D bond length and the D-S—D bond angle are in the 
expected range, but their standard deviations and the 
final agreement factor are significantly greater than in 
the low phase. This is due to the very low information 
content of the neutron powder patterns recorded in the 
middle phase. There were only eleven peaks of measur- 
able intensity in the angular range investigated and several 
of these were compound ones. A more accurate determ- 
ination of the structural parameters of the middle phase 
and the determination of the structure of the high phase 
of deuterium sulphide are in progress. Although our 
neutron diffraction studies were restricted to deuterium 
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sulphide, the close similarity of the X-ray diffraction, 
calorimetric, spectroscopic and nuclear magnetic resonance 
data suggests that hydrogen sulphide is isomorphous with 
deuterium sulphide in all three solid phases. 

We thank D. H. C. Harris and the staff of the Dido 
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Tunnelling between Metallic Islands 
on a Dielectric Substrate 


Tue electrical conduction mechanism in ultra-thin metallic 
films as formed by vacuum evaporation has been the 
subject of considerable experimentation, theoretical con- 
jecture and analysis. Such films can exist as a planar 
array of discrete islands, typically some tens of Angstroms 
across and similar distances apart, supported by a di- 
electric substrate such as glass. One of the important 
conduction processes occurring on application of an electric 
field across the aggregate of islands is quantum mechanical 
tunnelling of electrons between islands through the sub- 
strate as propounded by Neugebauer and Webb’, and it is 
this particular mode we are concerned with here. 

The theory of tunnelling across a dielectric separating 
two metallic films or plates is well deseribed by Simmons’, 
but that between small islands where the transfer of 
charge can significantly effect their relative voltages is 
still obscure. Neugebauer and Webb describe charge 
transfer where some islands are initially charged---a pos- 
sible condition, but one which is unlikely to limit the 
ultimate steady current flow. They also neglect the 
change in potential of the islands involved in the charge 
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transfers. Recently, Hill’ has allowed for the latter effect, 
and adopted the more realistic neutral island model, but 
we beleve that he has inadequately formulated the 
tunnelling problem, for one of his derived expressions 
implies that an infinite current can flow when the activa- 
tion energy associated with the charge transfer is zero. 
We have adopted the Hill model on the basis that the 
initial distribution of any excess charges is unlikely to 
lmit the steady current flow, and have modified the 
distribution functions of electrons associated with the 
islands to allow for charge transfer. We find expressions 
for the current which are self consistent at the common 
limits, and for one specific case reduce to a well established 
form. 

In the nomenclature of Simmons and Hill we give the 
current as 


pig . 

Vb) Nene) fD(Bz)dE xf, —f,)dE, — 
cits oo ed 
a Es eral l —f, aE; 

? 


where the unprimed functions relate to tunnelling from 
island 1 to its neighbour 2 in the direction of the field, 
and the primed values to transfer in the opposite direction. 
To make the integrals tractable it is necessary to exploit 
Simmons’s expression for the tunnelling probability, and 
to take some licence with the limits; then we find that 


4-me nBET = 
VT) = e o e a D (— Ai? 
da BR?  sinnBkT P a ie 
1 — exp [BBE +eV)] _ 1 — exp [+ B(8E—eV)] 
] ex ols cava l Ox le ae 
POET P UET 


where the plus signs in the right-hand bracket hold for 
ôE sey and the negative signs for Ez2eV. V is the 
voltage drop between adjacent islands and 8# is the 
activation energy, which is to be interpreted as the work 
done in adding an electron to an initially neutral island. 
For a thin circular island of radius J very distant from 
its neighbours 


SE ~ e/dreR 


where s is the permittivity of the substrate. The magni- 
tude of 5H decreases as the spacings between islands 
diminishes, and is obviously modified by an applied field. 
We note that when 6#=eV, the two expressions here 
give the same value of J, and moreover that when 
SE = 0, corresponding to the case of massive islands, 
4rme nBkT 


JKT) = = eee e exp — AQ! PH — exp(— BeF 
AKE) Re smrBkT S3 pi PN ER avd) 





which is in agreement with the expression given by 
Simmons for tunnelling through a dielectric sandwiched 
between metal plates. Thus we are encouraged to think 
that we have depicted the tunnelling mechanism in the 
idealized model of similar islands uniformly distributed 
on a passive substrate by the most accurate expressions 
to date. 
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Effect of Free Stream Turbulence 
on the Drag Coefficient of Bluff 
Sharp-edged Cylinders 


FREE stream turbulence has been shown! to have a signifi- 
cant effect on the drag coefficient, Cp, of bluff sharp-edged 
cylinders. Additional tests have been carried out at the 
University of Nottingham on smaller square section 
cylinders (0-125 inch and 0-250 inch side) to extend the 
series tests to the limits of the experimental equipment 
available and to provide more data for correlation studies. 

The correlation between Cp at zero incidence (x= 0) 
(see ref. 1 for notation) and the scale of turbulence relative 
to the size of cylinder is shown (Fig. 1) to possess character- 
istics very similar to the relationship between the heat 
transfer from cylinders and the relative scale of turbulence 
(L2/H) proposed by Van der Hegge Zijnen®. Both Cp 
and the heat transfer have a distinct maximum for L/H 
in the range 1-2 to 1-6, although for large L./H, Cp 
appears to level off rather than decrease continuously. 

A value of Cp calculated from Viekery’s* results for a 
6 inch square section cylinder, in a stream of 10 per cent 
intensity and 8 inch scale of turbulence, is shown in 
Fig. | to agree well with the curve proposed for 9-8 per 
cent turbulence intensity. The effect of intensity of 
turbulence, however, is reversed——-Cp decreasing and the 
heat transfer increasing with increase in intensity. 
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Fig. 1. Drag coefficient versus Le/H. a=0. Turbulence intensity: O, 
3-4 per cent; @, 67 per cent; @, 9S per cent. W., Yickery?. 


For incidence a=45° all the Cp results collapse on to 
one curve (Fig. 2) similar in shape to the curves for «=0 
with maximum Cp at L,/H approximately equal to 1-4. 
Cp again tends to become constant at large values of 
L,/H. Because the drag forces on the 0-25 and 0-125 inch 
cylinders were very small, corrections were applied to 
account for end plate and lock nut drag, which arnounted 
to about 6 per cent for the 0-25 inch eylinder and 11 
per cent for the 0-125 inch cylinder. 

The intensity of turbulence behind each of the grids 
was measured using standard DISA hot wire equipment 
and, because the results were found to coincide with those 





2-5 
2-0 
© 
P a E ne 
9S Sr ee 
mH 15 
1-0 
t5 NAOT, AERE ERE, AEAN D AAA LOENEN E ELNE RE RRR LST: | See ee | 
0 1 2 3 4 5 6 7 8 9 
Lx H 
Fig. 2. Drag coefficient versus Dej H, a=45°. Symbols as in Fig, 1. 
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of Baines and Peterson‘, the empirical expression pro- 
posed by Whitbread’, based on their results, was used to 
caleulate Le. The reversal of the effect of turbulence on 
Cp for L,/H <1, between «=0 and «= 45°, noted in ref. 1 
was also investigated. Measurements of the base pressure 
coefficient (Cpp) for the 1-5 inch cylinder at various angles 
of incidence showed a similar reversal of effect (Fig. 3). 
Between «= 10° and «=20° the effect of turbulence was 
negligible and the greatest differences in Cpp occurred in 
the symmetrical flow cases. 
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Fig. 3. Base pressure coefficient versus angle of incidence. Symbols as 
in Fig. 1. C denotes common point. 


At «=0, the total drag force is mainly form drag (flow 
separating from the leading edges) which reduces with 
inerease in turbulence. For the «=45° case the total 
drag force now consists of form drag and skin friction 
drag, the latter increasing with increase in turbulence. 
For the smaller cylinders, the boundary layers on the 
eylinder faces will not have developed to the same extent 
as on the 1-5 inch cylinder, and the skin friction effect 
will be much smaller relative to the form drag. This is 
supported by the results presented previously in Fig. 1 of 
ref. 1. For cases of intermediate incidence, for example 
a=10° to 20°, reattachment has been observed by flow 
visualization to be very intermittent and unsteady; the 
changes in skin friction drag and form drag in this region 
are such that the drag coefficient remains sensibly con- 
stant. 
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Investigation of a Steady Magnetohydro- 
dynamic Shear Layer using Hot-film 
Anemometry 


THEORETICAL studies of magnetohydrodynamic (MHD) 
flows in ducts and around bodies of revolution have pre- 
dicted the occurrence of intense shear layers in these 
systems. ‘This study is a detailed investigation of velocity 
profiles in such a shear layer. A miniature, quartz-insul- 
ated, cylindrical, hot-film sensor (0-03 mm in diameter and 
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sensitive length of 0-50 mm, supplied by Thermo-Systems =. 


Inc., St Paul, Minnesota} is used in the constant- 


temperature mode in mercury; this device shows much => 


promise as a velocity indicator im electrically conducting 
media. I have already discussed the application of hot-film 
anemometry to low speed mercury flows (0-15 em/s}?’, 
and higher speed applications have been discussed by 
Hoff’. 

An electrically driven shear layer under consideration 
has been investigated theoretically and experimentally 
by Hunt and myselft, who used small Pitot and electric 
potential probes, and a more rigorous theoretical study 
has since been completed by Hunt and Stewartson’, 
whose results will be compared with the measurements 
reported here. | 

The experimental results show moderate qualitative 
agreement with the theory of Hunt and Stewartson, but 
the quantitative agreement is not good. In particular, 
firm evidence of secondary flow is found in the apparatus 
tested; the theory of Hunt and Stewartson does not. 
consider this, and the Pitot and electric potential probes 
used by Hunt and myself did not detect it. This implies 
that greater spatial resolution and smaller measurement 
errors due to MHD effects inherent in the mimiature hot- 
film sensor make it a more useful local velocity measuring 
device than its alternatives. 

The shear layer is formed by placing two cireular. 
electrodes, at different electric potentials, in each of two. 
parallel, insulating planes, between which is a fluid of 
electrical conductivity, o, and viscosity, yn. A strong, 
uniform magnetic field of intensity, Bẹ applied normal 
to these planes, induces an azimuthal flow in thin layers 
The layers rotate in opposite directions on either side 
of the centreplane. A stable, laminar flow results provided 
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Fig.1. Top view of the apparatus and schematic current streamlines and 
velocity profiles in the electrically driven shear layer for APS 1, 
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Fig. 2. Horizontal orientation of the hot-lim sensor in the apparatus. 
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Fig. 3. Radial profiles of velocity. 
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that the electric current remains below a eritical value 
at the particular value of B, applied. Fig. 2 shows 
the orientation of the hot-film sensor in the flow. This 
particular orientation enabled a calibration obtained 
in horizontal flow outside the apparatus to be used. The 
sensor was traversed from above along a radius at various 
distances from one of the electrodes. 

The analysis of Hunt and myself (valid for very high 
Hartmann number, M = B,a(o/7)?, where 2a is the distance 
between the electrodes) predicted that the azimuthal 
velocity at some radial position in the layer, 9=r/a, is 
maximum at a distance O(aM-!) from the electrode and 
falls to zero at the centreplane between the electrodes. 
The thickness of the layers was predicted to be § = O(aM-4). 
It was also shown that, providing 1Mi>>1 (that is, 0/dr>> 
l/r), where 1=b/a and b is the electr ode radius, the non- 
dimensional velocity in the layer, V =v Mibion, 
where J is the total driving current, is a function of the 
non-dimensional distance from the edge of the electrode, 
e=(e-DAL, at any non-dimensional distance from the 
centreplane, €= +2/a. 

Fig. 3 shows measured stable velocity profiles at 
20-9 (near to the electrode) for M =212, 390 and 588, 
and at § = 0-75, 0-50 and 0-25 for M=390. For comparison 
the results of the asymptotic analysis of Hunt and Stewart- 
son are shown for M = 488 at €=0-90 and for M = 390 at 
the other values of . As M varies from 212 to 588, LM? 
varies from 7-31 to 12-2. The conditions required for the 
asymptotic theory to be valid are thus reasonably satis- 
fied. The high measured values and the levelling off in 
the experimental curves for ¢~0:9, p< 0 is believed to 
indicate that appreciable radial velocity components exist 
near the electrodes. (In this orientation, the sensor is 
equally sensitive to radial and azimuthal velocity com- 
ponents. A short, cylindrical sensor is also quite sensitive 
to flow along its length so that z-wise components if present 
also have considerable effect on the observations. The 
exact magnitude of the velocity vector cannot therefore 
in general be obtained by a single measurement, except 
at positions near the electrode, for example, ¢~0-9, 
where, for 9 <0, it is expected that the flow is primarily 
radial and azimuthal.) Note that these effects appear 

diminish as M increases. Although the theoretical 
criteria required to make the radial and axial secondary 
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flow components negligible have not yet been established 
and are beyond the scope of this discussion, one reason 
why an increase in M would be expected to bring about a 
decrease in the magnitudes of these components is that 
the shear layer becomes thinner relative to the electrode’s 
radius. Further qualitative evidence of secondary flow 
circulation was detected by traversing the probe through 
the core region between the electrodes where, as discussed 
by Hunt and myself, the azimuthal primary flow should 
be zero. It is inferred from all the available evidence that 
the secondary flow is driven out radially near the elec- 
trodes and then circulates down through the shear layer 
and in toward the axis of symmetry near the centreplane, 
and that the discrepancies between the measurements and 
the theoretical predictions, which are seen to persist at 
all values of (, are primarily caused by the secondary 
flow components. 

From Fig. 3 it is also observed that the thickness of the 
layer is O(aM-}) and that the general shapes of the experi- 
mental and theoretical curves are similar, particularly 
for 9 >0. The increase in the maximum value of V in 
the layer as M increases, as shown by the profiles at 
€~0-9, agrees with calculations based on the theory of 
Hunt and Stewartson. 

The maximum error in the measured velocities 1s estim- 
ated to be +10 per cent (in addition to error caused by 
the presence of flow components of unknown direction). 
Inaccuracy may arise in the measurements because the 
calibration of the sensor is difficult in the range of speeds 
measured here (less than 2-8 cm/s); the calibration in 
uniform flow may be somewhat inadequate for predicting 
sensor performance in an intense shear layer; probe 
blockage will have a small tendency to decelerate the 
azimuthal flow; and the Correction ae MHD errors 

g 2 may be 
slightly ne 
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Viscosity of Liquid Water 

and Superheated Steam 

In previous articles? we have shown that the equation 
= BTM? exp [KHT — T) (1) 


describes the atmospheric pressure viscosities of many 
liquids with remarkable accuracy. Equation (1) was 
obtained from the Cohen and Turnbull relationship 
between the diffusion coefficient D and “the average free 
volume per molecule”, vy, defined by v=6—~v,, where 6 
is the average volume per molecule in the liquid and te 
the van der Waals volume of the molecule’. 
The expressions for the quantities K and B are 


K = y- vtja' ðm B= k" -m3 /3n-g+a+a* (2) 


where g is a geometrical factor, y a numerical factor 
introduced to correct for overlap of free volume, v* the 
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least volume required for a diffusive jump, a* the jump 
distance, a the diameter of the sphere to which the 
molecule is assimilable, m the mass of the molecule, k 
the Boltzmann constant. and « and Öm respectively the 
mean value of the expansion coefficient and the mean 
value of 6 over the temperature range of interest. 

T, is the temperature at which the free volume dis- 
appears (zero mobility temperature or “‘glass-transition 
temperature’). It should be noted that 

KUT —Po) = y: v* fur (3) 

It is mteresting to note that from equation (1) one 
obtains y œ TJ!" if the temperature is sufficiently high 
(TT... This relationship is reminiscent of the well 
known relation describing the viscosity dependence on 
temperature for a gas consisting of hard spheres‘. It is 
interesting then to adjust equation (1) for the case of 
gases. We note that: (1) For its proper definition, vy is 
much larger in a gas than in a liquid; so the exponential 
in (1) is about 1. (2) In their considerations Cohen and 
Turnbull assume the liquid molecules to be hard spheres. 
This is equivalent to defining the molecular diameter by 
the scattering cross-section for molecular collisions, that 
is, = 1a?, a being the diameter of the sphere; in this 
way o is independent of the temperature. 

Gas molecules are not really like hard spheres and the 
cross-section o turns out not to be independent of tem- 
perature. The repulsive and long-radius attractive inter- 
actions must be taken into account. The latter are 
weaker and tend to increase the probability of molecular 
scattering at low temperatures. If we neglect them, 
deviations can be expected to occur, especially at low 
temperatures, 

To calculate the ç dependence on temperature, let us 
assume, as a first approximation, that the molecules are 
elastic spheres and let us take into account only the 
repulsive forces. Then let us suppose that the molecules 
at a distance r repel one another with a force ®(r) varying 
as an inverse power of the distance: 


O(r) = wer (4) 
The diameter of the elastic sphere then varies as 
a = ay (T'/273-2)-14s-v (5) 


a, being the diameter of the elastic sphere at 273-2 K 
(ref. 5). 

Notice that a* is the diameter corresponding to the 
minimum volume required for diffusion in the liquid; in 
the case of a gas or vapour, this volume represents just 
the volume of the elastic sphere to which the quantity a 
defined by (5) corresponds. By setting the exponential 
equal to 1, substitution of (5) in the equation 


n = (kt? +m) 2/3./38 2+ g-a-a*) TH. exp (y> w*les) (1) 


gives: 








as ia, nt 12 Pri2 
38/3 -ai-n-g, m =? (6) 
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Viscosity against temperature for water. 
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Fig. 2. Viscosity against temperature for superheated steam. 


g being, from the self-diffusion equation for a gas, equal 
to the classical value of 1/3. Equation (6) is similar to 
the well known relation y»=C- T» giving the viscosity of 
a gas as a function of temperature. 

We verified equations (1) and (6) for water both because 
of the abundance of data in the literature and because 
the value of s which appears in (5) and (6) may be con- 
sidered known for steam, being approximately equal to 
5-2 (ref. 5). 

For liquid water, we considered the viscosity values 
between — 10°C and 100° C (ref. 6). By solving a simul- 
taneous set of three equations (1) in correspondence with 
three values of 7 and T, we found K=570 K, 7, = 146 K, 
B=1-21x10-° P-K". It must be noted that the value 
of B determmed in this way is in very good agreement, 
with the value of 1-22 x 10- P - K-!” calculated from (3) 
with a= 2-78 A (ref. 7), a#=7 A (ref. 3) and g = 1/6 (ref. 3). 
Moreover, the value of T, determined by us agrees with 
that obtained by other experimenters! by different 
procedures. 

In Fig. 1 the viscosity values for water are represented 
by open circles and the full line expresses the variation 
of 7 with temperature obtained by substituting into (1) 
the K, B and T, determined by us. As we can see, equa- 
tion (1) describes very accurately the viscous behaviour 
of water in the temperature range considered. 

As regards superheated steam, setting s= 5-2 and AB’ = 
(A1 + mt) 1(34/3 ra? > g), equation (6) may be written 


B’ 





1 ao TOE (6’) 
B and B’ are given by: 
ķi 2, gpd f2 fi (2 yet "2 
Dice eee eee —, B= ———— 
3/3x-a-a*-g, BV/Bn-ai-gs (7) 
ki a. art 3 


where g, and gs are the values of g for liquid and steam 
respectively. It is interesting to notice that the value of 
B’ calculated from (7) with a,=2x2-16A (ref. 11) is 
0-635 x 10- P+ K-!’?~B/2; that is, apart from the dif- 
ferent values of g, and gs, which are 1/6 and 1/3 respec- 
tively, B and B’ for water are approximately equal. This 
is the same as saying that for water a2? xa- a*. 

In Fig. 2 the viscosity values for superheated steam are 
plotted against temperature in the range 100°~700° C (ref. 
12). The full line shows the behaviour according to {6% 
with B’ given by (7). The theoretical points are in satis- 
factory agreement with the experimental ones. In the 
temperature range 300°-700° C the maximum deviation 
of the 4 values, calculated by means of (6’), from the 
experimental ones is found to be 2-5 per cent. The larger 
discrepancy between the two sets of values below 300° C 
may be ascribed, at least partially, to the attractive forces 
whose influence has been neglected. 
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In spite of the roughness of the approach, equation (6°) 
deseribes satisfactorily the viscous behaviour of the steam. 
C N the pore ine NS cannot be sen to 


tee poral ane: -dependence af ae gas y. but. they 
can, however, be regarded as a further confirmation of the 
validity of equation (1’), which expresses the viscosity 
of a liquid as a function of temperature. 
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Characterization of the Fc’ Fragment 
of Immunoglobulin G in 
Normal Human Urine 


A FRAGMENT in normal human urine related specifically to 
the heavy chains of immunoglobulin G (IgG) was found! 
by gel diffusion and immunoelectrophoretic analysis to 
be antigenically similar to the Fc’ fragment produced by 
papain digestion of the IgG molecule. The presence of 
a fragment of this kind in urine has been confirmed?-3, but 
no attempt has yet been made to purify and chemically 
characterize it. It has been proposed* (with experimental 
support’) that the Fe’ fragment obtained by papain 
digestion of human IgG is a dimeric subunit extending 
from near residue 14 to near residue 105 (numbering 
from the C-terminal end) of the y-chain. We now report 
the isolation of urmary Fc’ fragment, together with 
physicochemical data confirming its close similarity to 
enzymatic Fe’ fragment. 

The isolation of the Fe’ fragment from urine was difficult, 
and complicated by the presence of various urinary sub- 
stances with similar charge and size characteristics. 
Pooled urine (110 1.; 8-9 g protein) from normal adult 
males was concentrated and subjected to zone electro- 
phoresis in 0-1 M barbital buffer, pH 8-6, as previously 
described®, Concentrated material of «a mobility (2-7 g 
protein) was apphed to a column of ‘Sephadex G-100 
equilibrated in 0-1 M tris-hydrochlorie acid, pH 8-0, 
containing 1 M sodium chloride. The eluted Fe’ fragment 
and free light chains were identified with specifie antisera 
and the Fe’ fragment was found to be eluted later than 
monomers of free light chains’. After pooling and 
concentrating, the material containing Fe’ fragment (146 
mg protein) was again fractionated on ‘Sephadex G-100’. 
The protein recovered at this stage (53 mg) was applied 
to a column of CM-cellulose® equilibrated i in 0-03 M acetate 
buffer, pH 5-4. Most of the proteins, including the Fe’ 
fragment, did not bind at this pH, and 41 mg was re- 
covered. Zone electrophoresis of this material in borate 
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buffert, pH 8-9, gave 14 mg of protein containing 
Fe’ fragment. Finally, the fragment was applied to 

a column of DEAE-cellulose and eluted with a linear 
EE RER from 0-04 to 0-2 M sodium phosphate buffer’, 
pH 7-8. The Fe’ fragment emerged as a separate fraction 
with 0-08 to 0-12 M buffer; a large fraction of contaminat- 
ing protein was eluted later. Approximately 2-7 mg of 
Fe’ fragment was recovered after dialysis against dist illed 
water and lyophilization. This material was analvsed by 
previously described methods!'’. 

Ouchterlony gel-diffusion analyses of the isolated 
urinary Fc’ fragment gave the following results. Antisera 
to x and à light chains failed to react with the preparation 
of urinary Fe’ fragment but an antiserum raised against 
enzymatic Fe’ fragment reacted with the urinary prepara- 
tion even when the latter was diluted to a concentration 
of 0-03 mg/ml. Further, the urinary Fe’ fragment 
showed a reaction of complete identity with the enzymatic 
Fe’ fragment using an antiserum to pFe’ fragment (a, 
related but larger fragment produced by peptic digestion’). 
Immunoelectrophoretic analysis of the urinary prepara- 
tion with the antiserum to pF. c’ fragment gave an immuno- 
precipitin are with an anodic mobility similar to that of 
the enzymatic Fe’ fragment (Fig. 1). (In contrast, the 
larger pFc’ fragment migrates cathodically.) Antisera 


>! RNY Ae Re’ > £ 
SSS Anti-pFe fragment 






Fig. 1. 
and enzymatic Fe’ 
against pFe’ fragment (a larger fragment including the Fe’ 


Immunoelectrophoretic analysis of urinary Fe’ fragment (Fe U) 
fragment (Fe Eb using a rabbit antiserum raised 
fragment 


within its structure}, Anode to the right. 


to whole serum proteins and whole urine proteins’ failed 
to detect any other component. A further indication of 
purity was obtained by polyacrylamide disc electro- 
phoresis? (Fig. 2). Urinary Fe’ fragment and enzymatic 
Fe’ fragment migrated rapidly to similar positions in the 
gel-—there was no evidence of slowly migrating contamin- 
ants. 

Sedimentation analyses in the ultracentrifuge of the 
urinary Fe’ fragment gave a symmetrical peak with a 
sedimentation coefficient (s%...w) of 1-9 S. This value is 
greater than the figure of 1:3. S reported by Bienenstock? 
for a urinary fraction obtamed by gel chromatography 
and known to contam Fe’ fragment. The coefficient is 
somewhat lower than some published data for enzymatic 
Fe’ fragment (2-35 S and 2-15; refs. 4 and 8 respectively) 
but within the range of sauthoionts for enzymatic Fe’ 
fragments reported in one recent study (18-24 S)”, 
The Stokes’s radius of the urmary Fe’ fragment was 
found to be 19 A by analytical gel chromatography on 


‘Sephadex G-100° (ref. 11). A molecular weight of 18,000 
for urmary Fe’ fragment obtained from the Stokes’s 


radius, the sedimentation coefficient and the partial 
specific volumet? (assumed? to be 0-75) was the same! as 
or somewhat lower! than figures reported for enzymatic 
Fo’ fragment. 

The amino-acid compositions of urinary and enzymatic 
Fe’ fragments are compared in Table 1. The amino-acid 
content of both preparations has been calculated on the 
basis of a total number of 180 residues per molecule 
(excluding tryptophan)!. Values are also given to the 
nearest even integer because the Fe’ fragment is a dimeric 
subunit composed of two symmetrical portions of the 
heavy (y) chains. There is a good degree of overall 
similarity between the two types of preparation. Eight 
amino-acids are present in the same amounts, six amino- 
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F&U 


FCE 


Fig. 2. Polyacrylamide disc electrophoresis of urinary Fe’ fragment 


(Fc'U) and enzymatic Fe fragment (Fe E). 


acids differ by only two residues (one residue per y-chain) 
and only three amino-acids—aspartic acid, cysteine and 
tyrosine—show a difference greater than two residues. 








Table 1. AMINO-ACID COMPOSITION OF URINARY Fe’ FRAGMENT (FCU) 
AND ENZYMATIC Fe" FRAGMENT (FCE) 
Residues Nearest even 
per 180 residues integer 
FUU FCE Fe'U FCE 
Lys 12-0 11:3 12 12 
His 2:2 2-8 2 2 
Arg 50 56 6 6 
Asp 19-1 155 20 16 
Thr 121 12:2 12 12 
Ser 19-7 21-0 20 22 
Glu 25-4 25-0 26 26 
Pro 18-1 17-5 18 18 
Gly 114 9-2 12 10 
Ala 6-3 40 8 4 
1 {2 Cys a6 36 R 
Val 12-2 14-0 12 14 
Met 1-8 20 2 2 
lle 2-5 8-3 2 2 
Leu 11-1 13:9 12 14 
Tyr 4:7 8-2 4 8 
Phe 6-5 8-9 6 8 
Total 180-0 180:0 180 180 


Results of 24 h hydrolyses. Values for threonine and serine have been 
corrected by division with the factors 0-95 and 0:89, respectivel y. Tryptophan 
was not determined. 


These observed amino-acid differences might be partly 
explained by the fact that the urinary Fe’ fragment arises 
from a limited number of the four IgG subclasses which 
are known to differ slightly in their amino-acid sequence. 
It seems more probable, however, that the differences 
were mainly caused by the presence of a small glycopep- 
tide impurity in the urinary Fe’ preparation. This was 
indicated by the amino-acid analysis of the Fe’U prepara- 
tion, which revealed the presence of ten residues of hexos- 
amine per 180 residues of amino-acids (Fe’E is known to 
lack carbohydrate‘). The higher cysteine content 
observed in Fe’U also raises the possibility that the 
reducing environment of urine had permitted a disulphide 
interchange between the two intrachain S-S bridges of 
the Fe’U fragment and a cysteine-rich glycopeptide. 
Tf such a reaction occurred regularly it would not normally 
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be possible to isolate Fe’U without the glycopeptide 
contaminant. 

Table 1 also shows that Fc’E and Fe’U have a similar 
histidine content. There are known to be six histidine 
residues in the carboxy-terminal half of the Fe region 
(the pFc’ fragment) but only two such residues occur in 
the Fe’ fragment‘. The presence of two histidine residues 
in Fe’U thus not only indicates a similarity with FC'E 
but also rules out the possibility that Fe’U is more closely 
related to the larger pFc’ fragment*. 

Although Vaughan et al.? demonstrated Fe-like material 
in normal urine, they did not distinguish between Fe and 
Fe’ fragments, both of which are now known to be 
present*:*, Bienenstock? used a combination of gel 
filtration on ‘Sephadex G-200° and ‘Biogel P60 to obtain 
fractions enriched with Fe fragment and Fe’ fragment 
respectively. He noted the low sedimentation coefficient 
of the fraction containing Fe’ fragment (1-3 S) compared 
with enzymatic Fe’ fragment (2-1 S) and also commented 
that the slopes of the boundaries suggested heterogeneity. 
From this study it was thus not clear whether urinary 
Fc’ fragment was indeed identical to the enzymatic 
product. The author suggested that variable Fe’ frag- 
ments might result from different sites of cleavage although 
each fragment would retain its fast mobility and the 
common Fe’ antigenic marker. 

Our results show that urinary Fe’ fragment is signifi- 
cantly similar in amino-acid composition, sedimentation 
coefficient and molecular weight to enzymatic Fe’ fragment. 
We have not investigated the possible origin of urinary 
Fe’ fragment, but other work? seems to indicate that 
urinary “‘Fe-like fragments” derive from the catabolism 
of plasma IgG. Bienenstock* has shown that urinary 
enzymes in vitro break down Fc fragment to Fe’ fragment 
but are not able to degrade intact IgG. (The stability of 
urinary IgG has also been observed by other investigators 
(compare ref. 3).) In urine there may be an enzyme (or 
enzymes), with a specificity similar to that of papain and 
esterase’®, which cleaves the y-chains of Fe fragments 
originating from plasma’ near residues 14 and 105 
(numbered from the C-terminus). Fe’ fragment might 
also be excreted into urine from plasma and be a catabolic 
product of IgG metabolism. If, as seems likely, the urinary 
Fe’ fragment arises by one or both of these catabolic 
processes, our data are further evidence for a region of 
general enzymic susceptibility near the mid-point of the 
Fe fragment, 
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Abrogation of Cellular Immunity to 
Antigenically Foreign Mouse 
Embryonic Cells by a Serum Factor 


Many hypotheses have been introduced to explain why 
the conceptus of an allogeneic mating, which differs 
genetically and therefore antigenically from its mother, 
is not rejected by the mother as an allograft!-?. Two of 
therm deserve particular consideration. First, there may 
be an anatomical barrier which would separate foetal 
antigens from maternal immunologically competent cells 
and also protect the embryo against destruction by sensit- 
ized lymphocytes and IgM molecules; prennmunization 
against paternal antigens does not seem to harm the 
foetus or alter the normal course of an allogeneic 
pregnancy’, An interesting possibility is that the pre- 
sence of a highly sulphated acid mucoproteim on the sur- 
face of the trophoblastic cells may serve this function?:*-8, 
Second, the mother may be incapable of damaging her 
foetuses immunologically, either because she is tolerant or 
because immunological enhancement is operating’. Recent 
claims that the placental membrane is permeable to 
lymphocytes’? and that the mucoprotein layer is 
not continuous over the surface of the trophoblast! have 
raised some doubts about the validity of the first hypo- 
thesis, which does not seem to provide the sole explanation 
why antigenically foreign foetuses are not destroyed. 


Table 1. 


Serum Control lymph node cells 
Expt. donor Serum 2 Serum 1 Origin 
pregnancies No. + S.E. No. AAK. 
1 >i 10017 105-3 21:3 I 
2 > 3 4502+19 50-0 + 4-3 í 
3 >3 15040 137222 I 
4 > 3 7452432 74542-3 P(>3) 
5 >; 18:7+0-9 21:0 22-9 P (> 3) 
6a >3 4742-4 37-7 42-3 P {>3) 
b 1 4742-4 38-0 + 4-6 FP (> 3) 
7a >3 41724 BT ae 1 
b } 41-7324 38°0 + 4-6 I 
Sea =3 83-7 £03 76-0 45:0 P (>3) 
h >3 83-7 +03 B17 +65 P (> 3) 
9a >83 8377+03 760 + 5-0 Į 
b > 3 a37 O3 &Si7+65 1 
10 t vA AES ah 22-04 1-0 PD 
li 1 86-343-2 42-7 +24 PQ) 
12a >3 22717 18-5435 f 
b 1 ry hae a af 21-74 2-0 I 
13a 1 123 +09 13-0420 P (1) 
p 1 1232+09 1309420 1 
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seribed!?. Petri dishes were seeded with 2,000 target 
cells/dish and imeubated overnight; the medium was 
removed and sera to be tested were added (0-5 ml. /cdish}, 
after dilution. Target cells and sera were incubated at 
37° C for 30 min, after which 5x 10° lymph node cells 
from regional nodes were added to each dish. Two 
groups of sera were studied, as deseribed in Table 1. 
(1) From BALB/c mice which had undergone one or 
several pregnancies by C3H males, some of which were 
pregnant at the time of the bleecling (experimental groups); 
(2) Sera from BALB/e mice of corresponding age and 
previous history, pregnant by BALB/c males (controls). 
Lymph node cells were taken from the same groups of 
mice as the sera and, in addition, from non-pregnant, 
non-lmmunized BALB/c females and also from BALB/e 
mice immunized against C3H embryos. In the latter 
group, mice received two weekly inoculations of 15-18 
day embryos, approximately one-quarter of an embryo 
being given subcutaneously to each mouse; lymph node 
cells were taken 5-10 days after the last inoculation, 
Colonies were counted after staining and the percentage 
of colony inhibition was calculated as described in Table 1. 

Two conclusions can be drawn frorn the results in Table 
1. First, lymph node cells from BALB/e mice pregnant 
by C3H males, or from BALB/c mice immunized with 
C3H embryonic tissues, reduce colony formation of plated 
C3H embryonic cells. Second, sera from BALB/c mice 
pregnant with C3H (but not with BALB/c) abrogate the 


RESULTS OF COLONY INHIBITION TESTS 


Per cent 


Serum 2 Serum | abrogation 
No ESE. Inhibition Not SE, Inhibition with 
(per cent) {per cent) serum | 

53°7 + 35-2 4-8 82-04 4-1 22-1 52-8 
31-3419 80-4 53°32 3-6 — Bf 121-7 
D37 61-3 ZS 06 16-7 72-3 
4044-7 20-5 74:7 2 41 03 98-0 
11-0+0-6 41-3 230 L3 -95 128-1 
187413 552 34-321-8 9-0 83-7 
187413 5a°2 Ipar Tz 33-4 30-5 
28-04 3-2 82°38 37°39 1-0 06-9 
28-04+3°2 32-8 20-024 1-1 23-6 28-0) 
52-7 +2-7 37-1 70:53 + 7-0 75 79:8 
ITELT 37-1 eo i fee ae es a7 HO 
51742 38:2 68-3445 10-1 735 
BA r 4:2 342 ESER K, 75-4 
139410 38-8 1S-O+1-2 18-2 53:1 
22:8430 38-6 26-03 2°) 89-1 mE 
13-9+1-0 Biotin 20-020 -Al 1208 
13894410 38°38 19525 10i 740 
23 t03 81-0 wot bd 42:3 47-8 
$3413 32-5 100+ 1-0 23] 25-4 


Target cells were exposed to sera: (1) from BALB/c females pregnant by C3H males, or, in the controls (2), from BALB/c females pregnant by BALB/C 
males, Control lymph node cells were derived from BALB/c females pregnant by BALB/c males (experiments 4-6, 8, 10, 11, 13) or non-pregnant (the other 
experiments) and experimental group lymph node cells were derived from either BALB/c females pregnant by C3H males (P) or from BALB/c mice immunized 


with C3H foetal tissues (7). 


Sera from the pregnant mice were taken at the 15th-1S8th day of pregnancy, and sera from the non-pregnant mice 2-4 weeks 


after the last pregnancy. The sera were diluted 1:8 in experiments 7, 8, 11, 18, and 1:12 in the others. The lymph node cell donors in experiments 4, 10, 


11, 13g and the serum donors in 1-4, 6b, 7b, 10-13 were pregnant at the time of the tests, while other donors were not. Bet five (e i 
Percentage reduction of colony formation by Immune (1) or pregnant (P) (No. of pregnancies in brackets) 


four) Petri dishes were Included in each group. 


Between two and five (commonly 


lymph node cells was determined by comparing colony numbers in plates exposed to immune or pregnant lymph node cells (columns 6 and 8) with controls 
(columns 3 and 4) and the same sera. Sera from BALB/c mice pregnant by C3H were then compared with sera from BALB/c mice pregnant by BALB/c for 
their ability to abrogate the inhibitory effect of lymph node cells from the immunized or BALB/c by C3H-pregnant animals; this ability is expressed in per cent. 


Lymphocytes from tumour-bearing animals are capable 
of inhibiting the growth of neoplastic cells from the same 
animals in vitro, and sera from the tumour-bearmg 
animals often contain antibodies which can bind 
specifically to the tumour cells and block the lymphocyte 
effect'*, If a similar co-existence of cellular immunity 
and blocking antibodies can also occur in physiological 
conditions, it might provide an explanation of the 
“survival value” of an organism’s ability to form blocking 
antibodies. We have investigated whether lymphocytes 
from mice carrying antigenically foreign foetuses inhibit 
the growth of foetal cells of the same genetic type in vitro 
and whether sera from the same mice can abrogate the 
lymphocyte effect. 

Target cells were derived from C3H mouse embryos of 
15-18 days’ gestation; they were trypsinized and culti- 
vated in vitro. Colony inhibition tests were performed 
5-14 days later, following procedures previously de- 


inhibitory effect of specifically unrnune lymph node cells. 
The abrogation was stronger after several pregnancies 
but was present even after the first. It was detected 
whether or not the mice were pregnant at the time of 
bleeding; it is not a non-specific effect of pregnancy 
itself, because it is not exhibited by sera of mice pregnant 
by BALB/c males. Whether the protective serum factor 
in this system is an immunoglobulin is net known; in 
tumour systems, where a similarly acting factor was 
first demonstrated, it was shown to be a 7S immuno- 
globulin. It is of interest that maternal to foetal 
transfer of IgG does occurt®:?!", 

The present results are analogous to those obtained 
with tumours: antigenically foreign embryos are not 
damaged in vivo by host lymphocytes capable of mhibiting 
their cell in viro and sera from the host animals can 
proteet the embryonic cells from the lymphocyte effect in a 
way suggestive of efferent immunological enhancement. 
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Immunological enhancement may explain why mice, after 
several pregnancies by males of another strain, are 
immunologically hypores active to allografts of paternal 
tumours or skin®#°-*3, even though they possess lympho- 
cytes that are specifically hnmune to the paternal antigens 
(according to in vitro tests)**. Further, it may explain 
why such mice have haemagglutinating and leucocyte 
agelut inating antibodies to the paternal antigens®:*5-?? and 
also why anti-foetal eytotoxic antibodies, although they 
ean be produced and transferred to the foetus during 
allogeneic pregnancies. do not detectably harm the 
foetus**. It seems unwarranted to conclude, from in vitro 
evidence only, that immunological enhancement fully 
explains why antigenically foreign embryos are not 
damaged ¿n vivo; indeed there is evidence that the 
mucoprotein layer plays a part in protecting the foetal 
trophoblast from immunological destruction by masking 
its antigenicity and thus decreasing the amount of con- 
tact with the maternal immune cells?:7-%*, Qur findings 
suggest, however, that a specific serum factor—-which may 
be antibody—-can protect antigenically foreign foetuses 
from the potentially destructive effeet of those lym- 
phocytes that have penetrated the placenta, and indicate 
that the ability to form blocking antibodies may be of 
survival value to the organism. They also suggest that 
it may be profitable to look for blocking antibodies in 
other systems where allogeneic cells are not eliminated; 
for example, in chimaeras. The great efficiency of serum 
antibodies ¿n vitro and (if our explanation is correct) also 
in vivo indicates that it may become possible to use 
immunological enhancement to facilitate the transplanta- 
tion of antigenically foreign tissues, once we know how 
best to mduce and maintain the enhancement. 

We thank Mrs Sherrie Wilkie, Mrs Ingalill Mosonov, 
Mr Bruce Stocker and Mr Dan Unti for technical assist- 
ance. This work was supported by grants from the US 
National Institutes of Health and the American Cancer 
Society. 
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Lactose Tolerance in Asians: 
a Family Study 


THE question of the genetic as opposed to adaptive 
origin of lactose intolerance in Asians has been discussed 
in several recent communications. Bolin and Davis“ 
favour an adaptive origin based on the finding that 
oriental subjects with lactose intolerance m Australia 
consume. on average, less than half the amount of lactose 
containing food eaten by Australians. In Thailand, how- 
ever, no lactase induction has been found in individuals 
with lactose intolerance after either prolonged daly 
intake of fresh miik? or daily intake of lactose for 
month‘. In our previous survey in northern Thailand, the 
only adult Thai with lactose tolerance came from 
Ayuthaya Province (approximately 70 km north of 
Bangkok). 

To seek out similar cases we have conducted a second 
survey in this area. Blood sugar was determined by the 
toluidine method? before and 30 min after an oral dose of 
0-8 g/kg body weight of lactose. In our previous survey 
the dose given was 1 g per kg. The smaller dose reduces 
discomfort and the extent of diarrhoea in subjects 
suffering from lactose intolerance. The blood sugar of 
eighteen lactose tolerant individuals increased by more 
than 0-2 mg/ml., as it did with larger doses. The blood 
sugar of four out of a hundred apparently healthy adult 
males from Ayuthaya increased by more than 0-2 ‘mg/ml. 
This prevalence of lactose tolerance is similar to that found 
earliert elsewhere in central Thailand. 


Table 1, RESULTS OF LACTOSE TOLERANCE TESTS IN TWO FAMILIES 


Change of blood 


Relation to Agein sugar 30 min Na, of 
Family No. propositns years after lactose diarrhoea stools 
(mgfml,) within 12h 

I i Father . 71 + 038 1 

2 Propositus $3 + O32 { 

3 Wife 4G +O 3 

4 Son t4 +004 

A Daughter 12 + 0-02 2 

6 Daughter 10 + 0-25 G 
it 1 Father 59 +0-21 g 

2 Mother 49 +010 4 

3 Brother 21 — O04 3 

4 Propositus 19 + 0-29 g 

5 Brother I7 + 0-41 ğ 

6 Sister 13 ~ 0-05 i 

7 Sister g + O24 i} 


To help facilitate a choice between adaptive and 
genetic origins for lactose intolerance, we investigated the 
families of two lactose tolerant individuals (Table 1). 
Both families are of low socio-economic status Living in 
remote rural areas. No fresh milk is obtainable in their 
villages. In both cases the parents said that they and 
ther children had never consumed milk after weaning. 
No condensed milk or other milk products were used in 
the households. Of the individuals examined, J15 drinks 
small amounts of condensed milk with tea or coffee during 
infrequent visits to the nearest market town. Despite this 
almost complete absence of milk from the diet the response 
to the test dose of lactose was very variable in the thirteen 
subjects. Table 1 shows that in seven individuals blood 
sugar increased by more than 0-2 mg/mi. and there were 
no symptoms (or only slight symptoms in subject H). In 
six subjects there were changes in blood sugar content 
ranging from —~0-04 to 0-1 mg/ml. and there were also 
symptoms of lactose intolerance (IT6 had no diarrhoea but 
complained of abdominal discomfort). ‘The mean change 
in blood sugar in the seven tolerant individuals was 0-291 
+ 0-079 mg/ml. ; ar id 3 in the lactose intolerant group it was 
+0-015+0-51 mg The two distributions do not 
overlap and the dA rente is highly significant (P < 0-001). 
In each family at least one parent and one child are 
lactose tolerant, and in family I lactose tolerance is 
present in three generations. The dietary history in these 
families makes it improbable that the sporadic occurrence 
of lactose tolerance in this population is dependent on the 
intake of foods containing lactose. The distribution of 
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lactose tolerance in the families is compatible with a single 
autosomal gene as the cause of intolerance. If genetic in 
origin, lactose toleranee in this population is likely to be 
an expression of heterozygosity for a gene eausing the 
formation of intestinal brush border lactase, while lactose 
intolerant individuals would be homozygous for a gene 
preventing the full activity of this enzyme, 

Davis and Bolin’ pointed out the difficulty of explaining 
the high prevalence of lactose intolerance in some popula- 
tions on a genetic basis. If a single gene is responsible 
for lactose intolerance, its frequency must be very near to 
1 in most populations of south-east Asia. It is very 
unlikely that this frequency could have been attained by 
recurrent mutation. This difficulty, however, arises only 
if the hypothetical gene causing lactose irtolerance in the 
homozygous state is assumed to be a ‘deficiency gene”, 
An alternative explanation would be that the gene 
responsible for the formation of intestinal lactase in most 
Europeans is replaced in most Asians by an allele govern- 
ing the formation of a different gene product with some 
useful function; for example, an enzyme with altered 
specificity. This allele may convey a selective advantage 
in an environment lacking the facilities for the production 
of animal milk for human consumption. From this point 
af view the question of adaptive versus genetie origin 
becomes a question of whether it is a matter of a physio- 
logical adaptation of the individual or a genetic adaptation 
of the population. The lack of substrate induction and 
the results of the survey of the families seem to favour the 
latter possibility. 

Increased tolerance is often observed a certain time 
after lactose intolerant individuals start drinking milk. 
Ts this the consequence of an adjustment in the amount of 
milk consumed at any one time, and in the frequeney with 
which it is drunk, in line with the inability to digest 
lactose, rather than the consequence of enzyme induction ? 
Such an adjustment could be the factor that makes it 
possible for subjects with lactose intolerance to consume 
large amounts of milk each day without discomfort. 
Consequently, our findings do not provide an argument 
against giving aid in the form of milk for developing 
countries. 

This work was supported by Stiftung Volkswagenwerk, 
Hanover, Germany. We thank Aroon Ridthimat for his 
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Glutamic Acid Decarboxylase and 
Gamma-aminobutyric Acid in 
Mammalian Kidney 


Tuae discovery of glutamic acid decarboxylase (GAD) in 
mammalhan brain was first reported in 1950'}3. The 
product of this enzyme reaction is gamma-amimobutyric 
acid (GABA), an important neuroinhibitor®. Because 
GABA occurs in large amounts in the central nervous 
system, subsequent interest in GAD emphasized its 
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importance in brain to the exclusion of other tissues. But 
GABA is also present in significant amounts in human 
kidney*:* and, because it is normally absent from blood, 
enzymatic synthesis in situ is the most likely explanation 
for its presence here. We report that GAD is in fact 
present in mammahan kidney and to a lesser extent in 
other tissues outside the central nervous system. 

Homogenates of brain and kidney from several mammal- 
ian species and of rat liver and spleen were prepared in 
ice-cold potassium phosphate buffer (0-026 M, pH 6-8) 
with a Potter-Elvehjem glass homogenizer. Aliquots were 
deproteinized with 1 per cent picric acid (w/v) or 3 per cent 
sulphosalicylic acid (w/v) and analysed for GABA by 
partition chromatography or high voltage electrophoresis 
on filter paper, and by elution chromatography with a 
Beckman-Spinco amino-acid analyser’, Fresh homogenate 
(100 mg) was also incubated in conditions slightly modified 
from those described by Roberts and Simonsen’, using 
L-glutamic acid-U-MC (specific activity, 186 mCi/mmole, 
New England Nuclear Corp.) or t-glutarmie acid-1-“@C 
(20 mCi/mmole, California Biochemical Corp.) both of 
confirmed radiochemical purity. GAD activity was 
assayed by measuring “CO, released from 1-(1 ~H(). 
glutamate. 


Table 1. GABA CONCENTRATION AND 


KIDNEY 


GAD ACTIVITY IN MAMMALIAN 


GAD activity t Relative GAD activity 


Species* GABA F (gmoles CO./100 mg Kidney » 100 
(umole g} homogenate/120 min) Brain > 
Man (1) 0-440 O76 mam 
Rat (10) O37 0-144 17°] 
Mouse (4) 0-033 0-096 Fa 
Guinea-pig (2) 007S 0-050 53 


* Numbers in parentheses indicate the number of kidneys examined; 
results are the mean. The human tissue was obtained at necropsy 10 h after 
death; its GABA concentration is comparable with values cited in refs. 
4 and 5. 


_ + Measured in deproteinized homogenate by elution chromatography on 
22 cm column of Beckman-Spinco amino-acid analyser’. 


+ Conditions of reaction. Concentration of materials in final volume: 
L-C-glutamate, 31 mM;  L-(1-"C)-glutamate, 0-00065 mM; pyridoxal-5’- 
phosphate, 0-236 mM, 0-1 M potassium phosphate buffer pH 6-8. Reaction 
started by adding 0-6 ml. of kidney homogenate in phosphate buffer. equiva- 
lent to about 50 mg wet weight, to 0-2 ml. of reaction mixture. Incubation 
performed at 37° C for 120 min in cross-arm flasks? and terminated by 
addition of 0-2 ml. 8 N H,SO, “CO, was collected in a scintillation flask 
containing 0-4 ml. hyamine. After addition of scintillation mixture (0-1 g 
POPOP, 4:0 g PPO in 11. of toluene), the radioactivity was measured in a 
Nuclear Chicago Unilux II counter operating at 80 per cent efficiency. Values 
are the mean of at least three observations, 


GABA is present in appreciable amounts in homogenates 
of human, rat, guinea-pig and mouse kidney (Table 1). 
The identity of GABA was confirmed by partition and 
elution chromatography and by two electrophoretic 
methods’. Kidney homogenates incubated with uniformly 
MC-labelled L-glatamie acid formed a radioactive ninhy- 
drin-positive compound which had the chromatographic 
properties of GABA. Homogenates incubated with 1-¢@C 
labelled glutamate produced 0-153 moles of ##CO,/100 mg 
homogenate/120 min from 2-97 umoles of endogenous ancl 
exogenous substrate; the net synthesis of GABA in paired 
samples, analysed by ion exchange chromatography, was 

: The GAD 
activity in kidney relative to brain in each of the species 
studied is shown in Table 1. The apparent GAD activity 
in rat liver and spleen relative to brain was also evaluated 
and found to be 16 per cent and 2 per cent respectively. 

We investigated some of the characteristies of GAD in rat 
kidney homogenates. Activity is directly proportional to 
the amount of homogenate used in the reaction (Fig. la). 
First-order kinetics are observed when the substrate 
concentration is varied between 0:38 mM and 3-1 mM; 
the first approximation of the Km obtained from the 
Lineweaver—Burk plot is 4 mM (Fig. 1b), a value which is 
close to 30 mM, cited for GAD in acetone extracts of 
mouse brain and measured by the same assay technique’. 

Additional characteristics of GAD im brain and kidney 
of the rat were compared. The pH optimum is 6-8 in both 
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tissues, a value corresponding to earlier work in rat brain’. 
The temperature optimum is 37° C in both tissues; however, 
activity at 37° C compared with 27° C is proportionately 
higher in brain than in kidney. Removal of pyridoxal-5- 
phosphate from the incubation medium inhibits brain 
GAD 81 per cent and kidney GAD 48 per cent; the differ- 
ence in tissue response may reflect either variation in the 
amount of endogenous coenzyme present in the two types 
of homogenate, or possibly an isozymic characteristic for 
the apoenzyme. 

GAD activity is more or less confined to the renal cortex; 
the activity, in relation to wet weight, is less than 1 per 
cent in renal papilla compared with cortical activity. 
Activity in the cell is found predominantly in the super- 
natant fraction in brain and kidney after centrifugation 
of the homogenate at 100,000g for 1 h at 0° C. 
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Fig. 1, Rat kidney homogenates were incubated in conditions for GAD 

assay (see Table 1). a, Activity is directly proportional to amount of 

homogenate (wet weight) added to reaction mixture. 6, Lineweaver— 

Burk plot depicting Michaelis-Menten kinetics for GAD activity. The 
apparent Kim is 4 mM. 


Mammahan brain synthesizes GABA by decarboxyla- 
tion of glutamic acid, rather than by reverse transamina- 
tion of succinic acid semialdehyde!. The quantities of 
GABA in kidney and the conditions in which it is formed 
thus indicate that GAD activity is important also in this 
organ. Because GAD is not found in the renal papilla 
where anaerobic metabolism prevails, it is likely that the 
GABA pathway in kidney functions as an oxidative shunt 
in cortical metabolism"; there is no neuroinhibitory role 
for GABA in this organ. The GABA pathway could 
provide an efficient route for glutamate oxidation in 
conditions of renal acid-base metabolism, where the amide 
group of glutamine is the principal source of urinary 
ammoniat?, 

The presence of GAD in kidney is also relevant to an 
autosomal recessive convulsive disorder in man known as 
vitamin B, dependeney®13; the trait is believed to result 
from a mutation which impairs the binding of pyridoxal- 
-phosphate by the GAD apoenzyme. The presence of 
GAD in kidney may offer an opportunity, through renal 
biopsy material, to investigate this hypothesis. 
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Detoxification of Diazinon by Subcellular 
Fractions of Diazinon-resistant and 
Susceptible Houseflies 


Hovser Lies metabolize dialkyl phosphorothionate msecti- 
cides, such as diazimon and parathion, to the corresponding 
dialkyl phosphorothioie acidst?, This reaction is thought 
to be controlled by gene a, on chromosome JI (ref. 3), 
associated with low aliesterase activity’, The cleavage 
mechanism is reported to be in the microsomes*®*®, I 
have found three detoxification mechanisms in subcellular 
fractions of six strains (Table 1) of housefly anc related 
these to the geneties of diazinon-resistance’’* of the flies. 


Table I. FACTORS OF DIAZINON-RESISTANCE IN STRAINS OF HOUSEFLY? 
Degree Located Detoxi- 
of | on chro- fication 
Strain* resis- Type of resistance mosome mechan 
tance (ref. 3) ists 
ocra SRS 1 None (susceptible) mem á 
ac; ar; bab, ocra SRS 1 None (susceptibile) “ne A 
29 10-15 Gene a Gow allesterase) I A+B 
393 10-15 Gene a (low aliesterase) H At 
466-500 10 =Sesamex-inhibited Y Ate 
SKA 400 Gene a li AL BEC 


and penetration factor TIT 
and sesamex-inhibited ¥ 


* Strains 29, 393 and 466-500 were derived from the SKA strain. 


The subcellular fractions were prepared by differential 
centrifugation of whole-fly homogenates in O15 M 
phosphate buffer (pH 7:3). The supernatant fluid from 
centrifuging at 10,000g for 10 min was recentrifuged at 
100,000g for 60 min, to give a soluble fraction (fluid) anc a 
microsomal fraction (precipitate). Material from ten 
flies was incubated with insecticide, and any other 
reactants, in 2 ml. buffer and shaken in air or nitrogen at 
30° C. Decomposition products of [4C-ethoxy jdiazinon 
and (**P]diazoxon in the reaction mixture were identified 
by paper chromatography, using two solvent systems: 
(I) acetonitrile/water/ammonia (40:9:1), and (II) pro- 
pan-2-ol/ammonia (75:25). Autoradiography was also 
used. The products were measured by solid scintillation 
counting of the dissected areas of the chromatograms’. 
Desethy! diazinon (Rr 0-85 and 0-95 in solvent systems 
I and II respectively) and desethy! diazoxon (Rp 6-60 
and 0-80 in systems I and IT respectively) were identified 
by co-chromatography with materials synthesized by 
methods described for the preparation of analogous 
derivatives of other insecticides". 

The first mechanism (A), cleavage of diazinon and 
diazoxon to diethyl phosphorothioic acid (DEPTA) and 
diethyl phosphoric acid (DEPA), respectively. oceurred 
entirely in the microsomal fraction and required oxygen. 
NADPH and reduced glutathione (GSH) separately 
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increased this metabolism five-fold and, together, ten-fold. 
Sesamex, a methylene dioxyphenoxy type of synergist, 
inhibited this mechanism, but 8,8,8,-tributylphosphoro- 
trithionate (TBTP), a synergist that is an aliesterase 
inhibitor, did not. Al strains used this degradative path- 
way, which seerns to be a common mode of detoxification. 
Five of the strains metabolized 20 per cent of a 10 ug 
diazinon dose to DEPTA, and 3 per cent of a 10 ug 
diazoxon dose to DEPA within 60 min. The diazinon 
selected SKA strain degraded significantly more diazmon 
and diazoxon than the other strains, by this mechanism, 
These results contrast with others!! which showed greater 
quantitative differences between resistant and susceptible 
strans. 

The second mechanism (B), desethylation of diazinon 
and diazoxon, occurred entirely in the soluble fraction of 
strains with gene a and required GSH as cofactor. 
Monoethyl phosphorothionate and monoethyl phosphate 
were also detected, indicating further decomposition of 
the desethyl derivatives of diazinon and = diazoxon. 
NADPH and oxygen were not required for desethylation 
which was slightly greater without them. Desethylation 
was unaffected by sesamex but was inhibited by TBTP. 
Strains with gene a desethylated up to 40 per cent of a 
10 ug dose of either diazinon or diazoxon within 2 h in 
the presence of GSH, whereas only trace quantities of 
desethy! derivatives were detected with the other strains, 
indicating that the desethylating mechanism is associated 
with gene a. 

The third mechanism {C} oceurred in the microsomal 
fraction of the strains with the gene for resistance on 
chromosome V. Diazoxon, but not diazinon, was degraded 
to yield two unidentified metabolites and NADPH and 
oxygen were required. The mechanism was inhibited by 
sesamex and was unaffected by TBTP. 

Strain 466-500 and strain Fe (ref. 12) may have a com- 
mon resistance mechanism, because both have a gene for 
resistance on chromosome V, and strain F was a parent 
of the SKA strain. Strain 466-500 is, however, homo- 
zygous, while strain Fe is not (N. W. Houx, personal 
communication). Both strains are resistant to diazinon, 
but only strain Fe is resistant to parathion and para- 
oxon™ t’, 

It is noteworthy that GSH increased metabolism by 
the two microsomal pathways (A and Ç), as well as being 
essential for desethylation (B). 

These results ex plain some of the effects of sesamex 
and TBTP on the toxicity of diazinon and diazoxon to 
different strains of housefly. Detoxification mechanism A 
is inhibited by sesamex and therefore this synergist 
should inerease toxicity for all strains in which mechanism 
A is dominant. This is observed with the strain? with the 
gene for resistance on chromosome V, which has mechan- 
isms A and C, and with the susceptible strains’:* which 
have mechanism Æ only. 

Sesamex, however, decreases the toxicity of diazinon 
and diazoxon to strains 29 and 393 (refs. 7 and 8). These 
strains have gene a and use desethylation (mechanism 
B), which is unaffected by sesamex, as a major degradative 
pathway. TBTP, which inhibits mechanism B, slightly 
increases toxicity, as would be expected, in strains 29 
and 393 (refs. 7 and 8), Neither svnergist influences the 
toxicity of diazinon to the polyfac ‘torial SKA strain. 

I thank Drs D. H. Calam, K. A. Lord and R. M. Sawicki 
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Cross-modal Transfer of Intensity 
Discrimination by Rats 


Cross-MopDAL transfer of the effects of discrimination 
training has frequently been obtained with humans? but 
not lower animals. Several studies have shown that 
monkeys trained to differentiate geometrical forms by 
touch learn little? or nothing*® relevant to the visual 
sohaticn of the same problem. Several factors may limit 
transfer in these conditions. Tactile and visual versions 
of what is ostensibly the sarne problem could emphasize 
dissimilar sous soo 80 that animals attend. to 
T he madad change in Ee R from ger 
to light may also disrupt performance. These difficulties 
can be overcome by using as discriminanda diffuse stirnuli 
which vary along a single stimulus dimension such as 
intensity, and by studying visual-auditory transfer. 

We have investigated whether rats trained to diserimin- 
ate between high and low auditory (or visual) intensities 
later find it easier to learn a visual (or auditory) intensity 
discrimination when the shit ae st muli in both provi: 
were of the same intensity (both hig 
when one was high and the aiher low. W epener* found no 
evidence of such transfer with monkeys, but his use of a 
discrete trial procedure may have emphasized absolute 
stimulus characteristics during learning. In addition the 
transfer task in his experiment was extremely difficult 
relative to the training task. We have used as diserimin- 
anda continuous stimuli which were abruptly changed in 
intensity in the belief that this would result in relational 
learning. 

Forty male hooded rats were given daily 64 min sessions 
consisting of alternating periods (varying from 30 s 
to 90 s) of positive and negative stimuli (8+ and S—). 
During periods of S+, lever pressing was occasionally 
rewarded with a 45 mg pellet (on a variable interval 24 s 
schedule), and during periods of S— no reinforcement 
could be gained. The discriminative stimuli were two 
intensities of white noise played through the loudspeaker 
in the Grason—-Stadler chamber ee (n= 62 dB. aN Se 
95 dB), and two intensities of an overhead light diffused 
through the white ‘Perspex’ roof of the chamber (/ = 0-05 
foot candles, L = 14 foot candles. measured 2 inches above 
the floor). During visual training the white noise level 
remained constant at 79 dB. and for the auditory discrim- 
ination the overhead light was maintained at 0-60 foot 
candles. 

The experiment used a factorial design involving the 
modality of initial training (auditory or visual), the 
intensity of S+ in initial training, and the intensity of 
S+ on the transfer probiem. Training continued until 
an animal’s response rate during S+ was at least six times 
the rate during S—: a single session was then given on the 
transfer problem. The proportion of responses to S+ 
during the first four 8 min intervals of this session 1s 
shown separately in Fig. 1 for animals trained on the 
auditory and visual discriminations. Anirnals shifted to 
a task in which the S+ value was compatible in intensity 
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to S+ on the training problem performed significantly 
better during the first four intervals than animals shifted 
to a reverse task (F (1, 32)= 16-78, P< 0-001). This main 
effect had nothing to do with either the intensity of 5+ 
during testing or with whether animals were trained on 
light and tested on noise or vice versa. In the first interval 
there was a significant difference in favour of compatibly 
trained subjects within each of the four pairs of sub-groups 
{that is to say, group l-n performed better than L—n; 
L-N better than L-N; N-L better than n-L; and n-l 
better than Nl). Fig. 1 shows that there were differences 
in test performance according to the dimension and direc- 
tion of testing, but these were the same as those in the 
original training, and reflected the fact that both in 
training and testing animals learning with N + performed 
better than animals learning with n+, while for animals 
learning the light discrimination, l+ was easier than 
L+. As Fig. 1 also shows, the transfer effect decreased 
during the session (F (3, 96) = 3-25, P< 0-05); and there 
was a significant second order interaction involving 
transfer condition, light versus noise testing, and succes- 
sive intervals. Otherwise, the magnitude of transfer was 
unaffected by the conditions of the experiment. 


2 
tb 





Trial blocks 


Fig. 1. Results of first half of transfer session. 


Our results indicate that rats are capable of forming a 


supramodal principle involving the differentiation of 


larger or smaller stimuli. The conditions necessary for 
this effect are probably identical to those required for 
intra-dimensional transfer {transposition}, that 1s, a 
situation which emphasizes the relational features of the 
discriminative stimuli. There are several ways in which 
cross-modal transfer of an intensity discrimination could 
occur. Neural analysing mechanisms involved in differ- 
entiating and classifying physical stimuli during diserimin- 
ation learning may be common to more than one modality®. 
An alternative possibility is that transfer occurs when 
common mediating responses are involved in solving the 
problems in the two modalities. It is, however, difficult 
to specify the mediating behaviour by which rats scale 
stimuli in terms of their intensities; with human subjects 
it is generally assumed that verbal behaviour is involved?®. 
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In vitro Fertilization of Mouse Eggs | 
in the Presence of Bovine 
Follicular Fluid 


SINCE the oeaan of * ‘capacitation of sperm” in the 
female tract! ?, fertilization in vitro of eggs has been 
successfully E by msemmation of sperm recovered 
from the uterus for the rabbit?:*, hamster? and mouse*, 
Successful fertilization of golden hamster eggs in vitro by 
epididymal (uncapacitated) hamster sperm’, in the pre- 
sence of follicular fluid of hamster? or eow®, or im the 
presence of rabbit tubal eyst fluid (our unpublished work), 
and that of Chinese hamster eggs in the presence of 
follicular fluid of golden hamster", encouraged us to carry 
out the following expernment which demonstrated that 
mouse sperm can be capacitated ¿n vitro to fertilize mouse 
eggs in the presence of bovine folheular fluid. 

Female Swiss-Webster mice, weighing 21-24 g, were 
superovulated by intraperitoneal injection of 5 ru of 
pregnant mare serum in 0-1 ml. of saline (Equinex, Ayerst 
Lab.) and 5 1v of human chorionic gonadotrophin (HCG) in 
0-1 ml. of a y Ayerst Lab. ) 48 h later. ney were 
consul aides extra eae muner qal oil in a ee ee 
according to the description of Yanagimachi and Chang’. 
Sperm suspension was prepared by mincing a cauda 
epididymis in a watch glass containing I mil. of warm 
Tyrode solution (Difco) supplemented with 100 ro/mi. 
of penicillin G and 50 ug/ml. of streptomycin sulphate. 
Fhud was collected from large follicles of cow ovaries 
obtained from a slaughter house, and from human ovaries 
obtained from a hospital. Follicular fluid was withdrawn 
with a syringe to avoid contamination of blood, kept ina 
test tube and stored in a refrigerator (at 0°-8° ©). The 
fluid was used within 2 weeks of collection. Fluid was 
collected in the same way from tubal cysts of rabbit 
and cow, stored and used within 3 days. 

At the time of insemination three drops (about 0-03 mil.) 
of sperm suspension were taken up in a fine glass pipette 
(about 100 microns in diameter) and added to the egg clot 
under mineral oil. Two drops of the suspension were added 
to the other egg clot to which one drop (about 0-O1 mil.) 
of heated bovine or human follicular fluid, or tubal cyst 
fluid of rabbit or cow, had already been added. In some 
cases the egg clot was washed three times by transferring 
it into 0-5 mi. of warm Tyrode solution covered with 
mineral oi. After insemination the preparation was 
thoroughly mixed by means of a glass needle and m- 
cubated at af Coin an a of 5 per eent carbon 

y The final count 
in esch w ena glass. was 8,000- 14,000 sperm mmf, 

At the end of the period of incubation the proportions 
of motile sperm and sperm with (Fig. la) or without 
(Fig. 1b) acrosomes were determined. A drop of suspension 
was taken from each Pe Wion with an oquel 
dsn uli: ee: with a cover ans ae PER 
under a phase-contrast microscope, After counting the 
eggs were washed in saline, placed on a slide in the centre 
of four spots of vaseline, compressed carefully under a 
cover slip, ma epsom hoe? incite Ou for sb aia 


ee ated pee ae ee was an sa ey sperm head 
or a male pronucleus in the vitellus with fertilizing sperm 
tail In or around the vitellus. 

The proportion of motile sperm, with and without 
acrosomes, at any time between | and 6 h after insemna- 
tion varied from 43 per cent to 64 per cent in any prepara- 
tion. The pattern of motility appeared to be different 
between those with an acrosome (intact sperm) and those 
without (reacted sperm). In the intact sperm the midpiece 
was sharply bent during movement. Sperm without an 
acrosome were propelled by a wave of beats from the mid- 
Although numerous sperm 
were attached to the zona pellucida within 15 min of 
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Fig. 1. a, Intact mouse sperm with acrosome: b, reacted mouse sperm 
without acrosome { x 2,200). 


insemination, the detachment of the acrosome and its 
penetration through the zona was not observed less than 
2 h after insemination. Obviously in our experimental 
condition mouse epididymal sperm need at least about 
2h for capacitation. It has been reported that capacitation 
of mouse sperm in the female tract may be unnecessary 
or require only 1 h (ref. 10). Apparently the process of 
sperm capacitation takes longer in vitro than in vivo. 


Table 1. In vitro FERTILIZATION OF MOUSE EGGS IN THE PRESENCE OF 


BOVINE FOLLICULAR FLUTD 


Percent- 
age of 


a Ineu- motile No. No, of eggs penetrated 
Media bation sperm of Total Mono- Poly- 
time without eggs {per cent) spermie spermic 
(h) acrosome 
(means) 

Tyrode solution with 1 G 200 0 ĝ 0 
half volume of bovine 2 76 246 1 (0-4) I G 
follicular fluid 3 14-2 288 81 (17:7) 38 13 
Heated at 60° C for 4 14-2 278 100 (34-9) 52 438 

10 min 5 21-0 195 72 (36-9) 34 38 

6 28-0 225 75 (33-3) 49 26 

Tyrode solution 1 Q-4 213 0 Q G 
2 0-7 167 2 (1-2) 0 gy 

3 27 196 13 (6-6) 7 ğ 

4 12-6 268 29 (10-8) 26 3 

D 13-6 223 49 (21-9) 33 16 

Trrode solution, egg clot i Q 111 0 Q G 

washed three times 2 p5 101 0 ü 0 
3 5) 15 1 (09) 1 Q 
4 3-0 137 2 (1-4) 2 0 
5 58 112 «20 (17-8) 16 10 

Tyrode solution with half 4 ~- 219 22 (10-0) 12 10 
volume of rabbit tube- 7 == 92 13 (t4-1) li 2 
cyst Huia 10* = 57 15063) 12 3 
Unheated 

Tyrode solution withhalf 4 — 182 13 (98-8) 7 6 
volume of bovine tube- 
cyst fuid 
Heated at 54° C for 

10 min 
Tvrode solution with half 4 —_ 169 36 (10-8) 12 4 


volume of human fol- 

Hemar fuid 

Heated at TO € for 
10 min 


* Sperm were incubated for 4 h before insemination. 


Table 1 reveals some interesting facts. In the presence 
of the bovine follicular fluid the proportion of motile 
sperm without acrosomes increased from 7-6 per cent 2 h 
after insemination to 28 per cent after 6 h. This increase 
correlated approximately with the proportion of eggs 
penetrated. Although the proportion of motile sperm 
without acrosomes increased slightly, from 14-2 per cent 
after 4 h to 28 per cent after 6 h, the proportion of eggs 
penetrated did not increase between 4 h (35-9 per cent) 
to 6 h after insemination (33:3 per cent). This may 
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indicate that either the proportion of capacitated sperm 
was insufficient to penetrate many eggs or that the 
physiological integrity of sperm and eggs declined 4 h 
after insemination. Nevertheless, the proportion of eggs 
penetrated (37 per cent) by epididymal sperm in our 
experimental condition is not significantly less than the 
best results obtained by Whittingham (41 per cent) with 
uterine sperm?. 

In the absence of bovine follicular fluid, and especially 
after the egg clot had been washed in Tyrode solution, 
the proportions of active sperm without an acrosome and 
of penetrated eggs increased only slightly between 2 and 
5 h after insemination. There was a significant difference 
(P <0-001) in the proportion of eggs that had been pene- 
trated 4 h after insemination between preparations with 
and without bovine folheular fluid, and also between 
preparations which were washed or not, and so we con- 
chade that bovine follicular fluid has a beneficial effect on 
the capacitation of mouse sperm. Washing the egg clot 
in Tyrode solution could remove some factor that is 
beneficial to capacitation and fertilization in vitro. In the 
presence of fluid from tubal cysts of rabbits or cows and 
of human follicular fluid, the proportion of penetrated 
eggs 4 or 7 h after insemination (9-8-14-1 per cent) was 
not significantly greater than im Tyrode solution (10-8 
per cent). This indicates that the beneficial factor is m a 
higher concentration in the bovine follicular fluid than in 
the other mds. As in the case of in vitro fertilization of 
hamster eggs®, the proportion of polyspermic eggs was 
high compared with ¿n vive conditions’. Many of the 
penetrated eggs cleaved when cultured, and it is hkely 
most of them had been truly fertilized. 

The elevation and loss of the acrosome in the female 
tract of many rodent sperm have been considered to 
constitute “capacitation’!, When hamster eggs were 
insemmated with epididymal sperm in the presence of 
hamster follicular fluid the acrosome reaction occurred 
and a high proportion of eggs were fertilized èn vitro’. 
When hamster epididymal sperm were incubated in the 
presence of hamster follicular fluid they lost their acro- 
some, were extremely motile and penetrated eggs as early 
as 10 min after insemination in vitro’, Heated bovine 
follicular fluid has been reperted to contain two factors 
responsible for the induction of the acrosome reaction and 
capacitation of hamster sperm’. Although one factor is 
known to be dialysable and heat stable, while the other 
is non-dialysable and heat labile’, how these two factors 
interact to achieve capacitation leading to penetration 
has yet to be determined. The work reported here, 
however, has shown that the acrosome reaction of mouse 
epididymal sperm can be induced, and the capacitation of 
mouse sperm can be achieved in vitro in the presence of 
heated bovine follicular fluid. 

This work was supported by grants from the Ford 
Foundation and the US Public Health Service. We thank 
Dr H. W. Horne for the human ovaries and Mrs Rose 
Bartke for technical assistance. 
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Anodic Oxidation of Carbohydrates and 
their Derivatives in Neutral Saline 
Solution 


Rao and Drake! have recently reported work on the oxida- 
tion of dextrose on platinized platinum in neutral buffer 
solution (pH 7-4). They have shown that anodic charging 
curves on platinized platinum electrodes in 0-5 M dextrose 
solution go through an inflexion at about 0-1 V referred 
to standard hydrogen electrode (SHE) (where platinum 
starts to adsorb oxygen in neutral solution), after which 
oxidation is inhibited. No square root dependence was 
noted for the transition time to this point, indicating that 
the mbhibitive process was not under diffusion control. 
In addition, the total number of coulombs required to 
reach the point of inflexion decreased if increasing con- 
centrations of gluconic acid were added to the dextrose 
solution. They reported open circuit potential (OCP) of 
+0-3 V (SHE) in deaerated gluconie acid solution (10-4 
to 10% M), and they detected no evidence of gluconic acid 
oxidation in the potential range — 0-6 to 0-0 V (SHE). 
Their general conclusions were that the only oxidation 
product of glucose in these conditions is gluconic acid, 
which adsorbs on the electrode in the potential range 
~O2 to 00 V (SHE), effectively inhibiting glucose 
oxidation. 

The work reported here is a continuation of studies? on 


fuel cell and pacemaker and of such size as to be implanted 
directly attached to the heart or associated structures. 
This would eliminate the need of leads and/or remote 
battery/circuit packs: the undesirability of both is 
indicated by clinical experience with presently available 
pacemakers. Such a fuel cell, producing a continuous 
source of power in the 0-1 to 1-0 mW range, is not limited 
to pacemakers but, utilizing state-of-the-art electronics, 
could be extended to such applications as urinary bladder 
stimulation and physiological monitoring modules. 


Table 1. ELECTROLYTES OF MODIFIED (CA** FREE) KREBS-~RINGER BICAR- 
BONATE SOLUTION (pH 7-4) 
Electrolyte Molarity 
Natl Q-1 33 
KC 0-008 
KH.PO, 0-001 
MgSO,.7H,0 0-001 
NaHCO, 0025 


Table 2. ANODIC DATA! BLOOD CARBOHYDRATES AND RELATED COMPOUNDS 


-DCV 
(vs. SHE} 


Fuel 5 mM in 


u Anode voltage (vs. SHE) 
pH 7-4 buffer 


At 30 wAjem*? At 100 wA/em?! 


Ethanol ~ {IS -043 — 10 
Fructose — 22 — Olt ~O-10 
Gueonic acid —- G4} ~ 0-05 ~ 0-02 
Glucose -022 —O-O7 — 04 
Glucosamine — G42 ~ Od) om df) 
Mannose — O30 ~ Pg —O16 
Sorbitol — O25 ~ O20 ~ O15 


The apparatus consisted of anode and cathode half- 
cells in 250 ml. ‘Pyrex’ beakers connected by a saturated 
KCl/agar bridge supported by a silicone rubber tube. 
The electrolytes (Table 1) were solutions which simulated 
human extracellular fluid (plasma ultrafiltrate) and were 
buffered to a pH of 7-4 with HCO;. This pH was main- 
tained by gassing both half-cells with mixtures containing 
5 per cent CO,. The actual gas pressures were: anode 
Po.<5 torr, Peo, 35-40 torr: cathode Po, 80-82 torr, 
Poo, 35-40 torr. The inert gas ingredient was nitrogen 
which, with water vapour, provided a total pressure of one 
atmosphere. All experiments were conducted at room 

temperature (22° C). 





Potential (V SHE) 


w" 
e 
a” 


at 


wane 


ee anit erent E EPEE E OE EN EEEE T AE 3 


10 20 30 50 70 100 200 300 SG 


Current density (aA em-*) 


Fig. 1. OCV, 


The working electrodes (American Cyanamid AA-40; 
40 mg Pt black/sq em on a tantalum sereen) had geo- 
metrical areas of 1 sq em, with BET areas of the order of 
3,000-4,000. The reference electrode was an Ag/Agl C 
electrode in the anode compartment. Anode OCPs at 


This fuel 
concentration was chosen as representative of the level of 
potential fuel in plasma}. 

In addition, Fig. 1 shows galvanostatic polarization on 
5 mM glucose, gluconic acid and glucosamine solutions. 
The values quoted were taken after electrodes had re- 


indicate that poisoning was a serious problem. 
curves were reprodueible for that time and for varying 
periods beyond 24h. Because of the nature of the experi- 
ments, however, gross bacterial contamination had eventu- 
ally made further estimates impossible. In related work, 
where sterile electrodes were protected by cellulose mem- 
branes, continued discharge under constant load could 
be expected to last upwards of 30 days without appreciable 
decrement. No true Tafel regions appear, probably 
because of diffusion restrictions within the porous electrode 
structure at higher current densities. At this concentra- 
tion, it is evident that gluconic acid is an anodically 
oxidizable compound and the closeness of the polarization 
data of it and glucose suggests that the same rate-determ- 
ining step is involved in the oxidation of these two com- 
pounds. 


This is 
perhaps connected with the special adsorptive character 
or actual oxidation of the —NH, group. It is interesting 
to note that final OCPs of ethanol, glucose, gluconie acid, 
mannose and sorbitol are similar, which argues that the 
primary alcohol group or an oxidized derivative of this 
group determines the rest potential. 

Glucosamine and other amino sugars are widely distri- 
buted throughout the body tissues, although they are 
present in plasma only in combined form as mucopoly- 
saccharides and glycoproteinst. The amino sugars might 
prove to be ultimately promising fuels for cardiac assist 
devices if a suitable method of making them available at 
an implanted fuel cell anode were found. In the eventual 
application of this work, it is not necessary to restrict 
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other oxidizable fuels from the anode. Actually, the 
presence of multiple fuels (with non-interfering reactions) 
would enhance the ultimate objective. The presence of a 
eombination of the carbonaceous compounds of Table 2 
and/or others would not serve as a limitation of applica- 
tion. 

We thank Dr D. Ng of IGT for helpful discussions. 
This work was supported in part by a US Public Health 
Service research grant. 
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Isolation from Faeces of Cells capable 
of Transferring R-factors at a 
Derepressed Rate 


Mvrant strains of enteric bacteria that carry a derepressed 
R-factor have been isolated during laboratory experi- 
ments. These strains are characterized by the production 
of sex-pili by the majority of the cells in the culture and 
by the ells’ ability to transfer their R-factors to R- 
recipients at high frequency. Transfer rates per donor 
cell of 107 to 10-? often occur, as compared with a rate 
of transfer from a repressed strain of about LO-* to 10 
(refs, 1-3). 

During a recent survey of antibiotic sensitivity patterns 
and incidence of R-factors among the bacteria of the gut 
flora of healthy children, we isolated a strain of Escherichia 
coli that was capable of tr ansferring its K-factor to an 
R- recipient at a frequency about 1,000-fold higher than 
is normally encountered among natural isolates of R* 
bacteria. This observation suggested that derepressed 
R> strains might be encountered in natural conditions. 
Further, their high transfer potential might make them an 
important reservoir of transferable antibiotic resistance 
determinants in the gut. 

Faeces from hea Ithy children in the Bristol area were 
examined by estimating the total viable count in aerobic 
conditions in MacConkey’s agar, and also the viable count 
of the organisms resistant to antibiotics neat por ee into 
plates of MacConkey agar at a concentration of 25 ug/ml. 
The antibioties were tetracycline, ampicillin and strepto- 
mycin. The resistant clones were then examined for their 
ability to act as donors of R-factors by a plate method 
which tests the transfer of R-factors quantitatively’. 

So far, fifty-four faecal samples have been examined by 
these techniques and twenty-seven were found to contain 
resistant organisms. From these twenty-seven samples, 
thirty-seven resistant strains were isolated. Twenty- 
eight of these contained #-factors capable of transferring 
resistance to one or more of the antibiotics used in the 
original culture of organisms from the faeces. In all but 
one of the samples the resistant organisrns seemed to be 
typical repressed R+ strains; that is, “they acted as a source 
for transfer of the R-factor with a probability of less than 
10-4, This is a typical rate of transfer of a repressed 
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R-factor (see R-factor Rl in Table 1). 
tetracycline resistant strain was found to transfer its 
R-factor at high frequency. In this case the faecal sample 
contained 6 x 10° aerobic bacteria (capable of growing on 
MacConkey’s agar) per g of faeces and, of these, 3x 10! 
organisms/g were resistant to tetracycline. Further 
examination of three tetracycline resistant colonies from 
this sample showed that they were capable of transferring 
the tetracycline resistance gene to the recipient with an 
approximate frequency per donor cell of between 107} 
and 2x 10-7. Stock repressed and derepressed #-factors 
gave values of 5x 10 and 197 respectively in the same 
eonditions (see Table 1). 


But in one case, a 


Table 1. STATISTICS OF RESISTANCE TRANSFER 


Number of Number of 
resistant cells recipients that 


Frequency 
of transfer 


Donor tested (poeten- received per donor 
tial donors) resistance cell 

Stock culture containing 

factor R1 (repressed) 20,000 1 §x 10-5 
Stock culture containing 

factor R1-19 (derepressed) 2,000 195 zl x 107 
Culture C491 from faeces: 

Colony A 2,000 67 3-5 10°? 

Colony B 2 000 46 2-3 x 10-* 

Colony C 2,000 170 8-5 =x 10-8 


When cells of the derepressed isolate were plated on 
non-selective media, they gave rise to colonies of two sizes. 
Both types of colony still carried the R-factor, as could 
be shown by transfer of tetracycline resistance. Cells 
from the small colonies transferred with a frequency of 
about 5x 10-* and were still derepressed. Cells from the 
large colonies, however, transferred at a frequency per 
donor cell of about 10-° and were therefore now carrying 
the R-factor in the repressed state. Recloning of the 
cells in the large and small types of colony showed that 
the small derepressed colonies alw ays contained a high 
proportion of repressed cells which gave rise to large 
repressed colonies; on the other hand, colonies that were 
initially large could not be shown to contain any dere- 
pressed cells giving rise to small derepressed colonies. 
This behaviour meant that cultures of this naturally 
occurring derepressed strain tended to revert to the 
repressed state unless steps were taken continually to 
re-isolate derepressed variants. 

All the experimental evidence available suggests that 
it is only the derepressed cells of an R* culture that are 
capable of acting as donors in an #-factor transfer. The 
presence of a naturally occurring derepressed strain 
therefore provides a particularly potent reservoir of R- 
factors for transfer to any superinfecting pathogens. It 
is even possible that, in practice, only strains of organisms 
that are in this derepressed state are ‘of clinical importance 
in infectious drug resistance. 

We were unable to obtain more specimens from the child 
who produced this interesting strain, or specimens from 
ather members of her family. ‘Information from the child’s 
general practitioner showed that she had recently been 
given a course of sulphonamides but had received no 
tetracycline. 

We thank the Medical Research Committee of the 
Bristol Royal Hospitals for a grant in support of our work. 
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Book Reviews 


GENERAL PROBLEM SOLVING? 


GPS 

A Case Study in Generality and Problem Solving. By 
George Ernst and Allen Newell. (ACM Monograph 
Series.) Pp. x+297. (Academic Press: London and New 
York, June 1969.) 140s. 


THE subject of this book is a series of computer programs, 
successive incarnations of Newell, Shaw and Simon’s! 
“General Problem Solver”. The goal of GPS is difficult to 
define because it has never kept still. The authors’ 
motivation “‘alternates’’—-to use their own term—between 
the desire to throw light on human psychological processes 
and the desire to establish effective design principles for 
mechanized problem-solvers. In the new book, the latter 
considerations seem to preponderate, and so it inclines 
to the field of artificial intelligence. As with most other 
work in this field, the range and versatility of the problem- 
solving process are the chief points of interest, in contrast 
with the programs of present-day computer technology 
where “‘one problem, one program” is the rule. 

GPS acquired fame as an early milestone in artificial 
intelligence research. This book reports the culmination 
of the work. It is largely concerned with the results of 
presenting GPS with eleven different problems for solu- 
tion, an experimental exercise which comprised the sub- 
stance of the first author’s PhD work. This, then, is a 
moment for retrospective assessment of the school of work 
organized around GPS at Carnegie—-Mellon University 
over the past 12 years. Does the culmination now reported 
mark a second milestone on the path to the summit? Or 
is it more like a mark set as a warning to others to seek the 
summit by another route ? 

Although it is not in the least clear how the authors 
themselves view this matter, which is touched on in the 
opening chapter, a certain air of unease and disappoint- 
ment seems to pervade their writing. They speak of 
“the attempt to get this program (perhaps ‘this thing’ 
expresses our feelings more precisely) to live up to its 
name, at least marginally”. They “feel that this particu- 
lar aggregate of IPL-V code should be laid to rest... ”. 
“This research does not endeavour to construct an impres- 
sive problem solver.” Finally, “the reason for giving 
such tasks to GPS is not to compare the quality of its 
performance with the performance of other problem 
solvers. Indeed, in all such cases, GPS is the least efficient. 
Giving such tasks to GPS is instructive, however, because 
it helps to reveal the structure of the tasks, as well as the 
differences and similarities between GPS and other 
problem solvers”. 

One must add that not only is GPS less than impressive 
at solving problems, as already indicated, but it is often 
unimpressive at solving trivial problems. This judgment is 
based on asking the following question, which might 
perhaps be offered for general use as a triviality meter, 
about each of the eleven tasks in turn: “Which is easier, 
to solve the problem oneself by hand or to figure out how 
to represent it in a form which GPS can solve ?” If the 
reader contemplates Ernst and Newell’s input protocols, 
which are reproduced in full in the book, he will be vexed 
with not a few doubts on this score. 
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The integration and theorem-proving problems are not 
trivial and the Bridges of Kénigsberg is not trivial in the 
ordinary sense, because it is insoluble. It is characteristic 
of unaided heuristic searches of the GPS type that demon- 
stration of msolubility (the next best thing to a “solution” 
of the problem) can only be derived by exhaustive search. 
Programs which could get the answer by showing “why” 
the Bridges of Königsberg is insoluble lie in the future. 

As a model of human problem-solving, GPS has not 
entirely satisfied psychologists. As an aid to humans for 
solving problems, it has failed to satisfy computer scien- 
tists. In this way, GPS is reminiscent of an earlier and 
more august non-starter—Leonardo’s flying machine. 
This famous contrivance not only failed to resemble a 
bird: it also failed to fly. It did, however, call attention 
to the problem, popularized it, and helped to inspire later 
generations to formulate mechanized flight in engineering 
terms of a more realistic nature. It is along these lines 
that the justification of GPS must be sought. I would 
add at once that along these lines a justification can be 
found. 

GPS called attention to a class of problems, typically 
non-numerical, which could be solved by a mechanizable 
process of “‘heuristic search’. Ernst and Newell define 
this class of problem as follows: 


Given An initial situation (represented as an abject) 
A desired situation (represented as an object} 
A set of operators. 
Find A sequence of operators that will transform the 
initial situation into the desired situation. 


I have inserted parentheses to enclose redundant words, 

Having called attention to this formulation of problem- 
solving, the GPS school proceeded to popularize a repre- 
sentation of the process based on graphs, and in particular 
trees. In this representation, developed by Von Neumann 
and Morgenstern?, and used in early studies of computer 
game-playing by Turing’, Shannon‘ and others, the 
nodes of the graph represent situations (states) and the 
ares represent operator applications (transformations, 
legal moves). GPS then says, “Let us decide what to do 
next by considering differences between the current state 
and the goal state. Specifically let there be a routine, 
e.g. table look-up, for choosing the next operator to 
apply to the current state, on the criterion that it promises 
to reduce one or more of these differences. If the chosen 
operator turns out to be inapplicable, try to transform 
the current state into one to which the operator is applic- 
able. This sub-problem is to be solved by calling GPS 
recursively, the operator’s domain now comprising the 
goal set of the sub-problem. If at any stage the goal is 
found, then stop”. 

To animate these dry bones, flesh has been added here 
and there—for example, to provide back-tracking and 
escape routes, should the application of operators make 
differences worse overall rather than better, or to preseribe 
how to generate the differences themselves whether at 
problem or sub-problem level. The fleshing out at times 
has been haphazard and incomplete, so that the lack 
of performance which the authors have clisarmingly 
conceded on behalf of their creation is not entirely com- 
pensated in terms of cosmetic appeal. But GPS’s principal 
service has been to be present in the minds of those who 
have subsequently striven, with some success, to supersede 

*PS with a clear-cut. formal framework for heuristic 
search within which questions of efficiency and optimality 
can be discussed and clarified by normal processes of 
experiment and proof. 

In a work whose value is primarily historical, it is 
normal to look for standards of scholarship at least 
equal to those set by more innovatory texts. There 
will be readers who will feel more than a twinge of disap- 
pointment at this book: there are passages where defini- 
tions are ambiguous or misleading, descriptions are prolix, 
jargon abundant, explanations are confused, captions 
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inadequate, and misprints copious. More dismaying, there 
is little sign that the authors know what has been done on 
heuristic search since GPS. 
Where is the wave of the future? Why cannot even 
the best and brightest heuristic search algorithms, let 
alone GPS, make an intelligent response to problems such 
as the Bridges of Königsberg ? The tail end of a review 
is no place to plunge in deeply. But the question is a 
salutary one on which to end. It pomts to the gap between 
what one can expect heuristic search methods to accom- 
plish, and what cannot ever be accomplished by such 
methods alone. Heuristic search can no more expect from 
its own resources to solve the big problems of machine 
intelligence than numerical analysis can expect to solve 
the big problems of physics. GPS, the Graph Traverser®, 
Quinlan and Hunts FORTRAN Deductive System’, 
Pohl’s VGHA’, and Sandewall’s PPS*® are all prisoners 
of the manner in which the problem is mapped into 
graph form. The human solver sinks only a certain 
amount of labour searching within the limitations of a 
weak representation. Then he scraps it, to construct a 
better one in which what was formerly laborious is 
felicitously trivialized. This is the creative step, the 
prize which has so far evaded all the mechanizers. A 
growing number of workers are now converging on the 
“representation problem” along different avenues. But 
that is a different story. DONALD MICHIE 
> Newell, A., Shaw, J. ©. and Simon, H. A., Proc. West. Joint Computer 
Conference, 218 (1957): reprinted in Computers and Thought (edit. by 
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REGULATING THE PAYMENTS 


Steering the Economy 

The Role of the Treasury. 
xix +342. (Secker and Warburg: 
100s. 


Mr Brirran has written a very readable account of official 
attempts to manage the economy. A useful discussion 
of the machinery of economic management is followed by 
a blow-by-blow account of policy since the war, while the 
final section of the book attempts to assess the results 
and offers some policy prescriptions. Readers familiar 
with his earlier work (The Treasury under the Tories 
1951-1964) will recognize substantial chunks in the 
present volume which have been incorporated only in 
a slightly disguised form. The chief new additions are 
the account of the present Labour Government and the 
revised conclusions. 

The study lacks the depth of some recent contributions 
on the British economy, but for those mterested in acquir- 
ing a good working knowledge of the economy's per- 
formance and the role of policy it provides an ideal starter. 
The general conclusion, as one might expect, is that the 
management of the economy has not been particularly 
successful, either from the point of view of stabilizing 
fluctuations or that of promoting long-term growth. The 
chief constraint has been the problem of the balance of 
payments and the priority of policy treatment accorded 
to it. In the circumstances of the post-war period this 
was more or less inevitable, but the chief difficulty has 
been the absence of effective external regulators—many 
of the options such as import controls and devaluation 
being closed for one reason or another. Reliance has 
therefore had to be placed on internal regulators which 


By Samuel Brittan. Pp. 
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often conflicted with the needs of the domestic economy. 
The devaluation of 1967 was the ultimate bowing to the 
inevitable when it was finally recognized that the old 
prescriptions were no longer sufficient to rectify external 
imbalance. 

Brittan offers no new remedies; indeed, it would be 
difficult to do so because most of them have been sug- 
gested already and many of them have been tried and 
found wanting. His chief preference seems to be a system 
of floating exchange rates. It is not altogether clear, 
however, whether this is a feasible alternative if other 
countries remain on a fixed system because there would 
be the danger of the floating currency being forced down 
by countries whose currencies were undervalued. The 
point should also be made that it is not so much that 
existing policy remedies are inadequate but rather that 
they have been badly applied and badly timed, though 
to some extent this may have stemmed from the unfor- 
tunate timing of the balance of payments crises. There 
is still scope for Improving the practice of management 
with the existing tools before resorting to a system of 
floating exchanges or some modification thereof. Anyway, 
with a bit of luck the devaluation of 1967 may yet work, 
and, if recent trends are anything to go by, there is still 
hope for the future. Derek H. ALpcrorr 


GRAND INVENTORY 


Alphabetical Index of Patentees of Inventions 

From March 2, 1617 (14 James I), to Oetober 1, 1852 
(16 Victoriae). By Bennet Woodcroft. With an Intro- 
duction and Appendix of additions and corrections 
compiled in the Patent Office Library. Pp. xv +647. 
(Evelyn, Adams and Mackay: London, March 1969. 
First published in 1854.) 84s. 

“Toe British suffer from the delusion that they are, and 
always have been, a highly inventive people, whose ideas 
are frequently stolen by other nations”. So say Jewkes, 
Sawers and Stillerman in their Sources of Invention, and 
they award first prize for ingenuity to the Germans and 
Americans. Whichever nation deserves the palm, the 
extraordinary exuberance of English inventors is on 
record in the form of a catalogue compiled by the Super- 
intendent of Patents, Bennet Woodcroft, in 1854. The 
catalogue, now reprinted, lists by alphabetical order of 
inventor the 14,000 applications for patents made between 
1617 and 1852, together with the subject to which the 
patent refers. 

The catalogue is an absorbing record not only of the 
technical arts but also of fashion, folly and fantasy. 
Cranks and benefactors of mankind, charlatans and the 
makers of the industrial revolution are listed impartially 
side by side. A patent was awarded to a Christopher 
Pinehbeck in 1768 for his “nocturnal remembrancer’’, tab- 
lets by which people may secure their thoughts in the dark, 
while James Jackson (1752) and Ann Pike (1760) drew 
their respective patents on ‘“‘medicine, called Oleum 
Anedinum, or British balsam of health’? and ““Oimtrment., 
as an antidote for the itch and all scorbutic humours”. 
Arkwright and Watt grace the list and there are also the 
lesser inventors such as Edward Budding, who invented the 
lawn mower (1830), and Joseph Bramah, to whom the 
flush water closet is due (1778). Some of the applications 
have a surprisingly modern ring; John Prewett in 1634 
patented an “engine for ploughing land without oxen or 
horses”. Certain contrivances, noticeably umbrellas and 
trusses, attract the attention of numerous patentees, 
doubtless because existing models left room for improve- 
ment. Others seem to be invented twice over——Charles 
and John Mowate were granted a patent in 1634 for 
‘making woollen-cloth impenetrable to rain”, and the 
same idea occurred to one Charles MacIntosh 199 years 
later. 


NATURE VOL. 224 NOVEMBER 29 1969 


The catalogue lists by progressive serial numbers the 
patents awarded up to 1852, when the Patent Law 
Amendment Act was passed. A noticeable trend is the 
acceleration in the pace of invention, as judged by the 
number of patents awarded: between 1617 and 1650 some 
130 patents were granted; a further 130 were assigned 
between 1650 and 1700, 300 between 1700 and 1750, 
1,800 between 1750 and 1800, and 10,000 between 1800 
and 1850. There also seems to be a pattern in the subject 
matter of the patents; in the seventeenth and eighteenth 
centuries there are numerous patents for improving the 
manufacture of falchions, swords, rapiers, scabbards, 
saltpetre and other instruments of war. Not until the 
1820s do the useful arts replace the military in the pre- 
occupations of imventors. None the less, the patent 
business seems to have started out on a peaceful note; 
the first patent ever to be granted was to Aaron Rapburne 
in 1617 for “making, describing, carving, graving and 
printing maps of London, Westminster (and other cities)”, 
while patent No. 2 went to the miniaturist portrait 
painter Nicholas Hillyard for “drawing, engraving and 
printing pictures and representations of his Majesty, on 
paper parchment and other suitable materials’’. 

The catalogue is a fine list of names but little more. 
Who are all these inventors, what are their antecedents, 
did their inventions fail or prosper? The catalogue is 
clearly the raw material of a major social history that 
has yet to be written. But the publishers could at least 
have had it equipped with an index of inventions. 

NicuoLas WADE 


CONTROL THEORY 


Matrix Analysis of Discontinuous Control Systems 

By P. V. Bromberg. Edited by J. O. Flower. Pp. x + 265. 
(Macdonald (Technical and Scientific): London, August 
1969.) 100s. 


THis book is concerned with the application of methods 
of matrix calculus to the solution of problems in dis- 
continuous systems and so covers an aspect of control 
theory which is often neglected in modern texts. 

The first chapter is meant as an introduction to control 
and describes in detail the automatic stabilization of the 
course of an aircraft. It is not a good chapter and does 
little to help one’s understanding of the problems to 
follow. By contrast, the second chapter is a particularly 
well written and excellent review cf the fundamental 
formulae of matrix algebra and it is an essential prelimin- 
ary to the subsequent chapters. 

These remaining chapters cover stability, control and 
relay operation of discontinuous systems, but although 
the theory is taken to a fairly advanced level its usefulness 
is somewhat limited because its application is always 
referred to aircraft control systems. The theorems of 
the direct Lyapunov method are extended to discrete 
dynamic systems whose perturbed motion is defined in 
finite difference form. Stability and control in a system 
which uses linear pulses and finite mark/space ratio as the 
control functions, and also pulse and step function con- 
trollers are then discussed. The author considers the 
natural and forced modes of oscillation of relay control 
systems and determines the stability of the periodic 
modes and the effects of external actions and disturbances 
on the systems. The final results are then expressed in 
terms of the original parameters of the system and, 
throughout, the results are illustrated by the example of 
an aircraft control system. 

Unfortunately, the presentation of the book makes for 
difficult reading. The book lacks layout and somehow it 
just seems to go on and on. This, and the excessive use of 
many Greek letters and subscripts making the notation 
unfamiliar to most British readers, make the book 
difficult to follow; few people will be able to pick out 
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material relevant to their own problem from a quick flick 
through the pages. The different topics are not highlighted 
and the material is not clearly subdivided. The book is 
certainly not a student textbook, even for postgraduate 
students, but it should be included in the library of control 
research groups and the specialist control groups of the 
computer firms and the major process industries because 
it does cover quite thoroughly, although heavily, a 
theoretical aspect of control not adequately covered 
elsewhere. MAURICE G. MYLROI 


INVISIBLE RAYS 


Infrared System Engineering 
By Richard D. Hudson, jun. Pp. xxvi+642. (Wiley 
(Interscience): New York and London, June 1969.) 185s. 
Iw the course of Sir William Herschel’s observations of the 
Sun in 1800, he was plagued by the fact that the filters 
he used to protect his eyes often cracked. His investiga- 
tions into the best type of filter led to his discovery of 
infrared radiation and to his prophetic statement, “It 
may be pardonable if I digress for a moment and remark 
that the foregoing researches ought to lead us on to others 
... '. Even Herschel could never have foreseen the range 
of application of his “invisible rays” revealed so ably by 
Richard D. Hudson. 

His book is highly significant for several reasons. It 
shows conclusively that most infrared instruments are 
“systems” and are best designed by an infrared systems 
engineer. The fact that few (if any) academic courses 
produce such people has forced industry to take on the 
job, and Hudson was asked to educate more than 450 
engineers at the Hughes Aircraft Company. His courses 
led to the present volume, which is very nearly a master- 
piece. The first fourteen chapters deal exhaustively 
with all the elements of an infrared system, from sources, 
through the atmosphere, optics and optical modulator, to 
the detector, its cooling system and the electronic signal 
processor. In each case the discussion begins at an 
elementary level and proceeds clearly and logically to the 
frontier of present knowledge. The reader is then taken 
step by step through the design of a fictitious system to 
prove that almost all the information he needs is contained 
in the preceding chapters. Each chapter ends with a list 
of references—-some 700 in all. The second part of the 
book classifies an enormous range of infrared applications 
and lists 1,400 annotated references drawn from the open 
literature of the past century. 

So comprehensive a book can rarely have been written 
by one man, and the author acknowledges the assistance 
of many colleagues, but the book has a consistency of 
style and level which makes it so much better than a 
collection of articles by independent experts. I venture 
to suggest that no academic could write such a book and 
that we must, in future, look to enlightened industrial 
companies for authors. Perhaps one should say self- 
enlightened because the book is inevitably written from 
the standpoint of the US infrared industry and over its 
years as a standard text it will be a splendid advertisement. 

If I were asked to single out a chapter for especial 
praise, it would be the one on optical modulators. This 
subject is so shrouded in secrecy that it is refreshing to 
see how much the author has been able to publish by the 
ingenious device of using the patent literature to establish 
that a topic is not “classified”. There are, of course, 
some minor defects. In the very first diagram the source of 
infrared radiation is called the ‘‘target’’ and there are 
other examples of the predominance of military thinking. 
The atmosphere is said to be essentially opaque beyond 
15 um, despite later references to astronomy at longer 
wavelengths. The treatment of detectors is a little 
uneven; the germanium bolometer is omitted from a 
very useful diagram comparing detectors, although men- 
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tioned earlier, and there is no quantitative discussion of 
the performance of imaging detectors, The fact that these 
points are noted is, in a way, a further tribute to the book— 
it is so complete in almost every other way. The author 
and the Hughes Aircraft Company deserve our thanks 
for making available what is surely a standard textbook 
for years to come. J. RING 


SUPERCONDUCTORS 


Type li Superconductivity 

By D. Saint-James, G. Sarma and E. J. Thomas. (Inter- 
national Series of Monographs in Natural Philosophy, 
Vol. 17.) Pp. x+294. (Pergamon: Oxford, London and 
New York, August 1969.) 105s; $14. 


ALTHOUGH type II superconductors were first investigated 
in 1937, it was not until their usefulness in producing high 
magnetic fields was realized in 1961 that their properties 
were thoroughly and systematically studied. The later 
realization that the 1957 theory of Abrikosov was relevant 
was a further spur to theoretical and experimental effort; 
now their reversible properties are well understood and 
their irreversible properties at least partially understood. 
This is then a good moment for the publication of the 
present book, the first to be devoted to type IL super- 
conductivity. 

The work is divided into two parts: the first part, 
written by the first two authors, is on the reversible 
properties which are better understood; and the second 
part, written by Thomas, is on irreversible properties. 

After a brief introduction to superconductivity, there is 
a very clear account of the Ginzburg-Landau theory and 
of its range of validity. Apart from two chapters on the 
microscopic theory and some of its applications, the bulk 
of the theoretical considerations of the book is based on 
this theory. Included in the following discussion are 
Abrikosov’s theory of the vortex line structure of type H 
superconductors in magnetic fields, a comprehensive 
account of surface superconductivity, a derivation of the 
Ginzburg-Landau equations, the paramagnetic effect, 
gapless superconductivity, flux trapping and flux move- 
ment, critical current characteristics and some applica- 
tions. Some topics that receive some mention but which 
one might have expected to be treated in greater detail 
are the excitations bound to a vortex line, the attempts at 
theories of the resistance of type IT superconductors, and 
the connexion between the voltage produced by the 
moving vortex lines and a voltage produced by magnetic 
induction. A fuller treatment would not have gone 
beyond the mathematical or conceptual level of other 
topics treated. 

In this complex field, the reader will be grateful for the 
clarity and eare with which the many parameters needed 
are defined, and with which the region of validity of any 
argument or formula is stated. There is a great deal in 
this book that gives pleasure as well as information, and 
I particularly enjoyed the chapter on surface super- 
conductivity. The lucid style of the Frenchmen writing 
in English is a joy and an example to be followed. 

Altogether, this is a book to be recommended to 
theoretical and experimental physicists, but rather more 
doubtfully to the engineers mentioned by the publisher. 

G. RICKAYZEN 


REACTIVE SPECIES 


Carbenes, Nitrenes and Arynes 

By T. L. Gilchrist and C. W. Rees. (Studies in Modern 
Chemistry.) Pp. 131. (Nelson: London, June 1969.) 
Board 42s; paper 21s. 


Ons of the major developments in organic chemistry in 
recent years has been a concentrated study of reactive 
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intermediates, both actual and potential. After a first 
generation of radicals, carbonium ions and carbanions 
prominent among the second generation of reactive 
intermediates are carbenes, nitrenes and arynes; each of 
the latter has been the subject of separate extensive 
reviews, but this is the first occasion on which a composite 
consideration of all three related species has been 
attempted: the result is an authoritative, interesting and 
extremely useful publication from authors who have 
themselves made important contributions in this field 
and who clearly know it intimately. 

The book opens with a short but trenchant discussion of 
the structure of the three species, followed by separate 
chapters on the generation of carbenes, nitrenes and 
arynes; there is then a consideration of the reactions of 
each species—that of the carbenes being divided into 
separate discussions of cycloadditions, and insertions and 
other reactions. Finally, there is a useful summary 
chapter on synthetic applications. The work is directed 
primarily at the more advanced undergraduate and to 
that end most chapters conclude with a set of graded 
problems taken from the recent literature, each provided 
with the appropriate reference to its original author’s 
solution. The book will, however, also prove most useful 
to graduate students and to any chemist wishing to obtain 
an idea of the scope and possibilities of the subject. The 
more significant references to the literature are provided 
up to mid-1968. 

The arrangement of the book is clear and sensible, the 
writing simple and economical without becoming the 
telegraphese of so many reviews, and the reproduction 
of formulae is neat and clear. It can, in short, be un- 
reservedly recommended, the paperback version being 
particularly good value for money. PETER SYKES 


READABLE PARASITOLOGY 


The Physiology of Cestodes 

By J. D. Smyth. (University Reviews in Biology, No. 11.) 
Pp. xiii+279. (Oliver and Boyd: Edinburgh, September 
1969.) Boards 70s; paper 42s. 


Waar makes Professor Smyth’s books so readable is 
that he does not forget the parasite when discussing its 
physiology and biochemistry. To paraphrase Edward 
Reinhard: when the physiology of tapeworms is stripped 
of its host/parasite background it becomes dull, without 
face, voice or spirit. Its worth as knowledge is not im- 
paired, but it loses much of its power to arouse interest. 
The Physiology of Cestodes is not just a compilation of 
graphs and tables derived from cestode breis, it is a brave 
attempt to integrate an extremely uneven mass of physio- 
logical data into the development of a tapeworm through 
its multifarious hosts and environments. The word brave 
is used deliberately; to have produced a compilation 
would have been easy and deadly dull; to have attempted 
to form a coherent story at the present stage of our know- 
ledge when so much of the physiological work on cestodes 
is divorced from reference to the worm’s natural environ- 
ment must have been extremely difficult. In some chap- 
ters, “The Biology of the Egg” and “Developmental 
Biology of Larvae’, the pendulum is well over to the 
parasite; a clear developmental story is told and the 
physiological problems which arise and what is known 
about them are well integrated. In other chapters, notably 
the three dealing with chemical cornposition, respiration, 
carbohydrate, fat and protein metabolism, the pendulum 
swings to the biochemical side, but in these chapters 
Smyth has introduced short explanatory sections— 
“general considerations”, ‘basie problems’’—to help 
bind together the observations that follow. 
In a book which not only deals with the physiology of 
tapeworms but also attempts to summarize the salient 
satures of the physiology cf the mammalian intestine, 
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present concepts of immunity, respiration and other 
metabolic processes, there are inevitably sections in which 
over-condensation could lead to misconceptions, such as 
those dealing with the absorption of polypeptides and 
protein and the description of hypersensitivity. In 
general, however, the book is remarkably free of errors. 
But it is doubtful if Smyth is justified in describing the 
rapid maturation of Schistocephalus as “an adaptation 
undoubtedly related to the weak mode of attachment”. 
Schistocephalus can maintain itself for more than seven days 
in @ specific region of the intestine, so it is clearly as 
capable of combating peristalsis as are more conventional 
tapeworms equipped with hooks and suckers. The rela- 
tively short adult life is much more likely to be correlated 
with its inability to produce new, and diseard old, tissue 
as do most tapeworms. 

One might also suggest that the three chapters covering 
inflammatory and immunological responses are too 
heavily biased towards humoral responses and serological 
techniques for detecting circulating antibodies and that 
too little space is devoted to cell mediated responses, 
IgA and reagins, which in recent years have come to be so 
important in the interpretation of immune responses to 
nematodes. 

But these are minor quibbles about what is a most useful 
book, no review of which would be complete without 
mention of the excellent chapter on in vitro cultivation of 
tapeworms. Nobody interested in cestode physiology 
should be without this book; students will be stimulated 
by the gaps in our knowledge which Smyth repeatedly 
emphasizes, and teachers will find much of value, not least 
many excellent clear line drawings. C. A. HOPKINS 


INTERNATIONAL PHARMACOLOGY 


Pharmacological Research Communications 

Vol. 1, Nos. land 2. (Academic Press: London and New 
York, March, June 1969. Published for the Italian 
Pharmacological Society.) Vol. 1 (4 issues) 84s; $10. 


THE rapid publication of important pharmacological 
results is becoming increasingly difficult and sometimes 
many months elapse before a paper appears in print. This 
new journal represents an attempt to fill the gap and at 
present this appears to be highly successful in these two 
parts of volume one. For example, in the March number 
the majority of papers were received for publication 
during the month of February. The list of editors is very 
impressive, guaranteeing a high standard of papers. 
Although this is an international journal, all the papers 
are in English. We owe a debt of gratitude to the Italian 
Pharmacological Society, which initiated the project and 
made the new journal its official publication (at the 
same time discontinuing publication of the Archivio 
Italiano di Pharmacologia), and to the Italian National 
Research Council for generous financial support. 

The papers are reproduced directly from manuscripts, 
thus helping rapid publication. This means that the 
typed manuscripts must be free from blemishes, and a rapid 
perusal of the contents shows that this has been largely 
accomplished. At the same time, the typescript is 
pleasantly spaced without any overcrowding and is 
usually easy to read. The standard of English from such 
international contributions is remarkably high and if, 
occasionally, there is a slight flavour of the original 
language, this lends a little spice without detracting in any 
way from clear exposition. 

The second part of volume one consists largely of the 
abstracts of the International Symposium on Bradykinin 
and Related Kinins held in Fiescole in July this year. 
The scientific standard of the papers and of the con- 
tributors is high and it gives me pleasure that the batting 
is opened by Heinz Schild with a neat and ingenious 
contribution. J. M. Rosson 
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MUDDLED MIGRATION 


The Mystery of Animal Migration 

By Matthieu Ricard. English version by Peter J. White- 
head. Pp. xiii+2094+16 plates. (Constable: London, 
September 1969.) 44s. 


THERE have been so many popular books in this field that 
another could only be justified if it brought a new clarity 
of exposition, or at least a new approach. This book does 
neither. What would the intelligent layman make of 
the sentence, “He showed that an astronomical pomt, 
envisaged by a process of reasoning and deduction, would 
necessitate in the bird a physiological acuity of the senses, 
a concept difficult to comprehend’? Are we enlightened 
by the unelaborated remark, “Thanks to the very complex 
structure of their eyes, the bees are able to analyse 
polarized light in the sky and thus to navigate” ? Again 
and again, concepts are muddled, experimental results 
misconstrued, spectacular claims over-emphasized. The 
text is padded out with unnecessary descriptions of specific 
bodily details or non-migratory activities, and flavoured 
with phrases like “symbol of untamed nature ...a breath 
of the wilds ... noble birds ... monarch of the seas”, 

As for originality, while miming of existing sources is 
acceptable, one would not expect the section on birds 
(occupying more than half the book) to be so very simular 
in layout, content and illustration to Jean |Dorst’s (much 
fuller and better) book The Migrations of Birds. 

There are twelve very presentable black-and-white 
plates. G. V. T. MATTHEWS 


EVOLUTION OF AGRICULTURE 


The Domestication and Exploitation of Plants and 
Animals 

Edited by Peter J. Ucko and G. W. Dimbleby. (Pro- 

ceedings of a meeting of the Research Seminar in Archae- 

ology and Related Subjects.) Pp. xxvi+ 581. (Duck- 

worth: London, July 1969.) 147s. 


Ty addition to its preface, an introduction in two parts, 
and a conclusion, this volume contains forty-seven 
articles by forty-five authors. These vary in length from 
four to twenty-eight pages and in quality from slightly 
sophomoric to scholarly and distinguished. 

The editors have, with some degree of success, organized 
the articles into five parts: origins of domestication; 
methods of investigation; regional and local evidence 
for domestication; studies of particular taxonomic groups; 
and human nutrition. In each of these categories there are 
one or more outstanding articles; I wish to review briefly 
several of these that I found to be of particular interest. 

Discussing the ecological background of plant domestica- 
tion, Hawkes emphasizes the role of weeds—now usually 


defined as intruders on disturbed habitats—in the 
evolution of cultivated plants. Such plants are by their 
nature “preadapted” to cultivation. To primitive 


man it may have seemed “little short of miraculous”, 
Hawkes suggests, to find plants needed for food springing 
up around his habitation. Also emphasizing “‘weediness”’ 
and preadaptation, Zohary postulates that the agri- 
cultural development of Western Asia was dependent on 
three cereals—einkorn wheat, emmer wheat, and two- 
rowed barley. All of these have still existing wild forms 
which differ from the cultivated in having fragile, easily 
shattering heads and devices for foremg the fallen seeds 
into the soil. The modern bread wheats, which in their 
chromosome composition are hexaploids, have a genorne 
derived from a weedy wild grass Aegilops squarrosa. 
Zohary attributes the wide adaptation of the bread 
wheats to the weediness of this parent. P 
Discussing early Near Eastern domestication, Flannery 
takes issue with the frequently cited notion that early 
agriculture gave rise to a “more stable” food supply. 
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Current studies indicate that hunting-gaéthering groups 
may get all of the food they need without working too 
hard. Early agriculture suffered from the vicissitudes of 
the weather and it was not until about 5000 Bc that the 
use of irrigation, a truly revolutionary change, made it 
possible to grow pure stands of cereal grasses where none 
had grown before. The domestication of animals may 
have been primarily a device for the live storage of surplus 
foodstuffs. 

Smith, an Egyptologist, describes im detail some of the 
notable portrayals of animals in sculpture, relief, and 
painting in dynastic Egypt. Especially intriguing are 
the illustrations showing the forcible feeding of cranes 
and of an animal identified as a hyena. Reed, m a 
thoughtful article, suggests that the bovids might have 
been preadapted to domestication because of their ability 
to survive on a diet high in cellulose and low in protein 
and to convert otherwise useless materials into carbo- 
hydrates, proteins, and fats by way of milk and flesh 
and other valuable commodities, hides, hair, and wool 
and, in time, dung for fuel and for fertilizer. 

From his studies on the history and ethnography of 
three West Indian starches—manioe, arrowroot, and 
zamia-—Sturtevant concludes that historical documents, 
when available, may be more reliable than modern 
ethnographic data in interpreting archaeological evidence. 
Writing on the origin, variability, and spread of the 
groundnut, Krapovickas concludes that the cultivated 
form probably originated in Bolivia at the base or m the 
foothills of the Andes. It reached the Peruvian coast 
at an early date and after the discovery of America spread 
rapidly to various parts of the Old World. 

In a short but well documented and illustrated article, 
Drower discusses the domestication of the horse which 
seems to have begun not much earlier than 2000 Bc, The 
first tamers may have been nomadic herdsmen to whom 
rapid mobility would have given many advantages. 
By 1000 sc newer and larger breeds of horses were making 
their appearance and superior harness had evolved. 
Examining the evidence from skeletons and ancient 
faeces, Brothwell states that the latter had begun to give 
precise information on the wide range of foodstuffs 
consumed by individuals of different cultures and con- 
eludes that the breadth of potential mformation in the 
study of coprolites is enormous. 

To one who has participated in the interdisciplmary 
research on the evolution of agriculture in the New 
World, it is somewhat disappointing to see so little 
attention given to the subject in this seminar. The 
contributions of MacNeish and his associates are mentioned 
only in passing, although they represent a notable example 
of the collaboration that Grimes prescribes in his part 
of the introduction. Another disappointment. in reading 
this work is that the seminar, whose proceedings it reports 
and which was held in 1968, took no cognizance whatever 
of the fact that 1968 was the centennial of the publication 
of Darwin’s famous The Variation of Animals and Plants 
under Domestication. The present generation seems 
sometimes unaware of its debt to the illustrious past. 

Paur C. MANGELSDORF 


ORIGINS OF TODAY’S CUISINE 


Food in Antiquity 

By Don and Patricia Brothwell. 
Places.) Pp. 248. (67 plates.) 
London, June 1969.) 42s. 
Foon is an agreeable subject to us all, and in this agreeable 
book Dr and Mrs Brothwell remind us that our ancestors, 
especially the Romans, were more adventurous and more 
ingenious in its preparation than ourselves. Fig. 16, for 
instance, illustrates a special container with holes and 
internal ridges, used by the Romans for fattening 
dormice. 


(Ancient Peoples and 
(Thames and Hudson: 
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Of course much has already been written on the subject 
of food in classical times, using historical sources. For 
instance, Jacques André in his La Cuisine et l Alimentation 
a Rome gives a vivid picture of Roman diet, using these 
sources, on which the Brothwells also draw. 

In recent years the archaeologist has rightly come to 
regard the food quest as the prime activity of most 
human socicties, and a rapidly increasing body of infor- 
mation on early subsistence is available from the study 
of exeavated plant and animal remains, of coprolites 
(preserved human faeces), and the examination of human 
bones. The Brothwells have courageously attempted a 
summary of this colossal field, from prehistoric times to 
the classical world, using both the preserved written 
records and the findings of the archaeologist. In the space 
of a short text. only an introduction to the subject is 
possible. But they have made it a lively, up to date and 
well illustrated one, with a good bibliography. 

The bulk of the text is taken up with a systematic 
survey of the different kinds of food resource ( vertebrates, 
invertebrates, sugars, fungi, cereal erops, and the like). 
The sections dealing with molluses and honey are 
particularly good, as is the discussion of fungi. But it is 
impossible to say anything that is new about wheat, for 
instance, in the space of one and a half pages, or about 
rice, or about sheep and goats within two pages, Con- 
sequently, there is little for the specialist in this principal 
and encyclopaedic section. 

In their introduction, however, and in the concluding 
chapter, “Diet and Disease”, the authors impose their own 
perspective on this complicated picture, with pertinent 
comments on infant feeding in antiquity and on vitamin 
deficiencies. Several books remain to be written here, 
which the Brothwells would be well qualified to produce. 

Meanwhile they have produced an agreeable introduc- 
tion to this vast field, with well selected illustrations, 
which can be read with enjoyment by all interested in 
man’s past or in the early origins of today’s cuisine. 

CoLIn RENFREW 


Academician V. A. Kargin 


VALENTIN ALEKSEEVICH Karey, who died on October 21, 
aged sixty-three, was a colloid and polymer chemist with 
a high reputation all over the world. He was born on 
January 23, 1907, in Dnepropetrovsk, and began his 
active scientific career at the age of fifteen, publishing 
several papers on analytical chemistry and clectrochemis- 
try by the time he was twenty. From then until he was 
about thirty Kargin was concerned chiefly with the physi- 
cal chemistry of colloidal systems. It is now said to be 
difficult to imagine any aspect of the physical chemistry 
of high molecular compounds with which he was not 
associated. 

Kargin began work as a laboratory assistant in the L. P., 
Karpov Physical Chemistry Institute in Moscow in 1924, 
and was to stay there for forty-five years. Early in his 
career he also studied at Moscow State University, 
finishing in 1930. Six years later he was given his doctor- 
ate for work on colloid chemistry, without the formality 
of a thesis. Other awards and distinctions for his scientific 
and social contributions followed. 

In 1956 he founded the Department of High Molecular 
Compounds at Moscow State University, the first of its 
kind in the Soviet Union. He directed this department 
until the end of his life, as well as running the colloidal 
chemistry laboratory of the Karpov Institute, which 
he took over in 1937. During part of his career Kargin 
also directed polymer research at the A. V. Topchiev 
Institute of Petrochemical Synthesis. 
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He was always interested in the training of young 
scientists, and his work created a branch of Soviet chemis- 
try that produced many young polymer scientists. He 
was one of the organizers, and editor in chef, of the 
Soviet journal Vasokomolekulyarnge (gh molecular 
compounds). In Britam his name is familiar in, for 
example, the documentation of rubber and plastics. His 
classic work, Short Sketches in the Physical Chemistry of 
Polymers, written in collaboration with Slonimsku, and 
the Kargin balance for thermomechanical testing of poly- 
mers, are often referred to. His work on the thermo- 
dynamics of solutions of high molecular compounds and on 
the structure of polymers made a fundamental contribu- 
tion to the foundation of modern theories concerned with 
the processing of plasties, rubbers and synthetic fibres. 

Kargin was greatly respected by his own people and 
by scientists all over the world. He was an international 
figure, unlike some of his scientist colleagues who rarely 
left the Soviet Union. For his outstanding scientific 
achievements he was made a Hero of Socialist Labour, 
awarded the Order of Lenin three times, the Order of the 
Red Banner twice and several medals. He also received 
the Lenin prize and three State Prizes. He became a 
corresponding member of the USSR Academy of Sciences 
in 1946 and an Academician in 1953. 


Correspondence 


Research Associations and Higher Education 


Srr,—It is clear that the future of higher education in 
this country is still uncertain. Even so short a time after 
the Robbins Report another such study has been called 
for in the recent Parliamentary Select Committee Report 
on university reform. This report followed an independent 
attack on the government's seeming indifference to the 
well-being of polytechnic development (Nature, 224, 1; 

1969). 

The trouble with the so-called binary system is that 
polytechnic training can hardly be regarded as providing 
a parallel route comparable with that of the university. 
I would suggest that the status of the polytechnic could 
be dramatically changed simply by linking the polytechnic 
movement with that of the industrial research association 
(RA). Research associations are largely financed by levies 
and subscriptions from member firms but receive public 
grants pro rata through the Ministry of Technology, 
although initially it was ordained that they would beeome 
self-supporting after a reasonable period. The ministry 
should now say that this time has arrived and it should 
divert the grants in a phased operation to the poly- 

echnics, to be used either in developmg postgraduate 
work or in enlarging their sphere of activities in ways of 
their own choice. The industrial federation would be 
encouraged to transfer its present RA activities either to 
the nearest polytechnic or to polytechnics en bloc, sharing 
equipment, buildings and staff so that in effect the RA 
would become the postgraduate faculty of the polytechnic. 
The union of the staffs would bring about the oft-claimed 
advantage of research and teaching being shared. 

Where geographically a total transfer would be difficult, 
firms at present contributing to their RA could make a 
separate but similar arrangement on a regional basis. 

Independent of degree work, special short courses 
involving expertise at varying levels of the industrial 
scene would become common and because the RAs do 
not recognize academic terms their influence would break 
down this hangover from the university past and ensure 
a more efficient use of buildings and equipment. This 
would not mean, of course, interference with the freedom 
of the industrial federation to continue its present RA; 
all it would be asked to do would be to pay for it. 
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I also suggest that the process of setting up of industrial 
advisory centres in the universities should be halted and 
the scheme centred on the polytechnics. This would 
avoid the present waste of effort whereby the Ministry of 
Technology sets up its industrial laison officers in univer- 
sities and polytechnics, although they offer the same 
service as has already been offered for years by the RAs, 
often in the same town. 

Difficulties of course there would be, but they would 
not be formidable. The proposal would also silence those 
critics who suggest it is time that the cost-effectiveness 
of the RA movement was looked at. 


Yours faithfully, 
H. G. HOWELL 
10 Pelham Crescent, 
The Park, 
Nottingham. 


Enzymes at Houston 


Srr,—In the note “Enzymes at Houston” (Nature, 243, 
336; 1969), you wrote that “the mood of practising 
doctors in Britain seems to be running somewhat against 
enzyme assays just now, at any rate for purposes such as 
the diagnosis of myocardial infarction’. This is not cor- 
rect. Assays of enzymes, released from damaged myo- 
cardial muscle, are  increé asingly used in diagnosis < of 
infarction. A sharp rise of the serum ghitarmic-oxacetic 
transaminase (SGOT), maximal at about 24 h after infarc- 
tion and lasting for only a day or so, is of great value in 
the detection of myocardial cell damage ; this estimation 
is particularly useful if the electrocardiogram is already 
abnormal from previous myocardial disorders. A rise of 
lactic dehydrogenase (LDH) at 4-7 days after infarction 
is of less value. In other fields of medicine, assays of 
serum glutamic-pyruvic transaminase (SGPT) provide 
valuable evidence of liver cell damage, and serum creatin- 
ine phosphokinase (CPK) measurements are useful in 
muscle disorders associated with rapid cell degeneration. 
The use of other enzyme assays is being explored. 

Yours faithfully, 

D. N. PHEAR 

Queen Elizabeth Hospital, 
Welwyn Garden City, 
Hertfordshire. 


No Peace for the Wicked 


Str,—Many biologists must disagree with the over- 
e attitude of the editorial “No peace for the 
wicked” (Nature, 224, 629; 1969). In particular, it is 
difficult to understand how anyone with a knowledge of 
the figures can say that population increase is unlikely 
to be a social disaster. At present the world population is 
too large for the amount of food available, in spite of 
continued agricultural advances. How much longer will 
our luck last ? Little thought is given to the danger of 
disease, perhaps a new variant of influenza or something 
similar, sweeping through these large, under-fed, popula- 
tions of Homo sapiens with all the subsequent social 
upheaval caused by very high death rates. 

Isn’t it time that biologists and others thought a little 
more about the advantages of stable populations ? After 
all, species that show large fluctuations m numbers, with 
all the “misery” of population “crashes”, are im the 
minority. 

A stable population could have enormous economic 
advantages and Britain could set an example to the rest 
of the world. Man not only needs food and shelter, but 
also enough room to be able to own his ho for we 
appear to be a territorial species. We all de sire a high 
degree of education for our children, yet the present 
system is in chaos for lack of funds. Haven’t we perhaps 
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too many children for the working population to be able 
to afford to educate them in the way we would wish ? 
This is just one example that could be extended to our 
other social services. We cannot hope to provide adequate 
facilities if the proportion of our non-productive popula- 
tion is too large. 

Man by his cleverness has been able to control his 
environment in many ways. It seems little to ask that he 
should control his rate of breeding. We need a crusade for 
the two child family and the government could go a long 
way to encourage this. Nobody, least of all a biologist, is 
going to ask his fellow beings to forgo the pleasures of 
children. This is not necessary. Two children per adult 
female would go a long way towards stabilizing the popula- 
tion and may result in a rapid overall decrease. The 
advantages to the children would be enormous, for more 
of them would at least stand the chance of obtaining 
enough parental attention and eare. 

Yours faithfully, 
Preecy Erus 
64 Blenheim Road, 
Caversham, 
Reading. 


Leonid Meteor Shower 


Str,—1I would like to refer to the article “Few Leonids 
Expected” (Nature, 224, 639; 1969). I had the wonderful 
experience of observing the Leonid meteor shower in 
November 1933 at Ste Radégonde near Tours, France, 
from the terrace of the Chateau de Chatenay. This was 
destroyed during the war, but owned until recently by 
the Reuter family of which several still living members 
observed the meteors with me during dinner time— 
around 8 p.m., on a beautiful clear evening, the exact 
date of which I cannot now confirm from my notes— 
November 17 being a definite possibility, The meteors 
came so fast that I, too, would venture to say that we 
saw 1,000 per minute, all coming from a vaguely north- 
easterly part of the sky falling southward. The pheno- 
menon lasted so long that Mme Reuter-—-now long dead-— 
insisted on our returning indoors to finish our meal, but 
there were still some meteors falling long after we had 
first noticed the shower, watched it for at least 10 minutes, 
returned indoors and went outside again after perhaps 
another 15 or even 20 minutes. I have never in all my 
life watched a similarly impressive natural phenomenon. 


Yours faithfully, 


ALFRED E. LAURENCE 
92 Higher Drive, 
Purley, Surrey, CR2 2HJ. 


Cyclamates 


Sir,—In the leading article in Nature (224, 298; 1969), 
we find the somewhat startling statement that the induc- 
tion of chromosome breakage in leucocytes by cyclamates, 
though “ominous”, is “‘. . . meaningless, because no one 
yet knows what harm, if any, damaged leucocyte chromo- 
somes do”. It may be true that no one knows precisely 
what harm chromosome breakage may do, but it is well 
known (see, for example, Nature, 217, 507; 1968) that 
mutagenic and careinogenic agents frequently cause 
chromosome breakage. We should like to draw attention 
to a recent article by Legator et al. (Science, 165, 1139; 
1969) which describes the induction of chromosome breaks 
in rat spermatogonial cells following injection of low doses 
(1 mg/kg over a 5 day period) of a cyclamate metabolite, 
cyclohexylamine. Oser ef al. (Nature, 220, 178; 1968) 
summarize the evidence for the conversion of cyclamates 
to cyclohexylamine in man, and present new evidence 
for this conversion in rats. In either case, since muta- 
genicity and carcinogenicity are the questions under 
discussion, would it not be reckless to allow continued 
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consumption of cyclamates while further tests are being 
done ? 

Another leading article (Nature, 224, 398; 1969) claims 
that cyclamates caused no “recorded hurt” during 15 
years’ use. Even if careful studies had been performed on 
a possible relation between cyclamate consumption and 
human malignancy (which we doubt), we would ask if the 
production of “recorded hurt” to humans during 15 years’ 
use is a valid criterion for the safety of cyclamates or any 
food additive. While we feel that it is evident to most of 
Nature's readers that this is not a valid criterion, it may 
not be so clear to readers of the lay press where accounts 
of this editorial have appeared. Nor, apparently, is it 
clear to the editors of Nature. Thus we feel bound to point 
out that it is extremely difficult to obtain convincing data 
on effects of food additives like cyclamates on human 
consumers. The reasons for this lie in the relatively low 
expected frequencies of induced tumours or mutations, 
and the likely long delay between exposure and effect, to 
say nothing of the difficulty of obtaining adequate con- 
trols. But low frequencies and long delays do not make 
the effects anv less disastrous to those human guinea-pigs 
who are unfortunate enough to experience them. 

We also note that Nature does not cite France as one 
of those countries that joined the anticyclamate band- 
wagon with precipitous and undignified haste. This is 
presumably because in that country the addition of 
eyclamates to food products has already been forbidden 
for some time. There was evidence in France at least 
2 years ago of serious health hazards associated with 
evelamates (see Le Monde, October 21, 1969). This 
evidence was not cited in Nature's editorial. 

We would—with Nature—condemn US and British 
officials for the speed with which they reached their 
conclusions. But we would argue that these conclusions 
came 2 years too late. Perhaps there were some slow 
committees at work after all. 

Yours faithfully, 


W. A. ANDERSON 
EDWARD N. BRODY 
Institut de Biologie Moléculaire, 
Université de Genève, 
1121 Genève 4, 
Switzerland. 


The 15 years for which cyclamates have been used was 
cited in contrast to the week it took to ban them; ib was 
in no way implied that the past record of cyclamates 
necessarily justifies their future use. Nor was it implied 
that cyclamates are necessarily safe but merely that 
toxicological evidence can often be hard to interpret and 
needs to be weighed carefully, not in a pame.—Editor, 
Nature. 


University News 


Professor A. M. Gleason has been appointed the Hollis 
professor of mathematics and natural philosophy at 
Harvard University. He succeeds Professor J. H. van 
Vleck, who has retired. 


Professor F. M. Carpenter has been appointed the 
Fisher professor of natural history at Harvard Univer- 
sity in succession to Professor P. A. Mangelsdorf. 


The title of professor of endocrine physiology has been 
conferred on Dr J. Lee, in respect of his post at Charing 
Cross Hospital Medical School, University of London. 


Appointments 


Dr A. Baker has been appointed the first director of 
the Hospital Advisory Service. Dr Baker, previously 
at Banstead Hospital and St Mary Abbots Hospital, has 
for the past year been on secondment from the South- 
West Metropolitan Regional Hospital Board to the 
Department of Health and Social Security. 
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Announcements 


Sir Eric Mensforth has been elected chairman of the 
Council of Engineering Institutions for 1970 in succes- 
sion to Sir Leonard Druequer, and Sir Arnold Lindley 
has been elected vice-chairman. 


The Drummond Prize, an annual prize of £250, is to be 
awarded for research in the field of nutrition. The prize 
will be open to competition among people who have not 
reached the age of 35 by the closing date, and will be 
awarded for research undertaken by people normally 
resident in the UK, although research cited may have 
been carried out overseas. Details may be obtained from 
Mr D. S. Miller, Hon. Secretary, Nutrition Society, Queen 
Elizabeth College, London W8, to whom applications and 
nominations should be sent before January 14, 1970. 


The Plastics and Polymer Group of the Society of 
Chemical Industry (SCI) awards an annual prize of £50 
for the best paper on any aspect of pure or applied 
polymer science. The competition is open to all British 
subjects whether or not they are members of the SCI 
and to overseas members of the SCI. Further details may 
be obtained from Plastics and Polymer Group Prize, 
c/o Society of Chemical Industry, 14 Belgrave Square, 
London SW1, where entries should be sent before March 
31, 1970. 


The 1969 Albert Lasker Award for Clinical Medical 
Research has been awarded to Dr G. C. Cotzias (Brook- 
haven National Laboratory) for the research which led 
to the treatment of Parkinson’s disease with L-DOPA. 
Dr B. Merrifield (the Rockefeller University) has been 
awarded the 1969 Albert Lasker Award for Basic 
Medical Research for his work on the synthesis of 
polypeptides and proteins. 


The Kalinga Prize for the popularization of science, 
which is awarded each year by an international jury 
chosen by Unesco, has been awarded this year to Sir 
Gavin de Beer, formerly director of the British Museum 
(Natural History). 


The Lampitt Medal of the Society of Chemical Industry, 
which is awarded every two or three years for services 
to the society, has been awarded to Mr F. Gamble, 
honorary secretary of the Canadian Section of the 
society. 


The 1969 John Gamble Kirkwood Medal, which is 
awarded annually by the Yale department of chemistry 
and the New Haven section of the American Chemical 
Society, has been awarded to Professor N. Bartlett, 
University of California (Berkeley), for his discovery of 
new reactions of the rare, heavy gas xenon, which led 
him to synthesize the compound xenon fluoroplatinate. 


Erratum. In the article “Distribution and Temperature 
of Interstellar Electron Gas” by A. H. Bridle and V. R. 
Venugopal (Nature, 224, 545; 1969), in line 44 for “< R> 
=()011+0-03" read “<R> =0-11+0-03”. In line 70, 
for “‘7(10)= 0-010 + 0-02” read * 1(10)=0-10+ 0-02”. 


CORRIGENDUM. In the article “Observations on the 
Hydraulics of Ascidia” by I. Goodbody and E. R. 
‘Trueman (Nature, 224, 85; 1969), line 18 in the sixth 
paragraph, “the mantle, the left side adjacent to the 
branchial sac”? should read “the mantle, the right side 
adjacent to the branchial sae”. 


Erratum. We regret that in the article “Placenta Critics 
Placated”’ (Nature, 224, 747; 1969) the name of Dr W. D. 
_ Billington was in several instances misspelt as Billingham. 
zo We apologize to him for the mistake. 
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British Diary 


Monday, December | 


Anniversary Meeting (2.36 p.m.) Royal Society, at 6 Carlton House Terrace, 
London SWL. 


Development on Concorde (7 p.m.) Mr H. Hill, Institution of Electrical 
Engineers, at the Royal Star, Maidstone, Kent. 


Education and Careers in the Rubber Industry (8 p.m.) Institution of the 
Rubber Industry, at the Angel Hotel, Cardiff. 


In This World, Many Odours (7.30 p.m.) Dr W. McCartney, British Society 
of Perfumers, at the Royal Society of Arts, John Adam Street, London 
wee. 

Molecules (2.30 p.m. Civil Service Lecture} Professor G. Porter, FRS, Royal 
Institution, at 21 Albemarle Street, London Wi, 


Recent Advances in Electrochemistry (6.30 p.m.) Professor G. Hills, 
Society of Chemical Industry, at 14 Belgrave Square, London SW1. 


The Systems Approach (5.20 p.m.) Professor G, M. Jenkins, Institution of 
Electrical Engineers; the Institute of Measurement and Contra, and 
the I.Mech.E, at Savoy Place, London WC2. 


Viral Hepatitis and Hepatitis Viruses (1 p.m.) Professor A. P. Waterson, 
University of London, at the Royal Postgraduate Medical Schoch 
DuCane Read, London W12. 


Tuesday, December 2 


Annual General Meeting and Scientific Papers (2 p.m.) Society for Analy- 
tical Chemistry, Atomic Absorption Spectroscopy Group, at the 
Geological Society, Burlington House, Piccadilly, London Wi. 


Quenched and Tempered Pressure Vessels {whole-day discussion) Institui- 
tion of Mechanical Engineers, at 1 Birdcage Walk, London SWIL 


Safety of Nuclear Power Stations (1.26 p.m.) Dr J. Lewins, University of 
London, at University College London, Gower Street, London WEL, 


Statutory Requirements for Biological Substances of the B.P. (6 p.m. 
informal discussion} Society for Analytical Chemistry, Biciogical 
Methods Group, at the “Feathers” Restaurant, Tudor Street, London 
EC4. 


Synaptic Transmission in the Central Nervous System (5.50 p.m.) Dr f 
Diamond, University of London, at the Institute of Child Health, 
Guilford Street, London WCL 


The Design of Active Filters (6 p.m.} Dr A. G. J. Holt, Institution of Elec- 
tronic and Radio Engineers, at 9 Bedford Square, London WUL 


The Specification of Fan Performance (6 p.m. discussion) Institution of 
Mechanical Engineers, at 1 Birdcage Walk, London SWI 


Wednesday, December 3 


Advances in Hardware Components in Process Plants (9.90 a.m. sym- 
posium) Institution of Chemical Engineers, at the University of Aston 
in Birmingham, 


Biological Rhythms {7 p.m.) Prof F. A. Jenner, University of London, at 
the Institute of Neurology, The National Hospital, Queen Square, 
London WCH. 


Electrical Aspects of Spacecraft (7.30 p.m.) Mr J. HL Sketch, Institution of 
Electrical Engineers, at Mullard Research Laboratories, Salfords, 
Redhill, 


Industrial Relations (6 p.m.) The Rt Hon George Woodcock, CBE, Plastics 
Institute, at the Great Western Hotel, Paddington W2. 


Nuclear Methods in Trace Element Analysis (7 p.m.) Mr A. A. Smales, 
Society for Analytical Chemistry: and the Royai Institute of Cherm- 
istry, at the College of Technology, Huddersfield. 


Photography in Engineering (two-day conference) Institution of Mechanical 
Engineers; the I.Mech.E., and the Royal Photographic Soelety, at 
1 Birdcage Walk, London SW1. 


Prospects for Future Developments in Uitrasonic Diagnostics (whole-day 
meeting) British Institute of Radiology; and the Hospital Physicists 
Association, at 32 Welbeck Street, London W1. 


The Ceramic Colour Standards (3 p.m.) Dr F. J. J, Clarke, Mr G. E. V. 
Lambert and Mr F. Malkin, Colour Group (Great Britain), in the 
Physics Building, Imperial College, London SWT. 


Your Choice—Careers Convention (3.30 p.m.) Institution of Chemical 
Engineers, Graduates and Students Section, at University College 
London, Gower Street, Londen WC1, 


Thursday, December 4 


Computer-Based Telemetry Systems for Distribution Mana: ement 
(8 p.m.} Mr R. A. F. Smythers, Institution of Electronic and Radio 
Engineers, at 9 Bedford Square, London WC1. 


Emulsion Polymerization of Vinyl Acetate (6.30 p.m.) Mr A. Laws, Oil and 
Colour Chemists’ Association, at the Royal Turks Head Hotel, Grev 
Street, Newcastle upon Tyne, 


Field Application of Hermetic and Semi-Hermetic Compressors (6 p.m.) 
Mr F. W. Harriss, Institute of Refrigeration, at the National College 
for Heating, Ventilating, Refrigeration and Fan Engineering, South- 
wark Bridge Road, London, $E1, 


Lymphography (5.45 p.m. discussion); The British Institute of Radiology-—~ 
Evaluating the Assets (7.15 p.m.} Mr H. W. Grover, British Institute 
of Radiology, at 32 Welbeck Street, London W1, 


Practical Application of Computers to the Control of Chemical Plant 
(6.30 p.m.) Mr E. I. Lowe, Institution of Chemical Engineers, at Widnes 
Technical College, Widnes. 


Regulation by Insulin of Protein and Amino-Acid Metabolism (5.36 p.m.) 
Dr K. L. Manchester, University of London, at the Institute of Child 
Health, Guilford Street, London WC1. 


South American Triassic Reptiles, Gondwanaland (3.30 p.m.) Professor 
A. S. Romer, in the Anatomy Theatre, University College London, 
Gower Street, London WC1. 
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Spray and Freeze Drying of Liquid Foodstuffs (7.30 p.m.) Mr R. J. Clarke, 
Institution of Chemical Engineers, Graduates and Students Section, 
at the University of Sheffield, 


The Commercial Exploitation of Research and Development (5.30 p.m.) 
Mr J. ©. Duckworth, Institution of Electrical Engineers, at Savoy 
Place, London WC2 


The Float Glass Process {7 p.m.) Mr K. J. B. Earle, Institution of Chemical 
Engineers, at Birkenhead Technical College, Birkenhead 

The Haemostatic Mechanism in Man and other Animals (two-day sym- 
posium) Zoological Society of London, at the Zoolegical Gardens, 
Regent's Park, London NWI. 

Thermodynamics and Chemical Change (2.30 p.m. Civil Service Lecture} 
A G. Porter, FRS, Royal Institution, at21 Albermarle Street, London 
Vi. 


Trade Wastes and Industrial Effluent (10 a.m.) Society for Analytical 
Chemistry, jointly with the RIC and the SCJ, at the Five Bridges Hotel, 
Gateshead. 


Friday, December 5 


Computer Software (9 p.m.) Prof S. Gil, Royal Institution, at 21 Albemarle 
Street, London Wi., 

Gel-Permeation Chromatography (7 p.m.) Mr F. W. Peaker. Society for 
Analytical Chemistry, jointly with the Cardiff and District Sections 
of the RIC and the SCT, at University College, Cathays Park, Cardiff. 

Measurements Using CRT Displays (5.30 p.m. discussion} Institution of 

D Electrical Engineers, at Savoy Place, London WC2. 

Practical Rheology (one-day symposium) Institution of the Rubber Industry; 
and the Plastics Institute, at John Dalton College of Technology, 
Chester Street, Manchester, 

Some Aspects of Quinene Photo-Chemistry (1 p.m.) Dr M. B. Ledger, 
Royal Institution, Photochemistry Discussion Group, at 21 Albemarle 
Street, London Wi 

Uses of Electricity in Hospitals with particular reference to Greenwich 


District Hospital (5.30 p.m.) Mr B. E. Jannaway, Institution of 
Electrical Engineers, at Savoy Place, London WC2, 


Monday, December 8 


Acoustic Diagnostics for Practical Purposes (6 p.m. discussion) Institution 
of Mechanical Engineers, at 1 Birdcage Walk, London SW1. 

: Introductory Course on the Biology of the Skin (five days} University of 
Cambridge. School of Clinical Research and Postgraduate Medical 
Teaching, at Churchill College, Cambridge, 

Physiological Bases of Cell Farming (5.20 p.m.) Prof J. P. Nitsch, Univer- 

© sity of London, at University College London, Gower Street, London 
WCl. 

Research inte New Systems for Control of Train Movement (6.30 p.m.) 
Mr P, G. Law, Institution of Electrical Engineers, at the Lion and 
Lamb Hotel, Duke Street, Chelmsford. 

Satellites in the Service of Man (6 p.m.) Mr F. W. Hyde, Society of Engineers, 
at Terminal House (BOAC), Buckingham Palace Read, London, SW1. 

The Concorde’s Flying Control System (5.30 p.m.) Mr L L. Rye, Institution 
of Electrical Engineers; the Institute of Measurement and Control; 
and the I.Mech.E., at Savoy Place, London WC2. 

The Living Cell (2.30 p.m., Civil Service Lecture) Prof R. J. Harrison, Royal 
Institution, at 21 Albemarle Street, London W1. 


Reports and Publications 


inot included in the monthly Books Supplement) 


Great Britain and Ireland 
Organization of Maintenance. (ISE Publication 118.) Pp. 109. (London: 
The Iron and Steel Institute, 1969.) 80s. {229 
Communications of the Dublin Institute for Advanced Studies, Series C. 
Vol. 1, No. 5: Reduced Counts of Galaxies along Galactic Coordinates. By 
T. pae Pp. 109-132. (Dublin: Dublin Institute for Advanced TN 
1988, 2 
Metric Units in Primary Schools. Pp. 29. (London: The Royal Society, 
1969.) Is. 6d. 229 
Britain-~ What of Thy Future? By Noel Armstrong. Pp. 20. (Norwich: 
Noel Armstrong, 3 Eaton Road, 1969.) Ls. [229 
Antibiotics in Animal Husbandry. Pp. 36. (London: Office of Hemio 
By G. A. Weeks. (Current 


Economics, 1969.) 3s. : 

Laboratory Testing of Large Stractures. — , 
Paper 22/69.) Pp.6. (Garston, Watford: Building Research Station, arte 
gratis, ; aot eb 
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_ The Plessey Company, Lid. Report and Accounts 1969. Pp. 35. Plessey 
in Action. Pp. 16. (ilford: The Plessey Company, 1969.) 239 

Control of Clinical Analysis with SERONORM, Revised edition. Pp. 52, 
(Poole: BDH Chemicals, Ltd:, 1960.) = 249 


Ministry of Transport, Road Research Laboratory. RRL Report LR 264: 
Vehicle Decelerations in Beds of Natural and Artificial Gravels. By V. J. 
Jehu and E B. Laker. Pp. 7+2 plates. (Crowthorne, Berkshire: Road 
Research Laboratory, 1969.) Gratis. 2s 

Schools Council. Report 1968/1969. Pp. 76. 
Educational, 1969.) 

University of London, University College Calendar 1969-70. Pp. cii + 
274. (London: University College, 1969.) {249 
_ The Transport Policy of the European Communities, By Nigel Despicht. 
(European Series, No. 12.) Pp. 85. (London: Chatham House, and PEP, 
1969.) 7s. 6d. : {249 

Guide to Foreign- Language Printed Patents and Applications, By Ian F. 
Finlay. Pp. iv+84. (London: Aslib, 1969.) 25s. net. 1259 

University of Oxford. Nuffield Committee for the Advancement of 
Medicine—-Annual Report 1969. Pp. 16. (Supplement No. 13 fo the 
University Gazette, Vol. 90, August 1969.) (Oxford: The University, ici 
58. 259 

Greenwich Time Report. Royal Greenwich Observatory Time and Latitude 
Service, 1968 July-September. Pp. 37-48. (London: Science Research 
Couneil, 1969.) {259 

The Zoological Record. 1966, Vol. 103, Section 3: Porifera with Archaeo- 
evatha. Compiled by S. Ware. Pp. 15. UK and Eire 12s. 6d.; Overseas 
14s, (SUS 1.80). 1967, Vol. 104, Section 11: Trilobita. Compiled by Sir 
James Stubblefield, Pp. 47. UK and Eire 20s.; Overseas 248, ($US 2.00). 
1967, Vol. 104, Section 12: Arachnida. Compiled by Ernest Browning. 
Pp. 106. UK and Eire 40s.; Overseas 47s. ($US 5.70.) (London: The 
Zoological Society of London, 1969.) [259 

Bulletin of the British Museum (Natural History). Geology. Supple- 
ment 6: Upper Jurassic Rhynchonellid Brachiopods from Northwestern 
Europe. By A. Childs. Pp. 119412 plates. (London: British Museum 
(Natural History), 1069). 95s. [259 


(London: LEvans/Methuen 
[249 


Other Countries 
Scripps Institution of Oceanography. Annual Report for the year ending 


June 30, 1968. Pp. 60. (San Diego, California; Scripps Institution of 
Oceanography, University of California, 1969.) 159 

Earthquake Interpretations. By Ruth B. Simon. Pp. 99. (Golden, 
Colorado: Colorado School of Mines, 1969.) 1159 


United Republic of Tanzania, Ministry of Industries, Mineral Resources 
and Power. Annual Report of the Mineral Resources Division for 1966. 
Pp. 96. (Dares Salaam: Government Printer, 1969.) Shs. 11/-. _ {159 

Geological Survey of Western Australia. 1 : 250,000 Geological Series-— 
Explanatory Notes. Yarraloola, Western Australia, Sheet SF/50-6, Inter- 
national Index. Compiled by L R. Williams. Pp. 29. Dixon Range, W. A., 
Sheet SE/62-6, International Index. Compiled by D. B. Dow and I. Gemuts. 


Pp. 14. Turee Creek, Western Australia, Sheet SF/50-15, International 
Index. Compiled by J. L. Daniels. Pp. 18. Annual Report for the year 


1968. Pp. 61. (Perth: Geological Survey of Western Australia, 1967, 
1968 and 1969.) . [159 

Science Council of Canada. Special Study No. 8: Scientific and Technical 
Information in Canada. Part 2, Chapter 6: Libraries. Pp. ix +49. (Ottawa: 
Queen’s Printer, 1968.) $1. . [169 

Committee on Science and Astronauties, US House of Representatives. 
Technology: Processes of Assessment and Choice. Report of the National 
Academy of Sciences. Pp. xiv+163. (Washington, D.C.: Government 
Printing Office, 1969.) $0.75. [169 

Commission on Undergraduate Education in the Biological Sciences, 
Biological Prerequisites for Education in the Health Sciences, A CU ERS 
Position Paper prepared by Thomas B. Roos, (Publication 27.) Pp.iv+ 43. 
(Washington, DC: CUEBS, 1969.) Gratis. {179 

Republic of South Africa, Department of Industries. Division of Sea 
Fisheries Investigation Report No. 73: The South Atlantic Rock-Lobster 
Jasus tristani at Vema Seamount, Gough Island and Tristan da Cunha, 
By A. B. F. Heydorn. Pp. 20. (Sea Point, Cape Town: Division of Sea 
Fisheries, 1969.) {179 

Commonwealth of Australia: Department of Natural Development. 
Bureau of Mineral Resources, Geology and Geophysics. Bulletin 80: Palaeon- 
iological Papers, 1965. Pp. 227 (15 plates). Bulletin 103: Ordian (Cambrian) 
Crustacea Bradoriida of Australia. By A.A. Öpik. Pp. 45 (4 plates), Report 
No. 113: Geology of the North-Eastern Part of the Amadeus Basin, Northern 
Territory. By A. T. Wells, L. €. Ranford, A. J. Stewart, P. J, Cook and R, D. 
Shaw. Pp. vii +93+21 plates. Report No. 120: Western Queensland 
Reconnaissance Gravity Surveys, 1957-1961. By R. A. Gibb. Pp.iv +47 +8 
plates. (Canberra, ACT: Bureau of Mineral Resources, Geology and Geo- 
physics, 1967 and 1968.) = fi79 

Rhodesia. Report of the Trustees and Director of the National Museurns 
of Rhodesia for the year ended 3ist December, 1968. Pp. 29. (Salisbury: 
National Museums of Rhodesia, 1969.) 189 

Seasonal Interchange of High and Low Salinity Surface Waters off South- 
West Australia. By D. J. Rochford. (Division of Fisheries and Oceano- 
graphy Technical Paper No. 29), Pp. & (Melbourne: Commonwealth 
Scientific and Industrial Research Organization, 1969.) 199 
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NEW BOOKS FROM 
THE BUTTERWORTH GROUP 


UNIVERSITY OPTICS—Volume 1 


By D. W. Tenquist, MSc, R. M. Whittle, BSc, 
J. Yarwood, MSc, FinstP 


This book is intended for students at about H.N.C. level and those 
taking Part 1 of an Honcurs Degree in Physics or a General Degree 
in Science. The present text is concerned chiefly with the visible, 

ultra-violet and infra-red regions of the spectrum. The book deais 
with the geometrical optics of lenses and optical aberrations, the 
wave theory and velocity of light, interference, Fraunhofer diffrac- 
tion and resolving power. Volume 2, which will be available in the 
near future, gives a more sophisticated treatment of these topics. 
and introduces the electromagnetic and quantum theories. 


1969 350 pages 166 illustrations 70s 





PhD, and 


PHOTOELECTRONIC DEVICES 
By J. B, Dance, MSc, BSc. 


This new book will prove to be of exceptional value as an easily 
readable introduction to photoelectronic devices, A full description is 
given of the fundamental principles on which the devices operate 
and includes typical practical circuits {with all component values} 
for most types of devices. it will therefore be of great value to 
students taking physics or electronics courses and alsa to industria! 
personnel who wish to use photodevices. 


1969 165 pages 50 illustrations 42s 
THERMOPLASTICS: EFFECTS OF 
PROCESSING 

Edited by R. M. Ogorkiewicz, MScfEng}), ACG, DIC, CEng, 


MiMeche 


The need for a definitive volume on the influence that processing 
exerts on the properties of thermoplastics was appreciated by the 
Technical Committee of the Plastics Institute and hence seven 
leading authorities were commissioned to contribute chapters to- 
this volume. The text deals with the basic characteristics of thermite 
plastics in the molten and solid states and the effects of processing 
on the physical and chemical properties. The subject is then 
developed by considering the effects of various processing 
conditions on the properties assessed using a variety of tests. This 
volume will be invaluable to design engineers, plastics technolo- 
gists, students and research workers. 


1969 252 pages 735 illustrations 80s 


INTRODUCTION TO EXTREMUM 
PRINCIPLES 
By M. S. Gregory, BE, BA, PhD, AMICE, AMIE(Aust) 


This text is designed to introduce the reader to the extremum 
principles of mechanics or energy methods and their applications to 
engineering. The principles are applied to stress analysis, the 
analysis of framed structures and problems of vibrations and in- 
stability. A study of the text is intended to prepare the reader for 
advanced work in the statics and dynamics of structural frame- 
works, plates and shells and airframes using a clear aproach with 
the minimum of abstract mathematics. 


Ready Shortly 4&s 


Further information on request. Available fram your bookseller or 


THE BUTTERWORTH GROUP 
Butterworths-lliffes-Newnes 
88 Kingsway London WC2 
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CSIRO 
RESEARCH APPOINTMENTS 
DIVISION OF PLANT INDUSTRY 
AUSTRALIA 





F. C. PYE FIELD 
ENVIRONMENT LABORATORY 


GENERAL Scientific research in the Pye Laboratory, Commonwealth Scientific and Industrial Research 
Organization, located at Canberra, A.C.T., aims primarily at the basic understanding of biological and physical 
processes of the soil-plant-atmosphere system. Attention is directed particularly to the interactions between 
energy, water, and nutrient transfer in the system. Related studies are concerned with mathematical biology 
and ecology. Facilities include laboratories for soil physics, gas physics, solar radiation, fluid mechanics, micro- 
meteorology, and physiology, as well as mobile laboratories for study of the field environment. A large wind- 
tunnel has been constructed recently. The Laboratory is linked by teletype with the CSIRO CDC 3600 computer. 
There is access to CERES, the Division's large controlled environment facility, which is also nearby. 


The staff of the Laboratory at present includes eight research scientists (biologists, physicists, and mathematicians), 
together with experimental officers and technical staff. Applications are invited for appointment to the additional 
research positions described below. 


BIOPHYSICIST (PLANT TRANSFER PROCESSES) To extend the range of current investigations on the 
soil-plant-atmosphere system a research scientist with special interest in transfer processes within plants is sought. 
He will be expected to integrate his work into the general programme of the Laboratory. He will be required to 
initiate research on the transfer of ions, molecules, or water across cell membranes or within whole plants. He 
should have already carried through related independent research. 


PHYSICIST (SWELLING SYSTEMS) Current work at the Laboratory has opened up a mathematical- 
physical approach to the problems of equilibrium and movement of water in swelling solis and in other media 
subject to volume change. There is scope for the exploitation of this approach in soil-water systems and in 
exploring its implications in biological systems. In this connection a research scientist is sought to work on 
experimental and/or theoretical studies of the mechanics of swelling systems. He should have a demonstrated 
capacity for independent research. An interest in fields such as the thermodynamics of irreversible processes 
‘and continuum mechanics would be appropriate. 


BIOMATHEMATICIAN One of the aims of the Laboratory is to contribute to quantitative aspects of ecology 
and biology. A research mathematician is sought to develop an independent programme in this area. An 
interest in mathematical problems of ecological methodology, population dynamics, or of statistical~mechanical 
aspects of morphogenesis, would be appropriate. 


QUALIFICATIONS Applicants should have a Ph.D. degree or appropriate postgraduate research experience 
of equivalent standard and duration, supported by satisfactory evidence of research ability. 


SALARY Depending upon qualifications and experience, the appointment will be made within the salary 
range of Research Scientist, $45,960-$A7,562 p.a., or Senior Research Scientist, $A7,869-$A9,173 pa. An 
applicant with an outstanding record of research achievement would be considered for appointment as Principal 
Research Scientist~—$A9,560—$A10,996 p.a. Salary rates for women are $A428 p.a. less than the corresponding 
rates for men. Promotion within CSIRO to a higher classification is determined by merit. 


CONDITIONS The duration of the appointment will be determined in consultation with the successful candidate ; 
some applicants may prefer a fixed term appointment for three years. The appointment will be conditional upon 
passing a medical examination and an initial probationary period of twelve months may be specified. An 
indefinite appointment carries with it Commonwealth Superannuation Fund or Provident Account privileges. 
Fares paid for the appointees and their dependent family. 


Applications (quoting Appointment No, 130/1034), and stating full name, place, date and year of birth, nationality, 
marital status, present employment, details of qualifications and experience, together with the names of not more 
than four persons acquainted with the applicant's academic and professional standing, should reach: 


Mr. R. F. Turnbull, Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 64 Kingsway, London, W.C.2, 
by the 19th December, 1969. 


Applications in U.S.A. and Canada should be sent to The Scientific Attaché, Australian Embassy, 1601 Massa- 
chusetts Ave. NW, Washington DC 20036. 
11846) 


For further Classified advertisements see page va 
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WOOLWICH POLYTECHNIC 
, LONDON, S.E.18 


DEPARTMENT OF BIOLOGY AND 
CELL, SCIENCE 


A Vacancy exits for the new post of 


SENIOR LABORATORY 
TECHNICIAN 


Preference will be given to applicants 
with experience in the fields of animes} 
physiology and/or animal husbandry, and 
the post will involve the supervision of an 
animal house. 


The work of the department includes 
courses leading to a B.Se. in Applied Bk} 
logy and to M.Phil and Ph.D. by re- 
search. 


Salary scale: £955 (unqualified) to £1,274 
{gualified) plus £75 London Weighting 
Allowance, Commencing salary according 
to qualifications. 

Further particulars and application form, 
to be returned by December 5, 1969, from 
the Clerk to the Governing Body, Wool 
wich Polytechnic, Wellington Street, Lon- 
tion, S.E.18 (1-854 9624 Ext. 12) 

(1774) 


CITY OF LEICESTER POLYTECHNIC 


Require : 
K 
LECTURER GRADE II in 
PLASTICS TECHNOLOGY 
2. 


LECTURER GRADE H in 


PHYSICAL CHEMISTRY 
in the SCHOOL OF CHEMISTRY 


For Post 1, Candidates should preferably 
have good Honours Degree incorporating 
Polymer Chemistry and Plastics Techno- 
Fogy or ARL 


For post 2. Candidates should have good 

Honours Degree in Chemistry or its 

- equivalent and a higher degree. Ability to 

undertake research in Electrochemistry 
desirable. 


Salary: £1,827 to £2,417 per annum, 
commencing point dependent on qualifica- 
tions and experience. 


Farther details and application form 
from Chief Administrative Officer (Dep. 
Est.), City of Leicester Polytechnic, P.O. 
Box 143, Leicester, LEL 9BH. {1780) 
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BEECHAM RESEARCH 
LABORATORIES 
VITAMINS RESEARCH STATION, 
WALTON OAKS, TADWORTH, SURREY 

require a JUNIOR TECHNICIAN 
for their Malaria Unit to assist in work con- 
cerned with experimental chemotherapy of human 
and animal protozoal infections. In addition to 
microbiology laboratory techniques. and special- 
izd methods applicable to pathogenic protozoa, 
the duties will include the preparation of sterile 
apparatus, reagenis and culture media, Willing. 
ness to work with small iaboratory animals is 
essential, 

Applicants should be of “O” level G.C.E, 
or O.N.C. Biology standard. Previous experi- 
ence is not essential bur some experience in a 
pathology or microbiology laboratory would be 
useful, 

Yitamins Research Station is part of Beecham 
Research Laboratories, and is shuated in a 
Pleasant arca in Surrey. A generous starting 
Salary is offered and reviewed regularly, whilst 
there are excellent fringe benefits including a 
profit-sharing scheme worth an additional 10 to 
ll per cent of salary, and a non-contributory 
pension scheme with life assurance coverage, 

Applications should be made to : The Personne! 
€Mficer, Beecham Research Laboratories, Brock- 
ham Park, Betchworth, Surrey. C1773} 








THE BURMAH GROUP 


Burmah 
OF OIL COMPANIES 


bl 





has vacancies for 


EXPLORATION 
GEOLOGISTS 


preferably between the ages of 25 and 30, who have had at least 
three years’ experience as practising geologists within the oil industry. 


Applicants must possess a good degree (second class or better} in 
Geology and be prepared for service overseas, the Groups present 
main exploration areas being in Ecuador and in Australia. 


Perquisites include membership of an attractive non-contributory 
Pension Plan which for a married man includes built-in life insurance 
benefits. 


Written application quoting age, qualifications and brief detaiis of 
experience should be made to: 


Group Staff Manager 
Burmah Oil Trading Limited 
Burmah House 

57 Chiswell Street 


LONDON EC1 
GRID 


Research 
Microbiologist 


A Microbiologist is required for Research Laboratories at 
Edgbaston, Birmingham, to work on problems associated 
with mould genetics. Applicants must have a good class 
honours degree and may with advantage have had a few 
years mycological experience, preferably in the genetic field, 
Salary commensurate with age, qualifications and experience. 
Staff pension and bonus scheme, Write giving full details to: 


John & E. Sturge Limited, 
Wheeleys Road, 
Edgbaston, Birmingham 15. 


| STURGE 
| CHEMICALS 


(1796) 
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MICROBIOLOGICAL RESEARCH ESTABLISHMENT 
Porton, Wiltshire. 


Head of Immunology Section 


(S.P.S.0O.) 


Research in the field of immunology has been active at the Microbiological Research 
Establishment for some years but the emphasis, initially largely chemical, has become 
increasingly biological. The Head of the Immunology Section will lead a team engaged 
mainly on work on immunological mechanisms, an essential counterpart to other research 
in the Establishment on pathogenesis of infections transmitted by the airborne route or by 
arthropods, and on its prevention and treatment: in addition, he will be expected to initiate 
and carry out individual research within the general area of infectious disease. 


The Establishment possesses a very well equipped anima! house where pathogens can be 
handled safely. Facilities exist for the production of microbial products on a substantial 
scale and there are available a considerable number of preparative and analytical techniques 
in microbiology, biochemistry and biophysics including an electron microscope. 


Candidates should normally have a first or second class honours degree in microbiology, 
biochemistry or biophysics, or have a medical or veterinary qualification. A medica! qualifica- 
tion, though not essential, would be an advantage and appointment at Deputy Chief 
Scientific Otficer level would be considered for a suitable candidate with high medical 
qualifications. Candidates must have had extensive research experience in the study of both 
humoral and cell-mediated immunological mechanisms, preferably in a medical context. 


Starting salary could be above the minima of the following scales: 
£4045-£4620 — Senior Principal Scientific Officer 
£4830-£5330 — Deputy Chief Scientific Officer 

Non-contributory pension, 

Fuller details of this appointment may be obtained by writing to the Civil Service 

Commission, 23 Savile Row, London W1X 2AA or by telephoning 01-734 6010 


ext. 229 (01-734 6464 “Ansafone” service after 5.30 p.m}. At all times please quote 
$/7290/U. Closing date 22nd December, 1969. 


(1812) 
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UNIVERSITY OF EXETER 
DEPARTMENT OF BIOLOGICAL SCIENCES 


TEMPORARY LECTURER / ASSISTANT 
LECTURER 


Applications are invited for the temporary post 
of Lecturer or Assistant Lecturer in Zoology 
tenable from about February 16, 1970, to 
September 30, 1971. Salary scales: Lecturer, 
£1,585 by £118 to £2,850 per annum: Assistant 
Lecturer, £1,240, £1,355 and £1,470 per annum. 
The salary will be fixed according to qualifica- 
tions and experience, 

Further particulars may be obtained from the 
Secretary of the University, Northcote House, 


The Oueen'’s Drive, Exeter, to whom applica- 
tions {eight copies: applicants overseas, one 
copy) should be sent before January 3, 1970. 
(1840) 
NATIONAL VEGETABLE 
RESEARCH STATION 
ENTOMOLOGIST 


A SCIENTIFIC OFFICER is required to par- 
ticipate in the development and application of 
new concepts for controlling pests of vegetables. 
The work will involve pest management studies, 
initially on cabbage root fiy. and the rational 
use of insecticides integrated with alternative 
methods of control. Minimum qualifications: 
first or second (upper) Class Honours degree in 
Foology or eaguivalent relevant subject. Post- 
graduate experience in applied entomology essen- 


ual Commencing salary in range £1,071 to 
£1,827. ESSU. 
Apply Secretary, N.V.R.S.. Wellesbourne, 


Warwick, for application form and further de- 
tails. Closing date for applications December 
19, 1969, {1841} 


UNIVERSITY OF THE 
WEST INDIES 
JAMAICA 


Applications are invited for (a) LECTURE- 
SHIP or (6) ASSISTANT LECTURESHIP IN 
GEOLOGY. Appointee will be required to teach 
Structural Geology and to organise the first-year 
* Introduction to Geology | course; he will also 
be required to lecture in the fiekis of igneous and 
metamorphic petrology. Salary scales (a) £1,550 
to £2,630 per annum (b) £1,250 to £1,410 per 
annum. Child allowance. F.S.S.U. Family 
passages ; triennial study leave. 

Detailed applications (six copies) naming three 
referees by December 19, 1969, by persons living 
in the Americas and Caribbean area to Registrar, 
University of the West Indies, Kingston 7, 
Jamaica, and by all others ta Inter-University 
Council, 90/91 Tottenham Court Road, London 
WIP ODT. Further particulars obtainable 
similarly. (1809) 
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INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
DEPARTMENT OF TEXTILE TECHNOLOGY 
Applications are invited from graduates {or 
equivalent) in Physics, Engineering or Textile 
Technology, for the post of RESEARCH ASSIS- 
TANT to work on unconventional methods of 
yarn production, including open-end (break) 
spinning, The person appointed would have the 
opportunity to read for a higher degree. Salary : 
£1,005 in the first year, rising to £1,055 for the 
second and any subsequent years with F.S.S.U. 
Applications should be addressed to Professor 
J. J. Vincent, Department of Textile Technology, 
Sackville Street, Manchester M60 10D. (1807) 


UNIVERSITY OF TASMANIA 


Applications are invited for the following 
appointments : 

LECTURER IN PHYSICS : Applicants should 
have research and/or teaching experience in 
experimental or theoretical physics. 

LECTURER IN GEOGRAPHY : Applicants 
should be specialists in one or more branches of 
human geography. 

The salary scales for Lecturers are : Grade H, 
$A5,400 by $A270 to SA6,210; Grade I, $46,486 
by $A270 (2) by $A280 (1) to $47,100. Appoint- 
menis will be offered within one of these grades, 
according to qualifications and experience. 

Further particulars and application forms 
should be obtained from the Secretary-~General, 
Association of Commonweahh Universities 
(Appts), 36 Gordon Square, London. W.C.1, 

Applications close in Hobart and London on 
December 19, 1969. {1806} 


NATIONAL VEGETABLE 
RESEARCH STATION 


ENTOMOLOGIST 


A SCIENTIFIC OFFICER is required to in- 
vestigate the resistance of vegetable crops to 
attack by Dipterous and other pests and to 
assess the potential for developing resistant varie- 
ties as alternatives to the use of insecticides. 
Minimum qualifications: first or second (upper) 
Ciass Honours degree in Zoology or equivalent 
relevant subject. Postgraduate experience in ap- 
plied entomology desirable. Commencing salary 
in range £1,071 to £1,827. F.S.S.U. 

Apply Secretary, N.V.R.S., Wellesbourne, 
Warwick, for application form and further de- 
tais. Closing date for applications December 
19, 1969. (1842) 
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AVAILABLE NOW 


CHEMICO-BIOLOGICAL INTERACTIONS 


An international journal devoted to studies of the mechanisms by which exogenous chemicals produce changes in biological 
systems. 





Managing Editor: G.P, Warwick (London, Great Britain) 
Contents of Volume 1, No, 1: 


On the mechanism of action of carcinogenic aromatic amines. I, Binding of 2-acetylaminofluorene and N-hydroxy-2- 
acetylaminofluorene to rat-liver nucleic acids in vivo, by E. Krick 

Possible role of the glucuronide conjugate in the biochemical mechanism of binding of the carcinogen N-hydroxy-2- 
acet ylaminofluorene to rat-liver deoxyribonucleic acid in vivo, by C.C. Irving, R.A. Veazey and L.T. Russell 

Tumour growth inhibitory nitrophenylaziridines and related compounds: Structure-activity relationships, by 

A.H. Khan and W.C.J. Ross | 

Early changes in the fine structure of rat-bladder epithelium induced by 4-ethylsulphonylnaphthalene-l- 
sulphonamide, by R.M. Hicks ° 

Involvement of tyrosine in the binding of carcinogenic aminoazo dyes to rat liver proteins in vivo, by M, Matsumoto 
and H. Terayama . 

Effects of nitrogen mustard on protein synthesis in a cell-free system from liver, by L.G, Skinner 

Characteristics of DNA synthesized by methyl-methanesulfonate-treated HEp-2 cells, by M.B. Coyle and B.S. Strauss 
Photosensitizing effects of aromatic hydrocarbons and quinolines upon DNA, by M, Kodama and C, Nagata 

Altered and distorted DNA from a premalignant liver lesion induced by 2-fluorenylacetamide, by S.M, Epstein, 

E.L. Bendetti, H. Shinozuka, B. Bartus and E. Farber 


Initially approximately one volume of 4—6 issues per year. Subscription price is Df]. 90.00 plus Dfl. 5.40 postage or equivalent 
(US$25.00 plus US$1.50 or £10.9.6 plus 12s,6d, as at November 1, 1969). 


ATHEROSCLEROSIS 


(formerly the JOURNAL of ATHEROSCLEROSIS RES EARCH} 


International Journal for Research and Investigation on Atherosclerosis and Related Diseases. 





THE NEXT DECADE 


The Journal of Atherosclerosis Research began ten years ago with the conviction that there was a need for an international 
journal to act as a medium for reporting research into atherosclerotic vascular disease. 


Currently, papers are being received from all parts of the world, The material reported in these papers is as pleomorphic as 
atherosclerosis itself, and this is exactly as it should be, 


The Editors have decided that the journal could play an even more important role during the next decade by encouraging 
papers that are concerned with clinical investigation and epidemiology. Further, they believe that there are many papers still 
being submitted to journals not exclusively concerned with the field of atherosclerosis and that as a result, these papers are not 
always available to and read by the most active investigators in the field. The description of this journal as one of “fundamental 
research into atherosclerosis” may be restrictive and, in order to attract more varied papers, it has been decided that the name 
of the journal should be changed to ATHEROSCLEROSIS. In addition to original papers, more editorials will be published and 
provision will be made occasionally for the presentation of hypotheses and viewpoints, 


We believe that during the next decade ATHEROSCLEROSIS will become the principal journal in this field, and we have every 
intention of ensuring that it remains a dynamic and important international organ for the reporting of experimental, clinical and 
epidemiological research. 


C.W.M. Adams - L.A. Carlson - M.F, Oliver - J, Stamler 


During 1970 volumes 11 and 12 of ATHEROSCLEROSIS will be published in bi-monthly issues. The subscription price is 
Dfi. 135.00 plus DfL 9.00 postage or equivalent (US$37.50 plus US$2,50 as at November 1, 1969). A brochure giving more 
detailed information and hints te authors is available from the publisher, Specimen copies are available on request. 


Orders may be placed with your usual supplier or with 





Elsevier 


P.O. Box 211 
Amsterdam - The Netherlands 














REVIEW SUPPLEMENT 


WHAT WILL HAPPEN to THE SCIENTIFIC LITERATURE? . ` 7 F ‘ y ‘ i ‘ 


GENERAL BOOKS 


Moorehead, A. Darwin and the Beagle (J. TOOZE) . ; ‘ 7 soe + 6 
Fagan, B. M., Phillipson, D, W., and Daniels, S. G. H. Iron Age Cultures in Zambia (B. FAGG) o» 
Luce, J. V. The End of Atlantis; Galanopoulos, A. G., and Bacon, E. Atlantis; Mavor, jun., J. W. 
Voyage to Atlantis (C. RENFREW) F : Í : : ; $ l ; 
Science Year (N. WADE) . : i i l 
O’Neil, W. M. Fact and Theory (R. MAYCOCK) . ; i : : ; ; ; i l 
Kramer, M., Whitman, R. M., Baldridge, B. J., and Ornstein, P. H. (eds.)}. Dream Psychology and the 
New Biology of Dreaming (I. OSWALD} . . 3 ; f ; ; i i 
Macalpine, 1., and Hunter, R. George IIT and the Mad-Business (E. CLARKE) i : : : 
Hoeniger, F. D. and J. F. M. The Growth of Natural History in Stuart England from Gerard to the 
Royal Society (R. OLBY) ; : : : f i ; A š z š ‘ 
Kniffen, F. B. Louisiana; Meinig, D. W. Imperial Texas (G. M. LEWIS) . . © à : 
Evans, D. S., Deeming, T. J., Evans, B. H., and Goldfinch, S. (eds.). Herschel at the Cape (R. WOOLLEY} 


PHYSICAL SCIENCES 

Ronan, C. A. Invisible Astronomy (N. K. REAY) 

Skinner, R. Relativity (C. W. KILMISTER) : ; 

Hack, M. (ed.). Mass Loss from Stars (J. GRIBBIN) . ' A : . 

Marmier, P., and Sheldon, E. Physics of Nuclei and Particles (D. F. JACKSON) 

Sagdeev, R. Z., and Galeev, A. A. Nonlinear Plasma Theory (G. ROWLANDS) : ; . 

Massey, H. 8S. W., Burhop, E. H. S., and Gilbody, H. B. Electronic and Ionie Impact Phenomena 
(B. H. BRANSDEN} . , ; i : ; ; ; f : f : : 

Baym, G. Lectures on Quantum Mechanies (J. L. MARTIN) . 3 : 

Ziman, J. M. Elements of Advanced Quantum Theory (D. J. THOULESS) 

Fistul’, V, I. Heavily Doped Semiconductors (R. MANSFIELD) . ; : ; 

Glazov, V. M., Chizhevskaya, S. N., and Glagoleva, N. N. Liquid Semiconductors (J. LAMB) 

Blakemore, J. 8. Solid State Physics (R. G. CHAMBERS) . . ; . : i 

Cracknell, A. P. Crystals and their Structures (G. S. PAWLEY) . ; : i : f i 

Bijvoet, J. M., Burgers, W. G., and Hägg, G. (eds.). Early Papers on Diffraction of X-rays by Crystals 
(W. COCHRAN} . ; . f ; i ‘ ‘ ; ; : f 

Néray-Szabé, I. Inorganic Crystal Chemistry (R. MASON) . j ; ; j 

Emeléus, H. J. The Chemistry of Fluorine and its Compounds (W. K. R. MUSGRAVE) 

Cook, A. G. (ed.). Enamines (I, FLEMING) ; : . : i . : 
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This is the spectrophotometer for every laboratory 


By itself 


-or as the basis for an automated 
spectrophotometric system 


The Unicam SP500 Series 2 Ultraviolet 
and Visible Spectrophotometer is the 
ideal instrument to meet the challenge 
of modern analysis, The basic instru- 
ment is utterly reliable, fast and very 
accurate. 

You know you can rely on the SP&00 
Series 2 Spectrophotometer because it 
is based upon the well-proved optical 
system of its famous predecessor——the 
SP500 Spectrophotometer—but with 








Precision Instruments 


solid state electronics providing im- 
proved stability. 

Use the built-in meter to give immedi- 
ate measurement of your sample if you 
want speed 

Use the null balance to give photo- 
metric accuracy of + 0.3% T if you 
want precision. 

And if it is automation you want, there 
is a whole range of accessories. Plug 


in the SP40 Automatic Sample Changer 








for unattended analysis of up to 50 
samples. Or programme the automatic 
interchange of sample reference cells 
with the $P505 and SP506 accessories. 
Finally, record your results with the 
SP22 logarithmic recorder which gives 
a linear reading of absorbance units. 
To find out more about the Unicam 
SP500 Spectrophotometer’s ability to 
meet the demands of your laboratory, 
write or ‘phone today for details. 









1966 1968 


FRE OMEEWS AWARE TS Pr rt Sak 


Pye Unicam Ltd 
York Street Cambridge, CB1 2PX, 
Telephone (0223) 58866 Telex 81 1215 


England 
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Topics in Interval Analysis 
Edited by E. Hansen 


Topics in Interval Analysis, based on lectures given at a 
symposium sponsored by the Oxford University Computing 
Laboratory, discusses methods for bounding errors in the 
computed solution to algebraic problems and in the solution 
of ordinary and partial differential equations and integral 
equations. There is also a discussion of triplex-arithmetic 

and a consideration of statistical distribution of error with 
application to linear programming. 10 text figures 50/-net 


Electronic and Ionic 
Impact Phenomena 


Volume I: Collision of Electrons 
with Atoms 


H. S. W. Massey and E. H. S. 
Burhop 


Volume II: Electron Collisions with 
Molecules and Photo-lonization 


H. S. W. Massey 


Electronic and Ionie Impact Phenomena, first published in 
1952, is being reissued in four volumes. The level assumed, 
and the detail provided in the description of experimental 
technique, theoretical methods, and results is as far as 
possible the same as in the first edition. Second edition 
Volume I 2 plates numerous text figures Volume H 10 plates 
numerous text figures £10 net each 

International Series of Monographs on Physics 


Electrical Aspects of 
Combustion 
James Lawton and Felix Weinberg 


The authors, who have been actively engaged in the latest 
developments in this field, have devoted their book to the 
formation, behaviour in fields, diagnostics, and uses of 
ions, electrons, and charged particles in combustion 
processes. Frontispiece 124 text figures 70/-net 
forthcoming 


Scientific Thought 


1900—1960 
A Selective Survey 


Edited by R. Harre 


H. W. Bent, H. Blaschko, D. Noble, N. W. Pirie, 

R. Stoneley, Sir George Thimson, N. Tinbergen, and 

S. G. Waley have contributed to this collection of essays 
on the key ideas that have come into science since about 
1900. 8plates text figures throughout 65/-net 
paper covers 35/—net 
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Data for Biochemical 
Research 


Edited by R. M. C. Dawson, 
Daphne C. Elliott, W. H. Elliott 
and K. M. Jones 


This book is designed to supply research workers in bio- 
chemistry and related fields with factual information about 
the compounds, reagents, and techniques that they use 

most frequently in the laboratory. The range of material has 
been widened in this new edition to cover newly developing 
aspects of the subject, and the original material has been 
extensively revised. Second edition numerous examples 
and text figures £6/6/-net plastic covers 70/~ net 


Quantum-Statistical 
Foundations of 
Chemical Kinetics 
Sidney Golden 


‘Professor Golden, in this book, develops those foundations 
of quantum statistical mechanics which are employed in 
chemical kinetics in full and rigorous detail. The treatment 

is much fuller than one finds elsewhere and is illuminated 
by a large number of footnotes which are remarkably well 
documented and full of interest... Tt will... be of great 
interest to the mathematically minded student who wants to 
see the foundations clearly and fully discussed.’-—Nature 

55/~ net 


Quantum Mechanics of 
Molecular Rate Processes 
Raphael D. Levine 


This book is a survey of the quantumi-mechanical theory of 
collisions and rate processes and its application to molecular 
problems. The first part reviews the Dirac~-von Neumann 
formulation of quantum mechanics. In the second part, 
quantal collision theory is formulated in terms of the 
Lippmann--Schwinger equation. The third part deals with 
applications and further extensions of the theory. 

19 text figures 90/— net 


Chemical Evolution 


Molecular Evolution Towards the 
Origin of Living Systems on 

the Earth and Elsewhere 

Melvin Calvin 


‘Almost certainly a modern classic on the origin of life.’ 
—-S§cience Journal, ‘How pleasant to read a book written 
by someone fully aware of what is being done, and why it is 
being done.’ —N, W. Pirie in Nature 8 colour plates 

15] text figures 55/-net paper covers 25/— net 
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Geneva Protocol Next Step? 


THE announcement a week ago of the change of policy 
in the United States on chemical and biological 
“weapons is probably as much an acknowledgment of 
the strategic futility of these weapons, of the need to 
make soft noises at the beginning of the Salt talks at 
Helsinki and even the sense of dismay at the reports 
which have appeared of the Pinkville incident in South 
Vietnam, as a concession to recent demands that 
chemical and biological weapons should be outlawed. 
What President Nixon has said is that the United 
States will not be the first to use chemical weapons, 
and that it will immediately abandon preparations for 
the use of biological weapons of all kinds. The result 
is that the United States has gone substantially further, 
by unilateral declaration, than would be required under 
the terms of the Geneva Protocol, which requires only 
that signatories should renounce the first use of these 
materials. In other words, one of the chief stumbling 
blocks in the search for some form of international 
agreement on chemical and biological weapons has 
been swiftly removed. That is something immensely 
to be welcomed, even if there is no accompanying 
assurance that other steps will follow. 

In the wake of the declaration by the United States, 
it is in the first place important that there should be a 
general appreciation of the military considerations 
which seem to have persuaded the President and the 
Department of Defense that the grisly business of 
developing biological weapons is not worth the trouble. 
To many outsiders, of course, this has been a plain 
fact for a very long time. Quite apart from the uncer- 
tainty which there is bound to be about the efficacy 
of biological weapons used against civilian populations, 
one of the great powers would be unable to use biologi- 
cal weapons against a comparable adversary without 
the threat of immediate retaliation with nuclear 
weapons. If to this certainty is added the risk that 
some kinds of biological weapons—those which cause 
infection, for example—may spread beyond the popula- 
tion at which they are originally aimed, it is no wonder 
that hard-headed military men have long been sceptical 
of the supposed benefits of biological weapons. In 
present circumstances, indeed, the only credible uses 
for biological weapons are in circumstances when a 
small power might seek to inflict otherwise impractic- 
able damage on a more powerful opponent. 

The prospects for a more formal international agree- 
ment on chemical and biological weapons are not 
especially bright, however. The United Nations Com- 
mittee on Disarmament at Geneva has provided only 
the most imperfect guidance. Mr Fred Mulley’s 
attempt, early in the year, to win support for a draft 


treaty that would deal separately with chemical and 
with biological materials made very few friends, 
partly at least because of the unfounded suspicion 
that it was intended as a device for perpetuating 
chemical weapons. (The hope, still found in some 
quarters, that an international agreement would 
regulate the use of tear gases in domestic riots is an 
illusion.) A more serious difficulty is that it is almost 
inconceivable that an international treaty intended to 
formalize the abandonment of chemical and biological 
weapons could be accompanied by control measures 
sufficiently rigorous to persuade the United States 
Congress, for one, that the agreement was worth more 
than the paper on which it was written. In these 
circumstances, it would be just as well if those rightly 
looking for an agreement of some kind were to acknow- 
ledge that unilateral declarations of good intentions 
are almost the most that can be hoped for. 

There remains an interesting possibilitv which 
deserves the careful consideration of those who work 
for some form of permanent and comprehensive 
agreement on weapons. If such a state of affairs ever 
comes to pass, it will undoubtedly seem to many 
nations to be prudent to maintain substantial research 
programmes if only to anticipate the consequences 
of a failure of the treaty. In circumstances like these, 
it would also be necessary that the United Nations 
or some other supervisory body should carry out at 
least a comparable research programme. But how could 
such an arrangement be made in circumstances when 
the signatories would have to provide the necessary 
funds? How could the supervisory authority make 
sure that those working on its own research programme 
did not afterwards put their services at the disposa 
of a potential violator? Now that there is a chance 
of an agreement on the renunciation of biological 
weapons by unilateral declaration, however, it would 
be immensely valuable to know how an international 
research organization could be established. Success 
could be valuable in a wider field. Some of the opera- 
tions of the International Atomic Energy Agency at 
Vienna may be a useful model. 


Research with a Missio 


THe fourth annual report of the Natural Environment 
Research Council (see page 941) is a thoughtful docu- 
ment which raises as many questions as it answers, 
The council has emerged as a very different body from 
that originally suggested by the Brundrett Committee 
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nearly a decade ago. Then it seemed that a more or 
less passive organization would be able to gather 
enough information about the environment for effective 
conservation and exploitation. Professor Wynne- 
Edwards’s research council is, however, much more 
active and even ambitious. 

The first thing to be said is that there is nothing 
wrong with the declared intention to create what might 
be called a mission-oriented research council. This, 
as it happens, is what the Agricultura] Research Council 
has set out to be. To judge from the annual report of 
the Natural Environment Research Council, it seeks 
to impose economic tests to the projects which accumu- 
late on its books. This is laudable, not to say fashion- 
able. The council is evidently aware of the danger 
that such a policy may sometimes lead to the neglect 
of the fundamental studies from which distant benefits 
might spring. A less obvious danger is that too 
rigorous a concern for economic benefit may tempt the 
council to devote large efforts to fruitless pursuits. 
Oceanology is such a suspect. The national interest, 
which the council acknowledges to be a potent influence, 
could be a more prolific spur to pointless activity. 

But is it necessary that a mission-orlented agency 








100 Years Ago 








| OUR BOOK SHELF 
Lehrbuch der Chimie, gegründet auf die Werthigkeit 
der Elemente. Von, A. Geuther, Prof. in Jena. Erste 


Abtheilung. (Jena: Deoebereiner, 1869.) 

Tue doctrine of Quantivalence plays a most important 
part in the general theory of modern chemistry ; but when 
carried out to the extreme lengths which Dr. Geuther 
claims for it, this doctrine, so useful in the classincation 
of clements, fails altogether to bear an original meaning. 
The following is an extract from a table, on page 16 of the 
above-named work, showing the Quantivalence of the 
elements according to Geuther i- 


H = 1 
As YLL | Na V-IV 1G IL L 
Ba I. L| Os VHL VI IV. HL IL 
Br VIL V. ILLIS VI 1V. IL I. 
Cs WAV. TH Ti. | N V. HL I 
C] VIV NL Ie | Ag » sey EMS Het: 
Cr VEE IV. IH. ILIK VIVO ILA 
Fe VI. IV. HI N. | Mn WIL VIL IV. OL IL 
Fl WIL) WW) Wht VIL V. IH. L 


Here, for example, we find potassium described as acting 
asa monad, a dyad, a triad, a tetrad, and a pentad element, 
and chlorine as a monad, dyad, triad, pentad, and heptad 
element. What does this do more than express, in a 
roundabout and inconvenient way, what Dalton long ago 
enunciated as combination in multiple proportions—that 
sreat law round which the whole structure of the science 


is built up? 
From Nature, 1, 165, December 9, 1869. 
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should rely as heavily as NERC intends on direct. 
labour at its own institutes? This is a more serious 
worry. The council is spending only about ten per 
cent of its budget on university research, and the 
proportion is likely to diminish as the council’s plans 
for new institutes materialize. It is all very well to 
promise that the universities will be drawn into the 
formulation of long-term strategy—how can they 
do this effectively when they are only modestly involved 
in the kind of work for which these opinions are needed ? 
In short, there is a case for asking that the council 
should reconsider its implicit agreement, with the 
popular slur that universities are largely academic 
places unsuited to the conduct of economically valuable 
research. Apart from its self-justifying quality, that 
proposition has no foundation. 


WILSON PANEL 


Space Research 


from our Astronomy Correspondent 


THERE is some consternation in space research circles 
over the report of a special committee set up by the 
Science Research Council under the chairmanship of 
Dr R. Wilson of the Astrophysics Research Unit, the 
group at the Culham Laboratory which the SRC saved 
from disbandment. The Wilson panel was to look at 
the workings of the committee of the SRC’s Astronomy, 
Space and Radio Board which deals with space research 
—the Space Policy and Grants Committee. What has 
happened is that, as well as suggesting how the Space 
Policy and Grants Committee might function better, 
the Wilson panel has made far-reaching suggestions 
about the future course of space research in Britain. 
In particular, the panel seems to have proposed that 
the doctrine of “centres of excellence” should be 
applied to space research as it has been already in 
radio astronomy, for example. 

The Wilson report is believed to recommend that 
in future British space research should be concentrated 
in four groups, most probably the following: Professor 
J. Sayers’s group at the University of Birmingham, 
the Mullard Laboratory of University College (London), 
the SRC Radio and Space Research Station (Slough), 
and the Astrophysics Research Unit. It is true, of 
course, that the funds to smaller groups are not going 
to be cut off immediately, not least because of the 
rocket. and satellite experiments currently being pre- 
pared. What wil] most probably happen if the principle 
of selectivity is indeed to apply is that the principal 
groups will be encouraged to grow at the expense of 
the rest. The Darwinian process could be helped by a 
grant speedily given here, another withheld there. 
Some groups even suspect that such a policy is not 
entirely new, and say that they have been feeling the 
pinch for some time. Good relations with the European 
Space Research Organization will not be a saving grace 
—officially, relations between British groups and ESRO 
are through the SRC. 

Other parts of the Wilson report have already come 
to pass. Since October this year, the seven working 
eroups reporting to the Space Policy and Grants Com- 
mittee have been replaced by three working groups 
which have already had their first meetings. The 
scientific interests of the committee were previously 
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“shared among six working groups with titles such as 
Terrestrial and Planetary Atmospheres and Iono- 
spheres and Radio Propagation. A seventh working 
group used to be concerned with technical facilities, 
and this has survived intact. The other six have been 
compressed into an astrophysics working group and a 
geophysics working group. (For these purposes, geo- 
physies does not include the Moon or the planets but 
only the space within the Earth’s magnetosphere, but 
what happens when the Moon passes within the tail is 
uncertain.) One result, of course, has been to cut down 
the number of scientists who are party to working 
group discussions, and there have been complaints of 
the way members of the old working groups heard 
almost out of the blue that their services were being 
dispensed with. 

It is even beginning to look as if the streamlining 
which was the chief reason for the reshuffle is going to 
be blunted. Because of the debate about the future of 
the lunar and planetary sciences in Britain, and the 
need speedily to take up American offers of participa- 
tion in sample analysis, there has been a move to set 
up a sub-group along the lines of the old working 
group on the Moon, planets and interplanetary matter. 
This seems to have succeeded, and it could yet happen 
that all the reorganization has done is to replace a 
two tier structure by a three tier structure. 

Because the new working groups were formed after 
the period covered by the most recent SRC annual 
report, the report does not contain a list of members, 
who are appointed for not more than four years: 
Geophysics Working Group, Professor F. G. Smith 
(chairman), Professor W. J. G. Beynon, R. Dalziel, 
Professor J. W. Dungey, Dr J. T. Houghton, Dr J. W. 
King, D. G. King-Hele, Professor P. L. Marsden, Dr 
R J. Murgatroyd, Dr J. J. Quenby, Dr W. J. Raitt, 
Miss P. Rothwell and Professor 8. K. Runcorn (secre- 
tary, Dr G. Clarke); Astrophysics Working Group, 
Professor R. L. F. Boyd (chairman), Professor D. J. 
Bradley, Dr H. E. Butler, Professor P. H. Fowler, 
Professor W. R. 8. Garton, Professor G. W. Hutchinson, 
Dr K. A. Pounds, Professor J. Ring, P. W. Sanford, 
Dr D. W. Sciama and Dr R. Wilson (secretary, Dr 
J. H. Price); Facilities Working Group, Professor H. 
Elliot (chairman), Dr H. E. Butler, Dr E. B. Dorling, 
R. Dalziel, Dr H. G. Hopkins, A. ©. Ladd, Professor 
J. Sayers, D. B. Shenton and E. G. Warnke (secretary, 
Dr G. Clarke). 


RESEARCH GRANTS 


Money for Polymers 


Tue Science Research Council is prepared to provide 
special support for research in polymer physics and 
technology following the recommendation of its Poly- 
mer Panel (Nature, 222, 209; 1969). Universities and 
other academic institutions are invited to apply for 
these special grants (without having to fill in the 
standard grant application forms) before January 15, 
1970, and particular areas of research will be given 
priority. To begin with, proposals based on an inter- 
disciplinary team approach will be sought; the panel 
suggested that a typical research team should contain 
a chemist, an engineer, a physicist and a polymer 
scientist, but, even where an integrated team cannot 
be formed, the SRC will favour the fullest possible 
collaboration between departments or institutions. 
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Money will also be concentrated in areas where success- 
ful research could show immediate practical benefits, 
particularly in polymer synthesis, including three 
dimensional polymers; thermally stable polymers from 
cheap starting materials; inorganic polymers and new 
methods of polymerization leading to predetermined 
structures; the physical and mechanical properties of 
polymers and of composites based on polymers; and 
engineering aspects, such as design with polymers and 
their processing. 

The SRC may make grants available for longer than 
the usual three year period and, as recommended by 
the panel, the funds will be open to small specialized 
groups as well as for the five or six main centres where 
research is now concentrated. The panel considered 
that there might, in the long term, be a case for a 
central polymer research institute but that at present 
the most effective support will be increased direct 
grant support through the normal channels. A com- 
mittee under the chairmanship of Professor C. E. H. 
Bawn has been set up to assess these applications and 
to keep the research under regular review. Two other 
committees which have recently been established to 
encourage research in interdisciplinary fields are for 
control engineering and for enzyme chemistry (Nature, 


222. 209; 1969). 





HUMAN SCIENCES 


Postman’s Knock at Oxford 


THE fate of the proposed Human Sciences course at 
Oxford still hangs in the balance. The course has 
already been accepted by faculty boards and by the 
University’s General Council, but although the motion 
calling for withdrawal of the decree Bich set up the 
course was rejected by 153 votes to 122 in the Heb- 
domadal Council last month, more than fifty members 
of the council called for a postal vote. The result ts 
that the rejection cannot be confirmed unless the 
postal vote swings the same way. Voting papers must 
be returned to the registrar by 4 p.m. on Monday, 
December 8. 


INSTRUMENTS 


Set Fair at Siding Spring 


from our Astronomy Correspondent 


Wiro the mirror blank for the Anglo-Australian 
telescope at sea between the United States and Britain, 
the workshops of Grubb Parsons at Newcastle upon 
Tyne are preparing to grind their biggest mirror yet. 

At a diameter of 155 inches, the blank is more than 
half as big again as the 98 inch ‘Pyrex’ blank now in 
the Isaac Newton Telescope at Herstmonceux. The 
155 inch mirror is cast in ‘Cer-Vit’, the new glass 
developed by the Owens [mois Company of Toledo, 
Ohio, which has become the wonder material of 
optical astronomy. The almost negligible coefficient 
of expansion is not the only advantage—the glass is 
also quicker to prepare and cast than conventional 
‘Pyrex’ and the blank is easier to figure. Preliminary 

shaping of the 24-inch thick mirror and the drilling 
of the central hole for the Cassegrain focus have already 
been done at Toledo. Grinding and polishing at Grubb 
Parsons begin on December 10, and will last a good 
two years. 


In Australia, the site of the new telescope at the 
Siding Spring Observatory of the Australian National 
University has been levelled. The project is run by a 
Joint Policy Committee consisting of Sir Richard 
Woolley, Professor Fred Hoyle and Mr J. F. Hosie on 
the British side and Professor O. J. Eggen, Mr K. N. 
Jones and Dr E. G. Bowen from Australia, During 
the coming months the committee will take several 
decisions which could prove crucial. First, tenders for 
the telescope building are to be invited shortly and the 
contract is expected to be let early next year. Second, 
the committee is mulling over the choice of an all- 
British telescope to be set up alongside the Anglo- 
Australian telescope, and will probably reach a decision 
in January or February. Third, the design of the 
Cassegrain and Coudé spectrographs—essential instru- 
ments which will have to be available when the 
telescope goes to work sometime in 1974—will have to 
be settled soon. Each spectrograph could take several 
years to build. It seems likely that the designs will be 
essentially the same as the Herstmonceux spectro- 
graphs, but modified in the light of experience. 

The Joint Policy Committee is also thinking hard 
about how the telescope is going to be administered, 
and in particular how observing time is to be appor- 
tioned. It is probable that the British half share will 
be in the hands of the SRC Large Telescope Users’ 
Panel which was set up chiefly to administer time on. 
the Isaac Newton telescope. A similar panel will be in 
charge of the Australian share, and the worst problem 
is likely to be coordination between the two committees. 
One solution being considered is for the director of the 
proposed British telescope at Siding Spring to be a 
go-between. 

The incentive for the establishment of an all-British 
facility alongside the Anglo-Australian and purely 
Australian telescopes is of course that it provides back- 
up observing time for British visitors when the joint 
telescope is not available as well as a base for the 
British support contingent at the observatory. As far 
as the distribution of observing time on the smaller 
telescope is concerned, the situation is not unlike that 
at Kitt Peak National Observatory where a resident 
staff is in charge of telescopes run by a consortium of 
United States universities. The resident staff are 
allotted forty per cent of the observing time, and it 
could be a similar arrangement for the resident staff of 
the proposed British facility at Siding Spring. 


TECHNOLOGY 


Superconductors at Sea 


from a Correspondent 


Newcastle upon Tyne, November 

Few technological enterprises in recent years can have 
met with as much good fortune as the application of the 
superconducting principle to electric motors and gener- 
ators. Four years ago, the Ministry of Defence (Navy) 
placed a small contract with the Newcastle company 
International Research and Development Ltd to 
build a small experimental homopolar d.c. motor with 
a superconducting liquid helium cooled field coil. 
The design was to develop, initially, a total of two 
horsepower. Design improvements during the con- 
struction of this prototype were such that the finished 
model was able to produce no less than 50 hp; and this 
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early promise led the National Research Development 
Corporation to present IRD in 1966 with a £500,000 
order to build a full-scale motor for use in an industrial 
environment, 

Last week this finished motor was put on display for 
the first time. The machine, which runs at 200 r.p.m., 
develops a total of 3,250 hp (although the display run 
was carried out at about 20 per cent load) and is to be 
moved, as soon as tests are completed, to the CEGB’s 
Fawley power station, where it will drive one of the 
station’s four cooling water pumps. The leader of the 
team responsible, Mr Anthony Appleton, thinks that 
the motor will be ready for installation at Fawley in 
mid-January. 





Motor during final stages of assembly, with part-load on 
the right. 


The most encouraging piece of news from the day’s 
proceedings was the fact that the Navy has once more 
placed a contract for a further close study of the 
system’s applications. The new contract asks IRD 
to construct a one megawatt superconducting genera- 
tor, and Mr Appleton confirmed that work on building 
this machine should start as soon as the Fawley motor 
is out of the way. As the motor took only 18 months 
to construct, it seems likely that the generator should 
be ready by mid-1971 at the latest. 

Naturally enough, the Navy’s interest in the project 
has been generated by the seemingly ideal application 
of the motor to ship propulsion. As well as having 
the obvious advantages of lightness, compactness and 
economy, the fact that an electrical connexion between 
power source and propeller drive can supplant a bulky 
shaft connexion means that enormous space savings 
could be achieved in a vessel’s engine compartment. 
The prime mover—a gas turbine has been suggested— 
and the generator could be mounted on an upper deck, 
while the motor itself could be accommodated in a 
relatively minute space right astern. The motor’s 
infinitely variable speed and reversibility will also 
endear this form of propulsion to naval architects. 
The Navy is not alone in its enthusiasm for super- 
conducting d.c. generators. The chemical industry— 
in particular the aluminium smelters—have shown a 
keen interest, and in a recent speech IRD’s managing 
director, Dr Hyman Rose, suggested that a 200 MW, 
1,000 volt generator could cut the costs of an aluminium 
smelter such as that at present under construction at 
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Lynemouth, Northumberland (ironically less than ten 
miles from IRD), by as much as £l million. 


MOON FLIGHTS 


Vinogradov and Apollo 


from a Correspondent 
ALTHOUGH Russian space research seems to have been 
tied, from the beginning, to the sequence of projects 
envisaged by Tsiolkovskii, which gives the creation of 
an orbital station priority over any voyages beyond the 
Earth's orbit, there is no doubt that the Apollo projects 
have evoked considerable scientific and popular 
interest throughout the Soviet Union. In a recent 
interview (Pravda, November 27) Academician A. P. 
Vinogradov, vice- preside nt of the Academy of Sciences 
of the USSR, gives W hat would be called, in militar y 
terms, an “appreciation” of the Apollo results to date. 

After outlining the surface experiments carried out 
by the landing parties of Apollo 11 and 12, he emphas- 
izes that neither crew included a geologist. and hence 
that the rock samples collected would be entirely 
random, although the longer spell of the Apollo 12 
crew outside the rocket would result in samples 
being “more diverse and richer”. The chemical and 
geological findings of the Apollo 11 specimens are 
outlined, with especial note of their similarity to 
achondritic meteorites. Cautiously, Vinogradov states: 

“I do not therefore consider it to be an absurd idea 
that the basalt meteorites found on Earth are of lunar 
origin”. He stresses, however, that for a proper 
appraisal, it would be necessary to have selenological 
specimens from different parts of the lunar surface, 
in particular from the highlands. 

The problem is raised of the greater dustiness of the 
Ocean of Storms in comparison with the Sea of Tran- 
quillity; this, says Vinogradov, is a “riddle”, and he 
contents himself with restating the basic problem as 

“Ts the presence of lunar dust connected with the nature 
of the surface or do any other factors play a part 
here 7?” 

Finally, when asked to comment on the contribution 
of manned flights to lunar studies, he chose as a particu- 
larly noteworthy example the fact that the Moon is 
now supposed to have a definite crust and not to be 
the homogeneous body previously imagined. Rather 
strangely, no indication is given as to how this result 
was inferred. From V inogradov’ s article it might be 
assumed that this new model of the lunar structure 
had been obtained either from the analysis of speci- 
mens or from the cease une natural eben 
of a Se eism ome i er, 


ER of Soviet 
scientists to Ghee Americs an. “cosmonauts, scientists and 
engineers”, he makes no mention whatever of the 
Intrepid crashdown nor of its world-shaking (or moon- 
shaking) consequences i 


o p 


AGRICULTURE 


Fast Growth at Nottingham 


from our Botany Correspondent 


Tre University of Nottingham seems to be defying 
those pessimists who hold that the fruits of university 
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agricultural research are inferior to those that come out 
of special institutions. Nottingham has a fast expand- 
ing school of agriculture and financial backing to prove 
that many people t think that its activities are very 

valuable. The latest annual report of the school of 
agriculture (price 10s.) records that the 1968-69 session, 
which marked the fiftieth anniversary of the teac vehing 
of agriculture on the site at Sutton Bonington. has 
seen the virtual completion of the new teaching and 
research block. This will house the departments of 
agricultural economics, agriculture and horticulture 
and the animal physiology g group. There has also been 
a new building for avian physiology, and animal 
accommodation which has been built jointly with the 
new medical school. 

Perhaps it is cooperation and diversification that are 
the secret of Nottingham’s success in agriculture. for 
there is a generous admixture of pure and applied 
work in progress with no isolation from the other 
biological departments of the university. The spirit 
of diversity represented by the constituent depart- 
ments of agricultural economies, agriculture and horti- 
culture, applied biochemistry and nutrition and 
physiology and environmental studies is carried over 
into the undergraduate courses. The honours BSe 
degree depends on a “triad” system in which a student 
takes three honours units, selected to form an effective 
combmation, and writes a dissertation in one of them. 
The wide scope of this system is partly a consequence 
of cooperation between faculties, so that topics such 
as embryology and entomology can be studied im the 
department of zoology. On the other hand, students 
of zoology can go to “Sutton Bonington to learn about 
genetics, while lawyers and social scientists are in- 
structed in agricultural economics. 

Signs of approval of the research effort are recorded 
in the form of grants from government, industry and 
other organizations, which have recently been supple- 
menting the contribution from the university's own 
funds. The department of applied biochemistry and 
nutrition, for example, has received £55,300 from 
diverse sources, most of it to cover one year’s activities. 
The department of agricultural economics has been 
spending £134,000, w hich it is receiving in several 
instalments. This sum includes £30,000 over three 
years for joint work with the Universit y of Zambia, 
involving an examination of factors affecting labour 
productivity. The rest of the school of agriculture has 
fared equally well, and no doubt feels confident in 
expanding its activities. 


WATER RESOURCES 


" Icebergs for Sale 


from our Geomagnetism Correspondent 


THE idea of towing icebergs from Antarctica to irrigate 
deserts farther north sounds at first as if it might have 
been invented by Spike Milligan. But with the 
shortage of fresh water in many areas, ‘ sige te evang- 
tion of the idea is being carried out by Dr William 
Campbell of the US Geological Survey a of Dr Wilford 
W eeks of the US Army’s Cold Regions Research and 

engineering Laboratory. More than 80 per cent of the 
world’s fresh water, equivalent to about sixty years’ 
precipitation over the entire globe, is tied up in Aretic 
and Antarctic glaciers. Even in North America the 
volume of water stored as snow and ice exceeds that 
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of all lakes, rivers and reservoirs on the continent. 
Natural ice is a vast resource as yet barely tapped. 

The economic use of ice meltwater is not new either 
in theory or practice. The earliest known large scale 
example was the commercial shipping of Alaskan lake 
ice to San Francisco during the 1850s with its replace- 
ment by glacier ice when lake ice was in short supply. 
Since then even larger scale use of glaciers for water 
has been suggested many times but has never (except 
perhaps in the Soviet Union) received a critical 
analysis. 

The first problem is to find a supply of icebergs of 
the correct shape. In practice this means icebergs of 
roughly square or circular cross-section to avoid the 
hazards of rolling during towing. The sources of such 
“tabular” icebergs in the Arctic are not common, but 
Antarctica is more plentifully endowed especially in 
the large ice shelves which fringe the continent. The 
most obvious sites are the Ross Ice Shelf, which would 
be particularly suitable for supplying the west coast of 
South America, and the Amery Ice Shelf, conveniently 
located to satisfy Australian demands. A further 
possibility is the Filchner Ice Shelf which could supply 
icebergs to the Namib Desert area on the west coast of 
Africa. The selection of icebergs from these regions 
will be aided during the next few years by photography 
from polar-orbiting satellites capable of identifying 
individual objects with dimensions of about one 
hundred metres. 

But would any ice arrive at its destination, or would 
it have melted away ? For icebergs from the Antarctic, 
surface water temperatures at the northern ends of 
their journeys will be above 20° C; and for more than 
half ot the transit distances temperatures will be 
above 5° ©. Campbell and Weeks have examined 
three journeys ranging from 3,240 to 4,680 miles 
which, assuming an average towing speed of one 
knot, would last between 120 and 160 days, and 
conclude that large amounts of ice would remain. For 
example, an iceberg with lateral dimensions of 1,000 
metres and 250 metres thick making a journey from 
Amery to Australia would end up with lateral dimen- 
sions of 760 metres and a thickness of 130 metres, or 
30 per cent of the original. Longer journeys are less 
favourable; but 14 per cent of a Ross iceberg would 
reach the Atacama Desert. 

And what of the economics of the operation? The 
only cost involved in the transit is that of the power 
required for towing. The resistance of an iceberg 
being pulled through water varies as the square of the 
velocity so that lower speeds are the most economic m 
terms of power. But longer towing times mean more 
melting so that a compromise must be made between 
melting losses and towing costs. Expenses could 
perhaps be reduced by slow towing along suitable 
ocean current paths. 

Preliminary calculations show that an Amery iceberg 
of dimensions 2,700 x 2,700 x 250 metres towed at half 
a knot would reach Australia as one of 2,460 x 2,460 x 
130 metres. The 207 billion gallons of water involved 
would be worth about $5-5 million, or about 10 per 
cent of the cost of the same quantity of desalinated 
water, compared with towing costs of about $1 million. 
A similar iceberg from the Ross Ice Shelf would arrive 
at the Atacama Desert as 101 billion gallons worth $2-7 
million with transport costs of $1-3 million. None of 
these figures includes the costs involved in iceberg 
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selection, “docking”, melting or the transport of the 
resulting water; but the economics seem favourable 
enough to warrant more detailed study even with 
water at its present price. 


MATHEMATICS 


jamboree for Number Crunchers 


THe academic session 1970-71 is to be Numerical 
Analysis Year. This name has been announced by 
Professor D. S. Jones of the University of Dundee, 
where the Department of Mathematics has just been 
awarded a grant of £23,000 by the Science Research 
Council. The money will be spent on a year-long 
round of conferences, symposia and summer schools, 
and Professor Jones hopes that at the end, numerical 
analysis in Britain will be stronger than before. British 
numerical analysts, Professor Jones believes, are lagging 
behind their opposite numbers in Europe, the United 
States and the Soviet Union. The trouble is that news 
of time-saving developments in numerical analysis is 
not getting through to the practismg mathematicians 
working in computer departments. During Numerical 
Analysis Year, mathematicians from abroad will visit 
Dundee to spread the word and, Professor Jones hopes, 
generate interest and awareness among the steady flow 
of people from British universities, colleges, and 
industry who will visit the department. So far, thirty 
missionaries from overseas have agreed to come for all 
or part of the year, and at some point they should all 
be in Dundee together. Professor A. R. Mitchell, also 
of Dundee, is in charge of the organization, and a 
by-product of the concentration of talent could be the 
encouragement of more universities to do work in this 
important field. 





FISHERIES 


Scientific Farming 


Tue basic biology which must underpin any attempt 
to rationalize the fishing industry is providing the 
Ministry of Agriculture’s marine scientists with a wide 
range of problems to solve. In his annual report for 
1968, which has just appeared (obtainable free of 
charge on application to the Fisheries Laboratory, 
Lowestoft), the Director of Fishery Research, Dr H. A. 
Cole, depicts a scene of healthy progress, both in the 
physiology, genetics and ecology of sea fish—studies 
which form the foundation of fish farming projects such 
as those of the White Fish Authority—-and in more 
peripheral investigations of marine pollution and the 
disposal of radioactive wastes into the sea. The re- 
search is supported by records and predictions of 
the fishing conditions in the areas exploited by British 
fishing flects, including a computer model that analyses 
productivity in the North Atlantic since 1946. 
Commercial considerations have obviously deter- 
mined many of the research topics. Pigment abnor- 
malities, for example, can make a fish on the shop 
counter look unattractive to customers, and if plaice 
are reared in a tank they are often deficient in colour. 
This deficiency has been correlated with the size of 
the plaice larvae. Pigment peculiarities in sole are 
rarer, but have been similarly associated with size. 
Attempts to cross-breed different kinds of fish aim to 
generate new characteristics of commercial value, 
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although work is still at an early stage. Plaice x dab 
hybridization has been unsuccessful so far, although 
in some cases the hybrids survived beyond the larval 
stage. On the other hand, crosses between plaice and 
flounder thrived admirably, sometimes growing twice 
as fast as pure-bred plaice. Trying to get round the 
generation time of up to three years has led also to 
experiments in gynogenesis with the aim of breeding 
pure lines of fish faster. Eggs are fertilized with 
spermatozoa that have been genetically deactivated by 
6Co y-radiation, so that only the female genetic material 
is used. The resulting embryos are, however, often 


abnormal (see comparisons in the photographs). 


A 








Comparison of normal and abnormal trout embryos: A, 

normal diploid trout alevin; B, gynogenetic diploid trout 

alevin (near normal); C, gynogenetic haploid trout alevin 
(abnormal). 


Possible foods for farmed fish include a worm called 
Lumbricillus which frequents rotting seaweed and is 
apparently so good for the fish that scientists of the 
Port Erin marine hatchery are trying to cultivate it. 
The worm grows just as well in horticultural peat as in 
seaweed humus, and its diet can be supplemented with 
artificial pre-digested meal. Environmental studies of 
young fish reared at the Lowestoft laboratories are 
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gradually building up a more comprehensive picture 
of the most suitable conditions for larvae to mature in. 
Their capacity for surviving temperature changes of 
the order that might be expected from a sharp frost: is 
unexpectedly high, but a reduction of the dissolved 
oxygen content of water below 65 per cent of the 
saturation value is likely to cause deaths. Oxygen 
saturation is usually maintained during fish cultivation 
by pumping fresh seawater through the tanks, but it 
may be that the expenses of pumping could now be 
reduced by lowering the concentration—75 per cent 
seems to be safe at the moment. 

The ministry’s work on marine pollution has grown 
since the report was prepared: after this year’s seabird 
disaster, routine monitoring of marine life has included 
tests for polychlorinated biphenyls as well as organo- 
chlorines and heavy metals. New staff will be looking 
at sea fish, shellfish and plankton for evidence of how 
biphenyls get into the food chain. In 1968 there were 
also investigations of human illness associated with 
sea food, such as the paralytic shellfish poisoning caused 
by dinoflagellates in Northumberland (see, for example, 
Nature,220, 21; 1968). Oysters from the River Lynher 
in Cornwall have from time to time caused gastro- 
enteritis, and have proved a more persistent problem. 

1968 saw an expansion of research facilities. A dance 
hall at Lowestoft was converted into laboratories, 
workshops and offices, and a new ship (Nucella) was 
launched in February to operate from Burnham-on- 
Crouch in Essex in connexion with shellfish and inshore 
research, Academically, a relationship has developed 
with the University of East Anglia—two of the staff 
were awarded PhDs—and increasing international 
cooperation is clear from a long list of staff who worked 
or attended conferences abroad. 


BUILDINGS 


New Block for Imperial College 


THE new College Block at Imperial College of Science 
and Technology was officially opened last week. It 
houses a large hall with seating for 800 people, two 
lecture theatres, a library, the new department of the 
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Imperial College. 


History of Science and Technology, administrative 
offices and social and refectory services for both staff 
and students. The building is situated in the centre 
of the main site in Kensington. It was designed by 
Norman and Dawbarn and its total cost was about 
£3 million. 
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Miscellaneous Intelligence 


THe Pill would never have been developed if the 
clinical tests expected today had been demanded 
15 years ago, according to Professor Carl Djerassi, 
the head of Syntex Research. The present require- 
ments of the Food and Drugs Administration involve 
at least nine years of research before a new chemical 
contraceptive can be placed on the market. 


A pUREAUCRAT’S dream is shortly to be made fact. 
The French government is to issue counterfoil books to 
doctors who in order to prescribe the contraceptive 
pill for a patient must fill in a coupon with the patient's 
name, the pill she is to take and the date of the preserip- 
tion. The coupon must be retained by the pharmacist 
for three years. This is no mere exercise In petty 
tyranny. The government intends there to be 100 
million Frenchmen by the turn of the century, and it 
does not seem to matter whether their parents wish 
them to be bern or not. 


THE programme of scientific exchanges mounted by 
the Royal Society is being pursued with possibly 

excessive zeal. In the progress report of the expedition 
to Central Brazil sponsored by the Royal Society and 
the Royal Geographie Society, it is ‘revealed, “The 
studies of the Indians in the Xingú National Park 
were ae Many specimens have been brought 
back to the United Kingdom and many more are 
awaiting shipment from Rio de Janeiro.” (The Royal 
Society—Report of Council, p. 9, 1969). Reversing the 
brain drain is one thing, but the Indians waiting to be 
erated on the quays of Rio de Janeiro may be quite 
another. 


Erper down is on the way up. The cider duck, which 
almost joined the dodo in the Jast century, is proliferat- 
ing at the rate of 20 per cent a year in the sanctuaries 
established for it on the islands of the Barents Sea and 
the White Sea, where 7,000 breeding sites were regis- 
tered this summer. 


Ix the wake of Armstrong, Aldrin and Collins, the lunar 
rocks brought back by Apollo Il are to go on a world 
tour. The fifteen Moon stones, bluntly and even 
incompatibly deseribed as being “about the size of a 
walnut or golfball’, have a busy schedule ahead of 
them. Five are to visit thirty museums in the United 
States, one is to accompany the A pono 1] command 
module on a tour of the fifty state capitals and another 
is to grace with its presence Expo-70 at Osaka. The 
Moon stones will start their travels just as soon as the 
scientists have finished with them. 


Ax early aircraft design by Konstantin E. Tsiolkovskii 
has been discovered in the archives of the Univ ersity 
of Kazan’, USSR. The design, published in 1894, is 
for a Stren malined monoplane with internal combustion 
engine, wheeled chassis and an autopilot. 


No one is sheltered from the veering winds of fashion 
but some are more subtle at vielding t6 them. Thirteen 
years ago the General Electric Company of the United 
States set up an organization calle d Technical Military 
Planning Operations, or TEMPO, but the acronym 
now turns out to stand for Technical Management 
Planning Operations. Tempora mutantur, nos at 
mutamur in dls ? 
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Parliament in Britain 


Cancer Research 

THE financial problems of the Institute of Cancer 
Research, the best known part of which is t a Chester 
Beatty Research Institute, s sparked off a series of 
questions from Mr John Fraser about o vernment. 
support for cancer research. . 

Mr Fraser pomted out that Chester Beatty has an 
annual deficit of £200,000, and that it is being forced to 
terminate research in some areas. He also said that the 
British Empire Cancer ma last vear collected 
£2.47 million and distributed £1-76 million, of which 
£245,000 went to the Chester Beatty Institute. ‘The 
Imperial Cancer Research Fund, the other major charity 
pur poring cancer research. had an unspent surplus 
last year of £155 million, cight times the deficit of 
the Chester Beatty Institute. This unspent surplus 
is being set aside for new buildings and for the employ- 
ment of staff over a long period. 

Mr Fraser asked if the Medical Research Council 
could increase its support to Chester Beatty (£485.000 
a vear at present), to avoid redundancies aniong its 
staff and to allow it to continue with its building 
programme. He also suggested that if the gover nment 
were to underwrite staff an maintenance costs at 
the Imperial Cancer Research Fund's laboratories, this 
might make it easier for the fund to distribute its 
money for use elsewhere. 

Mr Gerry Fowler, Minister of State, Department of 
Education and Science, said that the government 
relies on the Medical Research Council to exercise its 
own scientific judgment in establishing priorities, and 
it would be wrong to interfere. He also said that 
research councils operate by supporting particular 
research projects and cannot underwrite staff and main- 
tenance costs. Mr Fowler indicated, however, that the 
Medical Research Council has confirmed its w illingness 
to provide major support for Chester Beatty and that 
negotiations about the form of this grant are proceeding. 
(Ww ritten answers, November 26, and debate, Novem- 
ber 28.) 


Marine Industries Unit 

Mr Eric Vaarey. Minister of State, Ministry of 
Technology, announced that the government is to 
make a grant of £85,000 over the next two years to 
the University of Neweastle upon Tyne to assist with 
the setting up of an industrial unit for research in the 
field of marine industries. (Written answers, Novem- 
ber 28.) 

European Telecommunications Satellite 

Mr NEIL CARMICHAEL, Joint Parliamentary Secretary 
to the Ministry of Technology, said that the Committee 
of Senior Officials of the European Space Conference 
agreed unanimously at a meeting on November 10 to 
set up a working group to consider the requirements 
of a European telecommunications satellite. The 
group will include representatives of the Buropean 
Broadcasting Union and the European Conference on 
Posts and Telecommunications. Economie viability 
and the maximum benefit to European space technology 
are the most important criteria. He said that the 
United Kingdom has alrcady indicated its willingness 
to participate in the development of a European 
television relay satellite to mect the requirements of 
the European Broadcasting Union. (Written answers, 


November 24.) 
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Self-analysis at Research Council 


THe fourth annual report of the Natural Environment 
Research Council, published earlier this week (HMSO, 
10s 6d), includes a careful statement of the se S 
strategy for the vears ahead. Although the report 
has nothing explicit to say about the inquiry into its 
activities by the House of Commons Select Committee 
on Seience and Technology, the policy statement 
seems to be as much an answer to some of the criticisms 
then raised as an attempt to justifv the rapid growth 
of the annual budget and to define the relationship 
between the council and other bodies 

The council explains that the first four years of 
operations have been spent on consolidation. During 
this period, growth has been “as fast as is consistent 
with adequate planning’, but the council considers 
that it has now reached a point at which criteria for 
the formulation of forward policy can be defined. 
The guiding principle is unashamedly utilitarian, 
with expenditure justified by <‘ ‘potential value”. 

According to the report, the first step in the inclusion 
of an investigation in the researeh programme is an 
economic assessment of the possible benefits of success. 
There follows an attempt to define the feasibility 
and the cost of the research programme most likely 
to succeed. The council unbends a little when it says 
that “subjective judgment may be unavoidable or 
it may simply be a matter of re sponding to what is 
indisputably in the national interest”, particularly 
when it goes on to explain that “the natural environ- 
ment and its resources are a priceless heritage and their 
rational conservation, using that term in its widest. 
sense, is a national need w hich can hardly be assessed 
in monetary terms alone”. 

Among the projects embarked on after a formal 
assessment along these lines is the stimulation of 
coastal research at various institutes on the council's 
books. The potential benefits include better forecasting 


of sea-levels, and understanding of the movement of 


coastal sandbanks and of the mechanisms by which 
pollutants are dispersed in the sea. In the same way, 
the programme of geological exploration of the con- 
tmental shelf i te in ‘the council's s view, justified by the 
possibility of oil and gas discoveries. The council also 
explains that it is prepared to modity its view of the 
balance between applied and fundamental research, 
citing as an example the way in which the search for 
minerals | on the sea- Noor 18 sappi ened: by a To 

“On thé en of E raeponsihiity oe en the Nat ie 
Environment Research Couneil and other bodies, the 
policy statement suggests that there should be com- 
paratively little difficulty in forming constructive 
relationships with potential users of environmental 
research: “We have established the right kind of 
consultative framework to enable our policy to respond 
as it should to practical needs while safeguarding 
our legitimate scientific independence”. The council 
acknow ledges its responsibility for supporting university 
research but savs that it will be a discriminatory and 
not a passive benefactor. The report promises that 
universities will be more closely involyed in the formula- 
tion of poliev, and that deliberate attempts will be 
made to strengthen links between research institutes 
and the universities. 


The most perplexing problems are evidently those 
by means of which the Natural Environment Research 
Council must be distinguished from other government 
depertments—those with responsi ibility for environ- 
mental pollution, for example, and the Ministry of 
Technology, with its interest in what is called oceano- 
psy. The re port suggests that the council will probably 

e best emploved in providing the long-term research 
whieh mav make possible solutions a “short. mike 
answer to an environmental problem”. On the rela- 
tionship with erate ape ake Says that “it 
re da rer es oe 


CATL se 2 tt le 3 
tech- 


on Marie aaa on hie h ee ae 
ifs claims with the ministries of defence and 
nology. 

During the current financial vear, the total budget 
of the research council is estimate a > be £11 million. a 
substantial increa se over the 69-19 9 ke de in 


year. ae a ee ure n a coun! il’ s “opera. 
tions is what seems to have been a steady declme of 
the direct support for university research by means of 
research grants. New rescarch grants in the current 
academic year will work out at £896,000 compared with 
£1-16 millionin 1967-68 and £1-76 million in the previous 
year. The council says that it intends to “maintain 
the growth of funds for university research”. especially 
in marine and terrestrial sciences, and that it is con- 
vinced that “no really important project has so far 
failed to receive support through lack of funds”. 








Net Expenditure of Natural Environment 
Research Council 


i 
British Antarctic Survey 1,356,412 
Culture Centre of Algae and Protozoa 13.323 
Institute of Geological Sciences 2 023,379 
Institute of Hydrology 219,484 


National Institute of Oceanography 928,022 
Nature Conservancy dy 383 Sold 
Research Vessel Unit 312,869 


6,242 003 


Freshwater Biological Association 

Marine Biological Association 

Scottish Marine Biological Assuciation, Edin. 
burgh . a eee 

Scottish Marine Biological Association, Mili- 


port and Oban 271,65! 
Fisheries Biochemical Research Unit 51,792 
Marine Invertebrate Biology Unit ENES 
Fisheries Helminthology Unit POSS 
Port Erin Marine Station 37244 
Inseet Pathology Unit 1147] 
Dove Marine Laboratory 4,740 





1 G26, 985 


Headquarters 410,297 


Seals Research Ueit 9,60] 
Research Grants 932,819 
Training Awards and Fellowships 541, T44 
Outsile Research 35,623 


International Subseription LU.C.N. 1 O08 G 


1,921,754 


EA 191, gga 





Total 
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Royal Society Year 


THE Royal Society’s continuing interest in education 
is well iHustrated by the Annual Report of the Council, 
delivered to the Anniversary Meeting on December 1 
This shows that, during the past year, the society has 
discussed in-service teacher training with the Depart- 
ment of Education and Science, studied the shortage 
of science and mathematics teachers with the Council 
of Engineering Institutions, produced reports on post- 
graduate training and set up a new committee on 
mathematical education. Moreover, Lord Blackett, 
the society's president, chose the British PhD degree 
as the subject for his anniversary address. 

The society has also been active in promoting cul- 
tural exchanges with overseas scientists, and has 
continued its programmes of research abroad. The 
report records the successful completion of a two-year 
study of the geography and environment of central 
Brazil and the construction of the first buildings for 
the research station on the atoll of Aldabra in the 
Indian Ocean (towards which the US National Academy 
of Sciences has contributed $12,000). The Royal 
Society’s European Programme has awarded seventy- 
seven grants to enable British scientists to visit 
Western Europe, and forty-five study visitors received 
grants to visit Britain last year. The society also 
made grants towards the expenses of seven conferences. 

The parliamentary grant of £871,000 for 1969-70 
represents an increase of nearly £70,000 over that of 
the previous year. £315,000 is being spent on inter- 
national relations and international fellow ships, and 
scientific investigations and research professorships will 
account for most of what is left. The society has also 
accepted Professor J. D. Bernal’s offer of £2,000 to 
endow a triennial lecture on some aspect of the social 
function of science. 

Lord Blackett prefaced his own views on the PhD 
svstem with a discussion of the more common criticisms 
of the system. In particular, he pointed out that many 


Anniversary Dinner 


THe Anniversary Dinner of the Royal Society on 
December 1 was a European occasion, with 
speeches from Dr H. B. Casimir and Professor 
P. Aigrain. Lord Blackett, who pointed out that 
he would have relinquished the presidency before 
the next anniversary dinner, spoke vigorously 
for an expansion of the system of European 
exchange fellowships. He said that he would 
like to see the scheme grow to the point at which 
1,000 people a year were being moved from one 
country to another at a cost of ‘roughly £ 2 million. 
a year spread over the fourteen countries at 
present taking part in the scheme. 

Sir Bernard Katz defined the Sixth Law of 
Thermodynamics as the proposition that the 
world will turn into paper, deplored the growth 
of the scientific journals and the practice among 
scientists of ‘‘overfeeding” them. In a reference 
to Nature, he said: “Look at the state of our 
most venerable semi-scientific journal. We are 
clearly overfeeding it to tell from its frequent 
editorial grambles.”’ 
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American scientists allege that British oe 
students are too narrow ly educated and fall short, 
this respect, of the output of the best American ive 
graduate schools. Moreover, many British industrialists 
criticize the system for concentrating too much on 
basic science and therefore failing to equip students 
for careers in industry. Lord Blackett also drew atten- 
tion to the Swann Report which urged that “there 
should be a change of emphasis tow ards shorter periods 
of postgraduate studies and the trend from research 
towards advanced course work should be accelerated” 

No easy solution to the problem of reshaping the 
PhD is available, however. Lord Blackett pointed out 
that “it is vitally important to maintain, and if possible 
strengthen, the present outstanding position of British 
basic science’. A strong and efficient PhD system 
must play an integral part in this, and it must also 
fulfil the needs of industry. Reconciling these two 
objectives is indeed a difficult proposition, but Lord 
Blackett could see “no case for any drastic alteration 
of the PhD system from the point of view of the future 
leaders of the basic science’. He saw the problem as 
one of attitude rather than of organization, suggesting 
that industry will only get the people it w ants if the 
jobs they offer are attractive to the students. 

Something can, however, be done from the univer- 
sity end. Lord Blackett held that it is up to the teach- 
ing staff to make clear to PhD students that they 
must not all expect careers in universities or research 
institutes. They must also “convince the students 
that the prosperity of the country mainly depends on 
the technological efficiency of British manufacturing 
industry, and that this depends on the efficiency of its 
managers, its technologists and its scientists’. One 
way to stimulate interest in industry is to make the 
research content of the PhD more closely related to 
the needs of industry, but Lord Blackett suggested 
that the present tradition of choosing a research project 
mainly on the basis of its scientific interest is still 
generally valid. He thought that an intellectually 
demanding curiosity-dir ected problem provides a better 
general education than a less exciting problem of 
direct industrial interest. 

To obviate some of the criticisms of the PhD 
system Lord Blackett suggested a broader education 
by lecture courses to supplement the narrow field of 
the students’ own research work. Students should 
also have two supervisors instead of one, and there 
must be more ruthless selection at entry and more 
readiness to fail weak candidates. 


Distribution of Government Grants 


1969-70 1968-69 
£ £ 

Scientific Investigations 190,000 168,000 
Scientific Publications 7,500 6,000 
Libraries Assistance 6,000 4,000 
Research Professorships 105,500 99,600 
Study Groups 3,000 2,000 
Science/Technology relations 5,000 


Rent, etc., for Carlton House Terrace 43,250 43,250 


International Relations 205,350 241,050 
International Biological Programme 98,400 97,100 
Rating Assistance 40,000 35,000 
Scientific Information Fellowships 5,000 6,000 
Aldabra Research Station 52,000 
International Fellowships 110,000 100,000 
£802,000 


£871, 000 
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THE initiation process in protein synthesis consists of 
several steps. First, the messenger is bound to the 
smaller of the ribosomal subpartictes together with at 
least three initiation factors, formylmethiony! trans- 
fer RNA and GTP. Protein synthesis can begin when 
this complex is joined by the 50S ribosomal subparticle. 
Until about a year ago, it was supposed that the ribo- 
some starts to translate a messenger by binding to the 
5 end and then working its way along to the first 
AUG or GUG codon, when construction of a protein 
molecule would begin. There are, however, several 
lines of evidence to show that ribosomes need not 
start at the end of a messenger. Protein synthesis 
can probably be initiated simultanecusly at several 
sites on a polycistronic messenger (a messenger coding 
for several proteins) and it is also known that circular 
messenger molecules can direct protein synthesis 
without ambiguity. This is a serious dilemma, for 
AUG and GUG are codons for amino-acids other than 
formylmethionine that occur elsewhere in the messen- 
ger while the other combinations may turn up by means 
of a simple displacement of the reading frame of the 
triplet code. How then does the ribosome know where 
to begin ? 

In this issue of Nature, Dr Joan Argetsinger Steitz 
from Cambridge (page 957) and Drs J. HindJey and 
D. Staples from Bristol (page 964) describe the isolation 
and nucleotide sequence determination of those seg- 
ments of a messenger RNA (isolated from viral RNA 
molecules) to which the E. coli ribosome binds in the 
presence of formylmethionyl-transfer RNA. In both 
cases, highly radioactive viral RNA (isolated from 
either R17 or QS phage, the host of which is Æ. colt) 
was bound to ribosomes in conditions appropriate 
for the initiation of protein synthesis. The excess 
viral RNA lying outside these complexes was removed 
with pancreatic ribonuclease, and the fragments of 
RNA protected by the ribosomes were isolated. 

The R17 phage RNA codes for three proteins: 
the phage coat protein, a maturation protein and an 
RNA polymerase. Dr Argetsinger Steitz has isoleted 
three RNA fragments, each about thirty-five nucleo- 
tides Jong, and has determined their sequences using 
the procedures devised by Sanger and his colleagues. 
These fragments have been identified as arising from 
the initiation regions of the three genes coded by the 
R17 phage RNA. For example, one of her fragments 
contains a sequence AUG.GCU.UCU_AAC.UUU which 
clearly codes for the known N-terminal sequence of the 
coat protein which begins with formylmethionine. 
alanine.serine.asparagine.phenylalanine. Her 
other two fragments were similarly identified. Drs 
Hindley and Staples have identified with Q8 fragment 
(with a sequence which was fortunately such that no 
partial product analysis was necessary) as the beginning 
of the QS coat protein gene. There are two hard 


conclusions to be drawn from these sequences. First, 
formylmethionyl transfer RNA is coded in these four 
segments by AUG. Second, in no case are these AUGs 
preceded directly by a termination codon, which could 
be any one of the codons UAG, UAA or UGA. 

But what does the ribosome detect. that is different. 
in these AUGs from other AUGs? The first question, 
to which there is no firm answer, is whether the ribo- 
some can detect other AUGs—perhaps they are all 
buried in helical regions of secondary structure, as, 
for example, found in part of the sequence correspond- 
ing to the R17 coat protein by Adams, Jeppesen, 
Sanger and Barrell (Nature, 228, 1009; 1969). In other 
words, it is just conceivable that the only AUGs 
exposed to the ribosomes in the native RNA are the 
initiator AUGs, and it may then be significant that the 
AUG of the R17 coat initiation site seems to be exposed 
at the end of a short helix. At the Cold Spring Harbor 
Symposium, at which Dr Argetsinger Steitz first 
presented two of her sequences (Nature, 223, 133: 
1969), it seemed that secondary structure might well 
point to the answer. 

Ribosomes may also locate these AUGs by means of 
a special sequence adjacent to each mitiater codon, so 
that the real sequence signifying initiation would be 
somewhat longer than the simple AUG. This notion 
is attractive because three of the four fragments con- 
tain a sequence UUUGA two or three residues away 
from the starter AUGs. Unfortunately, not merely 
is there nothing similar m the fourth sequence, but 
there is another reason why this sequence does not 
seem to be the whole answer. The R17 RNA has 
three binding sites when ribosomes and initiation factors 
from FE. coli are used. But as Lodish found (Nature, 
224. 867; 1969), when ribosomes and initiation factors 
from B. stearothermophilus are used, only the A protein 
initiation site is seen; both the coat and A pratem 
initiation fragments contain this UUUGA sequence— 
yet only one of them is recognized by the B. stearo- 
thermophilus ribosome. 

There are more complicated ways in which these 
initiation sites could be recognized, but at present 
nobody has a convincing solution to the problem. Tt 
may turn out that there are several initiation factors, 
specific for different beginnings of genes-—at present 
that seems the most likely explanation. In the mean- 
time, there may be a further windfall from the isolation 
of the three R17 initiation sites. The order of the three 
genes has never been properly determined, partly 
because it is impossible to do genetic mapping of the 
R17 phage. Knowing these sequences and that 
determined by Adams ef al., a group including Drs 
Jeppeser and Argetsinger Steitz has been able to locate 
the three genes on two large RNA fragments isolated 
by Drs R. Gesteland and P. Spahr: it seems that the 
gene order is: A protein—coat protein-synthetase. 
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Geonomists All 


THe neologonumismatologists have been busy again, 
this time in the Earth sciences. On the face of it there 
is certainly a problem, at least to the tidy minded, 
which is nowhere better Ilustrated than in the naming 
of university departments. There are departments of 
Earth science(s), geology, geological science(s), geo- 


science(s), geophysics, geochemistrv-——and almost all 
combinations and permutations of every science 
remotely connected with the Earth or planets. Not 


that the naming of a department necessarily bears any 
particular relationship to the work carried out there. 
A geology department is as likely as not to contain 
geophysicists and geochemi sts: and the fact that a 
department is labelled “Earth sciences” need mean 
nothing more than a classical geology department with 
a trendy chairman. Nor, when it comes to a straight 
choice between precise equivalents, need the decision 
be based on other than irrational grounds. At least 
one department in the United States is named “geo- 
sciences” rather than “Earth sciences” simply because 
to the chairman the latter sounded like e high school 
Course. 

Because of all this confusion, is there a case for a 
single word to cover “the whole of the Earth sciences” — 
however one chooses to define such a phrase? On 
the assumption that there is, Elsevier has carried out a 
survey of Earth scientists throughout the world to 
assess the desire for an all-embracing word, and the 
name “geonomy’ in particular (Manten, Larth-Scrence 

a 5, A88; 1969). To cut a long table short, 
32 per cent of a sample of 265 were in favour of geo- 
nomy, 36 per cent were against it and 2 per cent had 
no opinion, In spite of the poor statisties, individual 
countries showed some interesting variations, At one 
end of the scale Czechoslovakia was thirty-eight to 
ee in favour, and at the other the United Kingdom 
was eleven to two against. In general. the easiern 
ss aca ae were ay geonomy. u e i 
ras ete ae adel. 

It is perhaps a pity that the survey was framed in 

terms of a partic ular word, for more adventurous 


suggestions were thereby inhibited. The only other 
words which anyone was moved to suggest were 


“geognosy” and “geognosis’. “Geognosy was coined 
by G. C. Fiichsel in 1761 for the combination of geology, 
mineralogy and knowledge of ore deposits. It never 
caught on, although Geikie and a few others used it 
synonymously w ith * ‘geology’. dt soon became obso- 
lete: and it is not difficult. to see why. The geognostic 
sounds like a geologist who feels that nothing is known 
about geology. 

: t takes ae OROI to see ee Nagai is at 
su affers Gon cn) yi ET on. ahs est 
usage is not known; but in 1964 V. V. Beloussov 
suggested it to cover all sciences involved in the study 
of the upper mantle. Meanwhile, L. Glangeaud and 
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R. W. Van Bemmelen were actually using it for “geo- 
dynamic phenomena on a global scale”. Van Bemmelen 
later extended the term to cover all sciences of the 
Earth. Nor is the confusion reduced by consulting 
dictionaries or eneyclopaedias, where geonomy is 
variously defined, if at all, as (i) mathematical geo- 
grephy; (ii) the laws governing changes in the super- 
ficial strata of the Earth: (i) the study of the Earth 
in all its geological, physical, chemical and mechanical 
aspects; (iv) the science of the form and structure 
of the Earth, and (v) the science of the physical laws of 
the Earth. 

According to Van Bemmelen, all this shows that “the 
term is not vet too much semantically burdened by 
former usage”. That is a matter of opinion, though 
Manten still considers its use justified. First, it would 
eliminate confusion (only if universally adopted, 
presumably) and awkwardness from much of present 
terminology. It is short, singular and casilv translated 
into other languages. An adjective and a name for 
students may ie be derived from it, whereas this 
cannot easily be done for. say, “Barth science” in 
Russian, French or Dutch. It also offers a cou nterpart 
to astronomy and bears a similar relationship to its 
constituent sciences. Finaily, from the etymological 
point of view it is a pure word in contrast to such 
hybrid words as geoscience which combine Greek and 
Latin. 

Whether or not we shall all become geonomists only 
time will tell. In so far as the principal language for 
communication in the Earth sciences is English, and 
‘nglish speaking people are heavily against the term, 
it does not look too promising. Nor is it clear that 
if a new word is desirable, “geonomy” is the best. 
Objections range from the philosophical to the severely 
practical. Etymologically “geonomy” derives from 
the Greek “nomos”, or “law’’—-and the precise signifi- 
cance of laws in the context of the historical sciences 
has never been agreed. (The same argument might also 
be used against “astronomy”, of course.) From the 
practical point of view, it seems doubtful whether 
geonomy will be able to sweep away the current 
proliferation of terms, at least for a long time to come, 
even if, say, the International Council of Scientific 
Unions were to decree it. And wouldn't it really be 
better to think of a word completely unclutter ed by 
previous usage ’ 


ENDOCRINOLOGY 


+ Monks and their Hormones 


THe shortage of materials that sometimes seems to 
hamper the progress of clinical research has not yet 
proved too much for the ingenuity and aoe y of 
Dr J. A. Lorraine and his staff at the MRC Clinical 
Endocrinology Unit in Edinburgh. Recently eleven 
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monks have been providing regular samples of urine 
for a study of the concentrations of hormones produced 
by celibate men. This is part of a large scale investiga- 
tion of patterns of hormone excretion in health and 
disease, making use of the methods of estimating 
hormones that have been developed at the unit since 
its inception in 1946. 

Celibacy apparently has no effect on the androgens. 
for most of the monks excreted as much testosterone— 
the most potent naturally occurring androgen—as 
normal sexually active males. Impotent men, however, 
produce significantly less testosterone than normal, 
and—also unlike the normal situation—when the 
gonads are stimulated by gonadotrophic hormone they 
do not increase their production of testosterone. Clearly 
those who hold that impotence is all in the mind are 
likely to be wrong. 

The endocrinological condition of the normal male 
has turned out to be more complicated than expected. 
For one thing there is a cyclic pattern of production: 
concentrations of testosterone in plasma and urine 
vary from day to day and each man studied had 
peaks of excretion at fairly regular intervals. But there 
is also daily variation, with the concentrations of testo- 
sterone in the plasma greatest between 0400 h and 
1200 h. 

Women also produce androgens, and hirsutism—the 
growth of hair on face and limbs and other masculine 
areas—-seems to be a consequence of overproduction. 
Hirsute women studied at Edinburgh have had signifi- 
cantly greater urinary concentrations of testosterone, 
and the related substance epitestosterone, than normal 
women. 

It is reassuring to know that the production of the 
hormones usually associated with womanhood— 
oestrogens, progesterone and so on—-seems to be 
unaffected by oral contraceptives. After a course of 
the “classical” pill, a mixture of oestrogens and 
progestogen which acts like progesterone, the menstrual 
cycle immediately returns to normal, and the ovaries 
and pituitary are not affected. Dr Lorraine and his 
group still do not know how oral contraceptives work, 
although there is some evidence that they depress the 
secretion of follicle stimulating hormone from the 
pituitary, so that it cannot bring about ovulation. 


n 
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Ciomiphene 


Another aspect of the same project is the treatment 
of infertility with the ovarian stimulant clomiphene. 
This compound (see diagram) causes infertile women 
to produce peaks of oestrogens and pregnanediol—a 
metabolic product of progesterone—as in the normal 
menstrual cycle. Clomiphene first came to notice 
because of its contraceptive action in rats, but for 
humans it looks like a useful fertility drug. It should 
be safer to use than gonadotrophins, the pituitary 
hormones that stimulate the ovaries. These are very 
difficult to give in controlled doses. and brine with 
them the danger of multiple births. i 
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ENZYMES 


More Physical Data 


from our Molecular Biology Correspondent 

THE extraordinary amount of structural information 
contained in the proton magnetic resonance spectra 
of protein systems has nowhere been better demon- 
strated than im recent studies of enzyme-inhibitor 
complexes, notably of lysozyme and ribonuclease. 
The latest of these comes from Jardetzky’s laboratory 
(Meadows etal., J Mol. Biol., 45, 491: 1969), and shows 
how effectively this approach can complement X-ray 
crystallography in defining the details of enzyme- 
substrate mteractions. 

Meadows et al. have examined the complexes formed 
with three inhibitors, the 2’, 3’ and 5’-monophosphates 
of cytidine. Resonances arising from the histidine side 
chains can be used to observe the behaviour of these 
residues individually, and so it was possible to show 
that both the active site histidines, 12 and 119, are 
protonated in the complexes with the 2’ and 3’ phos- 
phates, whereas in the presence of 5’-CMP His-119 
titrates freely. Moreover, there is a downfield shift 
of the His-119 resonance, which is presumed to result 
from the formation of an imidazolium-phosphate ion 
pair. The magnitude of the shift depends on the dis- 
tance of approach of the two groups, and theretore 
reflects the strength of binding, which is greatest in 
the 2’ phosphate and small in the 5’. Shitts from the 
cytosine ring show that this is also involved in specific 
interactions with the enzyme. 

Observations on His-48, which is remote from the 
active site, suggested that it might function as a 
marker for an equilibrium of the enzyme between two 
slightly different conformational states, the existence 
of which was deduced from independent lines of evid- 
ence. A shift in this equilibrium is thought to be the 
basis of the induced fit, associated with the binding of 
inhibitors, including the phosphate or sulphate ion, 
Here X-ray crystallography can give no help, for 
ribonuclease will not crystallize in the absence of 
inhibitors. His-48 resides at a hinge-like region con- 
necting the two “wings” of the protein, and close to it 
there is a tyrosine. The shift in the histidine resonance 
can be most easily interpreted in terms of an interaction 
between these two rings, caused by the opening or 
constriction of the active site cleft. This m turn would 
involve the approach of the active site Lys-41, which 
binds to the doubly charged phosphate group of the 
inhibitor, the protonated His-119 making contact 
on the opposite side. 

These results now make it possible to define the 
geometry of the complexes in detail and with a fair 
measure of confidence. Introducing 3°-CMP into the 
ribonuclease model, and making the contacts that have 
been described, it is found that His-12 now lies close to 
the 2’-OH group of the sugar, to which it presumably 
makes a hydrogen bond; Phe-120 is also close to the 
cytosine ring. The nucleotide is in the expected anti 
configuration about the glycosidic link. A very similar 
arrangement obtains in the 5’-CMP complex. With 
2’-CMP, however, a striking difference is observed: 
with the same contacts between the heterocycle and 
the enzyme, a strong interaction with His-}29, such 
as is clearly present, requires a rotation about the glyco- 
sidic link to produce nearly a syn configuration... This 
inference is favoured by indications of an increased 
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interaction with Phe.120, which the model demands, 
and evidence based on coupling constants that the 
sugar is in the 2’-endo form, which model building has 
shown to offer small hindrance to rotation around the 
glycosidic bond. Meadows ef al. quote unpublished 
erystallographic data to bear out this interesting 
observation (and it would be ungenerous to inquire 
which results came first), and they see this as a novel 
example of an induced fit in an inhibitor. Some 
speculations on the enzyme mechanism provoked by 
these structural studies have been published (Roberts 
et al., Proc. US Nat. Acad. Sei., 62, 1151: 1969). 


BIOSYNTHESIS 


Feedback Control for Bile Salts 


from a Correspondent 


Do orally administered kile salts exert negative feed- 
back control on bile salt biosynthesis in the mammalian 
liver? This apparently simple question has received 
sontradictory answers, but some recent work may help 
to clear up the matter. 

Some past discrepancies may stem from the methods 
used to examine this biosynthetic reaction. In most 
studies of product inhibition, liver slices are incubated 
with a radioactive precursor in the presence or absence 
of the end-product. But, because liver secretes all its 
bile salt into the bile duct, bile salt synthesis can be 
examined in vivo. Bile is collected from rats with a bile 
fistula and rates of output (and synthesis) are deduced 
for each salt; the fistula prevents bile salts from reach- 
ing the intestine for recycling to the liver. During the 
first six to twelve hours after insertion of the fistula the 
liver pumps out almost all of its bile salts, and then 
starts to replace them by accelerating their usually 
rather slow synthesis. To test for a feedback effect, 
a bile salt (for example, taurocholate) is infused into 
the intestine at this point to see whether the enhanced 
synthesis is mhibited. 

Duodenal infusion of taurocholate at the calculated 
normal rate has previously failed to reduce the en- 
hanced synthesis. (The “normal” rate is calculated 
from absorption efficiency, hepatic pool size and num- 
ber of enterohepatic circulations of bile salt per day.) 
But Mosbach’s group in New York has recently shown 
(J. Lipid Res., 10, 646; 1969) that earlier estimates 
of absorption efficiency and pool size in the rat were 
erroneous (too high and too small, respectively) and 
that infusion of taurocholate at three times the rate 
previously used reduces the rate of synthesis of bile 
salts (both taurochenodeoxycholate and taurocholate) 
to normal. 

Others have established without diffieulty that 
duodenal infusion of taurocholate inhibits the hepatic 
biosynthesis of cholesterol. In principle, this alone 
might be sufficient to account for the decrease in the 
production of bile salts (cholesterol being the precursor 
of all bile salts), but Mosbach suggests that tauro- 
cholate may also inhibit the 7a-hydroxylation of 
cholesterol, the first biosynthetic step between chole- 
sterol and bile salt. 

These results apply only to rats. Although there 
has been a preliminary report of the suppression of 
bile acid synthesis in some patients by orally adminis- 
tered bile salts (S. M. Grundy et al, J. Clin. Invest., 
45, 1018: 1966), Mosbach’s conclusions should not be 
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hastily extrapolated to man. Such an extrapolation 
was made a few years ago, when the feedback effect 
of dietary cholesterol on cholesterol biosynthesis, well 
established in rats, was presumed to be effective in 
man. This led to much confusion m discussions of the 
harmful effects of cholesterol in the normal human 
diet. 


HEART ATTACKS 


Role of Catecholamines 


from our Medical Biochemistry Correspondent 


Is there a connexion between concentrations of cate- 
cholamines and fatty acids in the blood and the oceur- 
rence of heart attacks ? Evidence has been conflicting, 
but some recent results suggest that these substances 
are important. 

Last year Oliver, Kurien and Greenwood found a 
significant correlation between very high concentra- 
tions of free fatty acids in serum and the incidence of 
irregular heart beats and death after acute myocardial 
infarection—heart attacks (Lancet, 1, 710; 1968). 
Rutenberg et al., however, found no relationship 
between initial concentrations of free fatty acids in 
the serum and the development of irregular heart beat, 
cardiogenic shock and death, but their statistical 
procedure was not quite the same as that of Oliver et al. 
(Lancet, ii, 559; 1969). Rutenberg et al. did find, 
however, that concentrations of free fatty acids tended 
to increase when complications developed. They con- 
cluded that it was the increase in catecholamines 
rather than fatty acids that brought on the complica- 
tions. 

It is not easy to measure catecholamines in serum, 
but McDonald et al. have recently done this, with 
interesting results, for fifty men immediately after 
cardiac infarction and another fifty men of equivalent 
ages, admitted to hospital for reasons other than 
cardiovascular troubles. Samples of blood were usually 
taken within twenty-four hours of admission to hospital 
and always before the patients had undergone surgery. 
There was significantly more of the catecholamine 
noradrenaline in plasma after myocardial infarction 
than in the other patients (a mean of 0-60 + 0:34 ug/l. 
compared with a mean of 0-284+0-15 ug/l), but there 
was no difference in the mean concentrations of 
adrenaline. 

In six other patients, undergoing cardiac catheter- 
ization, a procedure likely to produce anxiety and so 
increase catecholamines, the mean concentration of 
noradrenaline was relatively low (0-21 ug/l), but the 
concentration ot adrenaline had increased to 0-33 yg/I. 
Among patients suffering from myocardial infarction, 
noradrenaline was significantly greater in those with 
the complication of pulmonary venous congestion 
(0-68 +037 ug/l.) than in those without (0-45 + 0-26 
pg/L). 

Clearly there does seem to be an increase in plasma 
catecholamines after myocardial infarction, and there 
is some evidence that the occurrence of complications 
is related to very high concentrations of noradrenaline. 
A healthy heart, however, can survive very high 
concentrations of noradrenaline with no ill effect. 
For example, McDonald et al. found mean concentra- 
tions of 4-4 ug/l. of noradrenaline and 0-99 ug/l. of 
adrenaline in three racing drivers between two and ten 
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minutes after a race. After sixty to ninety minutes 
these concentrations had decreased to 0-30 and 0-44 
ug/l. respectively. 

It is possible that several factors combine to make a 
damaged heart more susceptible than normal to 
noradrenaline. Owen, Thomas and Opie found that 
when they brought about arterial occlusion in dogs the 
damaged heart muscle used three to four times as 
much glucose as the normal organ (Lancet, i, 1187; 
1969). In such a case there is a change from oxidative 
metabolism, using fatty acids as substrate, to glycolytic 
metabolism using glucose to produce lactic acid. It is 
possible, therefore, that increases in free fatty acids 
and noradrenaline both have deleterious effects on 
damaged muscle, and that the prognosis depends on 
these and possibly other factors. 


MARINE BIOLOGY 


Shrimps from the Past 


More of the fruits of the Dana oceanographical 
expeditions of the 1920s have recently appeared. Dr 
Poul Heegaard has been examining the decapod 
crustaceans in the Dana collections taken from the 
Atlantic, Indian and Pacific oceans. and has been able 
to describe almost the complete development of the 
shrimp Amphion reynaudi (Dana Report No. 77; 
1969). The drawing shows one of the fourteen larval 
stages and the adult. Only the sexually ripe male and 
female of this species remain unknown to science and 
perhaps, Dr Heegaard feels, an immature adult stage 
as well. It has not of course been possible to describe 
the colour of the specimens, which have been preserved 
in alcohol for about forty-five years. 





Amphion reynaudi: (a) second larval stage ; (b) adult. 


947 


HORMONE TRANSPORT 


Upwards and Downwards 


from our Plant Physiology Correspondent 
RECENT work suggests that the root and shoot of a 
plant influence each other to a much greater extent 
than had previously been suspected. Ways in whieh 
the shoot could influence or control the growth of the 
root, and vice versa, have received scant attention, 
although these may provide the key to an understand- 
ing of growth regulation in the centire plant. Plant 
growth hormones, carrying information from one part 
of the plant to another, are likely to play a central 
part in such control, but only recently have reports 
suggested that auxin (indolyl-3-acetic acid or IAA) 
is transported from the shoot to the root and, con- 
versely, that gibberellic acid and cytokinins can move 
from the base to the apex of the shoot system. 

The ways in which these three growth hormones are 
transported are as important as their effects, for changes 
in the direction, quantity or velocity of hormone 
transport can carry Information about the stimuli 
which trigger hormonal responses. It is important to 
know, therefore, in analysing the movement of any 
hormone, where it originated and where its destination 
is, if it moves in a particular tissue or tissue system 
and how the transport is regulated and controlled. 

It has been known for a long time that auxin is 
produced in the apex of the shoot and transported 
down the stem towards the roots. Several recent 
studies have shown that the movement of auxin in the 
root follows this general pattern (see, for example, 
Nature, 219, 1388; 1968). But does auxin ever reach 
the root system from the shoot and, if so, what does it 
do within the root? D. A. Morris, R. E. Briant and 
P. G. Thomson of the University of Southampton 
believe they have answers to both these questions 
(Planta, 89, 178; 1969). They have applied auxin 
labelled with radioactive carbon to the apices of intact 
dwarf pea plants grown in the light, and traced its move- 
ment by liquid scintillation counting and autoradio- 
graphy. Part of the applied auxin seems to be trans- 
ported to the root system, where it accumulates not 
in the main root but in the growing regions of the 
developing lateral roots. 

Auxin, and synthetic hormones which resemble 
auxin, have long been used to stimulate root formation 
in cuttings, which suggests that the movement of auxin 
from the shoot te the root may control the initiation 
and development of lateral roots. There was, of course, 
the inevitable risk in tracer experiments that the 
labelled compound originally applied may have been 
converted to other compounds which move in a totally 
different manner, and indeed much of the original 
auxin was converted to indole-3-acetyl-aspartic acid 
or decarboxylated to indole-3-aldehvde; evidence for 
an [AA~protein complex was also obtained. Never. 
theless, sufficient LAA was transported in an unchanged 
form to suggest that natural auxin synthesized in the 
shoot apex might be transported in a similar manner. 
The transporting tissue was not identified, but the 
estimated velocity of transport of about 11 mm per 
hour agrees well with estimates for transport in stems, 
petioles and coleoptiles. In other words, it seems 
likely that the same pathway is being used in all these 
examples, and that this pathway is almost certainly 
not the xylem or phloem. 
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The xylem and phloem are adjacent systems of 


organized tissue which are the chief pathways of 


vascular transport in the plant. The xvlem carries 
water from the roots through the stem to the leaves, 
and the phloem distributes nutrients and minerals 
throughout the plant. Hormone transport has rarely 
been examined in either xylem or phloem, a although 
there is abundant evidence that substantial quantities 
of growth substance are to be found in both. Indeed, 
the xvlem and phloem are the only routes by which 
hormones in the roots of trees and woody shrubs could 
be moved to the leaves. 

Gibberellic acid and eytokinins are known to be 
produced by roots, and so M. R. Bowen and P. F. 
Wareing of the University College of Wales, Aberyst- 
wyth, have examined the movement of labelled gib- 
berellin and kinetin (a synthetic cytokinin) in ‘the 
vascular tissues of willow stems (Planta. 88, 108: 
1969). The hormones were transported towards the 
stem apex in both the xylem and phloem, but there 
was considerable lateral exchange of hormone between 
the two tissues. The significance of this interchange 
may lie in the fact that movement in the xylem is 
rapid but rather haphazard. Phloem transport seems 
to be rather more finely controlled and so perhaps 
exchange between the two tissues represents a regula- 
torv or storage mechanism for hormones which takes 
plac e as the transport stream moves towards the upper 
parts of the shoot. 


TRANSLATION 


Forever Amber 


from our Cell Biology Correspondent 


Tue tally of bacterial suppressor mutations which 
confer the ability to translate amber nonsense codons 
during protein synthesis has now reached six. In the 
Journal of Molecular Biology (45, 545: 1969) Chan and 
Garen report that the suppressor mutation Sw6* 
causes the amber codon to be read as leucine. Five 
other suppressor mutations that have been character- 
ized result in the translation of amber either as Serme, 
glutamine, tyrosine or lysine. Both Su2* and Su7* 

read amber as glutamine but they are quite distinct 
mutations; Su7* is in the gene specifying the major 
glutamine IRNA species in E. coli, while Su2* is in the 
minor glutamine {RNA gene (Soll and oe Nature, 
223. 1340; 1969). [t is not surprising that the codons 
for all these amino-acids (leucine, serine, glutamine, 
tvrosine and lysine) differ from the amber codon UAG 
by a single base substitution. Two other amino-acids, 
glutamic acid and tryptophan, are in this class, 
Dut suppressor mutations which cause amber to he 
translated as glutamic acid or tryptophan have yet to 
be isolated. 

In strains of E. colt lacking suppressor mutations, 
amber (UAG), ochre (UAA) and UGA codons are 
believed to cause the termination of synthesis of 
growing polypeptide chains. Direct evidence that the 
amber codon chain terminates has been obtained by 
several groups; in the absence of suppressors, genes 
containing an amber mutation specify only a fragment 
of the wild type protein. Now Suzuki and Garen 
(J. Mol. Biol., 45, 549; 1969) have formally proved 
that the ochre codon UAA results in premature chain 
termination during protein synthesis. They have 
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isolated small amino-terminal fragments of the Æ. coli 
alkaline phosphatase molecule from two amber and 
two ochre mutant strains. Fingerprint analysis of 
these fragments shows that they are indeed different 
lengths of the phosphatase polypeptide chain, and the 
length of the fragments correlates with the relative 
positions of the four mutations deduced from genetic 
mapping. 


Sa uae er bet 5 ane are more a o 


ene am r is ihe aor oa Sere ane COL aoe and 
Suzuki and Garen’s results support th is argument. 
One of their amber mutants maps close to one of their 
ochre mutants but the ochre mutant produced about 
twice as much fragment as the amber mutant, indicat- 
ing that ochre is the more effective chain terminator., 

None of these results is at all surprising, of course, 

although they are important formal demonstrations of 
accel pted theory. What is surprising 1s that more than 
one type of fragment is sometimes produced by 
single nonsense mutation. Three of the four mutants 
used produced two fragments, while the fourth mutant 
produced three species of fragment. ‘Two possible 
explanations for this unexpected result come to 
mind. Either one or more codons are ambiguously 
translated or the alteration of the fragments occurs 
after they are synthesized, perhaps “by removing 
a variable number of amino-acids from the amino- 
terminal end of the chain. Suzuki and Garen prefer 
the second explanation but have still to prove it. 


SODIUM CHLORIDE CRYSTALS 


Anisotropy of Surface Tension 


from our Materials Science Correspondent 

Ir is well established that the surface energy of a 
monocrystalline solid is a function of the orientation 
of the plane on which ue measurement is made: 
indirectly, this anisotropy is the origin of the faceting 
of erystals and indeed of the fact that some crystals 
cleave. What is much less familiar is the notion that 
surface tension (which is intimately related to surface 
energy) can be anisotropic with respect to direction in 
a crystalline plane. Unambiguous evidence of this 
form of anisotropy has been published recently by 
Asselmever and Mecke (Z. Angew. Phys., 28, 53: 
1969). They prepared cleavage surfaces of art tificially 
grown sodium chloride crystals and measured surface 
tension by means of the classic sessile drop technique, 

sing mercury as the Ras ‘rence liquid. The contact 
ai was measured as a function of azimuth in the 
cleavage plane. feo care was taken to test 
the technique and identify sources of error, and there 
can be no doubt that the results are significant. 

It turned out that in certain circumstances the plot 
of contact angle rare azimuth over the 45° range 
between [100] and [110] showed no fewer than six 
precisely reproducible maxima. The contact angles 
were very sensitive to humidity and reproducible 
anisotropy was found only for low humidities. An- 
nealing of the cleaved samples destroyed all trace of 
anisotropy. The anisotropy is thus not an intrinsic 
property of a smooth crystallographic surface: on the 
contrary, Asselmeyer and Mecke attribute it to a 
postulated roughness of the cleavage “plane”, which 
they take to be largely made up “of microfacets of 
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rational planes other than [100]. The anisotropy of 
surface tension can then (following a calculation due 
to Kuznetsov) be related to the specific energy and 
orientation of these facets. Asselmeyer and Mecke 
adduce several independent lines of evidence for the 
existence of the microfacets, meluding their own 
studies of the adsorption isotherms of water on cleaved 
sodium chloride. They might have added the extensive 
body of experimental results on the decoration of 
cleavage planes of sodium chloride by means of 
evaporated g gold; these studies (at CSIRO in Australia) 
have shown the vital importance of the microfacet 
structure for the occurrence of epitaxial deposition 
of metals on salt substrates. The loss of anisotropy 
folowing annealing or in the presence of excessive 
humidity is attributable to the smoothing-out of the 
microfacets. It would be interesting to establish a 
direct correlation between epitaxial efficiency and 
anisotropy of cleavage surfaces treated in various Ways. 

Asselmever and Mecke’s study was prompted by 
their own recent work (Naturiissenschaften. 55, 129: 
1968) on the ve ‘locity of propagation of cleavage cracks 
in sodium chloride, in which they found this velocity 
to be markedly anisotropic. Because the spread of 
cleavage cra acks is dominated by the surface energy 
of the newly created crack surface, their recent findings 
serve to interpret these earlier results, which should 
indeed be of wider interest to those interested in 
fracture mechanics. Their results raise a rather 
intriguing problem: Griffiths’s equation for the stability 
of a cleavage crack includes the surface energy, a 
quantity which cannot ke anisotropie within a plane. 
The surface tension, which can be and is anisotropic 
within a plane, has the wrong dimensions for Griffiths’s 
equation, yet plainly it is the right quantity to use if 
the anisotropy of cleavage velocities is to be explained. 


GEOCHEMISTRY 


Diffusion and Dating 


from a Correspondent 

“CRYSTAL imperfections can greatly modify the diffu- 
sion behaviour of a crystal, and lie at the core of the 
problem of argon retentivity of minerals.” This is the 
conclusion of A. E. Mussett, who has evaluated the 
physical processes involved in the potassium—argon 
method of dating (Geophys. J. Roy. Astron. Soc., 18, 
257; 1969). 

This method of age determination depends on the 
complete retention of argon by the mineral or rock 
being dated, but it is known that among apparently 
similar rocks, some have retained all their ar gon and 
others have a part of it. Many experiments have been 
carried out to investigate the loss of argon from miner- 
als and to define a test for argon retention. The apparent 
inconsistencies in the resulting data can be explained 
by examining critically the physical assumptions that 
underlie the experimental methods and the mathemati- 
cal models used in their interpretation. The popular 
view that loss of argon can be explained using a volume 
diffusion model is fallacious. In this model, the diffus- 
ing atoms are confined to definite sites in a lattice, such 
as interstitial positions or Jattice vacancies. Even at 
temperatures sufficient to destroy completely the 
mineral lattice, the mechanism is energetically unfav- 
ourable. Crystal imperfections such as single atom 
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defects, dislocations, cracks and inclusions can all, 
however, contribute significantly at lower tempera- 
tures, but at near room temperature only diffusion 
through the macroscopic defects is appreciable. 
Alternative mechanisms such as chemical changes and 
lattice rearrangement can also be important. 
Mussett’s work is a timely review by a physicist of 
the premises underlying a subject of concern to 
various non-physical disciplines. As Mussett is at 
pains to point out, it is partly a general lack of com- 
prehension of the physical prine iples involved that has 
led to the present confusion about argon Joss, His 
case is well exemplified by a worker w ho describes his 
experimentally determined value for an activation 
energy of 35 kealories mole! as being in “substantial 
agreement” with a previously determined value of 
67 kealories mole}. Assuming the usual simple 
diffusion model, these two values result in room tem- 
perature values for the diffusion coefficient which differ 
by twenty-seven magnitudes. The work also consti- 
tutes an excellent up to date bibliography of the subject, 
containing a critical appraisal of the contents and 
significance (and mistakes) of each article reported. 
“Though reaching no very firm conclusion, Mussett 
points the way in which further studies might be 
directed. The large structural defects, which he shows 
permit significant loss of argon at room temperature. 
may include grain boundaries, impurity inclusions, 
exsolution and alteration. Each of these will release 
argon only from the region affected. It is therefore 
possible that correct ages can still be obtained if the 
potassium and argon in the retentive parts can be 
separated. Some experiments in this direction have 
already been carried out, with promising results. 


ELECTRON MICROSCOPE 


New Zoom Lens 


A HIGH-RESOLUTION 125 kV electron microscope de- 
veloped by Marubeni-lida of Tokyo contains what is 
claimed to be the first electron zoom lens. The manu- 
facturers seem to have found how to stabilize the 
image when the magnification of the microscope is 
changed. They claim “that, with the new system, both 
the focus and the intensity of the image remain stable 
and there is also no rotation when magnification is 
increased. The Marubeni-lida microscope also ineludes 
a visual aid system to help the inexperienced operator 
align the electron beam. Another innovation is a fully 
automatic pneumatic valve system for controlling the 
vacuum, chosen in preference to manual or motor 
controlled valves for increased efficiency. There are 
also two visual display units for monrtoring positions 
and operating modes of the pneumatic valves. The 
vacuum is claimed to be slightly better than normal 
at 5x 10° torr. 

The resolution of the microscope is guaranteed at 
3 A for adjacent points and 2 A for the easier task of 
resolving the planes of a crystal lattice. This is similar 
to the resolution of other 100 kV microscopes, but the 
manufacturers believe that the extra 25 kV accelerat- 
ing voltage gives the new model extra sag gine 
Specime ns up to a thickness of about 1500 A should 
be capable of analysis in the microscope, which costs 
£25,000, roughly the same as other mic roscopes of the 
range. 
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The Born-Fajans-Haber Correlation 


by Fifty years ago articles by Born, Fajans and Haber were published in 


D. F. C. MORRIS 
E. L. SHORT 
Department of Chemistry, 


Brunel University, 
London W3 


SEPARATE articles by M. Born, K. Fajans and F. Haber 
were published simultaneously by mutual agreement of 
the three authors on December 5, 1919, m Volume 21 of 
Verhandlungen der Deutschen Physikalischen Gesellschaft. 
One of the chief results is known as the “Born-Haber 
cycle”. Because of the importance of the correlations 
mvolved and their somewhat intricate origin, it is justi- 
fiable on the fiftieth anniversary to attempt to clarify 
aspects of the history of this subject. 

In 1918 M. Born, in part with A. Landé, published a 
series of articles'~§, in which ideas on the energy and other 
properties of crystals with structure of the NaCl type 
were developed. Their considerations were based on the 
generally accepted conclusion that in the space lattice of 
rock-salt, determined by W. L. Bragg, the corners of the 
unit cube are alternately occupied by positively charged 
alkali-metal ions and negatively charged halide ions. The 
treatment of the properties of the lattice thus involves a 
knowledge of the laws of electrical attraction and repulsion 
acting between oppositely charged ions. It was assumed 
that the forces of attraction between the ions follow the 
ordinary inverse square law, while it was concluded from 
the compressibility of the crystals that the repulsion 
varies as the inverse tenth power, that is, the potential of 
the repulsive forces varies as the inverse ninth power of 
the interionic distance. The fact that the potential of 
the repulsive forces involved an exponent n=9 led Born® 
to the remarkable hypothesis that the eight outer-shell 
electrons of the ions oecupied positions at the corner of 
a cube (compare ref. 6); (Bohr’s atomic model, when 
applied to crystals, was shown to give rise to n=5, which 
in turn led to calculated values for the compressibility 
approximately double the experimental results?). 

On the basis of these views about attraction and 
repulsion, Born? developed an expression for U, the energy 
required for the process 


M'X~(s) = M*(g) + X~(g) 


and termed the lattice energy. The equation derived for 
l mole of the salt is 


i _ Na n—l 
~ 48 n 


where N is the Avogadro constant, 8 is the length of the 
unit cell, 2 is the exponent of the potential of the repulsion 
forces and a is a (Madelung) constant characteristic of the 
arrangement of the ions m the crystal. The value of U 
gives essentially the energy required to dissociate the 
ionic crystal at conventional temperature into gaseous 
tons at OK. Some values of U which Born calculated for 


Table 1. VALUES or U 
Salt Lic] NaCl KCL RbCl NaBr KBr KI 


Born’, 1919 179 182 163 144 168 155 144 
Morris®, 19€8 203 185 1638 162 177 161 152 


the same issue of the journal Verhandlungen der Deutschen Physikal- 
ischen Gesellschaft, and the method which has become commonly 
called the Born—Haber cycle was enunciated. A more correct name 
would be the Born—Fajans—Haber thermochemical correlation. 


alkali halides are given in Table 1 (in kealories mole-). 
For n the value 9 was used, except in the ease of LiCl! for 
which n=5 was taken because the two electrons of Lit 
could not constitute a cubic arrangement. Corresponding 
values computed from modern thermochemical data? are 
given for comparison. 

Born? tested the validity of his magnitudes in an 
approximate manner by considering reactions of the type 


Nal(s) + KCl(s) = NaCl(s) + KF (s) 


in which the net change in U can be equated to the change 
of enthalpy for the reaction, the latter quantity being 
obtainable from the difference of the standard heats of 
formation of the products and the reactants. Un- 
fortunately, the net enthalpy change and the net change 
in lattice energy are relatively small quantities, but as far 
as the comparison went it was favourable to the lattice 
theory. Born also attempted an alternative thermo- 
chemical test*: from the definition of lattice energy it 
follows that 


AH; (NaCl s)= AH; (Nat g)o + AH, (Cl- g)o—U (NaCl) 
AH; (KCl s)= AH; (K+ g)o + AH; (Cl- g)o— U (KCI 
By subtracting these two equations the relationship 


AH; (NaCl s)— AH; (KCl s)= 
AH; (Nat g)o— AH; (K* g),-—U (NaCl + U (KCI) 


is obtained and the value of AH; (Cl- g) is eliminated. 
With the use of experimental data for the heats of 
formation and calculated lattice energies it was thus 
possible to calculate the magnitude of AH; (Na* g)— 
AH; (K> g) and to check whether the same result was 
obtained with different sodium and potassium halides. 
The differences in the heats of formation of the gaseous 
metal ions were also estimated from heats of sublimation 
of the alkali metals, AHsu:(M), and the ionization poten- 
tials of their gaseous atoms, Jy, for AH; (Mt g)= 
AHsus(M)tIm. Born’s results obtained by these methodst 
lent support to the lattice theory. 

Fajans"™ carried out a better test of the validity of the 
equation already given for U, based on the heat of 
solution of salts in water to form very dilute solutions. 
The results accorded satisfactorily with the theory. 

In the succeeding article, Fajans reported an investiga- 
tion of the heat of solution, L, of individual salts, and 
pointed out on the basis of the law of conservation of 
energy that this quantity could be regarded as composed 
of two effects: (a) the energy required to dissociate the 
salt into free gaseous ions, namely U, and (b) the heat 


* The signs of many of the terms in our equations differ from those in the 
original articles because then a positive sign was used for exothermic 
processes. 


7T In some references to the “Born-~Haber cycle” (for example, 9 and 10) 
the article? In which these thermochemical tests were made by Born is 
cited. But, as we shall make clear, the important correlation which has 
become known as the ““Born-—Haber cycle” was enunciated later. 
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change when these ions are dissolved in water. Fajans 
defined the latter quantity as the ‘heat of hydration of 
gaseous ions’. For a given ionic salt MX, it follows that 
War + Wy-, the heat of hydration of both ions, is given by 


Wags -f Wy- =L-U 


This equation affords values for the heat of hydration of 
pairs of ions, but even in this, his original article on the 
subject, Fajans attempted to derive the absolute heat of 
hydration of individual tons*. 

The articles by Born'*, Fajans'® and Haber!* published 
in Verhandl. Deut. Physik. Ges. fifty years ago dealt with 
inter alia the calculation of the affinity of a neutral 
halogen atom for an electron. This affinity is measured 
by Æ. which is the energy required to remove an electron 
from a gaseous halide ion. The similar treatments of Born 
and Fajans can be represented by the summation of 
thermochemical equations; thus using NaCl as an example 





Na*(g) + Cl-(g) = NaCl{s) — U 
NaCl(s) = Na(s)+$Cl.(g) — AH;(NaCl) 
Clg) = Cl(g) $ AH aiss(Cly) 
Na(s) = Na(g) AH sun1(Na) 
Na(g) = Nat*(g) + e7 i ee 
Ci-(g) = Cl(g) + e- Eci 


The changes expressed above can also be represented as 
steps in a cycle, 


U 
NaCl(s) mee N E OE) 
t 
AH, — Iys t Eg 
Na(s) + 4Cl,(g) Na(g) + Cl(g) 





~ AH nar — $ AB in 


first portrayed by Haber. 
The energies are interrelated by the equation 


U+ AH; — AH sup1 - I — SAH gist E=0 


and the thermochemical correlation has proved to be 
very important. 

The relationship has become widely known as the 
*“Born—Haber cycle’, but this does a great injustice to the 
part played by Fajans. A more correct title is ““Born- 
Fajans-Haber thermochemical correlation”, which could 
be abbreviated to “BFH correlation”. But because the 
designation “eyele” is so generally used, another pos- 
sibility, “BFH cycle’, would be acceptable, although 
historically this would not be quite accurate, for Haber 
introduced the form of a cycle for the thermochemical 
correlation established separately by Born and Fajans. 

The published works we have outlined substantiate the 
fact that Fajans elucidated the thermochemical cor- 
relation quite independently; this is stated in Born’s 
article on the electron affinity of the halogen atoms" in 
footnote (3): 

“Among these conclusions are also the questions 
treated here, the solution of which Herr Fajans has found 
quite independently of my older, almost equally sounding 
considerations [compare the following footnote (4)] —I 
have already reported the results in the Berlin Physical 
Colloquium in April of this year and I give them here 


* There was an error in the derivation of Wut but this was corrected 
2 months later and in a subsequent issue’? of the same volume (21) of Ver- 
handi, Deut, Physik. Gea. on page 711 the magnitude of about — 260 kcalories 
is given for Wnt; it is interesting to compare this result with a recent 
estimate’, namely Wat = — 263-7 + 3-0 kealories mol. 
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almost unchanged although the numerical data are not 
claimed to be accurate”. 

We shall now look more closely at the role of Fajans in 
the development of the subject. Because chronology is 
important we give dates of receipt and publication of 
relevant articles in our references. 

A hand-written correspondence developed between 
Born and Fajans about the articles by Fajans on the 
thermochemical test of the Born lattice theory (by use of 
heats of solution}!! and on the heat of hydration of 
gaseous ions’. Fajans still has the letters written by 
Born in 1919 and they will be deposited in the Michigan 
Historical Collections at the University of Michigan, 
Ann Arbor. (Replying to a letter written by Fajans on 
August 9, 1966, Born said, on August 23, 1966, that he 
had not kept the relevant letters.) Fajans sent manuscripts 
of his two articles to Born two months and one month, 
respectively, before publication. After receiving the first, 
Born wrote in a letter dated August 26, 1919, Ger. 

“That you have succeeded in confirming my thermochemical 
formula by means of heats of solution has greatly pleased me. 
When I presented the theory about half a year ago in the 
Deutschen Physikalischen Gesellschaft in Berlin, Nernst 
proposed in the discussion that heats of solution should be used, 
as a much greater accuracy may be attainable in this manner. 
However, I was too lazy to carry this through. I was also 
held back by the doubt which Haber had expressed with 
respect to my theory and which appeared so important to me 
that I almost lost belief in it. He actually said it is explicitly 
assumed in the theory that the CI ion in the compound Natl 
and KCl (for example) is identical; but these two salts have 
noticeably different dispersion bands in the ultraviolet, which 
one, for several reasons, must ascribe to the Cl- ion; these Ul- 
ions in NaCl and KCI cannot therefore be identical. If one 
calculates the energy difference U using the formula U =A 
(Yxect Yc) from the difference of the ultraviolet dispersion 
frequencies, Yyaq —Ygop then this value is of the same order 
of magnitude as the lattice energies. If now the validity of my 
formula has been proven by your method, then ib follows that 
the ultraviolet frequencies must be interpreted im a different 
way—a very important result. t 

“I am now particularly anxious concerning your electro- 
chemical application. Haber and I have jointly tried in vain to 
find uses for electrechemistry from the formula. If you have 
now succeeded in doing this, then I am doubly pleased. I 
personally am now concerned in putting the relationship 
between the lattice energy, the ionization potential and the 
heat of sublimation on more exact ground. For this purpose, 
we wish to measure as exactly as possible in my Institute, the 
heats for several metals using the Knudsen method. 

“It is the greatest joy for the theoretician if his work promotes 
experimental research. Your communication has therefore 
strengthened my resolve to follow up the adopted path as far 
as possible...” 

In the second article by Fajans'*, a final section (6) 
entitled “Ausblicke” (prospects) announced that several 
consequences of the results would be published later; only 
one of these need be mentioned here, namely, derivation of 
the energy released accompanying the spontaneous taking 
up of an electron by halogen atoms. In his letter to Fajans 
(dated September 22, 1919, Ger.), Born, having received 
the manuscript, referred to the “Ausblicke” and wrote 
that he had calculated the “electron affinities’’ of the 
halogen atoms much earlier, but only after having learned 
of Fajans’s results did he feel able to risk (“wagen”) 
publication of the numerical data. He hoped Fajans 
would not consider it ill of him if he published his results 
somewhat earlier. 

The next letter from Born to Fajans (dated October 9, 
1919, Ger.) reads as follows: 

“It is a pity that I did not receive your letter a week earlier, 
for then I would have been able to accept without difficulty 
your proposal to publish the electron affinities together. Five 


+ In Born's subsequent article’ it is stated that a correspondence with 
Fajans showed that Haber’s objection could be discounted. 
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days ago, however, I have sent a small article on the matter to 


Scheel [editor of Verhandl. Dew. Physik. Ges.) . For the 
greater part, I already had these results in my possession in 


May, but it was only your valuable work on the heats of 
solution which gave me cause to publish. I make this point 


very clear in my communication. In the meantime Haber has 
also found several of these results, partially by completely 
tangled [‘‘wirren”’] routes; he will believe subjectively in his 
authorship. You see that I am in a dilemma, I do not wish to 
hurt or put anyone at a disadvantage, but on the other hand, 
these consequences are so obvious that I would have been very 
foolish had I not immediately arrived at them. Only Haber’s 
and Nernst’s objections against my theory moved me not to 
publish any consequences until the foundation of the theory 
had been checked from another side. What is now to be done 
for the best. in order that everyone gets his just rights’ f think 
we should wait until the proofs of my article arrive. As soon 
as we have them (I have arranged for them to be sent to vou and 
Haber), we will discuss whether my article should be extended 
by remarks from you and Haber (e.g. more exact values of the 
electron affinities) or be transformed into one joint paper from 
the three of us. It would be best if we could all come together 
and have a verbal discussion ... I shall write to Haber to find 
out whether a meeting of the three of us can be arranged perhaps 
here [Frankfurt a. M.} or in Miinchen... ” 


Haber visited Fajans in München (Munich) late in 
October (Born was unable to attend) and reported the 
conversation in a letter written to his associate J. Franck 
on November 3, 1919. This letter ends with the remark 
that he could not see real grounds for a joint publication 
of the three authors and that Fajans had also decided 
against it. 

Thus the three separate papers on the thermochemical 
correlation were published simultaneously. It is clear 
that Haber, like Born, was precipitated into publishing 
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his contribution by Fajans’s appreciation of the physico- 
chemical applications of the lattice theory. Haber states 
in his paper... “Since the subject, on account of the 
participitation of Fajans in extending the Born theory, has 
turned into a torrent, the communication of these con- 
siderations cannot be postponed ... 7 

We thank Professor Kasimir Fajans for providing us 
with copies of his correspondence and for helpful remarks. 
We also thank Sir Lawrence Bragg for reading the first 
draft of the manuscript and Professor G. V. R. Born for 
permission to quote from the letters of his father, who is 
in very poor health. 
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Reprinted from Nature, January 12, 1922 


Chemical Warfare 

Sır Epwarp THORPE, in his review of Victor Lefebure’s 
book, ‘The Riddle of the Rhine”, in Nature of November 
10, p. 331, quotes a passage which deals with my own 
work during the initial stages of the war, and that of the 
Kaiser Wilhelm-Institut für Physikalische Chemie, of 
which I am the principal. The intention is to make the 
world believe that the materials for gas warfare were 
prepared by the German military authorities and chemical 
industry for the intended war, and that experiments with 
this end were carried out. in my institution, if not previous 
to the war, at least from August 1914 onwards. 

It is always dangerous to attempt to form a correct 
estimate of the intentions of others from the traces of 
events they have left behind them. But the greatest 
errors must necessarily arise if an outsider tries to deduce 
from his own impressions the intentions of men whose 
ways of thinking he does not know and cannot understand. 

Perhaps there might have been some ground for 
suspicion if Germany could have foreseen the trench 
warfare, and if we could have imagined that. the German 
troops could ever be held up for weeks and months before 
the enemy’s wire entanglements. But previous to the 
war, and up to the Battle of the Marne, everyone in 
Germany imagined that the course of the war would be 
a succession of rapid marches and great pitched battles, 
and what use would gas have been to a field army in such 
a war of movements? IT think I may safely say that 
during the course of the war I became acquainted with 
every man of any importance in the army, in industry, 
and in science, who had anything to do with chemistry 
as applied to military offensive and defensive operations, 
and that I am well informed regarding the development 
and the course of chemical warfare. Yet among all these 
men I have never met one who, previous to the war or 
during the first two months of its course, had conceived 


the idea of providing the field army with gas, or had 
made experiments or preparations for such a purpose. 
We had actually first to read in the French, Italian, and 
English Press-—as, for instance, in the Pall Mall Gazette 
of September 17, 1914—of the terrible things that were 
in preparation for us before we began to make similar 
preparations in view of the commencement of the war of 
position. 

As regards my own institution and its work during the 
first months of the war, that intelligent person who, 
according to the passage in Lefebure quoted by Sir Edward 
Thorpe, observed my activities In my institute from 
behind a wall, lacked the gift of interpreting correctly 
what he saw and heard. Visitors in grey Headquarters | 
motors did indeed come to my institution in August 1914, 
though not to see me upon the subject of chemical means of 
warfare, but because Headquarters were very anxious to 
know how motor spirit could be made proof against the 
cold of a Russian winter without the addition of toluol. 
The question of gas as means of warfare did not begin 
to engage our attention until the first three months of 
war had passed. 

In war men think otherwise than they do in peace, 


to go uncontradicted in so serious and respected a journal 
as Nature. 

F. HABER 
Kaiser Wilhelm-Institut, 
Berlin-Dahlem. 
December 17. 
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The first radioactive enzymes in other- 
than-custom quantities now are available 


4 WORTHINGTON from Worthington Biochemical Corpora- 
ret tion. They give the life scientist some new, 
' precise, and versatile tools for his investi- 
4. gative work, 


The Worthington group of radioactive 
biochemicals is comprised at present of 
seven hydrolytic enzymes which are cur- 
rently receiving considerable investiga- 
tive attention. They include radioactive 
ribonuclease, pepsin, chymotrypsin, lyso- 
zyme, deoxyribonuclease, trypsin, and col- 
lagenase. Four radioactive substrates— 
deoxyribonucleic acid, ribonucleic acid, 
soybean trypsin inhibitor and a-casein— 
also are included in the product line. 

The Worthington radioactive enzymes 
offer the researcher advantages of sensi- 
tivity, specificity, and convenience: 

—with radioactivity levels ranging from 

3 to 30 wc/mg, the enzymes can be de- 
tected with much greater sensitivity 
than is allowed by current procedures. 


Radioactive enzymes —radiation detection and quantitation 


with standard laboratory scintillation 


eee new tools for counters is simple and rapid 


—the presence of radioactive enzymes 
can be detected despite their being 


biochemical research inactivated or inhibited. 


Worthington assay data indicate that 
o the radioactive label is on the individual 
from Worthington amino acid molecules making up the en- 
zyme. This avoids complications of using 
iodination or other “external” labels. That 
the enzyme remains catalytically active is 
analytically established. 

See what impact internally-labeled en- 
zymes can have on your work. Write for 
product literature, technical data and 

working sample. 
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Will your mind stop growing? 


Will your mind stop growing when 
you've left university? Or will you 
remain flexible enough to join a com- 
pany which is at the centre of change: 
inventing, developing and improving 
its products and processes all the time” 

Flexibility, talent and a taste for 
responsibility is what ICI looks for. 
And if you've got it, you can go to the 
top with it. 

Each year ICI selects about 500 
graduates from British universities. 
That’s how many are needed to main- 
tain the present rate of diversification. 

Our research, design, development 
and production departments demand 
graduates from nearly all scientific and 


technological disciplines: while gradu- 
ates in any subject, including arts and 
social sciences, are considered for 
sales, marketing, management services, 
personnel, purchasing and distribution. 

But that is just where it starts. Your 
degree subject will not limit you: 
peoples’ talents develop in many differ- 
ent types of job and in many different 
places. | 

That’s why, for example, you may 
find engineers, historians, chemists, 
physicists and specialists in other dis- 
ciplines, all working together— build- 
ing a factory in Holland, selling paint 
in Peterborough, giving technical 
advice to customers in Istanbul. 


Why not talk to us? 

Each spring term ICI representatives 
visit your university. Ask your Appoint- 
ments Officer to fix up a meeting for 
you and learn about the opportunities 
which ICI can offer you. 


Central Personnel Department, 
Imperial Chemical Industries Ltd., 
Millbank, London, SW1. 
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Bradford's Law and the Bibliography of Scie 


by 
B. C. BROOKES 
School of Library, Archive and 


Information Studies, 
University College London 


In 1948 Bradford! formulated an empirical law of scientific 
periodical literature in the following terms: 

“If scientific journals are arranged in order of decreasing 
productivity of articles on a given subject, they may be 
divided into a nucleus of periodicals more particularly 
devoted to the subject and several groups or zones 
containing the same numbers of articles as the nucleus, 
when the numbers of periodicals in the nucleus and 
succeeding zones will be as l:n:n?:...” 

Bradford also drew a graph to illustrate the law (Fig. 1). 
Along the « axis he ranked the periodicals 1, 2, 3,... n... 
in decreasing order of productivity of papers relevant to 
the given subject on a logarithmic scale; along the 
y axis he marked cumulative totals of papers, R(n). 
When R(n) is plotted against log n, the resulting graph 
begins with a rising curve AC which at some critical 
point C runs into a straight line CB. Bradford’s formula- 
tion of this law is quite clear, but he did not express it in 
the form of a mathematical equation. As a result of 
this omission it has taken twenty years for the significance 
of this law to be recognized. 

During these twenty years the law has been regarded 
only as a statistical curiosity. Its validity has been 
tested from time to time with varying degrees of apparent 
success, chiefly because the law has not always been 
interpreted as Bradford formulated it. There has also 
been a search for the underlying formula, particularly for 
series with terms such as (n+an)¢ which might yield sums 
of the form required, and more elaborate formulations 
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Fig, 1. Bradford’s diagram of the “law of scatter” showing the initial 
curve AC, the “nuclear zone” and the linearity CB. 











The rationalization of scientific library systems might be greatly 
facilitated by the application of Bradford’s law, formulated more than 
twenty years ago. 


have been published from time to time. It has only 
recently been noticed? that the law has to be expressed 
in two parts: 

Rin) = anf 


=klogn/s (esn <N) 


(1a) 
(1b) 


These two equations refer separately to the rising curve 
and to the linearity, and satisfy Bradford's verbal formula- 
tion and his graph precisely. 

The constants are not all independent. The value of 
x is the number of relevant papers published in the most 
productive periodical; it clearly increases with the time- 
span of the bibhography. It is found that $< 1 always: 
its value is constant only if the bibliography is restricted 
to some relatively short time-span, say two to five years. 
For bibliographies with longer time-spans such as those 
recently analysed by Goffman and Warren’ on mast 
cells and schistosomiasis, which both ranged over a 
century, it is found that 8 takes a series of successively 
decreasing values—of 0-85, 0-73 and 0-40 for mast cells 
and of 0-91 and 0-86 for schistosomiasis. 

The constant k is the slope of the linearity. All biblio- 
graphies are finite and the final increment, from the 
least productive periodical, cannot be less than l. If 
N is the rank of this last periodical, then 

r(N)= R(N)—R(N-1)= —k log (1—1/Njæk/N=1 
when is large enough, as in this case it is. And so 
k=N, that is the slope of the linearity indicates the total 
number of periodicals in the bibliography. So equation 
(16) can now be rewritten 

R(N)=N log Njs, (cans) 


Qnae) 


(ie) 


Thus the slope of the linearity enables an estimate to be 
made of the total number of papers to be expected in 
the complete bibliography. This estimate has been 
found to be surprisingly exact and the fact is of practical 
importance—as I shall show later. 

It is found that s<1 and that s=1 for only narrow 
scientific subjects: as the subject widens, so does s. In 
fact, s could become an objective measure of subject 
breadth, for it can be shown that if r wholly independent 
bibliographies of equal size, each with s=1, are added 
together to become a composite bibliography then the 
composite value of s is r. 

The value of e, which is related to s, has not yet been 
found to be less than 3, and that when s=], 
value of ¢ increases also as the breadth of the subject 
increases. As the curve is found to run smoothly into 
the linearity, certain analytical conditions have to be 
satisfied: they are that 


1/8 = loge e/g = R(e)/N 


So the 
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For strict conformity with Bradford’s law, certain 
conditions have to be imposed on the bibliography. 
They are (1) the subject of the bibliography must be well 
defined; (2) the bibliography must be complete, that is, all 
relevant papers and periodicals must be listed; (3) the 
bibliography must be of limited time-span so that all 
contributing periodicals have the same opportunity of 
contributing papers. 

Nevertheless, it is found that the form of the graph is 
surprisingly stable even when these conditions are not 
fully satisfied. The more one analyses sets of biblio- 
graphic data in this way, the more one is surprised by 
the stability of the Bradford law and of the characteristic 
form of the bibliograph. 


Mechanism underlying the Law 

The underlying mechanism of this empirical law is not 
fully understood. The generation of a Bradford dis- 
tribution is a stochastic process which is at present being 
explored by computer simulation techniques. There 
seem to be two mechanisms which compete in part. The 
linearity arises if successive choices are made initially 
from a small number of possible items, but only if each 
item selected becomes a “success”? which strengthens the 
probability of that same item being selected again. As 
the total number of selections grows, so does the number of 
items from which selection is made. Gradually a few of 
the items emerge as the most “popular” choices but, as 
they do, a restrictive factor comes into play, though it 
bears only on a limited number of the most popular 
selections. These most popular selections remain, 
however, the most popular selections but with their 
freedom of growth restricted in part. Without such 
restriction the resulting graphs are always wholly linear 
(on semi-log paper) and of the form 

Rinj=k log n/s 

where s <4, that is, they are Zipf distributions. To obtain 
the required Bradford~Zipf combination it is therefore 
necessary to impose on the c most popular choices a 
restriction of the required intensity and proportional to 
some as yet unknown function of (¢e—n) which, for n<c, 
will fade away to zero as n approaches and finally reaches c. 

In bibliographical terms the Bradford law implies that 
when the first papers on a new subject are written they 
are submitted to a small selection of appropriate period- 
icals and are accepted. The periodicals initially selected 
attract more and more papers as the subject develops but, 
at the same time, other periodicals begin to publish their 
first papers on the subject. If the subject continues to 
grow, however, there eventually emerges a Bradford 
“nucleus” of periodicals which are the most productive 
of papers on the subject. As this occurs, the pressure of 
the thrusting new subject on the space of these periodicals 
increases until restrictions are imposed by lmmitations of 
space and by editorial decisions to maintain a balance of 
scientific Interest among all the papers published. Assum- 
ing that the initial growth of literature in any new subject 
follows an exponential law in time, conformity with the 
Zipf law would require a uniform increase with time of the 
numbers of papers published on the new subject by each 
contributing periodical, but this kind of growth does not 
continue; one relief is the establishment of new specialist 
periodicals. The initial rising curve of the Bradford 
nucleus to the Zipf linearity is the indication of the kind 
of restrictive pressure which leads to a Bradford deficiency 
from the Zipf expectation of («+N log s) papers from the 
nucleus of periodicals. 
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If this hypothesis, which combines the free play for all 
of the “‘success-breeding-success” mechanism together 
with restraints on the most popular few is valid, then it 
should apply to other phenomena subject to similar 
conditions. Conversely, if these conditions are not fully 
satisfied, then Bradford—Zipf distributions should not be 
obtained. So let me specify again the requirements for 
exact conformity with the law in more general terms. 

The Bradford-Zipf distribution can be expected to 
arise when selection is made of items, characterized by 
some common element, which are all equally open to 
selection for an equal period and subject to the ‘“success- 
breeds-success’’ mechanism, but when the selection of a 
most popular group 1s also, but to a weaker extent, subject 
to restriction. It is thus a general law of concentration 
over an unrestricted range of items on which is super- 
imposed a weaker law of dispersion over a restricted range 
of the most frequently selected items. 

The Bradford law remains empirical until it is better 
understood. But if it can be demonstrated to be widely 
applicable, reliable and useful in practical operations 
there is no need to wait until the underlying theory is 
completely established. In the chaotic field of scientific 
documentation there is plenty of work for it to do in 
helping to design information systems, in rationalizing 
library services and in making more economic and fruitful 
use of the 29,000 scientific periodicals estimated to be in 
current production, 


Bibliographic Applications of Bradford's Law 

The collection of a complete bibliography by human 
search is still an exhausting task even with the biblio- 
graphie aids now available. There is unfortunately no 
indication to the searcher when his task has been com- 
pleted. All that he knows is that as he approaches the 
end of his task, his search becomes increasingly un- 
rewarding until finally he stops. The advent of com- 
puterized bibliographic search systems such as MEDLARS 
has therefore brought a flood of new bibliographic data. 
The advantage of the computer is that it completes any 
search it makes on the literature within the system and 
maintains a constant standard of “relevance” throughout. 

Fig. 2 shows the actual and estimated Rs 
bibhograph of a MEDLARS print-out on musele fibres 
It is typical of good bibhography, though even this shows, 
towards the end, a slight fall-off from the Bradford idea 
in RUN), though N is correctly estimated. The biblio- 
graph of a good but “selected” (and therefore incomplete) 
bibliography on computer science is shown in Fig. 3 to 
indicate its larger deviation from the Bradford ideal. 

All such bibliographs of periodical literature so far 
examined have either corroborated Bradford’s law or 





390 


Log n 


Fig. 2, Pogteys of MEDLARS print-out on muscle fibres: 313, 
E= 


> RUN) = 1,402, R(E) = 1,8346; ¢=3-6, e= 18. 
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Rin) x 19° 





1 8 10 100 
Log n 
Fig. 3. Bibliograph of a good but “selective” and therefore incomplete) 


1,000 


bibliography on computor science: N =750 


: = 522, 
RIE) =3,436; 8 = 3-4, c= 18. 


RUN) = 4,050, 


else the discrepancies have been plausibly accounted for. 

The number of abstract serials and other aids to 
bibliographic searching now exceeds 1,000 and so they too 
should be candidates for Bradford analyses. Statistical 
data on the use of bibliographic aids are, however, scarce. 
The only published data known to me are those of Wood 
and Bower! of the National Lending Library which 
refer to abstracting serials used in the social sciences. The 
bibliograph (Fig. 4) conforms closely with the law—a 
fact of practical importance though it would be reassuring 
to have corroborating evidence from other sources. 

Data on citations are readily available but their biblio- 
graphs conform only in part to the Bradford—Zipf distribu- 
tion. Some citation data yield Zipf distributions only. 
For example, data on citations in Plasma Physics— 
published by East and Weyman'—yield two successive 
Zipf distributions with s,=1/2-08 and s,=1-00 re- 
spectively (Fig. 5). In this case, therefore, there is no 
Bradford restriction. But this is not surprising because 
there is no restriction on the number of citations that may 
be made. Data on citations given by papers in Physics 
of Fluids to papers in other periodicals, also given by 
East and Weyman*‘, seem to conform with the Bradford- 
Zipf law (Fig. 6), but the estimated end-point is 248 while 
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Fig. 4. Bibliograph of the use 5 abstrac serials in the MON sciences 
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Fig. 5. Bibllograph of citation data in Plasma Physics (ast and Wey» 
man}: two Zipf distributions, s= 1/2-08, a= 1-00, 


the actual end-point is 372 citations. The explanation is 
that citations are not bibliographically homogeneous: 
citations to other papers by papers m Physics of Fluids 
are not all to other papers which would be classified as 
“physics of fluids’: they may refer to mathematics, 
electronics, and so on. So citations do not conform with 
the Bradford—Zipf conformity of the distribution of the 
citing papers. 

If the publishers of books of a bibhographically well 
defined subject, for example mathematies, are ranked 
1,2,3,...%..., and Rin) is the cumulative sum of books 
published within a given period, then H(n) conforms with 
the Bradford law. The required conditions are fully met. 

The issues of books by a library seem to satisfy the 
Bradford conditions but, until a computerized issue 
system can do the count automatically, such data cannot 
be checked without an inordinate amount of clerical 
work. 


Practical Applications of the Law 

In the management of special libraries the biblio- 
graph offers a check on the completeness of any 
allegedly complete bibliography—-a check that has 
hitherto been missing. For any specified subject it 
is necessary to analyse the productivity of only at most 
the c+ 5 most productive periodicals in order to estimate 
the complete bibliography. Thus much time and effort 
can be saved in trying to estimate the magnitude of the 
bibliographical area and the cost to the library of attempt- 
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ing to cover the whole or any specified fraction of the 
complete bibliography. Thus, if f is the specified fraction, 
this fraction of the complete bibliography is covered most 


economically if the Bradford ranked series is cut at — 


n where 
N log n/s=f N log Nfs, 


that is where n/s=(N/s)/. 

Thus, for N = 2,000, s=5-0, N/s=400. And so to cover 
half the output of papers from the 2,000 contributing 
periodicals it is necessary to take only the s(N/s)? or 
100 most productive of the 2,000 periodicals. The same 
technique can be applied to bibliographic aids. It should 
be noted that the technique is valid only if m>c, but a 
special hibrary would normally take at least the “nuclear” 
periodicals in its subject. 

If the total expenditure on periodical provision is 
limited to the fraction f of the sum needed to cover the 
subject completely, the buying of periodicals may be 
supplemented by the buying of photocopies of the 
relatively few relevant papers published in the peripheral 
periodicals. For n2c, the number of papers expected 
in the periodical of rank n is Njn; the cost of such papers 
is therefore approximately An/N each, where A is the 
average cost of annual periodical subscriptions. As soon 
as An/N> P, the average cost of photocopies, it pays to 
switch from periodicals to photocopies. We then have 

An+PN (log N/s—log n/s)=f A N 
an equation for n which can best be solved graphically by 
reference to the bibhograph. 

It is known that scientific periodicals “age”, that is 
interest in and references to back issues decline broadly 
in conformity with the negative exponential law 

Rit) = RO) e- Va 

where R(t) is the sum of the references to issues of age 
tor more, and where a is a constant characteristic of each 
scientific subject. It is therefore possible to organize the 
periodicals in a special library so that ageing issues are 
discarded as they reach any prescribed minimum level of 
utility. If it is worth while just retaining (for a few 
seconds only) new issues of the nth of the N periodicals, 
the fraction of the total utility thus discarded is n/(N 
log N/s) so that equal increments of utility would be 
discarded from the remaining collection if the process 
were continued with the discarding, one by one, of the 
periodicals ranked n— 1, n—2, ... down to n—ce. 

The law could also be applied to the planning of special 
library systems; the model considered here consists of a 
national, a regional and a local library. The local special 
library is assumed to be interested in a scientific subject 
whose complete periodical bibliography consists of N 
periodicals with the characteristic constant s. Of these 
N periodicals, the national library takes all, the regional 
library takes n, and the local library takes na where 
CLN Sn SAN. Most of the periodicals taken by the 
regional and national libraries will be in the outer Bradford 
zones of the subject and therefore contain papers of interest 
to other special libraries as well. 

If it is assumed that the use made of periodicals is 
proportional to the numbers of relevant papers they 
contain, then R(n) is proportional to usage. Thus a 
scientist interested in the subject and seeking specific 
papers will find f,=R(n,)/R(N) of the papers he needs 
in his local library, f,={R(n,)—R(n.)}/R(N) of his 
residual needs in the regional library, and the remaining 


(esns A) 
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fraction, {R(N)— R(n) /R(N}, in the national library. 
Substituting Rin)=N log n/s we obtain 
najs = (N/8)h and n,/s=(N/s)\fiith 

It has been shown’! that f, and f, can be related to the 
“viability ratios” of the libraries. If the local library does 
not attain, for any given potential user, a certain minimum 
viability, he will by-pass it in favour of the library next 
in the hierarchy. This factor depends on the user’s 
estimates of the “costs?” to him of using the various 
libraries and varies from one potential user to another. 
These viability ratios are likely to be lognormal variates. 
A library operating at the median value of the ratio is 
attracting half its potential users, and analysis shows 
that the viability ratio of a local library in relation to a 
regional library varies inversely as the “distance”, 
measured in terms of user cost, of the local from the 
regional library. Thus the local libraries more remote 
from the regional library can operate viably with a smaller 
stock than those that are nearer. 

For all such problems of viability and rationalization of 
library systems the Bradford~-Zipf distribution is of 
great value. Subject bibliographies can be resolved or 
composed without difficulty, for example, but its principal 
advantage is that it has an optimization principle auto- 
matically built into it. The Bradford cut-off is the opti- 
mum cut-off for all purposes. 


Theoretical Problems 

The Bradford—Zipf distribution is empirically found to 
be very stable. But it would be reassuring to have a 
theoretical explanation of its stability. Ordered dis- 
tributions such as Bradford and Zipf have so far attracted 
little theoretical attention. 

Though the Bradford—Zipf distribution, which is first 
organized by arranging all the contributing “sources” 
in order of productivity, is not a conventional statistical 
distribution, such a distribution can be derived from it 
by inverting the distribution to express the numbers of 
periodicals, p(r), expected to produce r papers. The 
probability density function of this distribution is 


l o l , 
l—yr+1 t 





Rea sare Nfe 
where y=e-1/N so that y< 1. This expression reduces to 
pir)=N]r(r+1) when r/N is small enough, but it has to 
be modified to allow for the Bradford restriction when 
r> Nfe. 

The behaviour of the Bradford—Zipf distribution for 
n<c also requires theoretical analysis. It is not clear 
why the exponent B, if not constant throughout, seems to 
take a series of distinct discrete values. 

In conclusion, when remaining doubts about the 
applicability of the Bradford-Zipf to bibliographic work, 
and the reliability of the estimates derived from its 
application, have been more thoroughly tested, it seems to 
offer the only means discernible at present of reducing 
the present quantitative untidiness of scientific docu- 
mentation, information systems and library services to a 
more orderly state of affairs capable of being rationally 
and economically planned and organized. 


1 Bradford, S. C., Documentation (Crosby Lockwood, London, 1948). 
3 Brookes, B. C., J. Doc., 25, 58 (1969). 

* Goffman, W., and Warren, K. S., Nature, 221, 1205 (1969). 

* Wood, D. N., and Bower, C. A., J. Doc., 25, 108 (1969). 

č Kast, H., and Weyman, A., Aslib Proc., 21, 160 (1969). 

t Brookes, B. C., J. Lib. (in the press). 
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Polypeptide Chain Initiation: 


of the Three Ribosomal Binding 


in Bacteriophage RI7 RNA 


Nucleotide Sequences 


Sites 


by The initiator regions of the three cistrons of RI7 bacteriophage RNA 


JOAN ARGETSINGER STEITZ 


MRC Laboratory of Molecular Biology 
Hills Road, Cambridge 


In bacteria, formylmethionine transfer RNA has been 
shown to initiate polypeptide chains’ *. Studies in vitro 
indieate that an AUG or GUG triplet can code for this 
transfer RNA (refs. 2 and 3). The initiation process is 
believed to occur on 305 ribosomal particles‘ in the pres- 
ence of GTP (refs. 5 and 6) and three initiation factors’, 


one of which appears to be required for initiation with 


natural messengers only’-*. But the way in which the 
chain initiation machinery selects the AUG or GUG 
triplet at the beginning of a cistron and discriminates 
against the many mternal AUG and GUG sequences in a 
natural RNA message has remained obscure. 

It seems that the correct initiation triplet is not selected 
simply by its proximity to the 5’ terminus of a messenger 
RNA. The 5’ sequences of the several phage RNA mole- 
cules which have been elucidated do not begin with AUG 
or GUG"-8,; and in at least one case, that of Q8 RNA, no 
AUG or GUG codon occurs within fifty-five residues of 
the 5° end, Likewise, the messenger molecule is not 
required to thread through the 30S ribosomal particle 
until the AUG or GUG closest to the 5’ terminus is reached ; 
initiation can take place with high efficiency on a circular 
single-stranded DNA molecule!®. Quite possibly ribosomes 
may not always start reading at one end of a polycistronic 
messenger and proceed to the other end. Rather, they 
may be able to imitiate protem synthesis internally and 
simultaneously at several sites on a single polynucleotide 
chain!§-17, 

It is hence of interest to consider the regions around 
true initiator codons in the messenger RNA molecule. 
Here, some distinguishing feature, such as a particular 
nucleotide sequence or a specific secondary or tertiary 
structure, might allow selective recognition of true initiator 
codons by the initiation factors in conjunction with the 
308 ribosome. 

For the direct study of such regions, the RNA genome 
of the closely related, small spherical RNA bacteriophages 
(R17, f2, MS2 and so on) provides an ideal system. This 
messenger molecule can be readily obtained in a pure form 
and appears to direct the synthesis of only three pro- 
teins!-?4, These are: (1) The major coat protein of the 
phage, which is synthesized in largest amounts, both in 
vivo and in vitro. Its complete sequence of 129 amino- 
acids has been determined*®*-*4, The nascent coat protein 
begins: fMet-Ala-Ser-Asn-Phe-Thr - - -. (2) The A 
protein or maturation protein, a minor constituent of the 
phage particle, which is produced in very small amounts 
in vitro™, has a molecular weight of approximately 37,500 
(ref. 25), and begins fMet-Arg'*, (3) The synthetase or 
replicase protein, which is translated in an intermediate 


quantity in vitro??? and has a molecular weight of about. 


50,000 (ref. 26) and an N-terminal sequence fMet-Ser??)35, 
The bacteriophage RNA has approximately 3,300 nucleo- 
tides?™?! and is therefore large enough not only to accom- 
modate the structural genes for these three proteins 
(requiring about 3,000 nucleotides) but also to contain 
substantial untranslated regions. These may be distri- 
buted between cistrons as well as at the ends of the RNA 
molecule and could be required for the initiation and 
termination of both protein and RNA synthesis. 

Here I report the isolation and sequence analysis of 


have been isolated and sequenced. All three regions contain a UGA 
triplet as well as the expected AUG and two contain the sequence 
GGUUUGA. The initiator regions thus represent untranslated 
sequences between termination and initiation codons. 


fragments from the R17 bacteriophage RNA corresponding 
to the initiator eae of tio thr ee cistrons. These have 


were formed in conditions ‘of Soe pt ide RA crete 
tion and were subsequently treated with pancreatic 
ribonuclease to trim away the ends of the messenger RNA 
not involved in the initiation complex. The sequences 
of the resulting radioactive RNA fragments were elucid- 
ated using the methods developed by Sanger and his 
colleagues??~ 2. They have been identified as authentic 
initiation regions, for their oligonucleotide sequences can 
in part code for the N-terminal amino-acids of the three 
R17 proteins. 
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Fig. 1. Sucrose gradient analysis of initiation complexes digested with 


5 pgimi, pancreatic ribonuclease. Parallel binding reactions were per- 
formed at 37° © in 50 ul. of solution containing: 01 M Tria chloride 
(pH 7-4), 0-05 M NH,CI, 0-005 M magnesium acetate, 6-0 Ass om unia 
of MREG600 ribosomes, 100 ag crude initiation factors, t0002 M GTP, 
15 Ages um Units of taheliad. plus unlabelled R17 RNA (incubated in 
10 wl. of 0-601 M EDTA for 8 min at 37° C before addition), and 2-2 A ass nm 
units of either charged-formylated or uncharged mixed tRNA. MEEGOO 
ribosomes, crude initiation factors and fMet-tRNA (from CA265) were 
prepared as described by Anderson ef al., Unlabeled R17 RNA was 
prepared as described by Gesteland and Boedtker™. P-lahellad Ki? 
RNA was obtained as follows: Æ. coli $26 was grown at 37° C in a 
medium containing 1-0 per cent Difeo bacto-peptone, 0-4 per cent 
NaCl, 0-1 per cent glucose and 0-002 M Cach. At an Asse nm of O65, 
R17 at a multiplicity of five and **P-orthophosphate at a concentration 
of 0-2 mCi/ml. were added, After 7 h of vigorous aeration, the phage 
were isolated as described by Anderson et al.“ and the RNA was prepared 
according fo Gesteland and Boedtker®*. The yield of Ri? ENA from 
100 mi. of infected bacteria was usually about 1 mg, with a specific 
activity of 2-4 x 10° «.p.m./ag. To reduce autoradiolysis, the RNA was 
stored at a concentration of less than 0-1 mg/ml, in 30 per cent othar 
at —20° C. After 12 min of incubation, the binding reaction mixtures 
were cooled; 0:25 xg of pancreatic ribonuclease was added apd incuba- 
tion at 22° C continued for 15 min. Sucrose density gradient centrifaga- 

tion was performed at 5 mM Mg** i in the buffer described by Kondo ef af." 
for 2h at 40,000 r.p.m. and 4° C. The collected fractions were assayed 
for absorbance and for radioactivity by direct counting of aliquots. 
When isolated and a#nalysed, the radioactive material sedimenting at 
708 from the binding mixture stimulated with uncharged IRN A had an 
identical fingerprint to that from the binding performed with charged- 

formylated tRNA. This radioactivity therefore apparently represents 
real initiator fragments from R17 RNA, whose binding was stimulated 
by uncharged {RNA (or by the presence of a small amount of formy- 

lated charged (RNA in the crude (RNA preparation used), When mo 
CRNA at all was added to the binding mixture, no discernible peak of 

radioactivity appeared in the 705 ribosome region. 
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Fig. 2. Ribonuclease fingerprints of fragments from 70S ribosomes. Upper: T, ribonuclease; lower: pancreatic 
ribonuclease. Freshly prepared “P-labeled R17 RNA was bound to ribosomes in 500 vl. of reaction mixture as 
described in Fig. 1, axcept that the radioactive messenger was not diluted with unlabelled R17 RNA and the {RNA 
concentration was increased 2-5-fold. This brought the molar ratios of R17 RNA: ribosomes :fMet-(RNA to 
approximately 1:2:4, at which optimal “P binding was obtained. After treatment of the initiation complex 
with 5 «g/ml. pancreatic ribonuclease and sucrose gradient centrifugation (in three 5 ml. gradients) as described, 
the fractions from the 708 ribosome peak were pooled and made 8 Min urea. They were then applied directly 
to a 0-5 ml. DEAE- cellulose column (prepared in a Pasteur pipette) which had been equilibrated with a buffer 
containing 5 M urea, 6-05 M Tris chloride (pH 7-4), 0-1 M NaCl, and 0-005 M MgSO, After thorough washing, 
approximately 90 per cent of the counts and 300 ng of RNA were eluted by addition of the above buffer made 0-5 M 
in NaCl, phenol extracted and ethanol precipitated twice. For fingerprint analysis, 60 xg portions of this material 
were digested with 3 zg of either T, ribonuclease or pancreatic ribonuclease in 5 vl. of a buffer containing 0-01 M 
Tris chioride (pH 7-4), 0-002 M EDTA for 30 min at 37° C, Fingerprinting was Met pba according to standard 
procedures, as was the primary sequence analysis of the major oligonucleotides (ref. 29 and J. A. S., in preparation), 
Note that the AUG-containing oligonucleotides are always among the most prominent in the T, fingerprint. Many 
of the minor spots, whose sequences are generally not shown, are derived from the ends of the initiator fragmenta. 
Because the fragments produced by pancreatic ribonuclease treatment of the Initiation complex have frayed ends, 
these oligonucleotides appear in less than molar yield relative to the oligonucleotides from the interior of the 
ribosome-bound fragments, 
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Fig. 3. Synthetase binding site partials. The T, ribonuclease partial products illustrated were obtained by partial 
digestion of the total radioactive RNA recovered from the 70S regions of sucrose gradients of binding reactions 
carried out as described in Fig. 2. In the two experiments which provided these data, the “P-labelled RNA used 
for binding was not freshly prepared and was only 10 per cent intact. 150 ug portions of RNA fragmenis isolated 
from the 70S regions of sucrose gradients were treated with 1/5,000 of their weight of T, ribonuclease in 7 ul. of 
0-01 M Tris chloride (pH 7-4). After 10 min at 0° C, each digest was applied as a rpo 15 em from the end ofa 3 x 33 
cm cellulose acetate strip (Oxoid) and electrophoresed for 2-5 h at 6 kV ina 7 M urea solution buffered to pH 3-5 
with pyridine acetate. The area between the pink and blue marker dyes was blotted through onto a 47 x 57 em 
sheet of DEAE-paper, 5 cm from one of the short ends. Ascending homochromatography was performed in the 
second dimension at room temperature using a buffer containing 8 M urea and 5 per cent yeast RNA (B.DVH.) 
until the blue marker dye had travelled about 15 em from the origin. After drying and autoradiography, the 
oligonucleotide spots were cut out and eluted from the paper with $0 per cent triethylamine carbonate (pH 9-5). 
They were then halved and further characterized by complete digestion with either T, ribonuclease (1-0 wg for 40 
min) or with pancreatic ribonuclease (2-0 wg for 70 min) at 37° C. The T, digests were electrophoresed on DEAE- 
paper in 7 per cent formic acid, and the pancreatic digests on DEAE-paper in pH 1-9 buffer. The T, products were 
analysed by pancreatic ribonuclease digestion and the pancreatic products by T, digestion, both followed by 
ionophoresis at pH 3-5 on DEAE-pa ref. 29 and J. A. S., in preparation). ‘The pancreatic ribonuclease partial 

roducts illustrated have been obtained repeatedly on direct DEAE-cellulose thin layer homochromatography™ 

as described in Fig. 4) of the radioactive RNA isolated from the 70S ribosomes. Some of these synthetase site 
oligonucleotides can actually be seen as very faint spots in the lower centre of Fig. 4, the longer fragments being 
closer to the bottom of the chromatogram. It {is not known whether these products all arise during the treatment ot 
the binding compiex with pancreatic ribonuclease or appear subsequent to the unfolding of the ribosomes due to the 
presence of small amounts of residual nuclease. After isolation from the thin layer plate, they were characterized 
exactly as described above for partial T, products fractlonated by homochromatography on DEAE-paper (J. A.B., 
in preparation). The double ends on some of the partial products indicate that these were isolated as mixtures of 
oligonucleotides with the two termini shown. The tentative sequence (denoted by the dotted line) at the 3° end 
of the synthetase site fragment was deduced by analysis of the various pancreatic ribonuclease partial products, 
rather than by prior sequence analysis of the complete T, oligonucleotide obtained from a fingerprint. Note that 
many T, partial products have termini arising from pancreatic cleavage; these are therefore ends of initiator 

fragments as isolated from the ribosomes, 
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Isolation of RI7 RNA Initiator Fragments 


Takanami, Yan and Jukes*5 were the first to show that 
regions of the bacteriophage RNA can be protected from 
nuclease digestion by association with ribosomes, For 
my study, it was essential to produce RNA-ribosome 
complexes with reasonable assurance that the interaction 
was occurring only at sites on the RNA actually specifying 
the initiation of protein synthesis. I have therefore taken 
advantage of an observation made by Kondo, Eggerston, 
Eisenstadt and Lengyel" that the binding of ##P-labelled 
f2 RNA to 70S ribosomes from FE. coli at 5 mM Mg?+ 
concentration is strictly dependent on the presence of 
fMet--RNA:. Fig. 1 shows that this dependence on 
formylated charged methionine {RNA can also be observed 
when an initiation complex formed between MRE600 
ribosomes and **P-labelled R17 RNA is treated with 
pancreatic ribonuclease before sucrose gradient analysis. 
A five-fold stimulation in the amount of radioactivity 
remaining bound to the 70S ribosomes is seen as compared 
with the control experiment, in which uncharged tRNA 
was substituted. Whereas 10 to 20 per cent of the R17 
RNA was associated with the ribosomes before digestion, 
only about 0-5 per cent of the total radioactivity remains 
after ribonuclease treatment. 

The binding experiment described here (see also legend 
to Fig. 1) was simply scaled up to obtain amounts of 
3P-labelled initiator fragments sufficient for sequence 
work. The #P R17 RNA utilized was of very high specific 
activity (about 3x 10° c.p.m./ug). Presumably because 
of autoradiolysis, it was not totally intact even immedi- 
ately after preparation and degraded further on 
storage. The age and consequent state of fragmentation 
of the RNA appear to influence the relative affinity of 


the ribosomes for the several binding sites in the R17 
RNA molecule and will be discussed in detail below. After 
ribonuclease digestion, the initiation complex was frac- 
tionated by sucrose gradient centrifugation, and the 
ribosomes from the 70S region of the gradient were 
unfolded by the addition of 8 M urea. Passage over a 
small DEAE-cellulose column to remove the bulk of the 
unlabelled ribosomal RNA then rendered tha R17 RNA 
fragments suitable for further study. 


Sequence Analysis of the initiator Fragments 


T, and pancreatic ribonuclease fingerprints of the total 
fragments isolated from a pancreatic ribonuclease-digested 
initiation complex are shown in Fig. 2. Although the 
relative yields of the oligonucleotides vary somewhat, 
the fingerprints are generally consistent from one binding 
experiment to another. Moreover, they contain the same 
major oligonucleotides whether pancreatic or Th, ribo- 
nuclease is used to trim the ends of the R17 RNA from the 
initiation complex. This result indicates that most of the 
labelled RNA being studied is actually protected in the 
ribosome—messenger complex before digestion and does 
not represent nuclease-released fragments which subse- 
quently bind to the ribosomal particles. The RNA frag- 
ments obtained by pancreatic ribonuclease digestion of 
the initiation complex were chosen for further analysis 
since they have a somewhat simpler fingerprint and thus 
promised to be easier to sequence than the T -produced 
fragments. 

The primary sequences of the major oligonucleotides 
in the T, and pancreatic ribonuclease fingerprints shown 
in Fig. 2 were determined by standard methods**-*! and 
will be described in detail elsewhere (J. A. S., in prepara- 
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Fig. 4. Fractionation of fragments isolated from 708 ribosomes. Initiator 
fragments were produced and isolated as described in Fig. 2, using *P- 
labelled R17 RNA which was freshly prepared and therefore approxim- 
ately 60 per cent Intact. After isolation, the radioactive fragments 
were divided inte portions of about 200 ug dissolved in 6 wl. of water. 
Each was applied as a spot 12 cm from the end of a 3x 55 cm strip of 
callulose acetate (Selectra~-Elektrophoresefolien, Schleicher and Schüll) 
and electrophoresed at 5 kV for 1 hin 7 M urea buffered to pH 3-5 with 
pyridine acetate. The region around the pink marker dye was blotted 
through on to one end of a 20x20 cm thin layer of DEAE-cellulose 
(75:1, MN 300 and MN 300 DEAE, Machery, Nagel and Co.). After 
drying and equilibration, the fragments were chromatographed at 60° C, 
using a buffer containing 5 per cent yeast RNA (B.D.H.) and 5 M urea, 
pH 7-5, until the solvent front reached the top of the plate. After auto- 
radiography, the spots were scraped from the plate, washed with ethanol 
to remove the urea and eluted from the DEAE-cellulose with approx- 
imately 0-3 ml. of 30 per cent triethylamine carbonate. Following evapo- 
ration of the buffer, each oligonucleotide was divided and further 
characterized by digestion with both pancreatic ribonuclease and T, 
ribonuclease as described in Fig. 8 (J. A. 5., in preparation). The arrows 
in the sequence signify the points of pancreatic ribonuclease cleavage 
which gave rise to the fragments present in spots land IT, The tentative 
sequence (denoted by the dotted line) of the large AAC-containing T, 
oligonucleotide at the 5° end of I was deduced not by direct analysis of 
the complete primary T, oligonucleotide from H, but by examination 
of the several partial products derived from it, each of which was present 
in low molar yield in J. Its sequence is uncertain in that one or two extra 
C residues may be present as indicated: CCIC 2)U(C PAACCG, Hence it 
may or may not contain the termination triplet UAA. Interestingly, the 
3’ terminus of the coat protein binding site fragment does not appear to 
be variable, This could be explained by the existence of the secondary 
structure shown in Fig. 9; in the isolated fragment the base paired region 
would protect against further pancreatic ribonuclease attack. 


tion). Only the sequence of the large oligonucleotide 
(CUUCUAACUUD) at the top of the T, mbonuclease 
fingerprint requires special comment. Its lack of a 3’ 
terminal G residue indicates that it arises from the 3’ end 
of at least one of the fragments in the mixture isolated 
from the 70S ribosomes. It also confirms that the coat 
protein initiation site is represented, for it would code 
for the N-terminus of the R17 coat protein in the following 
manner 
Ala Ser Asn Phe 
(G)CU UCU AAC UUU 


(An identical sequence has been deduced by Robinson, 
Frist and Kaesberg, who have isolated a T, oligonucleotide 
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coding for the first six amino-acids of the R17 coat pro- 
tein*4.) The probability of obtaining a nucleotide sequence 
corresponding to these four amino-acids is about 1 in 10°; 
hence it is highly unlikely that this cligonucleotide could 
arise from any other region in the 3,300 nucleotide-long 
RNA molecule. 

The overlapping of several of the oligonucleotides from 
the T, and pancreatic ribonuclease fingerprints into 
longer sequences was achieved by analysis of partial T, 
digestion products of the total RNA fragments isolated 
from the 70S ribosomes. In this manner the complete 
set of T, partial products illustrated in Fig. 3 and some 
of those shown in Fig. 5 and Fig. 7 were obtained. There 
were, however, difficulties in isolating other partial pro- 
ducts pure enough to overlap the many remaining primary 
oligonucleotides. In addition, from what information was 
obtained, it appeared that the primary oligonucleotides 
could be divided into several discrete linkage groups. 

Fractionation by homochromatography™ of the total 
isolated fragments before further digestion revealed why 
this was so. This technique, which is a form of displace- 
ment chromatography performed on a thin layer of 
DEAE-cellulose, offers an excellent alternative to poly- 
acrylamide gel electrophoresis for the separation of 
oligonucleotides up to fifty residues in length. The 
fragments isolated from the pancreatic-digested initiation 
complex resolved into a number of components as illus- 
trated in Fig. 4. The two major spots in the autoradio- 
gram are simply size variants of a sequence derived from 
the initiation region of the coat protein gene. The com- 


material isolated from such a homochromatogram. 

In addition to the two strong oligonucleotides from the 
coat protein initiation site, other fragments are visible in 
Fig. 4. These are a group of spots in the lower centre, 
which correspond to the synthetase binding site (see 
Fig. 3), and those in the area above I and II, which are 
derived primarily from the A protein binding site. This 
particular distribution of oligonucleotides is observed 
only when fresh 3#P-labelled R17 RNA is used in the bind- 
ing reaction. When older (and hence more degraded) 
RNA is used, the coat protein initiator fragments 
become much less prominent in the homochromatogram, 
while those derived from the synthetase and A protein 
binding sites become relatively more intense. The use of 
degraded RNA therefore provided valuable data for the 
analysis of the two latter sequences. None the less, the 
yield of A protein initiator fragments was barely sufficient 
to allow completion of the sequence of this region. 


Initiation with Bacillus stearothermophilus Ribosomes 


Lodish and Robertson" have shown that when ribo- 
somes from B. stearothermophilus rather than from Æ. coli 
are used for the in vitro translation of f2 RNA, only the A 
protein is initiated and synthesized. I have confirmed 
this observation in binding experiments with °*P-labelled 
R17 RNA. Fig. 6 shows T, and pancreatic ribonuclease 


f~met ala 


a T aA a, 


‘oat protein binding site partials. Oligonucleotide I, obtained and isolated from a homochromatogram as 


described in Fig. 4, was subjected to digestion with 1/10,000 of ita weight of T, ribonuclease for 10 min. at 0° © 


in 7 wl. of 0-01 M Tris chloride (pH 7-4), 0-002 M EDTA. 


The partial degradation products were then fractionated 


by ionophoresis on cellulose acetate plus DEAE-paper homochromatography, isolated and further characterized 

as described in Fig. 3 (J. A. S., in preparation). Eech partial product illustrated appeared and was analysed in two 

independent experiments, Again the double ends indicate that the product was isolated as a mixture of oligo- 

nucleotides possessing the two termini shown. Although relatively few T, ribonuclease partial products are 

obtained from the coat protein binding site fragment, note that they do unambiguously overlap the primary T, 
and pancreatic oligonucleotides into the given sequence. 
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fingerprints of unfractionated fragments isolated from ing to the A protein initiation site, and many of the 
705 B. stearothermophilus ribosomes. Both fingerprints appear as minor spots in Fig. 2. E 
are considerably simpler than those shown in Fig. 2 and The use of B. stearothermophilus ribosomes increas 
reveal only a subset of the oligonucleotides present when the yield of A protein binding site fragments per mok 
E. coli ribosomes are used for binding. All of these of R17 RNA added by about ten-fold. This allowed ~ 
oligonucleotides had previously been identified as belong- analysis of a full set of T, ribonuclease partial digestion 
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Fig. 6. Ribonuclease fingerprints of fragments isolated from B. stearothermophilus ribosomes. Upper: T, ribonnu- 
clease; lower: pancreatic ribonuclease. Freshly prepared P-labeled R17 RNA was bound to B, stearothermophilus 
ribosomes in 500 wl. of reaction mixture peer A ae 0-1 M ammonium cacodylate (pH 7-1), 0-1 M NH,C!, 0-008 M 
magnesium acetate, 0-0002 M GTP, 55 Asse nm units of charged formylated mixed (RNA, 57 Aga nm units of 
B. stearothermophiius ribosomes (prepared by washing three times with buffer A (ref. 5) and 15 Aas nm units of *P- 
labelled Ri7 RNA. After incubation for 10 min at 61° C, the reaction mixture was cooled and treated with 2-5 ug 
of pancreatic ribonuclease for 15 min at 22° ©. Sucrose gradient centrifugation, fragment isolation and finger- 
printing were performed as described in Figs. 1 and 2. No large oligonucleotides derived from the coat or synthetase 
protein binding sites were ever detected in B. stearothermophilus ribosome fingerprints, but binding experiments 

rformed in parallel with Æ. eoli ribosomes yielded fragments derived from all three initiation sites of the B17 

NA. Note that several of the minor oligonucleotides in the T, ribonuclease fingerprint do not possess a 2’ 
terminal G residue. These arise either from the ends of ribosome-bound fragments or from contaminating pan- 

ereatic ribonuclease cleavage of the fragments during isolation. 
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products (Fig. 7), thereby comple ting the A protein initis- 
tion site sequence. 


Identification of the RI7 Initiator Sequences 


The sequences of the three ribosomal binding sites in 
the R17 RNA are shown in Fig. 8. The identification of 
the first as that specifying the beginning of the coat protein 
cistron is unambiguous. The assignment of the third 
sequence to the R17 A protein is strongly supported both 
by the result obtained with B, stearothermophilus ribo- 
somes and by the presence of an arginine codon following 
the AUG triplet. 

By elimmation the second sequence should encode the 
beginning of the R17 synthetase protein. This fragment 
contains two potential initiator triplets, both AUGs, one 
followed by an arginine codon and the other by a serine 
codon. The second AUG is implicated as the true initiator 
by the following considerations. First, if it is assumed 
that the ribosome shields approximately equivalent lengths 
of the messenger RNA at each binding site, then by com- 
parison with the other two fragments the first AUG is 
unlikely to be the initiator codon; it lies too close to the 
5’ end of the fragment. Second, the nucleotide sequence 
to the right of the second AUG predicts that the amino 
terminal sequence of the synthetase protein should be 
fMet-Ser-Lys-Thr- - -. This sequence has now been in 
part confirmed: a tryptic peptide, isolated from the 
R17-directed in vitro system and identified as the N- 
terminus of the synthetase protein, has been shown to be 
{Met-Ser-Lys (M. Osborn, K. Weber and H. Lodish, 
personal communication). 


Ribosomal Recognition of Initiation Sites 


The polypeptide chain is initiated at an AUG codon in 
each of the three cistrons of the R17 RNA. Any additional 
sequence elements which might distinguish these three 
AUGs from other AUGs are not immediately obvious, and 
at this point we do not know why the ribosome selects 
these particular initiator codons. 

The difficulty is likely to arise from the fact that any 
general recognition by the ribosome may be influenced 
not only by the nucleotide sequence around the initiator 
AUG but also by the local secondary and tertiary structure 
of the RNA molecule. Obviously, a complete description 


~_ me 


NATURE VOL. 224 DECEMBER 6 1969 


of the initiation event must explain both the fact that the 
three bacteriophage genes are translated with very 
different efficiencies (under one set of conditions in vitro, 
the molar amounts of coat protein : synthetase : A protein 
are 20: 6: 1 (ref. 22)) and the observation that in vitro B. 
stearothermophilus ribosomes recognize the A protein 
initiation site only. For ease of discussion, nucleotide 
sequence homologies and secondary and tertiary structure 
possibilities are considered separately, but in practice 
these two aspects cannot be divorced from one another. 


Sequence Homology 


The only extensive common sequence in the three R17 
initiator fragmenta is GGUOUUUGA, which appears three 
nucleotides to the left of AUG in the coat and A protein 
binding sites. Because a portion of this sequence, UUUGA, 
also appears (two nucleotides) to the left of the initiator 
AUG in the coat protein cistron of Q8 RNA (J. Hindley, 
personal communication), it is extremely tempting to 
ascribe to it a role in initiation. A similar sequence does 
not, however, oceur in the synthetase initiator frag- 
ment and therefore cannot be obligatory for ribosome 
recognition. Nor is this homology helpful in explaining 
the differing frequencies of translation of the three 
bacteriophage proteins or the fact that B. stearothermo- 
philus ribosomes recognize the A protein initiation site 
only. The difference in the synthetase sequence, on the 
other hand, could possibly be related to the fact that 
initiation of translation at the synthetase cistron can be 
inhibited by the binding of coat protein to the phage 
RNA (refs. 22, 35). Because this is not true of translation 
of the other two genes, one might speculate that this region 
is the site of coat protein binding and repression. 

Another curious sequence homology which occurs in 
all three fragments is a UGA triplet to the left and in 
phase with each initiator AUG. These UGA sequences 
may be elements m a general recognition site for the 
ribosome or reinforcement terminators strategically 
placed to ensure that reading from the previous cistron 
is not continued into the next. They are unlikely to be 
the normal termination signals at the ends of R17 genes, 
for either the one in the synthetase or that in the 4 
protein fragment should then be preceded by a codon 
(UAPy) for tyrosine—the carboxy terminus of the coat 
protein?®?4, This is evidently not the case. 
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Fig. 7. A protein binding site partials. 





Fragments were prepared using B. stearothermophilus ribosomes as 


described in Fig. 6. After fractionation by DEAE-cellulose thin layer homochromatography (Fig. 4), the variably 
sized oligonucleotides were re-isclated, and two of the longer ones were chosen for T, partial digestion, which was 
performed as in Fig. 5 (J. A. B., in preparation). The remainder of the oligonucleotides from the homochromato- 
gram and the T, ribonuclease partial products were analysed as described in Fig. 3 (J. A. B., in preparation). 
Tn addition to appearing in digesta of fragments isolated from B. stearothermophilua ribosomes, at least one-fourth 
of the T, ribonuclease partial products illustrated had been previously obtained from partial digests of mixed 
initiator fragments (containing all three binding sites) isolated from F. coli ribosomes. Double ends again signify 
that the oligonucleotide was isolated as a mixture with several termini. The dotted Hine denotes an uncertainty as 
to the number of G residues present; the sequence could be either... AGGA ... or... AGGGA.. 
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Coat protein 


Synthetase 


963 
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Fig. 8. 


Ribosome binding sites of R17 RNA. The initiation regions of the three cistrons in the RIT RNA and the 
predicted ‚N-terminal amino-acid sequences of the corresponding proteins are shown. 
denote regions of tentative sequence (see Figs. 8, 4 and 7 for details), 


‘The dotted Hues again 
Aliso note from Figs. 3, 4 and 7 that the 


fragments as isolated from the pancreatic ribonuclease treated ini tiation complex have frayed ends and that many 


of them are considerably shorter than the sequences shown above. 


The segment which appears most frequently in 


all three cases is sHghtiy asymmetrie about the AUG, extending about twelve nucleotides to the right and approxi- 
mately seventeen to the left of the initiator triplet. 


Further sequence homologies in the three initiator 
fragments which might represent general ribosome 
recognition sites can likewise be identified. For instance, 
even the synthetase sequence to the left of the initiator 
AUG appears to be slightly more similar to the coat 
protein sequence than a random polynucleotide would be 
expected to be. None of these homologies, however, is 
extensive enough to be convincing until supported by 
sequence data from other systems. It seems unlikely that 
the true recognition regions lie beyond the 5’ ends of the 
isolated fragments and that ribosomes bind there before 
sliding along to the first available AUG. Were this so, 
protein synthesis would then be mitiated at the wrong 
AUG codon in the synthetase fragment. The possibility 
thus remains that the ribosome or initiation factor popula- 
tion is heterogeneous, thereby allowing recognition of 
several different initiation site sequences. 


secondary and Tertiary Structure 

The nucleotide sequence at the beginning of the R17 
coat protein cistron may be folded as shown in Fig. 9. 
AUG is at the turn of a hairpin loop in which eleven out 
of twelve possible base pairs are made (counting G-U 
pairs). As demonstrated by Adams, Jeppesen, Sanger 
and Barrell**, the R17 RNA does contain extensive 
regions of double helix. But whether a loop at the coat 
protein initiation site actually exists in the intact RNA 
molecule and whether it might have any physiological 
significance for the specificity of ribosomal binding is 
unknown. 

The synthetase and A protein initiation site sequences 
cannot. be fitted to similar satisfactorily hydrogen-bonded 
structures. Although it is not impossible that these 
sequences may lie at the turns of much longer loops, it 
nevertheless appears that hydrogen-bonding directly 
adjacent to the initiator codon is not required for ribosome 
recognition. On the other hand, at least two AUG codons 
within the R17 coat protein cistron (that specifying Met,, 
and one out of phase between amino-acids 81 and 82) 
appear to he buried in a hydrogen-bonded structure**. 
It is interesting to note that the sequence around this 
latter AUG is GCAUGGC, which is precisely the same as 
that found at the beginning of the coat protein cistron. 
Hence, it would seem that secondary structure might play 
a negative rather than a positive part in initiation; it 
may be important as a device for ensuring that internal 
AUG and GUG triplets are not available for ribosome 
attachment. 

Secondary structure in the R17 RNA molecule has also 
been proposed to explain the polarity exerted on the 
synthetase cistron by amber mutants early in the coat 
protein gene*’~#*.22, We have therefore compared the 
sequence of the synthetase initiation site with that pre- 
dicted for the coat protein structural gene hoping to 
identify regions of potential base pairing which might 
prevent the binding of ribosomes to the synthetase site 
until the coat protein cistron has been translated. 


Although this search did not reveal any obvious comple- 
mentarity, very short stretches of hydrogen bonding or 
secondary structure of a sort which might better be 
described as tertiary structure may yet be the basis of 
the observed polarity. 

The existence of tertiary structure, that is, the speeifie 
folding together of loops of the type analysed by Adams 
et al.*®, also offers a plausible interpretation of the binding 
results obtained with K17 RNA having different degrees 
of fragmentation. I find that the most intact **P-labelled 
preparations yield primarily coat protein initiator frag- 
ments (and some A protein). This is in agreement with 
the observations of Lodish and Robertson’*®, who have 
shown by dipeptide synthesis that only two initiation 
sites, the coat and A protein, are available for ribosome 
attachment in the intact phage messenger. The synthe- 
tase site presumably lies buried by flexible structures 
present in the RNA molecule. It can be exposed by 
fragmentation of the RNA (refs. 22, 35, 40, 42) as well as by 
translation and consequent unfolding of hydrogen-bonded 
regions in the coat protein cistron. Hence, it would be 
expected that the more degraded the “P-KNA used in 
the binding reaction, the greater the relative yield of 
the synthetase initiation site. This is, in fact, what I òf 
serve. RNA fragmentation, with resulting alterations in 
secondary or tertiary structure, has therefore made the 
isolation and sequence analysis of the synthetase initiator 
fragment possible. 

Although secondary and tertiary structure may play 
important parts in controlling the initiation of protein 
synthesis directed by bacteriophage RNA molecules, it 
may be incautious to assume that similar devices are 
used in other messengers. The phage RNA is a messenger 


AUG 
C—6 
G—Cc 
AU 
A—U 
G—C 
U u 


we an e un ma ae a y e e 


Fig. 9. Potential secondary structure at the R17 coat protein ribosomal 
binding site. The dotted Hne again denotes the tentative portion of this 
sequence (see Fig. 4). ACX, the codon-for threonine, has been added at 
the 3° end of the fragment to show that the region of hydrogen bonding 
apparently does not extend beyond the determined seguono.. Note that 
the unmade base pair in the loop is U-U, a noa-cothplementarity which 
would not be expected seriously to disrupt the stability of the structure, 
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molecule which is highly resistant to degradation, as well 
as a genome which is capable of being tightly packed into 
a spherical coat protein shell. Clearly, generalizations 
must await the analysis of messengers from bacterial 
and other systems. 


Gene Location in the RIZ RNA 


The position of termination triplets to the left of the 
three initiator AUGs in the isolated binding site fragments 
demonstrates that untranslated regions are present be- 
tween cistrons in the R17 RNA. Hence, termination 
is not directly coupled to initiation by adjacent codons; 
and, in fact, the codons specifying these two events may 
be quite widely separated (J. Nichols, personal communi- 
cation). This makes more plausible both the observation 
of independent translation of bacteriophage genes*®*:4? and 
the idea that the efficiency of translation of the three 
eistrons need not be directly correlated with gene order. 

No pppGp, the nucleotide tetraphosphate appearing 
at the 5’ terminus of intact R17 RNA (ref. 41), has ever 
been detected in fingerprints of fragments produced by 
either pancreatic or T, ribonuclease digestion of an initia- 
tion complex. Moreover, comparison of the primary 
oligonucleotides from the ribosomal binding sites with 
those from an eighty to ninety nucleotide segment 
containing the 5’ end of the R17 RNA (J. M. Adams, 
personal communication) indicates that there is no 
overlap in sequence. Thus no R17 cistron begins within 
about a hundred nucleotides of the 5’ end of the RNA 
molecule. 

Experiments designed to locate the three initiation 
sites and the fifty-seven long oligonucleotide fragment 
from the interior of the coat protein cistron! in well 
characterized large fragments of the R17 RNA (a 40 per 
cent fragment from the 5’ end and a 60 per cent piece from 
the 3’ end*.42-43) are now in progress. Preliminary 
results obtained in collaboration with R. Gesteland, P. 
Spahr and P. Jeppesen indicate that the gene order in 
the R17 RNA is 5’-A protein—coat protein-synthetase-3’. 

I thank Dr M. S. Bretscher, whose interest and advice 
have been essential to the success of this investigation. I 
also thank B. G. Barrell for his help with sequencing 
techniques and Drs F. Crick, F. Sanger and R. Russell for 
discussions. This work was done while I was a post- 
doctoral fellow of the US National Science Foundation. 

Note added in proof. On the basis of additional evid- 
ence, the sequence of the T, oligonucleotide in the coat 
protein binding site which was indicated as tentative 
(Figs. 4, 5, 8 and 9) now appears to be CCUCAACCG. The 
tentative regions in the synthetase (Figs. 3 and 8) and the 
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A protein (Figs. 7 and 8) binding site sequences are appar- 


ently correct as given. 

Received October 9, 1969. 
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Sequence of a Ribosome Binding Site in Bacteriophage QB-RNA 


by 
J. HINDLEY 
D. H. STAPLES 


Molecular Enzymology Laboratory, 
Department of Biochemistry, 
University of Bristol 


THE initiation of protein synthesis in bacterial cell-free 
systems is at present envisaged as a stepwise process. 
First, a 30S ribosomal subunit forms a complex with 
messenger RNA and formylmethiony {RNA (¢RNA?*) 
in the presence of GTP and initiation factors. In a 
complete system a 50S ribosomal subunit is attached to 
this complex and then a second {RNA directed by the 
codon next to the initiator codon?-’, 

The single stranded RNA messenger from the small 
RNA phages (fe QB, R17) code for at least three proteins: 


A sequence of twenty-six nucleotides which includes the initiation 
region of the coat protein cistron of Qf bacteriophage has been 
isolated and determined. The region contains the sequence UUUGA. 


coat protein, RNA polymerase and A protein’. When fs 
RNA is used as messenger in an in vitro protein synthesiz- 
ing system the different proteins are not made simul- 
taneously; the coat protein appears first and is the 
predominant product. Other evidence also suggests 
that a limited synthesis of coat protein is a prerequisite 
for the start of translation of the other cistrons4. When 
a fragment derived from phage fa RNA, which has lost 
the coat protein gene, is used as messenger In an tn vitro 
system, no lag is observed in the synthesis of non-coat 
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proteins**. This suggests that in the intact messenger the 
initiation sites for these proteins, though demonstrably 
present, are masked—perhaps by secondary structure of 
the RNA—from interacting with ribosomes. 

Other studies support this interpretation. It has been 
shown that using f, or Q8-RNA as messenger, the chain 
initiation complex (mRNA-ribosome-tRNA**) can be 
identified in the 70S region of sucrose gradients and this 
complex contains Q8-RNA and :RNAM* in an approxi- 
mately 1:1 molar ratio™. Although Q8-RNA is a poly- 
cistronic messenger, only one initiation site is recognized 
under the experimental conditions. An alternative, 
though less likely, explanation is that more than one 
binding site on the messenger is recognized, but that these 
are mutually exclusive. 

These results suggest that in addition to the presence of 
an initiator codon some other structure in the messenger 
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Fig. 1. Formation of 70S chain initiation complex. The incubation 
mixture contained in a volume of 0-20 ml.: Tris-HCl buffer (pH 7-8), 
50mM; NHCl, 50 mM; magnesium acetate, 5 mM; 2-mercaptoethanol, 
6mM; GTP, 0-3 mM; crude E. coli BtRNA™ t, 2-0 Ases nm Units (prepared 
according to Hershey and Thach™ except that the S100 fraction used 
for charging and formylation was pyrophosphorolysed (personal communi- 
cation from R. E. Munro) and passed through a column of ‘Sephadex 
G-25’ before use and the formyl donor was the calcium salt of N*-formyl- 
tetrahydrofolate), Æ. coli Q-13 ribosomes, 10°5 Ass» nm units; and 
*=P-QS-RNA,. 09 Ages nm unit (1-2 10’ c.p.m.). After incubation for 
8 min at 37°, 0:15 ml. was layered on 5 mil. of a linear sucrose gradient 
(4-20 per cent w/v) in a solution containing 50 mM Tris-HCl (pH 7-8); 
50 mM NH,Cl and 5 mM magnesium acetate. The samples were centri- 
fuged for 120 min at 39,000 r.p.m. at 4° in an MSE 3x 5 ml. swing-out 
rotor. Fractions were collected and assayed for Age nm and for radio- 
activity. x --* x, Amo nm; A—A, “P in complete system; O—O, 
P in complete system minus tRNAM and GTP. 


| eT TESO aig ee eee 





+ | 
? | — 
l r 
a Oo. F 
ca =_ 
o oud | 
= 
| m: aii eS ex 
0 L aa r n iii 
0 5 i0 15 20 25 30 35 40 45 


Fraction No. 


Fig. 2. The distribution of "P in a ribonuclease A digest of the 70S 

initiation complex fractionated by gel filtration through ‘Sephadex 

G-200". The digest (3 ml.) was applied to a column of ‘Sephadex G-200" 

(1-2 x 50 cm) equilibrated with standard buffer and run in a cold room. 

The column was run at a flow rate of 12 ml/h and 2-0 ml. fractions 

were collected; (——) distribution of **P in the effluent, ( - - - ) replotted 
on = 10 ordinate scale, 
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Fig. 3. Gel electrophoresis of RNA isolated from ribosomes after ribo- 
nuclease A treatment, Electrophoresis was carried out in a gel slab 
preparex in a cell consisting of two glass plates separated by two greased 
‘Perspex’ strips inserted parallel to the long edges of the cell and held in 
position by spring clips. The internal dimensions of the cell were 
235x 4x03 cm. To prepare the gel the cell was supported rigidly in the 
vertical plane with its lower end sealed with ‘Plasticine’ and filled to a 
depth of 15 cm with a small pore (12-5 per cent) gel solution?" containing 
riboflavin as the polymerization catalyst (the buffer systems and com- 
positions of the gels are those given in ref. 16). Water, 1 mL, was layered 
on to the surface of the gel solution and polymerization allowed to 
proceed for 3U min under uniform illumination from two fluorescent 
lamps. After removal of the water layer the same procedure was followed 
to polymerize 1:5 cm depth of a 5 per cent gel solution on top of the 12-5 
per cent gel, The ‘Plasticine’ seal was then removed and the cell suppor- 
ted in the vertical plane with its lower end dipping in a reservoir (500 ml.) 
of Tris-barbitone buffer. The RNA sample, dissolved in about 0-2 ml. 
water containing 5 per cent sucrose and sufficient bromophenol blue to 
colour the solution faintly, was layered on to the 5 per cent gel and the 
cell gently topped up with the running buffer. Connexion to the 
upper reservoir was made with three strips of Whatman 3 MM paper. 
Electrophoresis was carried out at room temperature for 5-6 h at a con- 
stant current of 5 mA (400 V) until the blue marker was half way down 
the gel. At the end of the run the cell was dismantled and the gel alab 
lightly stained with methylene blue**. To prepare an autoradiograph the 
wet siab was enclosed in a single thickness of saren wrap, marked with 
radioactive ink and placed on a piece of liford industrial @ X-ray film 
in a lightproof box overnight. 


is needed to specify the ribosome attachment site. This 
may be a particular nucleotide sequence and/or a particu- 
lar type of secondary structure. In order to explore this 
problem we have isolated and determined the sequence 
of a Q8-RNA fragment comprising twenty-six nucleotides 
which is bound to the ribosome in the 70S initiation 
complex. Our evidence, obtained from largely intact 
32P-labelled Q6-RNA, is compatible with one main ribo- 
some-binding site which corresponds to the start of the 
coat protein cistron. 


Isolation of 70S Complex containing Q8-RNA 


E. coli Q-13 ribosomes were prepared by grinding 
frozen cells with alumina and extracting with a buffer 
containing Tris-HCl (pH 7-5), 10 mM; NH,Cl, 50 mM; 
magnesium acetate, 10 mM; and 2-mereaptoethanol, 6 
mM. After centrifuging at 30,000g for 30 min, the super- 
natant was incubated with 2-0 ug deoxyribonuclease per 
ml. (Worthington, electrophoretically purified) for 10 min 


at 10°C and recentrifuged at 30,000g for 30 min (S30 
extract). The S30 extract was incubated for 10 min at 
37°C in a mixture, each ml. of which contained the 


following components (in moles): Tris-HCl buffer (pH 
7:8), 50; NH,Ci, 75; magnesium acetate, 10; gluta- 
thione, 10; PEP, 5; ATP, 3; GTP, 0-2: each amino-acid 
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except methionme, 0-025; pyruvate kinase, 20 ug; and 
0-75 ml. $30 extract. No additional (RNA was added. 
The mixture was chilled and 20 ml. passed through a 
column of ‘Sephadex G-200’ (1-6 82 em) run in a cold 
room and equilibrated with a buffer containing: Tris-HCl 
(pH 7-8), 50 mM; NECI, 50 mM; magnesium acetate, 
5 mM; 2-mereaptoethanol, 6 mM (standard buffer). The 
first half of the ribosome containing fractions were corn- 
bined and stored in ice. This step effeetively removed all 
unbound tRNAs and contaminating nucleases and was 
found to give a ribosome preparation with a lower nuclease 
activity towards Q8-RNA than 1:0 M NH,C!l washed 
ribosomes supplemented with a preparation of crude 
factors. 

Q-13 ribosomes prepared in this way contained mainly 
305 and 505S subunits (Pig. 1); the 705 ribosomes appear 
as a shoulder on the leading edge of the 505 peak. When 
incubated with P-labeled QG6-RNA in the presence of 
(RNA and GTP, about 26 per cent of the label was 
transferred to the 70S region of the gradient (Fig. 1). 
Inereasing the ratio of ribosomes or initiator (RNA had 
little or no effect on the amount of radioactivity associated 
with the 70S ribosome peak. 

To isolate the 70S complex, the appropriate regions 
from six sucrose gradients were collected and combined 
and, after dilution with an equal volume of buffer, the 
ribosomes collected by centrifugation. 


isolation of Qf-fragment 


The ribosome pellet was resuspended in 3 ml. standard 
buffer and incubated at 22° C for 10 min with 3 pug ribo- 
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nuclease A, equivalent to an enzyme : substrate weight 
ratio of 1 : 20 relative to the amount of radioactive RNA 
present. After chilling, the digest was filtered through a 
column of ‘Sephadex G-200’ equilibrated with standard 
buffer and run at 2°-4° ©. Fig. 2 shows the distribution 
of #P in the effluent. About 0-75 per cent of the total 
radioactivity remained associated with the ribosome frac- 
tion. This fraction was collected and the total RNA 
extracted with SDS-phenol. 

Further fractionation by disc electrophoresis in poly- 
acrylamide gelst®Y showed the RNA to be heterogeneous 
(Fig. 3). In a 12-5 per cent gel about 70 per cent of the 
radioactivity migrated as a single band with a mobility 
relative to the bromophenol blue marker of 0-9 (the 
mobility of 45 RNA relative to the marker was 0-4). 
Three weaker bands were also resolved all migrating faster 
than the main component. The RNA was extracted from 
each band by grinding to a paste with urea, extracting 
three times over & 2 h period with a buffer containing 
0-1 M Tris-HCI (pH 7-5); 0-01 M EDTA and 10 ug/ml. 
carner RNA. The RNA was precipitated after adding 
0-1 vol. 2 M potassium acetate, pH 5-1, by the addition of 
3 vol. ethanol and 3 vol. acetone. 


Characterization of RNA by Fingerprinting 


The RNA extracted from each band was digested with 
ribonuclease A or T, ribonuclease and the products frac- 
tionated by fingerprinting’®. Fig. 4 (a and b) shows the 
maps obtained from ribonuclease A and T, digests of the 
main band eluted from the gel. Each spot was cut out, 





counted, eluted and its composition and sequence 
+———-----Cellulose acetate, pH 3-6 
PA AUUUG. 
i ge a aa AUC 
% 4 PA LAUG 





fone RAR paper, 7% formie acid 


we AG 
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Fig, 4. Autoradiographs of two-dimensional ionograms obtained from (a) ribonuclease A and (b) T, ribonuclease digests of the RNA fragment 

isolated from band 1 of the acrylamide gel. Digestion for 30 min at 37° with an enzyme: substrate weight ratio 1 : 20 in 20 al. of a affer 

containing 0-02 M Tris-HCI (pH ae 0-001 M EDTA. The samples were then taken to dryness and redissolved in approximately 5 ai. 

of the first dimension buffer for application to the cellulose acetate strip. This buffer contained 7 M urea made up in 5 per cent acetic acid 

and adjusted to pH 8-6 with pyridine. Electrophoresis was for 2 h at 90 V/cm. For the second dimension on DEA E-paper, pH 1-9 buffer 
was used for ribonuclease A digests and 7 per cent formic acid for T, ribonuclease digests. 
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Table 1. RELATIVE MOLAR AMOUNTS OF THE DIFFERENT NUCLEOTIDES 
PRODUCED BY RIBONUCLEASE A AND T, DIGESTION OF THE RNA ELUTED 
FROM BAND 1 OF THE GEL 


Ribonuclease A digest Ribonuclease T, digest 


Range of Range of 
Sequence relative Nearest Sequence relative Nearest 
molar yield* integer molar vield{ integer 
U 275-2 05 3 G 12-152 1 
C O-88-1:42 7 AG O-89--1°25 1 
AU 1-15-1-21 1 AG O-77-1-09 i 
AAU 094-107 1 AAUUUG È 96-1: is H 
GAU 0-99-1-04 i AUCAUG 4-06-141:19 1 
GGC 099-1- 0L H CAAAAUUAG 0-75-0-00 i 
AAAAU 1-04~1-09 t 
AGAGAC 0993-0-98 1 


Total No. of residues = 26. Total No. of residues = 26, 


* Relative to mean molar yields of AAAAU and AGAGAC., . 
Perce to mean molar yiekis of AAUUUG, AUCAUG and 


determined by established methods!’.**, The ranges of 
relative molar amounts of the different nucleotides are 
listed in Table 1. Besides the major fragments, several 
minor components were also found. They occurred in 
amounts ranging from 4 to 13 per cent of the yield of the 
major components and in different experiments gave a 
reproducible pattern. Their occurrence appears to be due 
to about 5 per cent contamination of the main band by a 
minor RNA fragment which co-migrates with the major 
fragment on the gel. 

From the data in Table 1 the sequence of twenty-six 
nucleotides shown in Fig. 5 ean be written. 
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There is some support for this representation m that 
RNA extracted from band 2 of the gel yielded a T, finger- 
print the same as that from band I except that the CAAA- 
AUUAG sequence was replaced by CAAAAUU and the 
AG and AC fragments were missing. This suggests that, 
during the ribonuclease A digestion of the 70S complex, 
the enzyme occasionally cleaved at the position ele 

If, in the sequence shown, AUG specifies URNA, 
sequence of six amino-acids can be proposed (Fig. 5). T T 
coat protein of phage QB is reported (personal comununica- 
tion from M. Osborn) to begin Met.Ala.Lys.Leu.... 
which strongly suggests that the fragment obtained does, 
in fact, correspond to the beginning of the coat protein 
eistron. 

What singles out this particular y 
sequence for binding to ribosomes in fea “presence of 
tRNA? Comparison of this sequence with Steitz’s 
data?! on two of the three ribosome binding sites in R17 
RNA (corresponding to the start of the coat protein and 
A-protein cistrons) shows in each case a common penta- 
nucleotide sequence UUUGA preceding the AUG initia- 
tion codon. It is tempting to suppose that this sequence 
is involved in ribosome recognition of some cistrons in a 
polycistronic messenger. Studies on the primary sequence 
of Q8-RNA®*® have shown that the coat protein cistron 
does not begin within the first 160 nucleotides reading from 
the 5° end of the molecule. 


Tı fragments 


AUCAUCCCAAAAUUARGACAL i 
Py AAUUUGAUCAUGGCAAAAUUAGAGAC X... 
eem 4 & Oe > 6 — 6) 0 OS 


ribonuclease A fragments 


MET 


Fig. 5. 


The sequence AGAGAC can be placed at the 3’ end, 
for the sequence AC is produced in a ribonuclease T, 
digest of the whole fragment. This is the only T, product 
not terminated by G. From the different overlaps, the 
sequence shown in Fig. 5 1s the only one compatible with 
all the data. Further confirmation of some sequences 
came from a fingerprint prepared using a sample of 
ribonuclease T, which also produced “secondary T, 
splits”?? with a high frequency. Among the products 
identified were AUG, AAAAUU and (C)(AAAU)(U). The 
sequence may also be written as a looped structure con- 
taining five consecutive A=U base pairs (Fig. 6). 


ne ela i 
4 N 5 
Py A-G-A-G-A-C-X 


Fig. 6. Possible looped structure for cistron sequence. 


ALA 


! 
LYS | LEU | GLU | THR | 


Coat protein cistron and N-terminal amino-acid sequence. 
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Internal Temperature of the Moon 


by 
J. J. GILVARRY* 


Space Science Laboratory, 
General Dynamics/Astronautics, 
san Diego, California 


Tue classical viewpoint that lava flows form the floors of 


the maria}? has been strongly supported by solutions 
of the equation of heat conduction for the Moon, implying 
temperatures of the lunar interior at the present time 
which exceed the melting point of silicates at relatively 
modest depths’-*. The astronauts of Apollo 11, however, 
found individual igneous rocks in the soil but no direct 
visual evidence of the widely anticipated lava flows’. 
These rocks show a surprisingly high density?-—-3-4 g/em? 
and higher. In view of the lower mean density (3-34 
g/cm?) of the Moon, they could hardly have been emplaced 
in the mare surface by the mechanism of lava flow on the 
Earth—namely, the descent of denser rock at depth and 
rise of lighter lava to the surface, in accordance with 
Archimedes’ principle. 

I here use the creep behaviour of the lunar mascons, 
required by my theory®® of their formation by aqueous 
sediment deposition? in isostatically compensated craters, 
to infer lunar temperatures at depth and in the past, for 
comparison with results from the electrical conductivity 
of the Moon! and the equation of heat conduction?-*. 


Creep of the Mascons 


According to my theory®?, the creep rate for a mascon 
crater over the time interval since sediments were first 
laid down must be small enough under the corresponding 
shear stress to avoid the obliteration of the gravita- 
tional anomaly of the mascon by isostatic adjustment. 
This constraint sets an upper limit on the tempera- 
ture of the lunar mantle at the present time. Further, 
the creep rate of the primordial mantle must have been 
high enough for isostatic compensation to have taken 
place in a time interval (not exceeding about 10* yr) 
that is short compared with the luner lifetime’ of 
4-5 Gyr. This condition sets a lower limit on the tempera- 
ture of the primordial lunar mantle. 

For Mare Imbrium, which has a mascon thickness of 
8 km, the creep ò of the lunar mantle over the approximate 
time interval t= 4:5 Gyr since the isostatic adjustment 
of the underlying crater could not have exceeded the 
range 0-1 to 1 km. At an epoch of 3-5 Gyr age, a creep 
S= | km over the preceding t= 1 Gyr might be tolerated. 
For the primordial mantle the creep ô necessary for full 
isostatic compensation of Imbrium is 20 km in a time 
interval 10° to 10° yr. Values of the strain rate ¢ (referred 
to the diameter of Imbrium) for the present, former and 
pristine mantle from these values of 6 and + appear in 
Table 1, with the corresponding shear stresses o from my 
mensuration® $, 

The creep rate ¢ of a solid is proportional to the diffusion 
coefficient D of the atoms. Because of the dominant 
exponential dependence of this coefficient on the ratio 
of the Gibbs free energy for activation to the absolute 
temperature, the effects of pressure and of temperature on 


* Present address: The Rand Corporation, Santa Monica, California, 


Temperatures past and present are inferred from the creep rate of 
lunar mascons and compared with the results of other methods. 


the creep rate are virtually the same as their effects on the 
diffusion coefficient. At depth in the Moon, however, 
the effect of pressure should be small, and the preponder- 
ant effect on the creep rate should therefore arise frorn the 
internal temperature?*. 


Table 1. RHEOLOGICAL PARAMETERS OF MASCON CRATERS (MARE IMBRIDW 
FOR VARIOUS EPOCHS BEFORE PRESENT (BP} 

. Epoch Time Mascon Strain. Shear Effective 

Mantle BP interval ereep rate stress viscosity 

(Gyr) zt (yr) 6 {km} 6 (37!) o (bar) n (poise) 
Present 0 4:5 x 10° 1 1x 10-* 500 + 106 10% 
Present 0 45x 19° Ot 1 x 19-*! 500 + 106 10°? 
Former 35 1 xip 1 5 x 10-* 500+ 160 7108 
Pristine 4-5 } x19 20 1x 10-7 2.000 + 400 1054 
Pristine {£5 1. x16? 20) 1x10"? 23,0002 400 1? 


In the absence of dislocation motion, the diffusion creep 
of a solid is deseribed by the Nabarro—Herring equation !+:15 
as linear in the shear stress. In general, diffusion creep is 
expected to occur at low stress levels. Creep deformation 
observed in laboratory experiments and in engineering 
practice, however, frequently arises from the motion of 
dislocations. In this case, the creep rate satisfies è Œ on, 
with » usually greater than unity?! For the Earth's 
mantle, opinions differ on whether creep is of the diffusion 
or dislocation type. Gordon? and McKenzie! ?* thus 
assert that the former mechanism is preponderant. 
whereas Weertman'™ has adduced arguments implying 
an overriding effect of the latter. 


Finding the Rate of Creep 


The rate of ¢ of diffusion creep is shown by the solid 
lines in Fig. 1. It is linear function of the shear stress c 
from the Nabarro-Herring equation for different values 
of the absolute temperature T as a fraction of the melting 
temperature Tm, at a constant grain size l=: 22 em (from 
data of Weertman!*). The creep rates shown by dot— 
dashed lines correspond to Weertman’s equation for glide 
motion of dislocations above a limiting stress 3 x 10-* bar, 
implying a cubic dependence of ¢ ono. The dashed lines 
also correspond to Weertman’s relation, but for disloca- 
tion creep above the lower limit of 10° bar of stress set 
by McKenzie?. 


delineated by the extent of the rectangles. The points 
fall approximately at the limiting stress (10° bar) separat- 
ing diffusion frorn dislocation creep on the McKenzie 
criterion. On this criterion, therefore, the corresponding 
temperatures implied by the two types of ereep for the 
lunar mantle cannot differ substantially. For this reason, 
only dislocation motion subject to the Weertman limit 
will be considered in what follows. It is obvious trom 
Fig. 1 that diffusion can control the creep rate of the 
lunar mantle only in the absence of Weertman glide. 
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The grain sizes for the lunar mantle will be taken as 2,000 
t=2-2, 22, 220 em, following Weertman?*. Results 
inferred from Fig. 1 appear in Fig. 2 for the temperatures 
of the present, former and primordial mantles of the 
Moon, corresponding to the cases of diffusion creep for 
these grain sizes in the absence of dislocation motion and 
to the case of Weertman glide. 1,500 

One sees immediately from Fig. 2 that limits (whether 
upper or lower) on the internal temperature of the Moon 
fixed by Weertman glide fall far below those corresponding 
to diffusion creep in the absence of such glide. Further- 
more, the upper temperature limit implied by the former 
process for the present lunar mantle seems unrealistically 















r 15220 cm OR T= Tm | 
j 
/ PRIMORDIAL RANGE (LOWER | 
LIMITS) FROM DIFFUSION | 
CREEP, FOR GRAIN SIZES | 
/ 1=2.2 TO 220 em | 
i 

| 

i 

| 

| 


UPPER LIMIT, MAGNETOMETRY§ 


1,000 | eee 4 
low in comparison with that set by magnetometric results UPPER LIMITS, DIFFUSION CREEP A 
in space (to be discussed)". In the circumstances I £ GRAIN SIZE 7-220 ema E 


conclude tentatively that creep in the lunar mantle is 


Lunar temperature (° C) 


22.2 om eee $ 
f= 22 m= se 


most likely controlled by the Nabarro—Herring process, Oe ee 
as implied by Gordon and McKenzie. On the assumption o reem Y | 
À NA ’ 3 x A : e . » i S : ; l 
that /~200 em represents a reasonable upper limit for 500 L la--PRIMORDIAL i 
the grain size over the last few milliard years!*, the corre- (WEERTMAN) i 
sponding upper limit to the temperature of the lunar h- J 
i ies ir > rat 90°-900° C s ENE E A EE AE 
mantle lies in the range 8¢ 0°-900° C from the results of UPPER LIMIT, WEERTMAN GLIDE“ 
Fig. 2. For the primordial lunar mantle the ranges of 
possible lower limits on the temperature corresponding to FORMER PRESENT | 
the three choices of / in diffusion creep overlap, and the MANTLE 4 . l O EE 
overall range is shown bracketed in Fig. 2. r : E gee ae 
Table 1 yields an effective viscosity y (fixed by the i OD ae 
definition o = 2) lying in the range 1071-10?" poise for the Time from origin (Gyr) 
primordial mantle of the Moon. These two limits lie m — pet ls EE PAE ee Cree Te 
bel } . . vere ie, ee OY ae 22 Fig. 2. Limits on the lunar temperature, as a function of time from the 
elow the corresponding estimates by Kaula of 107? to Moon’s origin, in the present, former and primordial mantle for diffusion 
1026 poise for the upper and lower mantle of the Earth creep (corresponding to different grain sizes) and to dislocation motion 
Hectivele:. TI be , l D (corresponding to Weertman glide). The upper limit on temperature 
respectively. 1e numbers found are thus consonant from magnetometry in space for the present epoch is also shown. 


with the hypothesis of isostatic adjustment as the agent 
wiping out the negative gravitational anomaly in the 
original mascon crater, within a time at most 10° yr from 
the Moon’s origin®*. For the former and present lunar 
mantle the minimum viscosity shown by Table Lis 10° 
poise. This figure exceeds by a factor of 100 any reason- 
able value suggested for the present mantle of the Earth, 
and thus agrees with the hypothesis of a rigidified mantle 
of the Moon over at least the past few milliard vears*.*. 
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Near Moon Magnetometry 


In view of the ambiguities inherent in previous mter- 
pretations of steady-state observations! implying a mean 
temperature?’ less than 700° C, Ness! has investigated 
the dynamic response of the Moon to disturbances in the 
interplanetary magnetic field, as observed independently 
by Explorer 35 in the lunar wake and monitored simul- 
taneously in the interplanetary medium by Explorer 33. 
He has measured the time interval required for the 
direction of the field to change in the lunar wake subse- 
quent to a discontinuity in the interplanetary medium, 
consequent to a magnetic pulse traversing the lunar 
interior. The time lag is ascribed to the effect of eddy 
currents in a conducting interior below an insulating 
surface layer (necessary to suppress a bow shock upstream 
in the solar wind, which is not observed). 
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Creep rate & (87) 


aa DIFFUSION “CREEP 
(GRAIN SIZE /= 22 cm) 


—-— DISLOCATION CREEP For a thickness of 400 km for the insulating layer, Nesa™ 
(ON WEERTMAN LIMIT) finds an upper limit on the internal temperature of the 
---— DISLOCATION CREEP Moon entered in Fig. 2 as 900° C, in substantial agreement 
TET j (ON MCKENZIE LIMIT) with the result for the present epoch inferred here. 
ay | er 
-WEERTMAN LIMIT -MCKENZIE LIMIT | Implications of the Internal Temperatures 
10% 


The temperatures inferred here apply specifically to the 


107 10 jo~ 10° 10 10° 10* 164 10° 108 ny a 
lunar asthenosphere (the layer of low strength at depth). 


Shear stress c (bar) In default of any observational information on this 
33 * i varamete the present epoch, to give a reasonable 
Fig. 1. The creep rate in the lunar mantle as a function of shear stress PATAINOTOT for the ak o epoch, gh ne A Aronen 
for different values of absolute temperature T as a fraction of the melting average the depth will be taken as one-half the Junar 
emperature Fm, for diffusion creep (solid lines) and for dislocation ~ading x yhiv : 
motion (glide-controlled). The dot-dashed and dashed curves correspond ; adius, sa roughly | 900 km. : 
to glide-controlled dislocation creep subject to lower limits on stress for The extreme upper limit on the internal temperature, 
applicability specified by Weertman and McKenzie, respectively. implied by the maseon data for the present epoch from 


Rectangles of error appear for the present, former and primordial seat $ í ‘ oe : 
mantles of the Moon, inferred from mascon data. Fig. 2 and that from magnetometry In Space, 18 shown in 
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Fig. 3 as a function of depth in the Moon. The profiles of 
internal temperature from the solution of the equation of 
heat conduction for a homogeneous Moon (initially cold) 
appear also, as computed by MacDonald? for chondritic 
radioaetivities and by Fricker et alo for terrestrial values. 
For a depth of about 750 km or greater, the temperatures 
of MacDonald and of Fricker et al. are about twice the 
upper limits permitted by my results and those of Ness. 
It is thus apparent from Fig. 3 that published solutions®° 
of the equation of heat conduction for the Moon uniformly 
predict a molten interior at a relatively shallow depth 
for the present epoch. This prediction disagrees completely 
with the upper limits on the internal temperature of the 
Moon set here and by Ness. 

Results of Fricker et al. for the temperature are shown 
in Fig. 4 as a function of time from the epoch of origin, 
for the case of an initially hot Moon. Extreme upper 
limits as a function of time implied by the mascon data 
for the former and present lunar mantle also appear. 
Melting over a period up to 3-5 Gyr ago is clearly ruled 
out by the mascon data for any depth down to about 
1.000 km. The results of Fricker et al., however, demand 
melting from the Moon’s centre up to a depth of about 
150 km from the surface at a time roughly 3-5 Gyr ago, 
and up to depths from the surface reaching perhaps 500 
km at the present time. 

Accordingly, it now seems that solutions of the equation 
of heat conduction, as derived in the past?-*, are unreliable 
in predicting the internal temperature of the Moon. 
The diserepaney persists over at least the last 3-5 Gyr, 
according to Fig. 4. These results have an obvious 
bearing on the lava hypotheses of Baldwin? and Kuiper’. 
If my conclusions from mascon data and those of Ness 
from space probes are valid, no part of the lunar interior 
is molten at the present time and any lava flows present 
on the lunar surface must have erupted. at least 3-5 Gyr 
ago, roughly speaking. The potassium-argon ages 
(3-0+0-7 Gyr) found from Apollo 11 for the igneous 
crystalline rocks are consistent with this estimate’. 

It is suggested that these igneous rocks came from the 
highlands, transported by flowing water (which would 
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explain automatically their rounded appearance) or 
ejected as ballistic throwout from depth in large meteoritic 
craters. Traces of sedimentary structure and mineral 
hydration in the breecia and fines would be virtually 
obliterated by the intense meteoritic bombardment and 
consequent shock metamorphism, as has been observed. 
The close similarity in elemental composition of the rocks, 
breecia and fines would then follow from the ultimate 
common provenance in igneous processes in the lunar 
highlands?®, 

The argument for sedimentary basins would be but- 
tressed strongly if other Moon landings in future Apollo 
missions yield ages close to that from the Trancuillity 
site, because the multitude of lava flows required to form 
the different maria would not be expected to show the 
same age. 

I thank Dr W.S. Rothwell, Dr F. G. Casal and Professors 
D. T. Griggs, E. Orowan and J. Weertman for helpful 
discussions. 
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REVIEW SUPPLEMENT 


What will happen to the Scientific Litera 


OnE of the most cheerful developments of the past 
few years has been the recognition that the rapid 
growth of the scientific literature cannot continue 
indefinitely without some qualitative and even struc- 
tural change in the torrent of publication. The im- 
mediate result is that a great deel of energy is being 
spent on experiments with new devices for the transfer 
of information and ideas from one person to another. 
Thus there are attempts to use computers for the 
storage, retrieval and distribution of rudimentary 
information about the conventionally published litera- 
ture in several parts of science and engineering. Else- 
where, scientific societies, the foundations and even 
government agencies are doing what they can to stimu- 
late the writing of the scholarly reviews which are more 
than ever necessary, and more than ever conspicuous 
by their inadequacy. The fashion for circulating pre- 
prints in advance of formal publications waxes and 
wanes in various branches of science, although people 
seem mercifully now to have abandoned the hope of 
making preprint circulation respectable by channelling 
it through formal committees, as in the largely defunct 
Information Exchange Groups. Instead, there have 
been a few tentative but interesting experiments with 
new kinds of journals, many of them intended to put 
together forma] publications in the traditional style 
and review articles intended to provide even innocent 
readers with some of the background necessary for the 
understanding of the strictly specialist articles. As 
yet, it is too soon to know what will come out of all 
this, which means that there is still time for trying to 
define the attributes of the system of the scientific 
literature which, in the long run, must be cherished. 
The first thing to know is what purpose the scientific 
literature must accomplish. Much of the present 
difficulty stems from the conflict there is bound to be 
between the two most obvious functions of the pub- 
lished literature—the enlightenment of contemporary 
science and the provision of a historical record for 
future years. In brief, on present conventions, the 
scientific literature is intended as news for the present 
and as history for the future. It is also fair to say that 
the professional literature of science is less concerned 
than the literature of other academic disciplines with 
persuasion. To be sure, in the nature of things it is 
bound to be stuffed more solidly with facts than, say, 


ure? 





the literature of philosophy, but the agnostic attitude 
of professional scientists towards their work entails 
that only rarely does a scientific article set out deliber- 
ately to change the way in which other people regard 
important problems. The result, inevitably, is that 
articles must seem to be stodgy to those who glance at 
them but who are not directly concerned. 

There is much to be said for a reconsideration of the 
common assumption that these two functions of the 
scientific literature must remain permanently together, 
On the face of things, the case is not strong. The need 
that the published literature should serve as a channel 
of rapid communication is one of the reasons why 
those who publish journals, and those who contribute 
to them, seek to increase the speed of publication. 
The object is that the news content of original articles 
should quickly be made available to other scientists. 
Why is this necessary ? As Professor J. Ziman has 
argued recently (Nature, 224, 318: 1969), the fear is 
probably exaggerated that ignorance of what has been 
accomplished elsewhere will lead scientists to repeat 
work already carried out elsewhere; the independent. 
replication of discovery is valuable, and if there were 
g reason to believe that time-lags in journal publication 
encouraged honest duplication, that would be an 
argument for deliberately making asta slower. 
The more serious argument for speed is that it is 
intellectually st imulating that people should be kept 
thoroughly and immediately informed of current 
progress in their own field of science. To tell a molecu- 
lar biologist, for example, that Beckwith’s group at 
Harvard has been able to isolate a distinet piece of the 
DNA from Æ. coli (see Nature,224, 768; 1969) is exciting 
if the work has only recently been carried out (as it 
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has), but is otherwise-something of a disappointment. 
If the trail is fresh, other people will quickly be stimu- 
lated to devise experiments of their own which carry 
the story further or which give it an unexpected twist. 
Otherwise, with the best will in the world, the reader’s 
hands turn over the pages more listlessly and he finds 
himself asking whether it might not be prudent to put 
the article concerned aside to read at leisure. The 
moral is that even without a change in the kinds of 
articles which appear in the literature, rapid publica- 
tion is desirable because it is stimulating. 

But what should be published rapidly ? One of the 
ironies of journal publication is that authors will lavish 
weeks or even months of work on the preparation of an 
important manuscript and then expect that it should 
be turned into print within a few short weeks. In 
practice, however, what needs to be published quickly 
is merely the news of important discoveries together 
with a sufficient explanation of how they have been 
arrived at, for other people in the field to know what 
weight to give to the report and to know, for example, 
whether it is worth writing off to the author for further 
details of what has been accomplished. At this stage, 
there is no urgent need for the full description of an 
experimental technique or even for a careful appraisal 
by the authors of a piece of research of the implications 
of what they have accomplished. That is what the 

archival literature is intended for. 

But is there not a danger that if rapid publication is 
concentrated on the objective of providing specialists 
in particular fields with news of important develop- 
ments, the literature will consist of fragmentary and 
incomplete reports of progress ? This is the customary 
argument against the practice of some journals which 
specialize in repid publication. The charge has even 
been levelled against Nature, and the fear of helping to 
fragment the literature is probably one of the reasons 
why authors seck to write at greater length than the 
interests of the journals and of their readers would 
dictate. But is the fear justified ? Is it not sufficient 
that the continuing process of welding individual 
discoveries into the fabric of advancing science should 
be carried out separately from the provision of immedi- 
ate news of discovery ? For one thing, there is much 
to be said for asking that authors themselves should 
provide reviews of their work at intervals which are 
long compared with those now considered seemly by 
employers and appointments boards. The long-term 
literature would benefit if the studied contributions 
of original researchers were more reflective. Instead 
of providing full details of how Joa experiments 
were carried out, for example, an author would be 
able after the event to make a more ae appraisal 
of the value of alternative techniques. To be sure, 
it might then on the face of things be hard to live by 
the rule that each account of a new development. should 
contain enough information for it to be reproduced 
elsewhere, but this is hardly as important a considera- 
tion as the need to make the short-term literature 
more immediate and more stimulating and the long- 
term literature more reflective and scholarly. After 
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all, within the intimate and international community of 
science, it is usually very easy to ask an author directly 
what he has done and how. 

But is it possible to leave the process of integrating 
the spate of discovery into a meaningful pattern to 
the authors of the origina] research ? This is a forlorn 
hope. Even as things are, when people live by the 
convention that articles in the scientific literature 
should be complete down to the last detail, many gaps 
remain unfilled. Moreover, the people most closely 
engaged in rapidly moving fields of research are often 
those least able to form a balanced view of what is 
happening. This is why it should be for journals 
and their editors to ensure that the process of reviewing 
progress, necessarily a continuing and an exacting 
chore, should be carried out properly. As things are, 
a great many scientific journals take a more passive 
line. It is common for journals, especially those run 
by learned societies, to regard the handling of the 
literature as a quasi-judicial process—one in which an 
accolade of approval is given to meritorious papers 
and a mark of disrespect to those considered unworthy 
of publication. The trouble here is that the contents 
of a journal are often determined largely by the series 
of random processes by which authors choose to submit 
articles for publication. There is, in other words, a 
ease for saying that ell journals, however scholarly, 
should have as a part of their responsibility the task 
of reviewing what happens in their field. 

Unfortunately, even this is not sufficient. Even if 
the twin objectives of news and the systematic develop- 
ment of an archival literature are attained, the litera- 
ture as a whole will lack those qualities of imagination 
and challenge which make other academic disciplines 
exciting for those who work in them. One cf the 
paradoxes of contemporary science is that there is 
comparatively little written discussion of important 
intellectual issues of the kind which is to be heard at 
informal colloquia and over every other lunch table. 
The questions at issue are not merely the great matters 
of popular interest such as the way in which it may be 
possible to weld together cosmology and microscopic 
physics or the ways in which molecular biclogy may 
yet provide a detailed understanding of genetic 
processes, but equally absorbing if more intricate 
questions such as the meaning to be given to thermo- 
dynamics when applied to biological svstems contain- 
ing comparatively small numbers of macromolecules 
or the feasibility of weather forecasting by computer, 
The value of published discussions of this kind is that 
they serve at once to define outstanding problems 
and to suggest ways in which progress might be made. 
To the outsider, however, these discussions are also 
invaluable ways of making science seem as exciting as 
other parts of intellectual life. But this is a task that 
cannot be left to just a few journals. All should 
participate. And the coming of the computers should, 
if anything, help to make this easier by reducing the 
burden of factual information to be stored in every- 
body’s library. That at least should be the hope. How 
quickly will it be realized ? 
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General Books 


DARWIN’S EPIC VOYAGE 


Darwin and the Beagle 
By Alan Moorehead. 
(Hamish Hamilton: London, September 1969.) 


Pp. 280 with 187 illustrations. 


í Os, 


Tuts is a delightful book which deserves to be as great a 
success as its predecessor on which it is so closely modelled 


Nancy Mitford's biography of Louis XIV. The Sun 
King. Indeed, the publishers seem to have hit on the 


ideal formula for the coffee table book—a fluent text 
written by a professional author matched with an out- 
standing collection of illustrations and the whole bound 
into a book that does not defy being lifted in one hand. 
Mr Moorehead’s text is as polished and riveting as his 
previous books in the same genre lead one to expect, and 
the excellently reproduced drawings and paintings are 
informative as well as decorative, adding immeasurably 
to the enjoyment. With an enviable economy of words, 
Moorehead creates a picture of the robust young middle 
class man, devoted to the hunting field but destined for 


the church, having failed at the family profession of 


medicine. At Cambridge, the young Darwin developed 
a fascination for natural history. He went geologizing 
with Sedgwick and became known as the man who walked 
with Henslow, the professor of botany. It was through 





the latter's patronage that Darwin was offered the job of 
naturalist on HMS Beagle. Recruiting the 
his uncle Josiah Wedgwood to 
opposition to the plan, he went on September 5, 
the crucial interview with Captain FitzRoy, master of th 
Beagle. Unlikely as it must have seemed, the two men 
attracted each other. The enthusiasm of Darwin. 
of middle class Whiggish stock, melted the coolness of 
FitzRoy, the Tory aristocratic and unbalanced descendant 
of one of Charles IT's the Duke of Grafton. 
Darwin was entranced by the beau ideal captain, the 
martinet who, ironically believed that the 
Beagle’s voyage and Darwin's work in particular could 
prove the literal truth of the Book of Genesis. 

Darwin was a wretched sailor and suffered unrelenting 
seasickness, but once landfall had been South 
America he immediately set to work collecting, noting, 
sketching, utterly absorbed in all he saw and heard and 
displaying great physical stamina which belied the semi 
invalid life that was to come. Only slowly did Darwin's 
doubts of Genesis develop In the hack of his mind and 
wisely he seems to have kept them from the fundamentalist 
FitzRoy. But thi 
sea shell which he found in the autumn of 1832 in Pata 
gonia posed frightening How could 
monsters have been accommodated in the Ark. and did not 
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The endpapers in Darwin and the Beagle reproduced from the "Atlas sur reise Brasilien”. 
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The crater of the volcano of Antuco at the beginning of an 
eruption, from “Historia fisica y politica de Chile". In 
Darwin and the Beagle, page | 66. 


the sea shells prove the land had risen ? FitzRoy. of course. 
would have none of Darwin's ideas; the sea had risen, not 
the land, and the fossils were remains of animals excluded 
from the Ark and drowned in the flood. 

Onee round Cape Horn, the three pathetic Fuegians 
who had spent a year or so in Britain, and were, FitzRoy 
hoped, to civilize their race, landed. Darwin travelled 
in the Andes while FitzRoy mapped the coast and received 
bad news from the Admiralty which temporarily turned 
him mad. Climbing, collecting and exploring, Darwin 
found sea shells at 12,000 feet above sea level. That. 
and the rising of the coast line of Chile as a result of a 
catastrophic earthquake, led Darwin to ask, if the earth 
could rise a few feet, why not 10,000 feet ? By the time 
the expedition reached the Galapagos Islands in September 
1835 Darwin was on the brink of making his revolutionary 
discovery. 

By the time the Beagle sailed westwards from the 
Galapagos on the last leg of its voyage, Darwin was 
sounding out his ideas of evolution on the hostile FitzRoy. 
But the Beagle was a happy ship homeward Found, a 
cruise punctuated by diverting landfalls at Tahiti, New 
Zealand and Australia which served to confirm Darwin 
in his belief in evolution. On October 2. 1836. after almost 
five years on the Beagle, Darwin landed at Falmouth, 
and his only travels outside Britain were over. 

Moorehead ends his book with a final chapter on the 
intervening years until 1859. FitzRoy and Darwin met 
each other but their friendship cooled; their last meeting 
in 1857 when FitzRoy stayed at Down House was a 
failure. The publication of the Origin of Species was for 
FitzRoy the final straw. At the Oxford meeting of the 
British Association in 1860, famous for the way in which 
T. H. Huxley crushed Bishop Wilberforce, a slight grey- 
haired man armed with a Bible was drowned in the 
hubbub. Five years later FitzRoy. like his unele 
Castlereagh, committed suicide. 

Moorehead’s book is a triumph of succinct writing, a 
perfect antidote to the boredom of Boxing Day. One is 
left wishing he had written twice as much. 

JOHN TOOZE 


RECORDS OF THE IRON AGE 


Iron Age Cultures in Zambia 

Vol. 2: Dambwa, Ingombe Ilede and the Tonga. By 
Brian M. Fagan, D. W. Phillipson and 8. G. H. Daniels. 
(The Robins Series, No. 6.) Pp. xiv+270+16 plates. 
(Chatto and Windus: London. 1969.) 100s. 

No serious student of the African Iron Age can afford to 
be without this volume and its precursor, the Iron Age 
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Cultures in Zambia, Vol. 1, published in 1967. or at least 
have ready access to them in a library. 

The first part of the book concerns the mid-first millen- 
nium AD occupation site at Dambwa, a settlement on the 
banks of the Zambesi, near Livingstone, whose isolated 
self-sufficiency contrasts with the elaborate trading 
network established by the later population of Ingombe 
Ilede, a site close to the confluence of the Zambesi and 
Lusitu rivers. It is to be regretted that it was not found 
practicable to include the latest radiocarbon dates of 
charcoal excavated at Ingombe Lede in 1968, which have 
indicated a hitherto unsuspected second phase of occupa- 
tion to which the sumptuous burials belong (ref. 1, GX- 
1368, aD 1340+85 yr and GX-1369, ap 1445+85 yr). 
These dates tend to confirm the evidence deduced from 
the observed similarities between the ceremonial iron 
objects from Ingombe Ilede and the Congo (compare 
page 102) and from the microscopic analysis of the glass 
beads (compare page 252). It would now seem that the 
peak of the trading activities of the population of Ingombe 
Iede coincided with the rapid expansion of Arab (hardly 
“Moorish” ?) trading on the east coast of Africa. 

During their report on the excavations at Dambwa. 
Phillipson and Daniels described (page 38) two clay 
specimens (a tuyére and a funnel) as iron smelting equip- 
ment. Because, as they themselves say, the tuyére is 
“almost identical to specimens which we have seen used 
among the Lunda of the Mwinilunga district in the extreme 
north-west of Zambia, for smithing”, and because there 
seems to be no evidence for iron smelting furnaces, it 
would seem that a case could equally well be advanced 
for the presence of blacksmithing. When there is no 
provision for the tapping of slag during the process of 
smelting, the prills of iron become deeply embedded in 
the bloom. The smith must break the bloom to obtain 
the iron and therefore it will be at or near the smithy or 
forge that a concentration of slag can be expected. It is 
interesting to note (page 7) that a “‘densely packed con- 
centration of iron slag’’ occurs at the southern end of a 
daga floor, in Trench II. It is tempting to conjecture 
that this floor may represent the remains of a smithy. 

The very competent illustrations of the ceramic material 
give an admirably clear indication of the variety of form 
and decoration, though in the discussion of the affinities 
of the Ingombe Ilede pottery, illustrations of the com- 
parative material quoted by Fagan would have greatly 
contributed to the reader’s understanding of the compari- 
son, though no doubt further published studies will help 
to clarify this. 

Nevertheless, the thoroughness and accuracy with 
which all aspects of the study of Zambia’s Iron Age have 
been investigated make this a most welcome and valuable 
contribution to the general study of the African Iron Age. 

BERNARD Face 
! Fagan, B., and Phillipson, D. W., J. Afr. Hist., 10 (2), 199 (1969). 


LEGEND OF A CATACLYSM 
The End of Atlantis 


New Light on an Old Legend. By J. V. Luce. (New 
Aspects of Antiquity.) Pp. 224+114 plates. (Thames 


and Hudson: London, May 1969.) 63s. 

Atlantis 

The Truth Behind the Legend. By A. G. Galanopoulos 
and Edward Bacon. Pp. 216+ 24 colour plates. (Nelson: 
London, September 1969.) 70s. 


Voyage to Atlantis 

A First Hand Account of the Scientific Expedition to 
Solve the Riddle of the Ages. By James W. Mavor, jun. 
Pp. 3204+32 plates. (Souvenir Press: London, July 
1969.) 42s. 


Tue legend of Lost Atlantis contains just those ingredients 
calculated to appeal to the fertile imagination. Great 
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natural catastrophes have a fascination of their own 
which, coupled with a vanishing continent and a lost 
civilization. is wellnigh irresistible. Already by 1926 
as many as 1,700 books had been published on this subject. 
discussing and analysing Plato’s account, on whose sole 
authority the entire fantastic tale rests. 

Plato’s description, supposedly based on the visit to 
Egypt of the Greek sage Solon a century earlier, is full of 
circumstantial detail, much of which Plato himself must 
have invented. Yet he is adamant that the Egyptian 
priests, on the basis of written records, told Solon of this 
vanished civilization which existed 9,000 years earher 
outside the “pillars of Hercules”, 
Gibraltar. There may well be a core of truth in this 
story. 

The three works reviewed, 
tackle the problems which Plato’s story, if taken seriously, 
presents. All three argue the same conclusion: that the 
cataclysm in question must be the colossal eruption of the 
volcanic Aegean island of Santorin, around 1500 se. 
This was demonstrably larger in scale than the famous 
and destructive eruption of Krakatoa in 1883, and it may 
have been responsible for the sudden decline of the Minoan 
eivilization in Crete a little later. 

Galanopoulos and Bacon set out to review modern 
oceanographic and archaeological researches, which 
agree that the location and date given by Plato are 
altogether implausible. This conclusion, reached by 
many writers before them, opens the field for all those who 
have a favourite civilization to offer, of whatever time and 
place. The astonishing range of candidates who have 
been proposed is reviewed by the authors, who rightly 
conclude that nearly all of them are absurdly implausible. 

Recent work in Greece has, however, made the Santorin 
theory an attractive one: it is very well summarized in 
Luce’s book as well as by Galanopoulos and Bacon. 
Already in 1909 the rich finds of the Minoan civilization 
of Crete provoked the suggestion that Minoan Crete, with 
which the Egyptians undoubtedly had contact, might be 
at the root of the Atlantis legend. And then, in 1939, 
Professor Spyridon Marinatos suggested that the colossal 
eruption about 1520 Bc of the voleanic island of Santorin 
(known in ancient times as Thera) might have been 
responsible for the destruction of Minoan Crete. 

Two recent advanees make the whole question very 
topical, and indeed provoked the works reviewed. First 
are the archaeological excavations on Santorin itself, 
directed by Professor Marinatos. They continue work 
begun already in the last century, yielding splendidly 
preserved structures buried in volcanic ash, reminiscent 
of Roman Pompeii. They suggest that the settlement on 
Santorin at the time of its destruction may have been a 
Minoan colony, possibly with a palace and other imposing 
buildings. 

Second. oceanography and vulcanology are contributing 
new data. Heezen and Ninkovitch, studying cores from 
the bed of the Mediterranean, have shown that the great 
eruption caused considerable falls of ash to the south-east 
of Santorin over at least 250 miles, with significant effects 
in central and eastern Crete. Hédervári has calculated 
the probable total energy release of the explosion, given 
the size of the caldera which it created, as five times greater 
than the famous Krakatoa eruption. Galanopoulos 
himself has studied the magnitude of the colossal tsunamis 
or “tidal waves” which would follow the sudden collapse 
and formation of such a caldera. And Marinatos has 
reported sea-borne pumice, presumably transported by 
such a tsunami, at 250 metres above sea level on the 
nearby island of Anaphi. 

All this goes to show that the eruption of Santorin, 
which destroyed the Minoan colony on the island, was a 
formidable one. And if the authors here were claiming 
merely that Santorin itself was Atlantis, an Atlantis 
whose size and importance had been exaggerated by 
Plato, or Solon or his Egyptian priests, the suggestion 
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would be a very plausible one—although not, of course, 
susceptible of proof. But these authors go further, 
arguing that the impressive descriptions of Plato's 
Atlantis are in reality a picture, seen through Egyptian 
eyes and distorted a little, of Minoan Crete. 

In spite of the heading of one of Galanopoulos and 
Bacon’s chapters reading “Case Proven”, it is not yet 
established that the Santorin disaster overwhelmed 
Crete. No good evidence for flooding by tsunarnis has 
been found in the archaeological sites, nor have the re- 
ported voleanic ejecta at the Minoan palace of Aakro 
been confirmed. Above all, there is a chronological 
problem, for archaeological evidence suggests that the 
Cretan decline (when many sites were destroyed by fire) 
took place nearly 50 years after the destruction of the 
Minoan colony of Santorin. The theory thus requires 
that the eruption sequence extended over at least thirty 
vears until the final calamity and the formation of the 
caldera. Vulcanologists do not vet agree that this is 
likely. 

Luce marshals the evidence in a clear and admirable 
manner, analysing Plato’s narrative in detail, together 
with scraps from other classical sources. His summary 
of the archaeological material is the best availabie, and 
includes an authorized and well illustrated account of 
the early stages of Professor Marinatos’s excavations. He 
makes an excellent case, without obscuring the difficulties, 
for supposing that the Egyptians (or Plato) got some of 
their facts wrong, and that the Aegean disaster was 
indeed the basis for the legend. His hook ean be recom- 
mended to anybody seeking a fair presentation of the data, 
and gives the best av ailable account of the archaeologica ul 
discoveries in the Aegean which may bear on the Atlantis 
story. 

Galanopoulos and Bacon range wider, setting out to 
consider all feasible Atlantides, and rejecting all but the 
Aegean solution. The geological and oceanographic 
objections to the other candidates are well surnmarized, 
and the discussion of tsunamis, a speciality of Galanopou- 
los, is new and informative. Inevitably, however, 
their final chapter entitled “Case Proven” rests on what 
can now only be an assumption. that Plato’s Atlantis 
was ever more than a Utopian dream. Among the 
attractive colour plates are some evocative views of the 
recent Icelandic eruption at Surtsey. 

The third of these works is of a different nature. Bitten 
by the Atlantis bug after meeting Galanopoulos, Mavor 
participated in a brief oceanographic visit to Santorin, 
staying on the island for two weeks in 1966 and for five 
weeks in 1967, taking part in Marinatos’s excavations, 
On the basis of these short visits, newspaper accounts 
appeared in the same grandiloquent tone as the blurb on 
the dust jacket of this book: “Here is the proof of the 
existence of Atlantis by the scientist who overcame 
innumerable obstacles to get it. This theory has now 
been verified by archaeological, and geological evidence 
discovered on land and under the sea a by two excavations 
led by James W. Mavor”’. Nothing in this book supports 
these absurdly exaggerated claims. Mavor came late to 
a field already the subject of serious investigation by 
Marinatos, Galanopoulos and others, and the only relevant 
aptitude which this book documents is a flair for publicity. 

Mavor makes ill-informed observations not only on 
archaeological topics (exemplified by the execrable map 
on page 267, “Megalithic Tombs of Ancient Europe”, as 
inaccurate as it is relevant) but upon Greek archaeologists 
and on Greece in general. His patronizing and astound- 
ingly self-important manner will be resented by all who 
know Greece, and unfortunately may mislead those who 
do not. The decision of the Greek Archaeological Ñociety 
to decline further cooperation with him, after a brief and 
unhappy trial period, seems here not only understandable 
but inevitable. In spite of this, his book is lively and 
readable—-in many ways, with his evident enthusiasm 
and drive, he must be a likeable travelling companion, 
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and it is sad that he has obscured his amusing travel notes 
with absurd scholarly claims. As a work of scholarship 
ora contribution towards the Atlantis problem, Voyage to 
Atlantis is entirely without value. As an “Ugly American” 
narrative, a textbook tour of the pitfalls into which a 
specialist in one scientific field may fall when he invades 
another, without either acknowledging or respecting what 
has already been achieved, it certainly deserves its place 
among Atlantis curiosa. COLIN RENFREW 


WITH EYES ATWINKLE 


Science Year 


The World Book Science Annual 1969. Pp. 440. (Field 
Enterprises Educational Corporation: Chicago and 


London, 1969.) n.p. 


“Wira eyes atwinkle and a firm step, Linus Pauling 
moves out to meet the continuing challenge of scientific 
fulfilment.” Not all of Science Year is written in this 
ver-——indeed, much of it is excellent—but the occasional 
lapses into fatuity are the stranger by contrast. It is 
curious, too, that the editors have chosen to emphasize 
the book’s weakest points at the expense of its best 
feature, a series of review notes covering the year’s major 
developments in a range of scientific fields. 

The first chapter, for instance, consists of spacecraft 
pictures interlarded with the high school rhetoric of 
astronaut John H. Glenn. Space, he believes, “is the 
biggest exploration and research project ever conducted 
by man”, yet the main value of the space programme is 
“the serendipity as you go along”. So much for those 
who believe research has to be planned. To the impudent 
erities who choose to see more of the spirit of exploration 
in a single sentence of Doughty, Burchardt or Burton 
than in all the banal babblings of the astronauts, Mr 
Glenn gives short shrift. “Some people,” he accuses, 
“have eriticized the astronauts for not describing the 
beauty that had to be there, the beauty the camera could 
not reveal. Well, try deseribing the undeseribable. It’s 
a new group of sensations — a new world. How do you 
put it into words?” If that old group of sensations, the 
Sun, reminded Blake of nothing so much as a cloud of 
angels singing “Hosanna, hosanna, hosanna”, their lofty 
visions nnght have evoked at least an alleluia from the 
astronauts; but that, as Glenn makes clear, was not to be. 

The sixteen articles that follow include an excellent 
essay on dolphins by John Barbour (Associated Press), 
and an intriguing account of excavations on Thera, 
putative site of Atlantis, by Emily Vermeule (W ellesley 
College). Frank Drake (Cornell University) discusses 
pulsars and Preston E. Cloud (University of California, 
Santa Barbara) warns that by the year 2042 twelve 
of the world’s twenty recoverable mineral resources may 
be exhausted. The forecasts, based on the two false but 
mutually compensating assumptions that the present rate 
of consumption will continue unchanged and that no 
-new deposits will be found, spell the end for crude oil, 
natural gas, copper, tin, lead, tungsten, uranium, zinc, 
helium, gold, silver and platinum. 

The best part of Science Year is a collection of well 
written and highly professional notes covering the year’s 
excitements in everything from agriculture to ne ene 
These are excellent value and afford as good a picture as 
could reasonably be wished of where ‘the action was. 
Apart from the irritations of its opening article and a pull- 
out cardboard absurdity billed as “the highlight of this 
year’s edition”, Setence Year has much to commend it; 
brisk, informative, thorough, well illustrated and well put 
together, it bids fair to “be what its editors can only 
describe as “a viable communications link between scient- 
ists and the public”. And—who can tell ?—it may even 
inspire its readers, with eyes atwinkle and a firm step, to 
move out to meet the continuing challenge of scientific 
fulfilment. NicHOLaAs WADE 
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PHILOSOPHY FOR THE SCIENTIST 


Fact and Theory 

An Aspect of the Philosophy of Science. 
Pp. xiv+193. (Sydney University Press: Sydney; 
Methuen: London, July 1969.) AS7; 66s. 


An Aspect of the Philosophy of Science. 
O'Neil. Pp. xiv +193. (Sydney University press: Sidney; 
protester. He may fee! that he is being told how to do 
his job by somebody who has never been near a laboratory ; 
or he may think it simply laughable to spend his time 
discussing such questions as whether electrons really 
exist. Unfortunately, some philosophers have got what 
they deserved after, ‘for example, analysing the structure 
of phy sics and then assuming that they knew all about 
biology ; and it i is a e that hardly anybody nas aimed 


By W. M, O'Neil. 


By W. M. 


hemst es. 

Fact and Theory will help to change a few minds, It 
is based on a course of lectures which Professor O'Neil 
has given to science undergraduates at the University of 
Sydney, and what it does is to eheit from real sei entific 
situations—drawn from the past for ease of under- 
standing—a number of points which lend themselves to 
analysis. The book is intentionally introductory. Pro- 
fessor O’Neil compares himself to “the man with the 
megaphone at the front of the tent on the fairground”, 
providing a link from science to philosophy in the hope 
that readers will want to see what the show is all about. 

The “aspect” of the title is the relationship between 
what is observed and what is supposed in order to explain 
the observations. It is introduced gently by a discussion 
of theories about the motion of the blood up to the time of 
Harvey, to illustrate one simple kind of supposition. 
Harvey assumed the existence of capillaries joming 
arteries to veins so that he could explain where all the 
blood went to if the heart acted as a pump. 

Subsequent historical sections deal with accounts of 
the solar system, attempts to explain the periodic classifica- 
tion of chemical elements, and theories of inheritance up 
to Crick, Watson and beyond. The methodological ideas 
develop naturally, and with gradually increasing com- 
plexity, out of the various scientists” work. In this way 
the discussion broadens to include issues that are peri- 
pheral to the main subject, and among these fruitful 
sidetracks are the nature of explanation, the distinetion 
between realist and instrumentalist attitudes to theories, 
and the peculiar problems of trying to reduce biology to 
physics. 

O'Neil has a happy knack of hitting on the kind of 
standpoint that many scientists naturally favour: the 
empiricist, the res alist and the reductionist all emerge 
favourably. He is not, however, trymg to be philo- 
sophically original or controversial, and this could account 
for the lack of tension implicit in his writing, which a 
more aggressive stance might tighten up. The book is 
interesting throughout, but unexciting. 

The historical chapters are not as good as the philosophy. 
Presumably they are not meant to be read as pure history, 
but on the other hand they contain much more detail 
than the philosophical points need. Discussions also 
tend to jump uncomfortably back and forth from past to 
present-—the sequel to the discovery of Kepler’s third 
law, for example, is an illustrative calculation based on 
modern values--and the cumulative effect is of history- 
with- hindsight, which is not the best way to bring out 
the connexion between science in its context and philo- 
sophical analysis. 

It is as a clear introduction to some of the philosophical 
problems of science, however, that Fact and Theory is 
valuable. Scientists who want to be convinced that 
philosophizing can have its points will perhaps find that 
T. S. Kuhn’s The Structure of Scientific Revolutions offers 
a greater sense of enthusiasm, and although his viewpoint 
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is controversial Kuhn makes better use of his historical 
examples. For an account of how some early scientists 
went about their work, with discreet methodological 
inferences drawn where necessary, the best recommenda- 
tion remains the series of “Harvard Case Histories” 
edited by J. B. Conant. ROBERT Maycock 


THOUGHTS ON DREAMS 


Dream Psychology and the New Biology of Dreaming 
Edited by Milton Kramer, in collaboration with Roy M, 
Whitman, Bill J. Baldridge and Paul H. Ornstein. Pp. 
xvi+ 459. (Thomas: Springfield, Hhnois, July 1969.) 
$17. 


Here is an American book devoted to dreams, with con- 
tributions from thirty-five contributors of varying schools 
of thought. Familiar Freudian attitudes are followed by 
the less familiar Adlerian position. Here we may find 
clearly stated the existentialist view that the dream is 
not a disguise for secret wishes of the waking hfe, nor an 
inferior and vague expression of transitory physical or 
psychological states, but an open, intense and authentic 
experience which should be understood without waking 
state prejudices. Not all viewpoints are given space, 
and noticeable was the absence of David Foulkes, who has 
made the most striking American studies of dreaming in 
recent years. 

The recent. increase in knowledge of the physiology of 
sleep and of the dreaming state has revived interest 
in the study of dreams themselves, and the purpose of 
this book is to summarize the new physiological knowledge 
and concentrate at length on the psychology of the dream. 
Whitman considers it impossible any longer to accept 
Freud’s. dictum that dreams ere guardians of sleep 
because it is inconsistent with the periodicity and rhythm1- 
eity of the REM sleep period with its aceompanying dream- 
ing, a period in which, Jolyon West suggests, brain anabolic 
processes are in progress. 

There is emphasis on the fact that when dreams are 
collected by laboratory awakening techniques they are 
influenced in content by the setting, and by the relation- 
ship between the dreamer and the observer. A difference 
of sex between the two will mobilize heterosexual problems 
which will become manifest in the dreams. Anxiety- 
provoking films viewed before sleep are followed by 
dreams having more anxiety content—not surprising when 
one recalls the wartime literature on battle dreams. 
Bonime, a culturalist (that is to say, a psychiatrist who 
works on the empirical assumption that all behaviour is 
determined by cultural or social forces, and not by 
instinctive and individual forces), comments that while 
there are many studies of dream imagery and of the 
meaning of the dream content, there have been few of the 
affect or mood which moulds and pervades the dream. 

Just as pre-sleep anxiety is followed by dream anxiety, 
so, says Cartwright. those who express their impulses in 
waking life will express more hostility and sexuality in 
dreams. This could support the view that dream-life 
does not serve a complementary role, filling up what is 
lacking in our daytime life, but merely shows continuity 
with waking life. 

The nervous irritability of the early menstrual period is 
reflected in an increase of dream aggression, initiated by 
the dreamer herself, during the time of menstruation, 
but with the accompaniment of an increase in friendly 
inter-personal dream interactions initiated by the dreamer 
herself. 

The most important methodological advance discussed 
m the book is deseribed by Calvin Hall and Van der 
Castle; namely, dream content analysis by methods 
which enable dream content to be scored according 
to large numbers of criteria, with high inter-scorer 
reliability. Particularly powerful is contingency analysis 





which enables one to determine what elements ocour 
together more often than would be expected by chance. 
Clinical impressions were that a man was preoceupied 
with bowel functions and contingency analysis showed. 
that such elements es tunnel, pressure, explosion, brown, 
dirty, water and empty oceurred in the same dream more 
frequently than would be expected by chance. — 

At the end of the book comes what I hope I may be 
permitted to call a characteristically American suggestion, 
that children should be trained to use their dreams as an 
access to their inner life in order that they might find no 
attraction in hallucinogens like LAD, l 

I was a bit disappointed with the quality of some 
chapters, but it is a useful book, with potential ideas for 
research students. Jax OSWALD 


DIAGNOSIS OF A ROYAL MALADY 


George lil and the Mad-Business g 
By Ida Macalpine and Richard Hunter, Pp. xv +407. 
(Allen Lane (The Penguin Press): London, November 
1969.) 70s. 

To make a medical diagnosis from historical data is always 
a risky business. And yet there are many publications 
on problems as diverse as the Plague of Athens ang 
Henry VIII's ulcerous legs. Such “armchair diagnoses” 
are rarely justifiable because the information avaiable is 
usually inadequate for a precise conclusion to be reached. 
This book, however, is one of the very few instances where 
the technique has been successfully and brilliantly used. 

The study of George HHI made by Drs Macalpine and 
Hunter is deservedly well known. They clann that his 
intermittent mental derangement was caused by a rare 
hereditary defect of porphyria metabolism producing a. 
wide range of episodic physical as well as mental symp- 
toms. Sufferers from porphyria are not insane in the: 
usual sense of the word, for they have attacks of “madness” 
but are normal between them. The traditional view of 
George HH is that he had bouts of insanity which even- 
tually engulfed him completely. The authors call this- 
“the lore of the Mad King” and then proceed to demolish 
it. If one examines closely all the clinical and collateral 
evidence, with the disease, porphyria, in mind, it is 
possible, without Proerustean efforts, to conclude that 
this must be the diagnosis, with the addition of senility 
in later life. One can also readily understand how this 
bizarre condition must have confused the attendant. 
physicians and that it could easily do so today. With 
incredible industry and thoroughness the authors have 
drawn upon a mass of data from a diversity of sources, 
There is new as well as previously published material, 
with many contemporary and evewitness accounts. 
Some writers would have used each opportunity to force 
home the diagnosis, but Macalpine and Hunter use the 
much more effective and subtler method of allowing the- 
adequately articulate material to speak for itself. 

The first part of the book contains this evidence and 
from it a vivid picture is derived, not only of the King’s 
illness but also of contemporary medicine. especially” 
psychiatry, and of the medical profession itself and the 
conflicts associated with royal patronage. At this stage 
one begins to agree with the proposed clinical interpreta- 
tion, but the authors now proceed to supply even more 
confirmation. They have studied carefully the Houses 
of Hanover, Stuart, Tudor and Prussia, and have not 
only found the disease in other members but also in four 
living descendants, thus providing the most vital support 
for their contentions. As the authors point out, many 
studies of reinterpretation with the royal malady in mind 
will now be needed; for example, Mary Queen of Scots, 
James VI and I, and Caroline Matilda, Queen of Denmark 
and Norway, among others. 

The authors also suggest that George IITs illness 
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influenced the evolution of British psychiatry, and in the 
fourth section of this book they advance convincing 
evidence for this. There must. however, have been 
several factors responsible and the effect of the con- 
temporary French school which is mentioned, and of 
phrenology, which is not, would have to be examined 
more closely. The final part of the book deals with later 
studies of the King’s disorder, the most. interesting being a 
psychoanalytical interpretation which brings little credit 
to the technique. i 

Macalpine and Hunter have produced an important 
contribution to the history of medicine. They demon- 
strate in impeccable fashion how the method of historical 
diagnosis can be effectively employed by the judicious 
handling of medical and historical data; their work will 
be a model for others. But, in addition, historians are 
presented with a new paradigm which they must now 
take into account. This book, written in a masterly 
and engaging style and produced by an equally proficient 
publisher, must therefore be made available to a wide 
audience especially in the fields of history and medicine. 

EpwIN CLARKE 


MYTHS AND ALL 


The Growth of Natural History in Stuart England from 
Gerard to the Royal Society 

By F. D. and J. F. M. Hoeniger. (Folger Booklets on 

Tudor and Stuart Civilization.) Pp. 54+19 plates. 

(University Press of Virginia: Charlottesville; Oxford 

University Press: London. Published for the Folger 

Shakespeare Library, August 1969.) 10s. 


THe Folger Shakespeare Library is a research institute 
administered by the trustees of Amherst College. It was 
established primarily for the scholarly study of Western 
civilization from 1485-1715 over which period the library 
contains a rich collection of books, pamphlets and manu- 
scripts. It is laudable that the trustees also recognize 
the needs of the non-specialist who seeks information 
about the Tudor and Stuart period, and by instituting 
this series of booklets on the cultural history of the 
sixteenth and seventeenth centuries has sought to meet 
them. 

This title is the companion to the earlier booklet on 
natural history in Tudor England. As befits a hbrary 
research institute, the authors of this booklet have built 
their account around the famous books of the period. 
This practice gives a straightforward organization of the 
material but not one best fitted to bring out the chief 
trends of Stuart natural history. This is not to deny 
that the change from stylistic to naturalistic ilhistration, 
from reliance on previous authorities to learning from 
nature, from uncritical acceptance of mythical creatures 
to scepticism about them, is emphasized. The chef 
figures in the account are Sir Thomas Browne, Gerard, 
Grew, Hooke, Leeuwenhoek, Maipighi, Moffet, Parkinson 
and Ray. With such a list it is not surprising that the 
subject of the founding of the Royal Society gets only two 
paragraphs. The details of John Gerard’s roguery, on the 
other hand, occupies nearly three pages. 

As an introduction to the period, it is a pleasing survey 
enlivened by the authors’ enthusiasm for the great books 
of the period and persistent myths-—-especially the barnacle 
geese—and by their engaging style of writing. Thus 
Parkinson's statement about the locality of the lady’s 
slipper orchid has the following acknowledgment: “*.. . as 
I am informed by a courteous gentlewoman, a great lover 
of these delights, called Mistress Thomasin Tunstall, who 
dwelleth at Bullbank near Hornby Castle”. 

There is a useful section of suggested reading where 
reprints of the rare and costly famous books are detailed. 
The booklet closes with twenty exquisite plates from the 
illustrations of the period. ROBERT OLBY 
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REGIONAL GEOGRAPHY 


Louisiana 
Its Land and People. By Fred B. Kniffen. Pp. 196. 


(Louisiana State University Press: Baton Rouge, 1968.) 
$7.50. o 


Imperial Texas 

An Interpretive Essay in Cultural Geography. By D. W. 
Meinig. Pp. 1454+17 plates. (University of Texas 
Press: Austin and London, 1969.) $4.50; 43s. 


On the basis of the bibliographie data these books would 
seem to be remarkably similar. Concerned with the 
geography of adjacent States, t hey were written by two 
of America’s currently best known cultural geographers 
and published within a few months of each other by the 
respective State university presses. In essence, however, 
they are quite different, occupying nearly opposite 
positions on the wide spectrum of writings within the 
broad field of regional geography. l 

Louisiana : Its Land and People is essentially a college 
textbook which will doubtless be compulsory reading for 
students of geography within the Pelican State during 
the nineteen-seventies, but it is unlikely to find a wide 
readership elsewhere. Simply written and copiously 
illustrated, it contains successive chapters on weather, 
climate, relief, soils, vegetation, resources, prehistoric 
man, European settlers and settlements, communications. 
agriculture, industry and urbanization. This arrangement 
has been characteristic of State geographies for a century 
or more and is directly descended from that adopted by 
many nineteenth century German geographers. The 
approach is predominantly genetic and landscape is the 
touchstone of relevance, these being the twin hallmarks 
of Carl Sauer’s “Berkeley School of Geography”, of which 
Kniffen and several of his colleagues in the department of 
geography (the “little Berkeley of the South”) at Louisiana 
State University are both products and disciples. The 
author has been a student of Louisiana and its landscapes 
for forty years and his reputation for sustained and per- 
ceptive observation in the field is reflected in this book 
in the large number of specific examples of a diverse range 
of landseape elements. Unfortunately, in achieving a 
balanced and relatively elementary treatment, Kniffen 
has not drawn very deeply on his specialist knowledge of 
the cultural geography of earlier times. Louisiana : 
Its Land and Peopie is but one in a long tradition of 
conventional texts about individual States, but the author 
has the reputation and experience to write a definitive 
cultural geography of Louisiana, which could establish 
rather than follow tradition. One can only hope that 
some day he will do this. 

During the past four years. Professor Meinig has 
written a major paper on the Mormon Culture Regioni, 
three important chapters on the historical and cultural 
geography of New York State in one of the best of the 
recent State geographies’, a definitive historical geography 
of the Great Columbia Plain of the Pacific Northwest? 
(reviewedin Nature, 222, 1005; 1969) and now a book length 
essay on the cultural geography of Texas. Each of these is 
characterized by masterly prose, scholarly treatment, a 
historical approach and a distinctive emphasis on man. 
The extended essay form of Imperial Texas has enabled 
Meinig to bring out the distinctiveness of his approach 
even more effectively than in his other publications. 
It is a dynamic approach with a two-fold emphasis: upon 
people, “who they are, where they came from, where they 
settled, and how they are proportioned one to another 
from place to place”, and upon, “strategic and terrestrial 
organization, how areas have been brought into focus. 
connected one to another and bound up into larger 
networks and circulations” (page 7). This approach is 
reflected in the sequence of six one-word chapter headings: 
Implantation; Assertion; Expansion; Elaboration: 
Differentiation; and Characterization. It is an approach 
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unlike any in the current mainstream of American 
geography, but it is not without antecedents; indeed. 
British geographers may find in it some of the ideas 
implicit in the writings of a generation or two ago of men 
like Sir Halford Mackinder, Professor H. J. Fleure and 
Sir Cyril Fox. Though showing a scholarly respect for the 
facts, Imperial Texas is interpretative and consequently 
reflects the author's perception of the area. Prose. 
theme, ideas and subject blend together into an essay 
which is compulsive reading and it could well be con- 
sidered as a possible model by anybody about to write a 


historical or cultural geography of some other part of 


the world. 

If the ultimate objective of geography is “to describe 
and interpret the variable character from place to place 
of the earth as the world of man‘! then Imperial Texas 
brilliantly succeeds where Louisiana : Its Land and Peopli 
falls short. Though the latter contains far more facts. 


the reader of both with little or no prior knowledge of 


either of the two States will obtain a deeper appreciation 
of Texas than of Louisiana and derive greater satisfaction 


in doing so, G. MALCOLM Lewis 

: Meinig, D \ Geographers, 55. 19] (1065). 

* Thompson, J. H., (ed.) Leography of New York State. 12] (Syracuse Uni- 
versity Press. 1066), 

* Meinig, D. W., The Great Columbia Plain A Historical freography, 1803 
1910 (University of Washington Press, 1069). 

y Hartshorne, R. Perspective on the Nature of Geogra phy, 47 
American Geographers, 1959). 
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ARSO lation üf 


ASTROBOTANIST 


Herschel at the Cape 

Diaries and Correspondence of Sir John Herschel. 1834 

1838. Edited by David S. Evans, Terence J. Deeming. 
Betty Hall Evans and Stephen Goldfinch. (History of 
Science Nos 1.) Pp. XXXV + 598+ 20 plates. 
(University of Texas Press: Austin, Texas, and London. 
October 1969.) S10: 95s. 

JOHN HERSCHEL spent four years at the Cape of Good 
Hope, from 1834 to 1838, continuing his father’s sweep 
of the heavens into the southern hemisphere, and in so 
doing discovered and catalogued a very large number of 
nebulae. He did not zo to the Royal Observatory, which 
already existed, but set up his telescope a few miles 
farther south in what is now the suburb of Claremont: 
and the spot is marked by a small memorial which is 
rather hard to find in the suburban streets. During this 
time he kept a diary, which is reproduced in the volume 
under review, together with a number of letters. The 


Series, 


Physical 
ASTRONOMY WITHOUT MATHS 


Invisible Astronomy 

By Colin A. Ronan. Pp. xvi+ 173412 plates. 
and Spottiswoode: London, September 1969.) 
THs book, intended for the non-specialist reader, discusses 
the evolution and impact of modern astronomy on present 
scientific knowledge concerning the nature of the universe, 
As its title suggests, it deals primarily with those regions 
of the spectrum to which the eye is not sensitive. particu- 
larly the X-ray, ultraviolet and radio wavelengths, and 
also with some aspects of cosmic particle astronomy. 

The book begins with a review of the interaction of 
experiment and theory in the formulation of a physical 
law; followed by a useful diseussion on the danger of 
accepting on a universal scale laws which have only been 
terrestially validated. 

The part played by visual astronomy in determining 
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whole collection describes a busy life, a great deal of 
energy being devoted to botany. Perhaps this is a little 
misleading, because a whole night's work on the telescope 
is dismissed in a line or two and the botanizing expeditions 
are rather a feature of the diary. The collection is of 
fascinating interest to because ] 
of my youth at the Cape; but to the general reader the 
diary may seem rather scrappy. The editors have made a 
thorough job of transcribing difficult 
have contributed COPIOUS notes, with the Latin names of 
the plants and animals. A substantial sketch of John 
Herschel Is piven by Dr Evans. The book is of ver, 
great interest to those interested in the early history of 
the Cape Colony or in the early 
botany. 


me spent some years 


handwriting and 


development Of it 
RICHARD WOOLLEY 





John Herschel (1792-1871) from an engraving published in 
1875 (Ronan Picture Library). 


Sciences 


our picture of the universe in terms of the distance, 
motion, brightness and spectra of stars is discussed at 
length, and concepts such as stellar classification in terms 
of temperature and luminosity are introduced. A more 
unified picture of the universe is shown to evolve as each 
historie advance in understanding 
galaxies to be fitted into an evolutionary pattern, 

Elementary particles, nuclear fusion and fission, discrete 
spectral line emission from atoms and molecules and the 
LOO, 
are the recent advances in radio, particle and ultraviolet 
astronomy dealt with in subsequent chapters. These I 
found particularly interesting and informative, dealing 
with instrumental and observing techniques as well as 
the astronomical data obtained. 


allows stars and 


energy processes in stars are very well treated. So. 


Finally, the author reviews the present state of the 
three major cosmological theories—the Big Bang. Steady 
State and Oscillating Universe theories—and in particular 
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the significance to them of more recent radio astronomical 
observations. 

In general, this book is well written and easy to read, 
although there are a number of errors in the text which 
should have been eliminated at the proof-reading stage. 
The list of figures (page xiii), for example, refers to “un- 
popularized radiation”, and the captions of Figs. 2(a) 
and 2(b) appear to have been transposed. More impor- 
tant, however, this is an interesting and informative book 
which unifies present astronomical knowledge, and pre- 
sents it (without recourse to mathematics) in a manner that 
the non-specialist reader will understand. N. K. REAY 


RELATIVITY RESTATED 


Relativity 
By Ray Skinner. 
Sciences.) Pp. xu+ 340. 


(A Blaisdell Book in Pure and Applied 
{Blaisdell (Ginn): Waltham, 
$12.50. 


THERE is fast becoming a standard American textbook 
style, deriving perhaps from the Feynman Lectures in 
Physics. The books are closely geared to possible lecture 
courses, a section of the book being about the material 
for one leeture, and the text is printed only on about 
two-thirds of the width of each page. leaving a wide outer 
margin in which, from time to time, pictures occur. 
This book is one more of the style, but except in these 
respects it is a considerable step forward. It is the second 
of a planned series of five books covering undergraduate 
physies-—the first was Mechanics—which try to present 
the basic concepts from a modern point of view. (Subse- 
quent volumes are promised on electromagnetism, heat 
and quantum mechanics.) 

The greatest advantage of this book is the thoroughness 
with which every point is discussed. The standpoint is 
a fairly orthodox one; the oddness of the speed of light 
as evidenced by the Michelson~Morley experiment leads 
to the conclusion that absolute distant simultaneity is 
impossible. Then the Lorentz transformation is deduced 
and a four-dimensional formulation given. In discussions 
of the clock paradox and the visual appearance of moving 
objects the author offers a number of hostages to fortune, 
but never puts a foot wrong. This concludes chapter one. 
Chapter two is taken up with dynamics and nearly half of 
this is, quite rightly, a discussion of nuclei and particle 
decays. Here the experimental information is well up 
to date, reaching to the middle 1960s. 

The third chapter is the most original. The author 
obviously takes the view--which is surely long overdue— 
that the conventional textbook division mto (i) special 
relativity, and (ii) general relativity, meaning by (ii) the 
theory as it had progressed up to 1916—-or 1926—makes 
no sense. From a teaching and logical point of view, the 
right division is to have special relativity, and general 
relativity up to 1915, with a rough sketch to make plausible 
the Schwarzschild solution, in one book, leaving the ground 
clear for the second one to begin with all the post-1945 
general relativity. We still await somebody's attempt at 
the second book, but Ray Skinner’s third chapter in the 
book under review shows that he has done extremely well 
at writing the first one. C. W. KILMISTER 


Massachusetts and London, 1969.) 


LOSSES IN MASS 


Mass Loss from Stars 

Proceedings of the Second Trieste Colloquium on Astro- 
physics, September 12—17, 1968. Edited by Margherita 
Hack. (Astrophysies and Space Science Library. Vol. 13.) 
Pp. xii+ 345. (Reidel: Dordrecht, 1969.) 65 D-fl. 


ALTHOUGH astronomers have known for some decades 
that stars can lose mass in the explosive events resulting 
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in novae and supernovae it is only relatively recently that. 
they have become aware of the more gradual loss in mass 
experienced by nearly all normal stars. The colloquium 
which resulted in this book was therefore a significant 
milestone in the development of ideas about this pheno- 
menon, and has provided an opportunity for the editor to 
produce a volume of particular interest to students of 
stellar evolution, the field most affected by considerations 
of this kind. It is unfortunate that the delay before 
publication of this book has now stretched to over a year, 
because in such an active field much of the work deseribed 
will by now have been superseded. Almost half the book, 
however, is devoted to the observations of mass loss from 
stars, and will remain relevant for longer than some of the 
theoretical discussions. 

The layout of the book, which seems to follow too 
closely the programme of the colloquium, makes it impos- 
sible to read as a coherent whole. Itis even more irritating 
to find that the compartmentation which breaks the book 
up so effectively and makes it necessary. for example, for 
the reader to skip sixty-odd pages between the work 
describing observations of mass loss from close binaries 
and that describing the theory of these systems. does not 
even produce the ease of reference for which it is presum- 
ably designed. At a colloquium of this kind it is usually 
convenient to have separate sessions for discussion of 
observation and theory, because not only are the partici- 
pants familiar with the overall subject involved but they 
are also readily able to question points raised. But to 
the astronomer specializing in another field it is much 
more convenient to have the theory and observation of 
each object presented together in a single coherent 
group. This rigid reporting of conferences m the exact 
format of a conference rather than that appropriate 
to a book is a curse which certainly extends throughout 
the physical sciences and makes books of this kind 
utilitarian when they could be a pleasure to read. Of 
course more imaginative editing would be required, and 
some participants would be offended if their dull, un- 
important contributions were left out, in order to raise the 
overall standard of the report, but the end would more 
than justify the means. As it is, this volume will remain 
on the library shelves, occasionally used in order to find 
the references of other original papers, when it could have 
been a definitive work. JOHN GRIBBIN 


NUCLEAR PHYSICS 


Physics of Nuclei and Particles 

Vol. 1. By Pierre Marmier and Erie Sheldon. Pp. xvni+ 
809. (Academic Press: London and New York, June 
1969.) 1638 4d. 


Tus book is the first of three volumes which are evidently 
intended to serve as a self-contained review of a large part 
of nuclear and particle physics. The first volume contains 
a historical introduction followed by chapters on nuclear 
radii and the liquid drop model, nuclear interactions and 
cross-sections, the passage of ionizing radiations through 
matter, nuclei as quantum-mechanical systems, general 
properties of radioactivity, alpha-decay, beta-decay and 
the weak interaction, radiative transitions in nuclei, 
internal conversion, and characteristics of nuclear reactions, 
and ends with several appendices covering theoretical and 
experimental techniques. Within this vast range there are 
many items of interest to research workers in a variety of 
specialized fields, and the book will also merit examination 
by anyone who teaches nuclear physics at undergraduate 
or postgraduate level. 

The authors anticipate that their book can be read by 
any student who has a background of one year’s study of 
quantum mechanics. It seems probable, however, that 
students will find this work indigestible and unattractive. 
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The book is certainly not easy to read, partly as a result of 
a rather clumsy prose style and the use of too wide a 
variety and size of type characters. There is a large 
number of useful diagrams, but some of these, for example 
4.57(c), 4.95, and 8.18(c), are rather confused. 

The most serious fault of the book is that it attempts to 
span too great a range of knowledge and understanding. 
This raises difficulties which are particularly evident in 
the chapter on nuclei as quantum-mechanical systems. 
Here quantum numbers are introduced and explained in 
detail, including out of date notations, but reference is 
made to the Pauli exclusion principle, Fermi-Dirac and 
Bose-Einstein statistics without any explanation at all. 
The concept of isospin is dealt with very briefly although 
there is a fairly detailed discussion of isobaric analogue 
states later in the chapter, and the use of spin and isospin 
operators is not mentioned at all in this chapter. In all the 
theoretical sections, the underlying physical principles are 
rarely isolated and examined with clarity and insight. 

DAPHNE F, JACKSON 


BASIC TEXT ON PLASMA PHYSICS 


Nonlinear Plasma Theory 

By R. Z. Sagdeev and A. A. Galeev. Revised and edited 
by T. M. O’Neil and D. L. Book. (Frontiers in Physics.) 
Pp. xii+122. (Benjamin: New York and Amsterdam, 
1969.) n.p. 


Tuis book is based on a course of lectures given by the 
authors at the International Centre for Theoretical 
Physies at Trieste. The notes of this course, originally 
taken by the editors, have subsequently been revised and 
edited in collaboration with the authors. 

The book gives an account of the theory of weakly 
non-linear plasmas (weak turbulence) and is conveniently 
divided into three sections. The first deals with the non- 
linear interaction of waves. The authors start by discus- 
sing a simple example of three interacting waves and base 
the subsequent more general theory on this model. By 
introducing simple quantum concepts they succeed in 
giving a very simple interpretation of the effects even 
when applied to realistic situations. In this section of the 
book, a macroscopic approach to plasma physics is used, 
so the general methods developed are applicable to other 
fields of physics, particularly to those that are based on 
fluid type equations. 

In the second section the resonant interaction of particles 
and waves is discussed, the so-called quasi-linear theory. 
Both three-dimensional effects and changes due to 
magnetic field fluctuations are discussed. 

The final section is devoted to a discussion of the reson- 
ant interaction of particles with waves that themselves 
have been produced by the non-linear effects discussed 
in the first section. Thus the results of the first two 
sections are brought together to give the final non-linear 
theory. Mode-mode coupling effects and non-linear 
Landau damping are discussed. 

Throughout the book the basie theory is well illustrated 
by examples which themselves are of importance in 
plasma physics. The book is eddressed to plasma physi- 
cists and some familiarity with the linear theory of this 
subject is needed, in particular to understand fully the 
last two sections of this book. The first section gives an 
extremely good discussion of wave-—-wave interaction 
effects, however, which can be appreciated without this 
prior background and should be valuable to those working 
in other branches of physies. 

The printing and layout of the book are in general very 
good, though the over-use of primed suffices, a notation 
which is prone to misprints, distract a little from what 
otherwise is an excellent book. I highly recommend it 
as a basie text on weakly non-linear plasma physics. 

GEORGE ROWLANDS 


ATOMIC COLLISIONS 


Electronic and lonic Impact ieee 
Second edition in four volumes. By H. 
E. H. 8. Burhep and H. B. Gilbody. V e Electron 
Collisions with Atoms. Pp. xx+ 1-664 +20. Vol. 2: 
Electron Collisions with Molecules and Photoionization. 
Pp. xviii + 665-1294 +21. (International Series of Mono- 
graphs on Physies.) (Clarendon Press: Oxford; Oxford 
University Press: London, June 1969.) 200s each volume. 
WHEN the first edition of this well known monograph 
appeared in 1952, the authors managed to survey the 
whole field of atomic collision phenomena in a singie, 
substantial volume of some six hundred pages. Such has 
been the pace of the development in the intervening years 
that the new edition will contain no less than four volumes 
each comparable in size to the old one, and this has been 
achieved only at the expense of orrutting certain topics 
entirely, notably the discussion of phenomena occurring 
at surfaces. The tremendous expansion that has occurred 
in the subject has been, in part, a response to the need m 
many branches of physics, notably in astrophysics, plasma 
physics and atmospheric physics, for accurate values of 
reaction rates for various atomic collision processes. The 
developments in experimental techniques, often springing 
from methods pioneered in the fields of nuciear and high 
energy physics, have made possible accurate absolute 
measurements of many differential and total cross-section 
for the first time. Perhaps the most interesting and funda- 
mental advance in the theoretical interpretation of the 
data that has occurred since the first edition appeared 
has been the recognition of the important part that 
metastable complexes, formed from the colliding atoms or 
ions, play in many collision processes. The existence of 
these metastable states, observed sas enhancements or 
resonances in the scattering cross-section, has been known 
from the 1930s, but at that time the profound effect that 
these levels have on excitation cross-sections in electron 
collisions with atoms or molecules and on many reaction 
rates for atom-ion collisions was not realized. 

All these new phenomena, together with the many 
developments in the older parts of the subject, are reviewed 
in considerable detail, but with admirable clarity, in the 
new edition. The two pubhshed volumes cover the topies 
of electron collisions with atoms or ions {volume one) and 
electron collisions with molecules and photoionization 
(volume two). Collisions involving the scattering of ions 
or atoms by atoms or molecules will be treated in the third 
and fourth volumes. The authors belong to that very small 
group of physicists who can write with equal authority and 
experience on both theoretical and experimental topics, 
and in each volume they have provided a remarkably 
complete and balanced survey of the experimental 
techniques concerned and the results obtained, together 
with an illuminating discussion of the physical principles 
involved and the theoretical background. No attempt has 
been made in the new volumes to list the experimenta! 
data completely, but all the really impertant results are 
described in full and most cross-sections of fundamental 
interest can be obtained from the book without reference 
elsewhere. 

As this book is primarily an advanced treatise, it will 
naturally be of greatest value to active research workers 
in the field and to those w orking in related fields for which 
a knowledge of reaction rates is required, but at the same 
time the book is so readable and treatrnent so clear 
that it can be recommended to even the most junior 
research student as a source of reference. 

The quality of the production is excellent and the mathe- 
matical text and the diagrams are very clear, something 
so often sadly lacking i in modern scientific publishing. The 
index, which is of prime importance in works of reference 
of such length, is particularly good and it is easy to locate 
not only the material describing a particular experiment 
or technique, but also to find what is known about collision 
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processes involving a particular species of atom or ion. It 
is only to be hoped that the price does not prevent the 
appearance of these volumes on the shelves of all interested 
m atomic collisions, where surely they deserve pride of 
place. B. H. BranspEN 


COURSE IN QUANTUM MECHANICS 


Lectures on Quantum Mechanics 

Gordon Baym. (Lecture Notes and Supplements 
in Physies.) Pp. xi+594. (Benjamin: New York and 
Amsterdam, 1969.) n.p. 


THe dust-jacket correctly describes this book as a supple- 
ment to a graduate course in quantum mechanics; it 
assumes “some familiarity with elementary quantum 
mechanics’, as well as a fairly extensive understanding 
of certain relevant parts of classical theory. Unlike 
many texts, it begins with the simplest ‘imaginable 
example of quantum mechanics—photon polarization— 
and uses it in some detail to illustrate the basic ideas. 
From here, the book moves at good speed and with com- 
mendable clarity through a wide range of standard 
and not-so-standard topics. In order of appearance, 
some of the physical applications are: K-mesons, 
tunnelling, the hydrogen atom, “Cooper pairs”, scattering, 
the Golden Rule, radiation, the Stern-Gerlach experiment, 
identical particles, atoms, molecules. and relativistic 
mechanics. Some of the development has clearly been 
inspired by the Feynman Lectures in Physics (Addison- 
Wesley, 1965). 

I enjoyed reading this book, partly because it avoids the 
standard arrangement of the material to some extent (it 
must be unusual to find the Aharanov-Bohm effect before 
the potential barrier in one dimension, and the K-meson 
before either), and partly because there appears to be a 
deliberate attempt to clarify those parts of the develop- 
ment which have elsewhere been glossed over. I parti- 
cularly liked the good introduction to quantum electro- 
dynamics, and the ten-page derivation of the Dirac 
equation for the electron ending with the remark that 
Dirac didn’t go to any of this trouble. The usual feeling of 
something bemg pulled out of the hat was absent. 

I have one major criticism. The author frequently 
lapses from his usually precise approach to make a remark 
which is at best unhelpful and at worst wrong. A selection 
of those I noted follows: an electric intensity is associated 
with one photon (page 5); the probability amplitude 
“leaks”, “flows”, “hops”, diffuses”? (47-53); “The a- 
particle will bounce around inside the nucleus” (96); 

certain elementary particles have “an internal angular 
momentum, like a ball spinning on its own axis” (302). 
Statements like these will cause no difficulty for readers 
who are already familiar with quantum mechanies; on the 
other hand, the book is meant for readers who are still 
trying to understand the problems. It is true that an 
intuitive picture may often produce a comfortable feeling 
that we have understood what happens, but in some 
circumstances it may be better to acknowledge that such 

a picture does not exist. 

In short, I recommend this book for its arrangement and 
mathematical clarity, but caution is necessary at certain 
points. The printing is clear, though a little untidy in 
places, and there are very few important misprints. 

JOHN L. MARTIN 


QUANTUM THEORY PUT SIMPLY 


Elements of Advanced Quantum Theory 

By J. M. Ziman. Pp. xi+269. (Cambridge University 
Press: London, July 1969.) 55s; $9.50. 

Tus book is unlike any other book on advanced quantum 
theory that I have seen. Whereas most other books, 
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even if they survey a wide range of topics, go into some 
matters in detail, this book is unashamedly superficial, 
and does not even quote the references where more 
detailed treatments can be found. The object of the book 
is to familiarize the reader with the language of advanced 
quantum theory, rather than to teach him how to use the 
techniques. He should be made aware of the context of 
the ideas which are used m theoretical papers. although, 
without further study and practice, he will not be able to 
use such ideas himself, 

The book consists of two parts. The first five chapters 
are concerned mainly with the methods of many-body 
theory, and the last two are concerned with relativistic 
formalisms and with symmetry. As one would judge 
from length alone, the + second part is much sketchier than 
the first. The first part gives a reasonably comprehensive 
survey of second quantization, perturbation theory. Green 
functions. and various applications to many-body systems. 
A few topies have been left out, such as the treatment 
of superconductivity theory as a generalization of the 
Hartree-Fock method, and the generalization of ground 
state approximation methods to problems of ie) 
equilibrium, presumably because they are too specialized. 

In the sixth chapter, classical relativistic field theory is 
set up and then quantized, spinors are mtroduced, the 
Dirac equation is derived, and there is a final discussion 
of the Pa S-matrix and the Manah pron T 
tion. No guidance is given to the meaning ot Regg 
boots MADE and the. hike. The pees chapter. on. ‘the 
application of group theory, is more comprehensive. 
but I think it is too brief to achieve its object. For 
example, the Wigner-Eckhart theorem is explained im 
words without being written down. In the final discussion 
of SU(3) the relation of the strangeness and isotopic spin 
to the hexagonal pattern of eight particles is not made 
explicit. 

In the first part of the book, and in part of the last 
chapter, I believe the author has been successful in 
providing an introduction to the language and ideas of the 
subject which should be helpful to students beginning 
research in experimental and theoretical solid state 
physics. They should also learn something useful from 
the discussion of aspects of relativistic problems. The 
student of elementary particles is likely to find the book 
less useful, because he will not be introduced to many of 
the ideas which are used in research papers of the past 
few years. Nevertheless, this book is a very welcome 
addition to the literature. because few people share 
Ziman’s ability to write simply about such topics. 

D. J. THOULESS 


DOPED CHIPS 


Heavily Doped Semiconductors 
By Viktor I. Fistul’. Translated from the Russian by 


Albin Tybulewiez. (Monographs in Semiconductor 
Physics, Vol. 1.) Pp. xi+418. (Plenum: New York, 
1969.) 825. 


THE ene diode was inv ente a in 1998, Its o 


1958 a a Shift of nice: 
been largely devoted to lightly L ae e tors, AO 
include heavily doped semiconductors. Interest in such 
semiconductors is as great today although it is not con- 
fined to their use for tunnel diodes. For example, there 
is much interest now in the transition from metal to non- 
metal, and there is a need for a book or extensive review 
to collect and criticize all the many aspects of the subject. 
The original text of Professor Fistul’s was published in 

1967 but has been revised by the author for this American 


edition. The author states in the preface of the American 
edition, however, that the monograph represents the 
state of knowledge on heavily doped semiconductors 
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in 1965. In a subject developing as quickly as this one, 
a book four years old is severely handicapped. 

The chief emphasis in the book is on the experimental 
investigation, together with interpretation, of the trans- 
port properties of heavily doped semiconductors.  Fistul’ 
has published many papers on this subject and he gives an 
excellent and detailed account. It is, however, largely 
restricted to conduction in the valence and conduction 
bands in silicon and germanium and this topie occupies 
nearly a half of the book. The remainder is made up of 
two introductory chapters. The first chapter contains 
many mistakes; for example, the definition of the light 
and heavy hole masses is inconsistent, and some of the 
data quoted were obsolete in 1965, but this is not at all 
representative of the remainder of the book. There is a 
chapter by Miul’vidski on the preparation of heavily 
doped semiconductors and a final chapter on some of the 
applications of heavily doped semiconductors. 

The price of this book, the somewhat restricted treat- 
ment of the subject and the fact that it is dated mean 
that I can only recommend it for specialist libraries and 
laboratories. R. MANSFIELD 


SEMICONDUCTORS IN THE MELT 


Liquid Semiconductors 

By V., M. Glazov. S. N. Chizhevskaya, and N. N. Glagoleva. 
Translated from the Russian by Albin Tybulewicz. 
(Monographs in Semiconductor Physies, Vol. 2.) Pp. xu+ 
362. (Plenum: New York, 1969.) $22.50. 


THE material covered in this book extends over a much 
wider field than the concise title suggests and the authors 
clearly appreciate that this may lead to misunderstanding. 
as they mention in the preface. Their concern is specifically 
with the temperature dependence of the important 
physical properties of those substances which exhibit 
semiconducting behaviour in the solid state. They then 
trace the changes which occur in these properties at the 
melting point and subsequently with further increase of 
temperature in the liquid phase. 

The text is a research monograph rather than a textbook 
and, as such, it is the first monograph to appear on the 
subject of liquid semiconductors. Although the emphasis 
is on the properties of semiconductors in the melt, the 
collated information on the structure and chemical binding 
of the various classes of semiconducting solids is of general 
interest. A considerable proportion of the material pre- 
sented is based on the results of the authors’ own research, 
but for this they need make no apology because their oF 
in this field has been considerable. The result, however, 
that experimental data are presented somewhat peua 
cally, and the captions to many of the figures leave 
important details unstated which, nevertheless, are to be 
found on perusal of the text. 

The chapter describing methods of measurement is based 
almost entirely on techniques which have been developed 
by the authors and is particularly valuable because of this. 
The measurement of electrical conductivity in the melt 
using an electrodeless method based upon a rotating 
magnetic field is ingenious. The assignment of semi- 
eondueting or metalle behaviour to a melt is made 
principally on the evidence provided by the absolute 
value and the variation with temperature of the electrical 
conductivity. Supporting evidence is then provided by 
measurements of the density, thermoelectric power, Hall 
coefficient and magnetic susceptibility as functions of 
temperature. Some semiconducting solids such as ger- 
manium, siheon, indium and gallium antimonide exhibit 
metalhe behaviour in the hquid phase and their pr operties 
are discussed in detail. Other semiconductors such as zine 
and cadmium telluride constitute the true liquid semi- 
conductors which retain their semiconducting properties 
in the melt in the absence of long-range order. 
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Many useful data are presented in this text, and these 
include results of the variation with composition of the 
viscosity of binary liquid systems. Tables at the end of the 
book record numerical data on viset sity, density, electrical 
conductivity and thermoelectric power. Plunly, this book 
should serve as a useful library source of data for reference 
rather than as an addition to one’s personal library. 

JoHN LAMB 


ALTERNATIVE TO KITTEL 


Solid State Physics 

By J. 5. Blakemore. Pp. xu+ 391. 
delphia, June 1969.) 115s. 

Tuais book will certainly be examined with interest by 
solid state physies teachers. There are relatively few 
adv anced ee ae text books on ee oe since 
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fae dominseed the field SO eftectiv el y t fee fey Ca 
have appeared, and the admirable third edition of 1966 
has maintained this position. But Kittel’s book is of 
somewhat forbidding length, and a rather shorter and 
less detailed text would be a useful alternative. 

The present book, though very similar im price to 
Kittel’s, is only about three-fifths of the length, and thus 
offers such an alternative. It is divided into five long 
chapters, on crystal structure, lattice dynamics, electrons 
in metals, semiconduetors and dielectric and magnetic 
properties. The first chapter starts off, a little unpromis- 
ingly, with a garbled account of van der Waals forces 
on page 5 and an erroneous piece of etymology on page 7 
but after these initial blemishes the author settles down 
to a generally orthodox and readable aceount of the 
traditional topics. in more or less the traditional order. 

The chapter on electrons in metals, which is the longest 
in the book (115 pages), starts off for some reason with a 
ten-page survey of the classical Drude~Lorentz theory, 
which might perhaps have been compressed to make a 
little more room for superconductivity at the end of the 
chapter: the attempt to cover the whole of this topie in 
fifteen pages is inevitably not very successful. Similarly, 
the rather detailed treatment of all the ramifications of 
semiconductor statistics might have been curtailed te 
make room for a more adequate treatment of dielectric 
and magnetic properties in the last chapter, 

Taken as a whole, the book lacks the incisive clanty of 
Kittel, and for teaching honours physicists most people 
will almost certainly prefer Kittel. But for shghtly less 
specialized audiences, this book may aia e useful. 

R. G. CHAMBERS 


THINGS SYMMETRICAL 


Crystals and their Structures 
By | antur F chose snell urns Commens ahi ani TRT 


A Per gamon: 
1969.) 45s (87 


E Studies.) Pp. 
London and New York, 
358 (55) paper. 
Tais book is aimed at the sixth-former for background 
reading. and perhaps at some first-year university students. 
On reading this m the preface I realized I was inappro- 
priate as a reviewer unless I could cast my mind back 
successfully to those davs. Indeed. it was in the sixth 
form A my miee imn | things symmetrical was stimu- 
g y along some narrow lines, 
seeing some aa is es but having time to 
investigate only a few thoroughly. At university, the 
need for a broad, careful and thorough study of the 
Sci ientifieally more important problems was indeed a 
complete contrast. To cover these contrasting aims is 
the impossible task of this book. 


ix p 231, : 
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In the first half, point groups, Bravais lattices, space 
groups, stereographie projections and the like are dis- 
cussed in a superficial but broad way which would not 
satisfy nor help any serious student. It is sad that here 
the sixth-former is given no idea of the existence of the 
most interesting of point groups-—the icosahedral group-— 
simply because a lattice with five-fold symmetry cannot 
occur and is therefore not covered in formal university 
courses. 

The next quarter concerns crystalline forces, well 
covered in standard texts which any school can afford 
if it can afford this expensive book. The argument in 
favour of this book must be that it covers the ground of 
many others. In fact, the first three-quarters are covered 
so well by a few well-accepted texts that all justification 
rests on the last quarter. Here we have band theory of 
semiconductors, colour centres, dislocations, fibres. liquids, 
coloured symmetry, group theory, cut-out model building, 
and crystal growing, squashed together, but on most of 
these topics the coverage is quick and shallow. 

This book should really be reviewed by a sixth-former 
with time and motivation for background reading, but I 

trust I have been successful in reliving these days. 
G. S. PAWLEY 


HISTORICAL CRYSTALLOGRAPHY 


Early Papers on Diffraction of X-rays by Crystals 
Edited by J. M. Bijvoet, W. G. Burgers and G. Hägg. 
Pp. xvi +372. (Oosthoek’s Uitgebersmaatschappij NV: 
Utrecht, 1969. Published for the International Union 
of Crystallography.) I14s. 


CRYSTALLOGRAPHERS are well organized people. They 
have an active international union, and there is even a 
World Directory of Crystallographers. Very rightly, they 
are now taking a serious interest in the history of their 
subject. This volume follows Fifty Years of X-ray 
Diffraction, which was edited by P. P. Ewald and appeared 
in 1962. It contains, in full or in part, more than eighty 
papers in the original language of publication, English, 
French or German. In a few cases, the condensation has 
been rather severe, so that scarcely more than the intro- 
ductory and final paragraphs are reproduced. According 
to the foreword, the book (which will be followed by a 
second part) is intended “not only to serve as a pedagogic 
aid, but also to make the student aware of the history of 
science’. Personally, I feel that a collection of original 
papers in any subject, except durmg the short period 
before good textbooks can be written, is a poor substitute 
for the latter. Its direct pedagogic value may be slight, 
but the book will be of enormous interest to teachers and 
researchers in crystallography. WILLIAM COCHRAN 


CRYSTAL CHEMISTRY 


Inorganic Crystal Chemistry 
By Istvan Náray-Szabó. Pp. 480. 
Budapest, 1969.) 168s. 


THE link that was first forged more than fifty vears ago 
between crystal structure analysis and investigations 
of the nature of the chemical bond has, if anything, 
become more important during the past decade. There 
has been an enormous increase in the productivity of 
chemical erystallographers as a result of the advent of 
electronic computers and automation of data collection 
and processing. For my part. these developments have 
not. carried with them the fashionable ery of “more means 
worse’’—indeed, the reverse is true, for one now has to 
a ako a results on a Bagi nimpe of arl 
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demands on any theory whieh has pretensions to being of 
general value. Even so, the sheer volume of results 
increases the need for really good reviews of the results 
which are not mere catalogues; the profound influence of, 
say, Pauling’s first edition of The Nature of the Chemical 
Bond cannot be forgotten. 

Naray-Szab6 puts himself at a severe disadvantage, for 
his discussions of the chemical bond are kept to a very 
primitive level. The blurb suggests that here is something 
new---"“the system of elements and inorganic compounds, 
discussed strictly following the periodic table, gives a 
SUrVeYV of morganic chemistry on this basis for the first 
time’. Even so, the book does contain references to struc- 
tural work which was completed as late as 1968 so that 
it has some obvious, if ephemeral, advantages over its 
predecessors. Two seetions, of very unequal length, deal 
with geometrical crystallography and. systematic crystal 
chemistry. The first is written in a straightforw ard and 
conventional way, but some very misleading statements 
are made early in the crystal chemistry section on the 
nature of the bonds in ionic crystals, diamond and metals 
as “evidenced” from Fourier syntheses of electron density ; 
there is, for example, no discussion of the more recent and 
definitive work on the bonding electron density distribution 
in diamond and other erystals. The descriptive part of the 
erystal chemistry section is quite well done and the ilustra- 
tions are first class, but I do not believe that these will be 
sufficient to make the individual research worker pay a 
high price for material which is, in general, no more 
critical than computer-retrieved results. R. Mason 


FLUORINE CHEMISTRY 


The Chemistry of Fluorine and its Compounds 

By H. J. Emeléus. (Current Chemical Concepts: A 
Series of Monographs. A Polytechnic Press of the Poly- 
technic Institute of Brooklyn Book.) Pp. ix + 133. (Aca- 
demic Press : London and New York, May 1969.) 65s. 


THIS monograph consists of a series of lectures presented 
at the Polytechnic Institute of Brooklyn to which has 
been added a bibliography providing references chiefly 
to reviews of the various fields. Some of the reactions 
described do not have their own references but, with some 
effort, the latter can be found in the reviews; no more 
could be expected in a book of this size. 

The author points out that, up to now, the maim em- 
phasis in the field as a whole has been on preparative 
chemistry and he has set out to indicate, now that adequate 
preparative methods and techniques are available, what 
more needs to be done, and the ways in which the com- 
pounds which he has played such a large part in making 
can be used, for the further development of the subject. 
In this he is most successful, particularly in those chapters 
dealing with the halogen fluorides, the oxygen fluorides 
and the perfluoro- organometallic compounds. Other 
chapters deal with hypofluorites; fluorides of Group TIT; 
the carbon fluorides; fluorides of Si, Ge, Sn and Pb: 
fluorides of N and related compounds; fluorides of P, As. 
Sb and Bi; and fluorides of S, Se and Te. Some are very 
short and that on the carbon fluorides barely seratches 
the surface, but all provide sufficient stimulus to send the 
reader to the bibhography. The author's enthusiasm for 
the subject is apparent and cannot fail to be conveyed 
to his readers. As it stands, this book with its biblio- 

graphy provides an excellent introduction to inorganic 
fluorine chemistry for undergraduates and research 
workers. Perhaps the author can eventually be prevailed 
on to expand it so as to deal with all the topics in greater 
detail and to include material, such as the noble gas 
derivatives. for which he is only able to quote references 
in the space available. 

The title is too all-embracing; the content is largely 
inorganic. W. K. R. MUSGRAVE 
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INTERMEDIARIES FOR SYNTHESES 


Enamines . 

Their Synthesis, Structure and Reactions. Edited by A. 
Gilbert Cook. Pp. xi+515. (Dekker: New York and 
London, August 1969.) $35.75; 339s. 

Tus book provides a much needed review of a popular 
and useful field of chemistry. The last sizable review, 
the one by J. Szmuszkoviez, appeared in 1964 and pre- 
ceded (and no doubt stimulated) a great deal of work, 
not all of which was trivial filling in of detail. One wel- 
comes, therefore, a large book covering the whole subject 
up to about 1968. Several of the individual chapters are 
especially useful; that by G. H. Alt on the most important 
of all the reactions of enamines, electrophilic substitution 
and addition, that by A. G. Cook on eycloadditions, and 
that by M. E. Kuehne on enamines in organic synthesis 
are particularly worthy of mention, the last, for example, 
having 731 references. The book is lavishly supplied 
with structural diagrams and words are comparatively 
sparsely distributed, which is all as it should be, though 
the absence of numbers from the structural diagrams in 
Kuehne’s chapter makes for some difficulty in finding 
references for the reactions illustrated. Historical matters 
are not touched on to any extent. Errors are not difficult 
to find: a few structures, and some comparatively minor 
omissions and, most particularly, the spelling of people’s 
names; but none of these is liable to mislead the reader 
seriously. Indeed, the errers of omission in any one 
chapter are often made up for in another chapter. 

The editor has explicitly enjoined his authors to take 
advantage of a full and free interpretation of the chapter 
headings they were given. Because there is obviously. 
from the examples I have given above, considerable 
overlap between the subject matter of each, it is not 
surprising to find a large number of papers referred to im 
three or four of the chapters. For instance, although my 
own contribution to the subject is modest, the same work 
is cited in four of the eight chapters; this is excessively 
repetitive in a book which is designed to cover the field, not 
to tour it repeatedly. 

This is not good editorial policy; indeed, it borders on 
carelessness when a book is stretched out in this way and 
then offered at a high price. Most readers would prefer 
one good coherent story instead of several. The authors 
would have had to do less work, the price could have been 
lower and the book might have had a wider influence. 

This kind of book, an edited collection of quite separate 
chapters, is getting quite common. In some eases, such 
as Olah’s series on the Friedel-Crafts reaction and de 
Mayo’s on molecular rearrangements, the editor has 
clearly made some effort to cut down this duplication 
from chapter to chapter. In other books, for example 
this book and Patai’s series on functional groups, little 
effort in this direction seems to have been made. Editors 
ought not to take on lightly what should be an important, 
laborious and responsible task. Libraries will be obliged 
to buy this book. It is a pity that it is not more nearly 
the definitive work on the field. Tan FLEMING 


NEW CHEMICAL JOURNAL 


Synthesis 
International Journal of Methods in Synthetic Organic 


Chemistry. Monthly. Vol. 1, No. 1. (Georg Thieme 
Verlag: Stuttgart; Academic Press: New York and 


London, September 1969.) DM 140; $35 a year. 

In their introduction to this new journal the editors 
write: “There are over 300 chemical journals published 
throughout the world. Why then is it necessary to publish 
another one 7’, and it is a good question. The editors go 
on to provide the answer themselves by saying “Because 
there is a need for it”, and they propose to satisfy such a 
need by publishing three types of contribution: reviews 
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which will survey a field with particular emphasis on 

reparative aspects and methods; communications which 
will briefly report new synthetic methods or significant 
improvements on old ones; and short abstracts (orty- 
four in this issue) culled from the recent literature. In 
this latter feature, the coverage can hardly be compre- 
hensive; the reader will still be obliged to turn to the 
usual literature sources and is unlikely to be “spared the 
time-consuming labour of searching through various 
publications”. With such a pattern of contributions, it is 
difficult to see how some element of repetitiveness can be 
avoided and, though a good deal of valuable information 
may well be provided, one rather doubts whether, on their 
quoted grounds at least, the editors have made out their 
case for a new journal. 

That said. there are a number of interesting things in 
this issue: E. E. Gilbert on recent developments in 
sulphonation and sulphation, D. Seebach on nucleophilic 
acylation with 2-lithio-1,3-dithianes and, perhaps most 
interesting, J. I. G. Cadogan on phosphite-reduction of 
aromatic nitro-compounds as a route to heterocycles. 
There are also five communications, averaging just less 
than a page each. It is, of course, impossible to tell 
whether this issue is typical of what is to come either in 
quality or in quantity, though so far as the latter is 
concerned approximately 25 shillings seems rather a lot 
PETER SYKES 


and New York, July 1969.) 65s; $10. 

THis volume is concerned with the elucidation of data for 
metal coordination compounds and, as such, should be of 
considerable help to scientists with only a limited experience 
of polarography. The metal coordination compounds are 
usually reducible at a dropping mercury electrode and an 
analysis of the polarograms obtained enables the thermo- 
dynamic and kinetic parameters of the system to be 
determined. The problems are complicated by the frequent 
existence of dynamic equilibria between the various 
complexes and the aquo-ion, for example, 


M(H,O)ne2M(H,O)n., X@M(H,O)n-, Xue. 


making the interpretation more complex. 

The author aims to bring together the principal methods 
whereby the polarographic data can be interpreted. The 
first three chapters are concerned with the nature of the 
complexes, the relevant electrochemistry as applied to the 
polarographic method and some modern developments in 
polarography. Subsequently, the methods for obtamung 
formulae and stability constants in diffusion controlled 
systems are discussed. The production of the so-called 
kinetic waves for systems of the type 


tM Xn 


Pte 
A= B — Product 

where A is electro-inactive in the potential region under 
discussion and B is electro-active. is analysed so that the 
shape of the polarograims, the shift in half-wave potential 
and the coordination number can be caleulated. This is 
followed by a discussion in which the electrode processes 
of the complexed metal ions are traced in terms of passage 
across the double layer, the formation of the transition 
state with electrode surface and the clectronic rearrange- 
ment before electron transfer. 

The author has taken the derivations of equations such 
as the Ilkovie equation to a series of appendixes so that 
“the development of the material flows smoothly without 
the necessity for the somewhat distracting parentheses of 
involved derivations”. Certainly, I did not find the reason- 
ably complex derivations that were within the text 
distracting and, while not being unduly critical, I have a 


986 


shght preference for all the derivations being within the text. 

The arrangement of the subject matter is logical and 
flows well except for the insertion of chapter six on “Experi- 
mental Techniques” between one on “Determination of 
Formulae and Stability Constants of Complex Metal Ions” 
aid one on “Metal Complex Systems with Behaviour 
governed by Kinetic Factors”. This arrangement seems 
to me to be logical, 

In the discussion of the calculations of individual 
complex stability constants a graphical technique is de- 
scribed whieh would seem ideally suited to computer 
analysis, but this possibility is not discussed. Throughout. 
the approae th is one in which the emphasis is on the 
analysis of the experimental data and only sufficient data 
are given to demonstrate the point under discussion. The 


WEATHER RECORDERS 


The first known instrumental observations of the weather were 
made in India in the fourth century BC, but it was not until the 
early seventeenth century that the science of meteorology and 


the development of instruments really began. Dr W. E. 
Knowles Middleton has traced the early history of the inven- 
tions of meteorological instruments and in a new book 
(Invention of the Meteorological Instruments, Johns Hopkins 
Press: Baltimore and London, August 1969, 114s) he 
describes the fascinating beginnings of such instruments as the 
barometer, the thermometer, the rain gauge and the 
atometer, and instruments for measuring the height and 
motion of clouds and the duration of sunshine. The subject of 
this last inspired Professor Athanasius Kircher of the Collegio 
Romano to produce an idea in 1646 for a sunshine recorder 
which would make use of a burning glass. His idea, reproduced 
here, shows a crystal ball (or a spherical flask full of liquid) 
placed centrally in a hemispherical shell, with a sundial drawn 
in the shell “together with things for burning and making 
sounds”. Kircher suggested that smali holes should be made in 
the bowl, and fuses put in them leading to little bombs to 
announce the hours. 
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references are such that the interested reader can very 
readily find further information in the original sources. T 
found this work well written, logical and stimulating. and 
Į am sure that others will reach a similar conclusion. 


P. A. BROOK 


OCEANOGRAPHY IN A POND 


A Coastal Pond 


Studied by Oceanographic Methods. By K. O. Emery. 
Pp. 80. (Elsevier: New York and Barking, 1969.) 50s. 


OYSTER Pond, 1,050 m long and with a maximum depth 
of 6-2 m, is at the edge of the sea only a few miles from 
the Woods Hole Oces anographic Institution, Massachusetts. 
The author, with the assistance of a number of his Woods 
Hole colleagues, has brought the techniques of oceano- 
graphic research to bear on this small-scale environment. 
The pond, as shown by the evidence presented. has a 
history starting about 14,000 years ago when the retreating | 
ice sheet left a freshwater lake, consisting of two depres- 
sions with a shallow sill between them. At that time sea 
level was about 60 m lower than it is now. It was not 
until about 3.000 years ago that the level rose sufficiently 
for the sea to fill up the present Vineyard Sound and 
eventually spill over into Oyster Pond. The pond then 
started the marine phase of its existence, and when 
European settlers colonized the area 350 years ago it 
provided them with a source of oysters and fish. Subse- 
quently a bar formed at the southern end of the pond. 
severely restricting its communication with the sea. 
and it is now passing through a somewhat degenerate and 
brackish phase. 

The various stages in the history of the pond have been 
traced from studies of its sediments by teehniques more 
usually employed in the ocean. The water in it has also 
been examined by oceanographic methods. including 
features such as the seasonal temperature eyele, the water 
budget, the penetration of light, the chemical! composition 
and the generation of waves and currents. The oceurrence 
of animal, plant and bacteria! lfe has been described 
and the produetiv ity estimated by several techniques, 
with somewhat divergent results. Although the processes 
operating are often basically similar, the results obtained 
from these studies indicate that in many ways Oyster 
Pond is very different from a typical marine Porc nt 
Its chlorinity is low, varying from between I and 2 per 
mille in the surface waters to 6 per mille in the depe 
part. Phy toplankton growth is very high and the 
transparency is so low that the average depth of visibility 
of a Secchi disk is only 1:05 m. The major chemical 
constituents occur in almost the same relative proportions 
as in seawater, but the concentration of dissolved organic 
matter is 10 to 100 times as great as in ocean water. 

There are many other lakes in the Cape Cod area at 
varying stages of the sequence through which Oyster Pond 
has passed. The author points out that studies such as the 
present one have a direct interest in relation to processes 
affecting coastal pollution. He suggests that, at the same 
time, they can have a high educational value in enabling 
experience of oceanographic techniques to be gained at a 
low cost in a model environment. K. F, BOWDEN 


TRIBUTE TO A VOLCANOLOGIST 


Studies in Volcanology 

A Memoir in Honor of Howel Williams. Edited by Robert 
R. Coats, Richard L. Hay and Charles A. Anderson. 
(Geological Society of America, Memoir 116.) Pp. 678. 
(Geological Society of America: Colorado, 1968.) $19.25. 


THis volume, in honour of volcanologist Howel Williams, 
is a miscellaneous collection of seventeen research papers 
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by his friends. Most of the papers deal with areas in the 

states of Arizona, California, Montana, Nevada or New 

Mexico, a region in which late Mesozoic and Cainozoic 
voleanism was on an enormous scale. 

One of Williams's best known works was his 1941 
memoir, still much referred to, on “Calderas and their 
Origin”. The present volume has a significant contribu- 
tion to the subject, by Smith and Bailey, on “‘Resurgent 
Cauldrons’. These are defined as cauldrons in w hich the 
sunken block, following initial subsidence (usually along a 
ring fracture), has been uplifted (usually as a structural 
‘dome). The Valles caldera is taken as type example. 

The biggest voleanie outburst of this century was that 
of Katmai in 1912. In the absence of close eyewitnesses, 
its nature must be deduced from the erupted products. 
The first scientists on the scene made a competent study, 
but some of their interpretations have since become 
inadequate, and the long-awaited restudy by Curtis m this 
volume is therefore very welcome. It includes carefully 
determined estimates of the quantity of ash erupted. 

Only one paper is of an area outside the United States. 
- It is by McBirney and Aoki on the “Pet rology of the Island 
of Tahiti”. coming 40 years after the pioneer wor k by 
Williams. It is supported by forty-one new analyses of 
rocks and their mafic minerals, and the rocks of | Tahiti are 
claimed as constituting “probably the most complete 
suite of strongly alkaline rocks in the Pacific”. In a paper 
on another island group, Macdonald gives a very useful 
review of the petrology of Hawaii, adding seventy-six new 
analyses of rocks to the four hundred already available. 
Elsewhere. Hay and Iijima conclude that palagonitization 
of basic ash deposits on Oahu was mostly by reaction of 
glass with cold percolating groundwaters. They study the 
chemical changes with the aid of forty-three analyses. 

From Nevada, Coats deseribes a complex of extrusive 
rhyolites believed to have the form of a filled basin with a 
nearly flat upper surface, and proposes the useful term 
lekolith Crom Gr. lekos = basin or dish) for such a 
structure. G. D. Robinson et al. show that the emplace- 
ment of granite plutons, folding, and thrust faulting m 
Upper Cretaceous times were essentially synchronous in 
the area of the Boulder Batholith (Montana). Cook 
describes from Nevada ignimbrites associated with 
texturally similar plugs and dykes, and the laharic origin 
of much of the Tuscan Formation in California is reviewed 
by Lydon. Geophysical studies include the correlation of 
palaeomagnetic stratigraphy and radiometric dating by 
Hoare et al. for volcanic formations on Nunivak Island 
(Alaska), and by Doell et al. for the Valles caldera (New 
Mexico). 

With 135 text-figures and 50 plates, the volume 1s well 
illustrated, and the bibliographies are comprehensive. 
Disappointingly, for a voleanology volume, only one of 
the seventeen papers is concerned with recent volcanic 
activity: this is really a book on voleanie geology and 
petrology. Moreover, some of the papers are more of local 
than general interest. In spite of this, the book is a fitting 
tribute to a great volcanologist and must find a place on 
the shelves of all university geology libraries. 

G. P. L. WALKER 


TEXTURAL INTERPRETATION 


Metamorphic Textures 

By Alan Spry. (The Commonwealth and International 
Library of Science, Technology, Engineering and Liberal 
Studies, Geology Division.) Pp. vin+ 350. (Pergamon 
Press: Oxford, London and New York, July l 969.) 
60s ($10) boards; 50s ($8) paper. 


Durine the past twenty years, research on metamorphic 
rocks has centred largely on chemical phase-equilibrium 
studies on the one hand, and on mesoscopic and macro- 
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scopie structural analysis on the other. Workers in 
neither field, however, with a few notable exceptions, 
have concerned themselves very much with the theoretical 
and experimental studies on the physical aspects of 
erystal growth which have been taking place in metal- 
lurgi cal and ceramic science. To be sure, the one- and 
two-phase systems with which these fields are primarily 
concerned are much more readily susceptible to theoretical 
analysis than the multi-phase systems familiar to the 
metamorphic petrologist; nevert heless, solid-state experi- 
ence which they provide can go a good way towards 
replacing the combination of instinct and folk-lore which 
often seems to have guided textural interpretation in the 
past. 

For these reasons, any book which concerns itself with 
the small scale physical processes operating mm metamor- 
phie rocks and which emphasizes the important bearing 
on these of metallurgical and ceramic studies, is to be 
welcomed. To the best of my knowledge, this is the first 
modern book in English to attempt to do this, 

In his preface, the author states that his purpose is 

“first. to provide definitions, descriptions and illustrations 
of metamorphic textures for the senior undergraduate 
student, and second to discuss the fundamental processes 
involved in textural development at a level appropriate 
to the graduate student and practising petrologist”. 

He approaches these objectiv es by means of eleven 
chapters with such headings as “Metamorphic Minerals 
and the Solid State’, “Grain Boundaries’, “Mineral 
Transformations” and “Textures of Po Ivmetamorphisim 
These are illustrated by sixty-five line drawings and thirty- 
one paler There is a _ good ee index, an author 

i spite of ail ee. virtues aad e A TN this 
volume is something of a disappointment. The author's 
writing is too often neither lucid nor precise. Although 
it -shoulda be E aa for thone alre ady familiar with 
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tion aaa in a he apes of ala CEs A a P rabie 
obstacle to the student reader. 

The author’s description of textures is generally u use fud, 
but the reader is not ‘afforded many new Pmsp 
textural interpretation. The book also sine cnt 
to be too comprehensive in its coverage, with the result 
that some sections are rather superficial and would have 
been better either omitted or expanded; for example, it 
is difficult to imagine any of Spry’s categories of reader 
needing the three-quarters of a page devoted to “Slate”. 

In spite of these shortcomings and a number of typo- 
graphical errors, this book should be on the shelves of 
every geology department library. There is nothing else 
in this field and it is certainly a useful souree book. 

E, R. Oxprren 


GEOCHEMICAL INFORMATION 


Handbook of Geochemistry 
Executive editor: K. H. Wedepohl. 
C. W. Correns, D. M. Shaw, K. K. 
Zemann. Vol. 1: Pp. xv +442. Vol 
(Springer-Verlag: Berlin, Heidelberg 
1969.) Vol. 1: Cloth; Vol. 2/1: 
DM 224; $56 the two volumes. 


Tuts handbook is an encyclopaedic contribution, in two 
volumes, to the field of geochemistry by some seventy 
authors acting under the direction of a five-man editorial 
board. 

If there is a general criticism of the first volume, 
which is intended to act as a background of geochemical, 
geophysical and cosmochemical fundamentals to the 
extensive data collected in volume two, it is that the con- 
tents seem unbalanced. Perhaps predictably, the composi- 
tion and abundances of the main types of igneous, sedi- 


Editorial board: 
Turekian and J. 
2/1: Pp. x+ 586. 
xy and New York, 
Loose-leaf binder. 
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mentary and metamorphic rocks are discussed, and 
meteorite Compositions and cosmice abundances. These 
five chapters, however, do not greatly exceed the text of a 
single chapter on geophysical aspects of the structure and 
composition of the Earth which, while a valuable discourse, 
seems too lengthy in the context of the handbook. A more 
extended consideration of the chemical properties of 
oceans, streams and atmospheres would also have been 
rewarding. Tables, which are mainly of geochemical 
relevance, are also included and the chapter on evaluation 
of data, although it contains much of what may be found 
in a standard text on statistics, is convenient, while it 
also briefly considers interpretation of chemical analysis 
of silicates. 

Volume two is organized into a series of chapters, each 
of which is devoted to an element. Authors have had to 
adhere strictly to a scheme in which chapters are sub- 
divided into a number of sections. One author is normally 


COASTAL TOPOGRAPHY 





The mudflats of the Medway as photographed by Aerofilms 

Ltd, one of the many examples of Britain's varied coastline 

described by Professor J. A. Steers in his book The Sea Coast, 

now published in a fourth edition in the “New Naturalist” 
series (Collins: London, October 1969, 36s). 


Biological 
WITH AND WITHOUT PHYSICS 


Theoretical Physics and Biology 

Edited by M. Marois. (Proceedings of the First Inter- 
national Conference on Theoretical Physics and Biology, 
June 26-30, 1967, convened by the Institut de la Vie.) 
Pp. viii+443. (North-Holland: Amsterdam and London, 
1969.) 117s. 

A WIDE range of topics is covered in this book, largely by 
short review papers or provocative introductions, followed 
by vigorous reported discussion. About half the volume is 
written in French. Various aspects of theoretical physics 
are explored in their relationship to biological function 
rather than structure, and various biological topics are 
considered which have quantitative or physical foundations 
or connotations. 
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responsible for section A (crystal chemistry) and occasion- 
ally for section B (isotopes). The remaining sections 
(C—O) deal with subjects as diverse as the abundance of 
the element in different rock types, natural waters and 
the atmosphere, its behaviour in various earth processes, 
its solubilities and biogeochemistry, all of which are mainly 
the concern of a second author. Within the scheme only 
the elements polonium, radon, radium, actinium and 
proactinium are excluded. Closely related elements (the 
platinum group, noble gases and lanthanides) are to be 
gathered under the most important element of the 
particular group. Data have so far been published in 
the first instalment of volume two for seventeen elements 
(beryllium, boron, carbon, oxygen, vanadium, iron. zine, 
arsenic, silver, tin, antimony, rhenium, platinum metals, 
mereury, bismuth, thorium and uranium). but most of 
these chapters are incomplete end sections on ervystal 
chemistry are available for only six of these elements. 
It is unfortunate that all the material for one element 
was not collected before publication of that particular 
chapter. While the task of coordinating publication of 
such voluminous data is formidable, the editors may find 
they have been over generous in acknowledging that 
authors work at different rates and would not be able to 
deliver their manuscripts on the same date! 

Much use is made of clear and well-presented tabulated 
material, particularly in volume two, and the numerous 
line diagrams in both volumes are of high quality. There 
are some proof errors—errors which seem mainly to be 
connected with translation. The loose-leaf format for 
volume two is probably the most successful for a com- 
pilatory work of this scale. With three further instal- 
ments to appear at intervals of about one year, the second 
volume will ultimately contain approximately 2,000 
pages which can be bound in three or four loose-leaf 
binders. The binders are strong, and individual pages are 
of a quality and thickness that should stand up to a 
considerable usage. Not the least useful feature of the 
handbook is the large number of references it contains. 
Coverage of world literature has been wide and for the 
completed chapter on carbon, for example. there are as 
many as 468 citations. 

Both editors and authors are to be congratulated on 
collecting and organizing so much relevant geochemical 
data from world sources into a single comprehensive text. 
With the bulk of material still to appear, a final judg- 
ment on the handbook is impossible, but if the present 
standard is maintained and revisions are incorporated 
with the passage of time, then an authoritative source 
book of geochemical information and reference will be 
available for many vears to come. 

DuNCAN MURCHISON 


Sciences 


This is a fascinating collection but the great diversity of 
material discussed prevents any very coherent picture 
arising of the relationship between theoretical physics and 
biology. The point is made several times that biology has 
got on quite well up to the present without theoretical 
physies (at least as both were defined at the conference); 
it was in the thermodynamic contributions that the con- 
nexion came through most clearly. 

In spite of the inevitable lack of coherence, this book is, 
however, stimulating and readable, Its value probably 
arises from the great diversity of topies and their general 
unfamiliarity to both sides involved in the discussion. 
Refreshing new ideas or approaches to old ones are thrown 
up repeatedly in discussion and the assumptions behind, 
and validity of. the various propositions examined in 
detail. For example, in Frohlich’s talk on quantum 
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mechanical concepts in biology an analogy is drawn 
between a quantum mechanical explanation in terms of 
“phase correlations’ for super-conductivity and super- 
fluidity and a possible explanation for cell division in terms 
of oscillations of the electric double layer of the cell mem- 
brane. In the discussion, it is proposed that the basis for 
the agreement may be classical rather than quantum 
mechanical; an attempt is made to clar ify the meaning of 
“phase” in biological concepts and, finally, H. C. Longuet- 
Higgins finds little attraction in exploring such new 
possible phenomena because “plenty of strange things 
happen in biology. without introducing any more”. 
Later on in the discussion some agreement is reached 
on the irrelevance of the quantum mechanical phase 
to problems in biology. In this way, especially in 
the first half of the book, theoretical concepts are 
refreshingly explored. Pullman’s review on quantum 
mechanical calculations is the most complete part of the 
theoretical section and much of the discussion is devoted to 
analysing why the simple Hickel-type molecular orbital 
theory applied to problems in biochemistry has been so 
successful; this leads to an interesting discussion of 
mutagenesis and carcinogenesis. The contribution by 
Monod, Wyman and Changeux is outstanding on allosteric 
effects in terms of certain features of protein structure and 
this, together with the sessions on the genetie code, 
comprises the more general aspects of the biological side 
of the meeting. The sessions on physiological mechanisms 
are necessarily specialized. 

I feel that most of this book could be read by the 
theoretical physicist or chemist interested in biological 
function. Biologists will find particularly interesting the 
attempts of physicists to get to grips with their problems 
and will find most valuable, speaking generally, the 
sections on transfer of information. R. E. BURGE 


SPIN METHODS 


Biological and Biochemical Applications of Electron 


Spin Resonance 
By D. J. E. Ingram. 
Resonance.) Pp. x+3ll. 
100s. 


ALTHOUGH the application of electron spin resonance 
(ESR) methods to biology began in 1954, this book 1s 
particularly timely because there Is & growing awareness 
of the potential of the method at present. The subject 
is developing rapidly and the author is to be congratulated 
on the way in which he has conveyed an impression of 
exciting new discoveries and techniques while also 
covering the more established methods. His method is 
one of example, rather than exhaustive review, and appears 
well justified in an introductory textbook. 

Professor Ingram is a physicist who has been concerned 
greatly with the development of ESR methods and this 
interest is reflected in the book. Thus one chapter, 
devoted to basic experimental techniques, is largely 
taken up with a detailed calculation of the signal-to-noise 
ratio of a spectrometer without there being a numeric 
example which would give the biologist some feel for the 
subject. One might suppose that here the result 1s more 
relevant than the derivation which contrasts curiously 
with the quotation of fundamental results almost without 
derivation in the first chapter. Another chapter describes 
spectrometer systems in perhaps too much detail for 
readers who are most likely to use commercial machines 
anyway. It also includes, however, useful descriptions 
of the methods of greatest application in biology. 

The final four chapters are devoted to free radical and 
irradiation studies, enzyme studies, metallo-organic 
compounds and recent developments and future prospects. 
These seem informed and contain some brief deseriptions 
of the biological systems; for example, the types and roles 
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of enzymes. Thus the book seems intended to some extent. 
for the person who, being experienced in ESR, wishes to 
apply himself to biochemistry. This person would find 
the book stimulating and useful, although the classical 
biochemist, whilst obtaining a sound appreciation of the 
type of problem which ESR can solve, might find it 
somewhat hard gomg despite the author's attempts at 
simplification. 

Finally, some comments must be made which presum- 
ably reflect editorial policy in the series of monographs of 
which this book forms one: it is disappoimting that SI 
units were not used; there is a distressing tendency for 
the references given to be internal to the series and many 
opportunities of reference to better books are lost; 
meaningless superlatives are used on the dust cover. 

Altogether, this is a useful book which may be recom- 
mended at its price. K. A. MeLAUCHLAN 


IMMUNOLOGY AND NUCLEIC ACIDS 


Nucleic Acids in Immunology 

(Proceedings of a Symposium heid at the Institute of 
Microbiology at Rutgers, The State University.) Edited 
by Otto J. Plescia and Werner Braun. Pp. xvii +724. 
(Springer-Verlag: Berlin and New York, 1968.) DM 88; 
$22. 


UNTIL some years ago it would have been anathema to 
the central dogma to even consider the mutual recognition. 
(complementarity) of proteins and nucleic acids, The 
field of protein—nucleic acid interactions became wide open 
with the advent of nucleic acid polymerases and repressors 
and with the discovery of naturally occurring or experi- 
mentally produced antibodies reacting specifically with 
nucleic acids. 

The book reviewed here gives the proceedings of a most 
interesting symposium in which for the first time various 
aspects of the involvement of nucleic acids in immunology 
were discussed. These included the hard facts of anti- 
nucleic acid antibodies and of the effect of nucleic acids as 
non-specific stimulators of immune responses, as well as 
the soft facts of nucleic acids with an informational role 
for antibody production. For good measure, several 
papers were included which have at most a tangential 
connexion with the main topics of the symposium. 

The book starts with reminiscences of Michael Heidel- 
berger, who described experiments carried out almost 
40 years ago, but never published because the authors 
could not bring themselves at that time to beheve that 
they had actually succeeded in inducing antibodies to 


RNA. The various methods for preparing antibodies of 
nucleoside, nucleotide, oligonucleotide or nucleic acid 


specificity are described in detail. The methods make use 
of antigens prepared either by covalent attachment to 
proteins and synthetic antigens, or by electrostatic mter- 
action between a nucleic acid and an immunogenic 
positively charged carrier such as methylated bovine 
serum albumin. In some cases. antibodies were prepared 
capable of distinguishing between single and double 
strands of nucleic acids, and even antibodies recognizing 
a triple strand have been described. | 

Antibodies reacting with nucleic acids are produced in 
several autoimmune diseases. and those present in the 
serum of many lupus erythematosus patients have been 
investigated in considerable detail. In some sera. the 
antibodies react much better with single-stranded DNA, 
whereas in other cases the interaction with double. 
stranded DNA is much stronger. Both bacterial and 
mammalian ribosomes have been shown to be effective 
immunogens, with the major portion of the resulting 
antibodies being specific for the nucleic acid components, 

Among the uses of nucleic acid-specific antibodies one 
should mention immunologieal evidence for the existence 
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of thymine dimers in ultraviolet irradiated DNA, and 
inhibition of bacterial transformation. 

A whole section is devoted to o oa effect of 
nucleic acids, £ 
by oligonucleotides oF knows see ees ny pias 
section is concerned with the role of nucleic acids in 
specific antibody formation. Obviously, nucleic acids 
play a central part in the synthesis of antibodies, similar 
to their role in the biosynthesis of other proteins. As to 
the origin and the possible “informational” role of the 
nucleic acid, most problems are still open and under 
very active investigation. The first reports on im vitro 
investigations of immunoglobulin biosynthesis are also 
spr in this book, which ends with the text of a speech 

“The Molecular Biology of Expectation” presented 

a the symposium banquet by Dr Melvin Cohn. He 
discusses the mechanism by which an individual can react 
in an adaptive way to an unexpected stimulus. The three 
systems responding to unexpected stimuli are the immune, 
de toxifying and learning mechanisms. 

Undoubtedly, this is a very interesting book, containing 
a lot of new experimental results as well as food for thought 
for everybody interested in nucleic acids, in immuno- 
globulins and——more generally—-in. immunology, bio- 
chemistry and genetics. MICHAEL SELA 


FUNDAMENTAL PROCESSES 


Protons, Electrons, and Active 


Transport 
By R. N. Robertson. (Cambridge Monographs in Experi- 
mental Biology, No. 15.) Pp. vui+96. (Cambridge 
University Press: London, October 1968.) 32s; $5.50. 


THe title of this book and the current interest in its 
subject might have led one to expect a work of fairly 
massive proportions. lt is an indication of Professor 
Robertson’s skill that he has in fact written a book of only 
eighty-four pages. In these eighty-four pages we are 
given not just a botanist’s viewpoint, valuable though 
this is, but an extended and wide ranging essay in which 
many seemingly divergent processes connected with 
active transport and phosphorylation in plants and animals 
are seen in perspective and integrated with one another. 

In his introduction, Robertson makes it clear that he 
considers the production of protons and electrons from 
the hydrogen atoms of water or organic molecules to be a 
very fundamental biological process and this concept 
underlies the whole book. The first chapter deals with 
certain theories of active transport originating with 
Lundegardh’s hypothesis, while the second chapter leads 
to the extension of these ideas into Mitchell's hypothesis. 
When the history of the investigation of oxidative phos- 
phorylation comes to be written, Mitchell’s hypothesis 
will be seen to have played a vitally important part even 
if it eventually turns out to be incorrect. This hypothesis 
has forced biochemusts to think about oxidative phos- 
phorylation in an entirely new way and has stimulated a 
great deal of important experimental work, In particular 
on ion movements in mitochondria. It is evident that 
Robertson admires the hypothesis and he seems more 
ready to aecept the idea of a potential of 210 mV across 
the mitochondrial membrane than perhaps an electro- 
physiologist or biophysicist would. In later chapters, 
Robertson discusses the extension of the idea of proton- 
electron separation and Mitchell's hypothesis into photo- 
synthesis and active transport. special mention being 
made under the latter heading of the gastric mucosa, anion 
pumps in plant cells and cation pumps. 

This book can be unreservedly recommended to any- 
body wishing to obtain an insight into the present state 
of work and ‘ideas in this fascinating field, 

PETER C. CALDWELL 


Phosphorylation 
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SYNTHESES OPPOSED 


Antagonists and Nucleic Acids 


By M. Earl Balis. (North-Holland Research Mono- 
graphs: Frontiers of Biology. Vol. 10.) Pp. x+4+293. 
(North-Holland: Amsterdam, 1968.) 126s. 


THE development of metabolic antagonists and the study 
of their mechanism of action have advanced rapidly 
in recent years. Compounds affecting nucleic acid bio- 
synthesis and function are of particular interest because 
of their value in fundamental studies in molecular biology, 
virology and microbiology and also in the more practical 
fields of immunosuppression and cancer chemotherapy. 
This monograph 1s therefore timely. 

The book opens with an introduction followed by 
chapters reviewing relevant knowledge on purine and 
pyrimidine biosynthesis and interconversion, transerip- 
tion of genetic information and replication of the genetic 
material with descriptions of various inhibitors which are 
known or thought to act by interference with these pro- 
cesses. Later chapters deal with i incorporation of analogues 
into nucleic acids, the action of alkylating agents and with 
inhibitors of protein synthesis. The final chapter, written 
by Dr George B. Brown, deals with purine N-oxides as 
antimetabolites and carcinogens. 

The principal group of antagonists of transcription 
and repheation are thought to bind to nucleic acids and 
inclide a number of antibiotics and synthetic polycyclic 
molecules. A clear account is given of actinomycin D 
and its postulated binding in the minor groove of helical 
DN A Ww hich is contrasted a the interealation mechan- 
The interesting double 
oe of A a as a , chemotherapeutic agent 
against trypanosomes and as a valuable adjunct to caesium 
gradient centrifugation studies of DNA is brought out 
and illustrates the interplay between fundamental and 
applied research. The explosive growth of research on 
aflatoxin makes it umpossible to cover in any detail in 
the space available. Nevertheless, an adequate account 
of this remarkable toxin and carcinogen is given. ‘The 
incorporation of analogues is, again, an enormous field 
of which the author has given a well balanced account. 
He emphasizes the remarkable extent. to which incorpora- 
tion may oceur, with, for example, 8-azaguanine, which 
“the orthodox behever imm molecular specificity” finds 
hard to reconcile with its lack of effeet on some biochemi- 
cal reactions of the nucleic acid. 

The capacity of the alkyvlatmg agents for mutagenesis, 
carcinogenesis and cytotoxicity has led to extensive 
investigations and a selective account of this work is 
provided. Work on alkylation of nucleie acids in vivo 
and in vitro is reviewed with discussion of cross-linking 
and repair of DNA and the possible significance of alkvla- 
tion of RNA and protein. The author concludes that the 
mechanism of action of the alkylating agents is still 
unsettled and emphasizes that the final explanation must 
be applicable to mammalian cells as well as to bacteria. 
Many inhibitors of protein synthesis are thought to act 
by interference with nucleic acids. The mechanisms of 
action of puromycin, streptormyem and chloramphenicol 
are discussed eriticaily. The action of chloramphenicol 
on protein synthesis im ‘mammalian systems could. perhaps, 
have received rather more detailed treatment. The purine 
N-oxides were first investigated for antimetabolite 
activity during the past decade. Although many of them 
failed to show significant anti-cancer action, some can 
induce tumours. Possible similarities between the action 
of the purine N-oxides and the N-hydroxy derivatives of 
aromatic amines are discussed with the conclusion that 
there is no reason to associate the two groups with one 
another or to classify the purine N-oxide as with 4-nitro- 
quinoline N-oxide, The author claims that, with certain 
possible exceptions, the purine N-oxides are the only 
ehemical carcinogens derived from compounds common. 
to all cells. He admits that there is no evidence that they 
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do, in faet, occur in nature but suggests various ways 
in which they might arise. 

This book can be recommended with few reservations to 
those workers who require a useful reference to a range of 
nucleic acid antagonists. It is also quite easy to read and 
treats an often complicated subject in a clear and straight- 
forward way. P. N. MAGEE 
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The various parts of the male and female mistletoe plant 

(Viscum album) as drawn by Stella Ross-Craig of the Royal 

Botanic Gardens, Kew. Part XXVI of her Drawings of British 

Plants now published includes representatives of the families 

Polygonaceae, Thymelaeaceae, Elaeagnaceae, Loranthaceae, 

Santalaceae, Euphorbiaceae, and Buxaceae growing naturally in 
the British Isles (Bell: London, September 1969, 16s). 


COLLATION OF SPORE RESEARCH 


The Bacterial Spore 
Edited by G. W. Gould and A. Hurst. Pp. xiv +724. 
(Academie Press: New York and London, September 
1969.) 180s; $27.50. 


Iw a book of this scope, there is inevitably some overlap 
between chapters; the editing, however, has reduced 
reiteration to a minimum. All aspects of sporulation are 
admirably treated in the early chapters and a logical 
sequence of events clearly emerges. A comment on the 
possible mechanism of transport of metabolites from the 
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sporangial cell into the forespore might have been of 
interest. 

The variety of hypotheses on the dormancy, low 
permeability and heat stability of the mature spore are 
clearly described. Of those relating to heat resistance, the 
protein-Ca~DPA model appears with justice more than 
once; perhaps the ionic effects reported by Sadotf and 
related to dimer-monomer interconversion of glucose 
dehydrogenase might have some discussion. 

Lewis suggests that the cationic exchange property 
of the dormant spore (Alderton and Snell} and its in- 
volvement in heat resistance can be visualized in his own 
concept of the pressure generating cortex. Indeed. it as 
noticeable throughout all relevant chapters that the 
contractile cortex hypothesis can be introduced in cor- 
siderations of permeability, dormancy and germination. 
There is an apparent slight misinterpretation of Lewis's 
hypothesis on page 97. 

To explain the biological role of the spore, an interesting 
new hypothesis is presented by Bernlohr and Leitzmann, 
The induction of germination by u-alanine, and the like, 
remains obscure. A possible germimation sequence 


way and makes a cogent argument against too great or too 
early a relaxation of current heat and curing procedures, 
The kinetics of heat and radiation sterilization of spores is 
concisely presented and the treatment of spore resistance 
to physical and chemical agents is complete and very 
well documented. 

The chapter bibliographies are extensive, the subject 
index is adequate and the presentation of the author 
index is most welcome. There could perhaps have been an 
expansion of one or two items, for example, the quantita- 
tive effects of oxygen and carbon dioxide on germination, 
especially of clostridia. The glossary of conventions, a 
pleasant idea, is incomplete (for example, PEK., DAB and 
FMN), and in the text diaminobutyric acid appears 
variously as DAB or DBA, whilst TCA is made to refer 
to trichloroacetic acid as well as to the Krebs eyele, I 
noticed no more than a dozen errata. 

The book appears at a most suitable time and it is 
possibly the last feasible attempt at a comprehensive 
collation of spore research. It should appear in all 
relevant. libraries and will spend little time on the shelves. 

G. J. RIGBY 


LITTLE STUDIED PLANKTON 


Annotated Index of Fossil and Recent Silicoflageliates 
and Ebridians 
With Descriptions and Illustrations of Validly Proposed 
Taxa. By Alfred R. Loeblich HI, Laurel A. Loeblich, 
Helen Tappan and Alfred A. Loeblich. jun. (The Geo- 
logical Society of America, Memoir 106.) Pp. xi4 319 
with 53 plates. (Geological Society of America: Colorado, 
1968.) $12.50. 
SILICOFLAGELLATES and ebrichans are not at all well known 
among either palaeontologists or biologists. Nevertheless, 
they are not rarities in modern plankton nor in sediments 
of Cretaceous or Tertiary age. and locally they may be 
quite abundant. 
Although both fossil and living sihcoflagellates have been 
known for more than a century, there has been little sus- 
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tained interest in them. In the past few decades rather 


more research has been carried out, but this may reflect 


nothing more than the overall inerease in the number of 
scientists. 


found to have some value in correlating marine oceanic 
sediments and it is to be expected that there will be some 
increase in interest following from this. This index may 
well stimulate yet more interest by bringing together, in 
compact form, so many scattered data and by clearly 
showing the scope and content of the groups. The authors 
are right to emphasize that the literature covered by their 
book is widely scattered and often obscurely published. 
They have been very diligent and thorough in bringing 
the essentials together in one volume. 

There are 23 pages devoted to a historical account of 
research on silicoflagellates and ebridians and there is a 
review of the nomenclatural history of the groups. There 
follows an index of genera and lower taxa, including both 
valid and invalid names, which contains over 1,000 entries. 

In the next section, 126 pages repeat the first deserip- 
tions of the valid taxa, numbering about 400. These are 
given in their original language, presumably with the 
object of saving the new researcher the trouble of going to 
the original literature. This service is supported by 106 
pages of figures repeating the illustrations that accompanied 
the origmal descriptions. The book ends with a list of 
references; it is not a bibliography and only those pub- 
lications mentioned in the text are included. 

The book can be recommended for its excellent pro- 
duction and for its well organized and comprehensive data. 
It is likely to encourage more work on these groups and 
will be a useful starting point for further research and a 
useful reference book for the shelves of planktonologists 
and micropalaeontologists. CHARLES DOWNIE 


PROCESSES OF PLANT EVOLUTION 


Plant Variation and Evolution 

By D. Briggs and 8. M. Walters. (World University 
Library.) Pp. 226. (Weidenfeld and Nicolson: London, 
August 1969.) 35s boards; 18s paper. 


So many of the problems that faced the early workers on 
variations in plants and animals are easily understandable 
to us today. Without the benefit of this hindsight, we 
would find these problems, which confused and bothered 
emiment minds such as Pearson, Darwin and Linnaeus, 
very frustrating. Now that we understand principles 
such as genotype and phenotype, population differentia- 
tion, phenotypic plasticity and apomixis, the causes of 
variation. seem almost self evident and sometimes rather 
ordinary. 

Briggs and Walters have therefore decided to go back to 
the stage when everything was not clear, and to trace in 
a simple manner the evidence that has contributed to our 
understanding. But they have not set out to write a 
purely historical account, rather an authoritative introduc- 
tion to the processes of evolution in plants. The authors 
are well fitted to this task; their great delight in their 
subject and their enormous width of experience is apparent. 
m every part of the book. 

They begin by showing patterns 
untutored person would have seen them, through the 
work of early workers such as de Vries, Pearson and 
Ludwig. This Baconian approach is maddening, because 
the reader is left wondermg what he should induce from 
it all. But perhaps this is just what the authors intended. 
Subsequently, they meticulously piece together the work 
of Johannsen, Kerner and Mendel, and of today’s investi- 
gators to show how the variability ean be understood and 
explained. 

The process of evolution is treated in the same way. 
But. the ideas about evolution that existed before Darwin 
are treated only briefly and we are quickly brought to 


of variation as the 
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the present and to the work that has shown the man y- 
sided nature of plant evolution and species formation. 
The wealth of examples (with references) is delightful: I 
wonder how many people are familiar with the seed coat 
polymorphism of Spergula arvensis in Europe; the differ- 
entiation of leaf shape of Scalesia in the Galapagos; the 
degree of isolation between adjacent populations of 
Elymus glaucus in the Sierra Nevada; or the changes 
occurring in hybrid populations of Helianthus. 
On occasions, the authors sometimes let their own 
intellectual standards run away with them. I shall 
never be able to think of a species as a hologamodeme, 
and I cannot see the value to the book of the statistical 
methods they give. But their style is delightful and their 
clarity and enthusiasm overwhelming. There are excellent 
diagrams and coloured photographs that set a very high 
standard indeed. In the last chapter, means by which 
the amateur can himself examine underlying causes of 
variation are suggested. There can be few people who will 


fail to be delighted by this book. A. D. BRADSHAW 


TRADITIONAL SYSTEMATICS 


Fossil Plants of the Carboniferous Rocks of Great 
Britain 


(Second Section.) By Robert Crookall. 


168s. 


Tuais latest part of Crookall’s systematic catalogue of 
British Carboniferous plants is devoted to the horsetails 
(Sphenophytina or, to use the outmoded classification 
adhered to in this work, Articulatales). The four previously 
published parts have covered Alethopterideae together 
with tree-fern stems (Part 1), N europterideae (Part 2) 
and lycopods (Parts 3 and 4). 

About one hundred taxa (genera, species and forms) 
are deseribed and illustrated. Each description is pre- 
ceded, as is traditional, by synonymy. that is, references 
to earlier descriptions and records which sometimes 
here run to well over a hundred. Following the concise 
description is a section headed “Remarks” consisting 
largely of taxonomic and comparative notes with brief 
references to possible identity with organs of different 
kinds. Finally, a very brief survey is given of the geologi- 
cal and geographical distribution within Britain. The 
work is illustrated by forty-four collotype plates of reason- 
able quality and sixty-five text-figures most of which are 
rather coarse sereen half-tone reproductions of previously 
published figures and therefore of indifferent quality. 
For each species or form described there is at least one 
plate figure, and invariably included is an illustration of 
the type material often, and quite unavoidably. of course, 
by reproduction of the original author’s figure. 

The work serves as a documented record of the fossil 
taxa it describes, these taxa being based on the dismem- 
bered and compressed remains of the plants which con- 
stituted the succession of Carboniferous floras. Such a 
record is useful for those concerned with the task of 
applying acceptable names to specimens of this kind, but: 
beyond this it fulfils little purpose. The value of being 
able to give the name Pinnularia columnaris to portions 
of root systems which may have belonged to any one of 
many different kinds of plants seems small indeed. 
Although this particular example is an extreme one, it 
illustrates the scientific weakness in the traditional, 
essentially static approach to fossil plants. If progress 
is to be made in the meaningful taxonomy of Carbonifer- 
ous plant compressions, much more work must be under- 
taken in order to correlate plant organs of different kinds 
or preserved in different ways and to gain some better 
understanding of the range of morphological variation 
occurring within individual plants and species. Such 
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work as that recently carried out by Eggert and Delevor- 
yas, adopting an ontogenetic approach, has indicated how 
important a factor variation within the individual may 
be in some kinds of fossil plants. 

Crookall’s work may stand in the best tradition of 
nineteenth century palaeobotany; it does little to stimu- 
late a modern approach, unless by drawing attention to 
the weaknesses of the traditional outlook. 

K. L. ALVIN 


SYMMETRICAL CREATURES 
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Professor D. Nichols’s introduction to the Echinoderms has 
been published in a new revised edition (Hutchinson: London, 
October 1969 (4th edition), 12s paper; 28s boards). He has 
changed the taxonomic framework of the book in the light of 
new knowledge about fossil echinoderms, and he has also 
altered sections on, for example, the water vascular system and 
on the relationships of the various groups. Echinoderms living 
today are grouped into five classes as represented in the figure: 
(a) Crinoidea, the sea lilies and feather stars, the most primitive 
living class; (b) Asteroidea, the starfishes; (c) Holothuroidea, 
the sea cucumbers; (d) Ophiuroidea, the brittle stars and 
basket stars; and (e) Echinoidea, the sea urchins, sand dollars 
and heart urchins. There are also several classes which are now 
completely extinct. 


IMMORTAL UNDER THE KNIFE 


Planarian Regeneration 

By H. V. Brøndsted. (International Series of Monographs 
in Pure and Applied Biology. Zoclogy Division, Vol. 42.) 
Pp. vin+ 276+ 20 plates. (Pergamon: Oxford, London 
and New York, October 1969.) 100s; $13.50. 


DALYELL’s arresting aphorism no doubt has assured 
immortality also for itself and for the study of planarian 
regeneration. A review of this intriguing field therefore 
is never untimely, and in life-long devotion to the subject 


993 


few are now more qualified to write one than Professor 
Brøndsted. This is evident from the list of some 800 
references, the historical introduction, the many aspects 
considered and the many incisive experiments by the 
author himself, 

After the general and historical introductions, the book 
goes on to morphogenetic and then histological aspects of 
regeneration, the actions of external agents, biochemical 
and biophysical approaches and finally genetic aspects. 
Interspersed are chapters on heteromorphoses and re- 
individuation and on asexual reproduction. The rationale 
of this and of some other features of the arrangement is 
not very clear and fails to provide a really systematic 
development. Even the author's own field, morphogenetic 
and histological, seems to be more a set of chapters than 
a compelling sequence. In the final chapters a student 
may feel rather adrift. This is only partly because of the 
present paucity of knowledge: the author sometimes 
fails to do justice to the interpretation of available results, 
Some of these, for instance, on protein and nucleic acid 
synthesis (page 191) promise new approaches to the whole 
subject. The final “attempt at a synthesis” is more 
justifiably disappointing. 

Child’s theories on gradient-phenomena in regeneration 
naturally are discussed at length, but would bear a little 
more dissection into their components, acceptable and 
unacceptable. In substituting his “tume-graded regenera- 
tion-field” the author himself runs the risk of secluction 
by euphony. This is reflected in cryptic references to the 
importance of time and in an acceptance of such imprecise 
terms as “head frequency”. 

In the newer polemic concerning “neoblasts’’, Grondsted 
takes the majority view. He also goes on to assume almost 
every function for this type of cell, except those which. 
from the evidence in other phyla, might be considered very 
plausible for vagrant cells—-defence, demolition and local 
nutrition. 

The text is abundantly dlustrated, intentionally with 
new figures. Unfortunately, many have no caption and 
some of these (for example, 17, 25, 96, 126, 143-6) are not 
fully explained in the text. The author's admirable com- 
mand of English only occasionally fails him m a critical 
context. There are some minor printer's and other errors, 
including a few incomplete references. This book is 
primarily for teachers and research workers. 

A. E. NEEDHAM 


TECHNIQUES FOR DISSECTION 


Practical Invertebrate Zoology 

A Laboratory Manual for the Study of the Major Groups 
of Invertebrates, excluding Protochordates. By F. E. G. 
Cox, R. Phillips Dales, J. Green, J. E. Morton, D. Nichols 
and D. Wakelin. (Biology Series.) Pp. xu +356. (Side- 


foad 


wiek and Jackson: London, 1969.) 25s, 


Tuts book is to be welcomed because almost twenty years 
have elapsed since the publication of a comprehensive 
text on practical invertebrate zoology. Six teachers, each 
specially interested im one or more invertebrate groups, 
have collaborated to produce this book under the editor- 
ship of Dr R. Phillips Dales. Their aim was to provide 
sufficient information to mtroduce students to the many 
different. kinds of living invertebrates and to draw atten- 
tion to features of special interest. While the different. 
authors have been allowed to develop their personal 
enthusiasms, a uniformity of presentation of the sections 
concerning each phylum leads to a manual which is easy 
to use and has a coherent approach. Each major phylum 
has sections on the particular techniques appropriate to 
its study, classification. with brief diagnostic features, 
and anatomy. Features which are most welcome are the 
diagrams, all being original drawings, the indication of 
sources of further information, summarized in a well 
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selected bibliography, and the classification of each group 
more comprehensively than in some standard student 
textbooks. Dissection instructions are somewhat general 
in the hope that they may be of use for different species, 
Indeed, the choice of examples has been guided by practi- 
cal supply in an attempt to make the book of use throu gh- 
out the world. A number of small errors will no doubt 
be corrected in future editions. 

Changing emphasis in biology tends to reduce the time 
available for study of the functional morphology of inver- 
tebrates: but this book should stimulate interest, not least 
by the ideas put forward for experiments to be carried out 
In association with the more traditional dissections. With- 
in the framework of courses on invertebrate biology every 
opportunity should be taken to bring the student into 
contact with the living animal both by direct observations 
and by use of ciné film. 

This practical guide has been designed to meet the 
needs of the student in the laboratory and to act as a source 
for the teacher. It is as a laboratory manual used in con- 
junction with a standard textbook that this book is to be 
recommended to teachers of invertebrate zoology. 

E. R. TRUEMAN 


BONES OF REPTILES 


Biology of the Reptilia 

Edited by Carl Gans. Vol. 1: Morphology A. Edited by 
Angus d'A. Bellairs and Thomas S. Parsons. Pp. xv + 373. 
(Academie Press: London and New York, February 
1969.) 80s; S11.50. 

Tue tempo of study of the biology of the reptiles has 
quickened greatly in recent years. Monographs, some of 
excellent quality, now cover areas for which no overall 
summaries are available. Other existing monographs 
are badly out of date. In view of these gaps, the series 
entitled Biology of the Reptilia under the general editor- 
ship of Carl Gans is a very welcome addition to the litera- 
ture on reptilian biology. The major goal of this continu- 
ing series is to furnish broad, yet detailed, surveys on 
the morphology, embryology. physiology, ecology and 
ethology of the reptiles. 

This first volume of the series deals with the origin of 
reptiles, the reptilian bone as a tissue, epiphyses and 
sesamoids, dentition, vertebrae and ribs, and the turtle 
shell. 

The chapter on the origin of reptiles serves as a relatively 
brief but adequate introduction to the prehistory of the 
major groups of Recent reptiles. It seems to have been 
written for the non-specialist. The justification for 
inclusion of such a chapter in a series meant for the 
specialist is debatable. The accompanying bibliography 
is, however, extensive and will facilitate future work. 
The contribution on reptilian bone tissue is very original 
and furnishes numerous previously unpublished figures. 
Important information can be found on the evolution of 
reptilian bone, the significance of cortical stratification 
and non-vascular bone. The discussion on epiphyses 
and sesamoids is illustrated with thirty-nine excellent 
figures that have not been published previously. Strong 
evidence is given for the complete independence of sesa- 
moids, apophyseal and epiphyseal centres. The chapter 
on ‘dentition represents the most complete, penetrating 
and meaningful review available to date on reptilian 
odontology. Much of the discussion on teeth is based on 
an exhaustive analysis of the literature. Although there 
is emphasis on teeth of Recent reptiles, some fossil forms 
are discussed. The review of vertebrae and ribs of modern 
reptiles emphasizes the seemingly endless variation in the 
structural pattern of the axial skeleton, which reflects the 
heterogeneity of the class. The 190 references on vertebrae 
and ribs are a good indication of the thoroughness with 
which this review has been prepared. In the final con- 
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tribution, the turtle shell is discussed biologically, and 
it is stressed that the presumed uniformity of the turtle 
shell has been greatly overstated. The elegant analysis 
of the osteogenesis of the dermal bones and of the morpho- 
genetic controls that determine the bone and shield 
patterns of the turtle shell represents the theme of 
Biology of the Reptilia. “Our aim is to facilitate future 
work rather than place a tombstone upon past know- 
ledge.” 

This volume is without doubt an example of exceptional 
scholarship and great versatility. This continuing series 
will undoubtedly be the most important addition to the 
literature on reptilian biology in the past decade and one 
in which both editor and publisher may justifiably have 
great pride. K. F. Liem 


PHYSIOLOGY OF INSECTS 


The Insects 

Structure and Function. By R. F. Chapman. (Biological 
Science Texts.) Pp. xii+819. (English Universities 
Press: London, September 1969.) 85s. 


THERE have been several large composite works on the 
physiology of insects published during the past twenty 
years; works in which different specialists survey the 
more or less restricted territory of their speciality. Valu- 
able though such books can be, they are always full of 
gaps and they lack coherent presentation; and physiology 
is nothing if it is not coherent. It is therefore a matter of 
great imterest to entomologists of all kinds that a new 
single-author book dealing with the entire field should 
have appeared. 

Dr Chapman’s impressive book is a large one, with 
more than 800 pages each measuring 7x 10 inches and 
furnished with more than 1,000 references and 500 text- 
figures. The first thing that strikes the reader is the 
imaginative way in which it is organized. The sequence of 
presentation is original but logical. Consideration of the 
structure of the head leads to the study of feeding and 
digestion, nutrition and metabolism. Deseri ption of the 
thorax, with the legs and wings, demands a full aceount of 
locomotion on Jand, in water and in fli ght, and of the 
muscles that provide the motive power. Likewise, the 
structure of the abdomen leads on to reproduction in 
all its aspects and hence to embryology, hatching, post- 
embryonic development and metamorphosis; and so on, 
via the nervous system, sense organs and hormones, to 
conclude with a chapter on communication through 
pheromones. Each of the thirty-six chapters begins 
with a clear and simple summary, half a page or so in 
length, and a list of recent specialized reviews which cover 
its subject matter. This is followed by the detailed 
exposition, which varies somewhat in depth in different 
topics but is always adequate and often deals extensively 
with very recent work. The quality of the chapters natur- 
ally varies, but, taking the book as a whole, they reach 
a high standard of comprehensiveness and accuracy. It 
will therefore be of great value not only as an introduction 
to the specialized literature, but for the vast stores of 
information contained in its pages. The sections which 
deal with the physiology of locusts are particularly good, 
this being the field in which the author has had most 
first-hand experience. 

This is the sort of book that invites praise and 
gratitude and not adverse criticism. But it has certain 
characteristics, good or bad according to taste, to which 
attention may be drawn. It lacks a historical sense: it 
presents the picture as it exists today and there is no 
indication of where all this basic knowledge eame from. 
Almost the only continental authors, even recent authors, 
whose work receives mention are those who have pub- 
lished reviews in English or American journals. It is very 
generously illustrated with large clear pictures, directly 
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labelled without tedious abbreviations. Most are plain 
line drawings and these are almost uniformly good. 
But the author has made extensive use of mechanical 
stipple. As may be seen by a glance at the advertise- 
ments in any newspaper, this medium is used with great 
ekill in commercial studios. But it is a treacherous medium 
in the hands of the amateur. It has been used successfully 
to reproduce in this book the well known figure from 
Schwabe. of the ear of Decticus in longitudinal section. 
But there are many other illustrations where the tones 
are too dark or too lacking in contrast and the result 
would have been better in plain line. 

But these are minor matters. The author is to be con- 
gratulated on the production of what will surely prove to 
be a really useful book. V. B. WIGGLESWORTH 


BIZARRE GRAZERS 


Kangaroos 
By H. J. Frith and J. H. Calaby. Pp. xii+209+27 
plates. (Hurst: London; Humanities Press: New York, 


Sept ember 1969.) 120s. 


Anypopy with a smattering of zoology could cite the 
kangaroos as an example of parallel evolution, adapted 
in their uniquely marsupial way to the part elsewhere 
performed by the large placental ungulates. But few 
zoologists outside Australia could elaborate on the 
ecological role of the kangaroos to provide a valid com- 
parison with the numerous placental counterparts through- 
out the world whose ecology is being studied with increas- 
ing intensity. The structure, behaviour and reproduction 
of kangaroos are so bizarre and fascinating to those 
brought up on placental ungulates that it is difficult to 
make objective comparisons with the placental grazers 
elsewhere. Two generally overlooked aspects of such a 
comparison are the paucity of species and limited diversity 
among the kangaroos; and, significant in considering the 
history of their exploitation, the absence of any conven- 
iently preservable and measurable part of their anatomy 
that might have attracted the attentions of the trophy 
hunter. 

Compared with the large herbivores on other continents. 
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the kangaroos have survived well. But the human 
population, although still sparse in the “inland”, is having 
an accelerating impact. 
the kangaroos, especially by the conversion of areas oil 
dense boree and saltbush scrub to open grassland, equally 
suitable for sheep and red kangaroos. Other factors have 
gone against them, in particular their elimination as 
“vermin” on the more intensively used grazing land and 
the more recent development of commercial shooting on a 
large scale for the latter 
export as pet food. 

[t is therefore very timely that an intensive programme 


Some of this ımpact has favoured 


skins and meat, mostly for 


of ecological study of kangaroos is being undertaken by thi 
Division of Wildlife Research of CSIRO. The 
this book are both members of this team who have played 


authors of 


a leading part in this work, and the result is an invaluabk 
of kangaroo chapters 
deal with the discovery of kangaroos and a general review 
of the family including the many smaller species, but th 
greater part of the book concentrates on the large kan 
with the red 
Megaleia rufa, the dominant species imn the great plains 
of central Australia and consequently the thet 
often conflicts with the interests of the ranchers 
These chapters are concise but well documented with 
references to the original literature. Studies of population 
density have shown much smaller than 
often been supposed, although local concentrations may 
occur in times of drought. A high density of red kangaroos 
is eight per square mile on ground carrying two hundred 
sheep, while one per square mile is normal on 
carrying thirty sheep per square mile. 

It is a pity that the pricing of this volume for the British 
market seems to have been based on the assumption that 
it is an esoteric work of interest only to expatriate Aus- 
tralians or the rare student of kangaroos. At a mor 
reasonable price it could have been widely recommended 
to all interested Im any aspect of the conservation and 
management of wildlife, and to provide, for the curious, 
a need felt since a public notice announcing the first 
kangaroo to be exhibited in London in the 1790s pro 
claimed: to enumerate its extraordinary Qualities would 
far excced the common Limits of a Public Notice” 

G. B. CORBET 


Synopsis biology. Introductory 
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Mob of kangaroos near Lake Macquarie in New South Wales (Australian News and Information Bureau photograph). 
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IS THERE DANGER AHEAD? 


` 
' 


AN \ 
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A young hedgehog caught by Jane Burton’s camera while out 

for a stroll has sensed danger and has raised its spines as a 

preliminary to rolling up. One of several delightful photographs 

in a new “Survival Book", The Hedgehog, by Maurice Burton 
(Deutsch: London, October 1969, 30s). 


PRIMATES FOR THE LAYMAN 


The Life of Primates 
By Adolph H. Schultz. 
Natural History.) Pp. xi+281 +39 plates. 
and Nicolson: London, August 1969.) 63s. 


(The Weidenfeld and Nicolson 
(Weidenfeld 


A FIRST book by a great scientist is always eagerly awaited, 
but those who expect from this book the definitive results 
of a lifetime study may be disappointed. I suspect that 
the author is not entirely to blame, because the book that 
he had undertaken is undeniably part of a natural history 
series aimed at the intelligent but general public. 

Schultz's research is largely an exhaustive search for 
facts; his approach is comparative, morphological and 
non-experimental, The result of his studies is a prodigious 
amount of data concerning primate skeletal features and 
dimensions, body form, external characters, relative 
weights, proportions and growth changes. The value of 
this painstaking- anatomical 4vork is’ obviously immense 
because it provides-a reliable baseline for further studies 
in a wide range of fields of primate inquiry, and has fre- 
quently defined the range of variability of indiwidual 
characters. within the,order. * Accurate knowledge of 
this variability has often knocked away the supports of 
theories that have been based on inadequate observations. 

After a brief historical introduction and survey of 
primate characters, the reader is introduced to the variety 
of primate specializations in terms of selected anatomical 
systems. These are limited to the locomotor system, the 
brain and special senses, the integuments, the oral cavity 
and the reproductive apparatus. No reference is made 
to the digestive system, the cardiovascular system, the 
endocrines, the kidneys, blood groups, serum proteins or 
primate genetics. While it is accepted that no man, not 
even Schultz, could be expected to be expert in all these 
fields, it would not seem unreasonable to expect some 
mention of these topics in a book with this title. 

Perhaps the most interesting sections are those devoted 
to growth, development, sexual dimorphism and behavi- 
our. Here the author draws not only on his own research 
but also on his wide knowledge of the literature. 

The book has been illustrated throughout by the author 
whose drawings and diagrams are superb for their clarity, 
accuracy and even, on occasion, feeling. It is a shame that 
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the quality of reproduction of the black-and-white draw- 
ings is uniformly poor; but even this cannot detract from 
Schultz’s artistry. The black-and-white plates are 
moderately well chosen, but I cannot believe that some of 
the colour plates faithfully represent the subjects por- 
trayed, for example, the crude reproductions of some 
primate paintings by da Cruz Lima, Eladio. One glaring 
typographical error lightened my task, the running title 
of chapter 14, “Reproduction, morbidity and morality” 
[sic]. 

It is inevitable that comparisons will be made between 
this book and the two classic volumes, of similar title, 
by one of the associate editors, J. Z. Young. By this 
yardstick The Life of Primates falls very short indeed. 

M. H. Day 


TAMED MONKEY 
The Squirrel Monkey 


By Leonard A. Rosenblum and Robert W. Cooper. 
xu+451l. (Academic Press: London and New 
January 1969.) 163s 4d. 


Untit little more than a decade ago, primate types used 
in medical and other research were generally restricted 
to a small number of species among which the rhesus 
monkey (Macaca mulatta) was pre-eminent with the chim- 
panzee (Pan sp.) playing a significant part in behavioural 
and other studies. An upsurge of interest. both in basic 
primate biology and in enquiries as to whether or not 
primate species additional to those used in the past 
provide the most suitable material for applied research, 
occurred some ten years ago, concurrently with the 
establishment, in the United States, of a group of regional 
primate centres. One of the findings that has emerged 
from the large amount of work subsequently carried out 
in these and other institutions has been that the South 
American squirrel monkey (Saimiri sciureus) is eminently 
suitable as a laboratory animal. 

The animal, found in the wild in “areas of every Central 
and South American country within the latitude of 10° N 
and 15° S”, has previously been best known as featuring 
in a series of behavioural experiments carried out almost 
forty years ago by H. Kliiver and described in his well 
known monograph Behaviour Mechanisms in Monkeys. 

The laboratory colony of squirrel monkeys established 
by Kliver for his work remained in being, but it was not 
until 1949 that a second experimental colony was estab- 
lished and only in 1958 that the animal was actively used 
in “organized biomedical research”. Since then, informa- 
tion about its biology has increased rapidly and this 
volume was designed to meet a need “to pool existing 
knowledge in concise form’. Its concept dates from a 
conference on reproduction in the squirrel monkey held 
in spring 1965. The result of its compilation is a work of 
some 450 pages and containing a total of fourteen major 
contributions. These do not pretend to cover all aspects 
of the animal's characteristics. 

An introductory chapter deals with the taxonomy of the 
squirrel monkey, and describes the highly organized 
sources of supply and channels for importing this species 
into the United States, This is followed by an account of 
the parasitology of Saimiri—a field that has been the 
subject of extensive, although still incomplete, study. 

The two following chapters deal with observations of the 
behaviour (social and otherwise) of these monkeys in a 
natural environment, while later chapters deal with early 
behavioural development in the infant squirrel monkey, 
social communication in the genus, its learning and sensory 
capacities, together with an account of cerebral mechan- 
isms in relation to. behaviour. This section dealing with 
behaviour and related topics accounts for almost half the 
total bulk of the volume. Other and smaller sections deal 
with reproductive physiology, embryology together with 
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post-natal growth and development, while further chapters 
deal with the use of the genus in pharmacological and 
aerospace research. The volume concludes with an 
account of the husbandry of the animal, thus contributing 
to one of the stated purposes of the book-——to provide 
information relating to the veterinary care of the animal. 
The new information contained in this volume, while 
demonstrating the present unevenness of knowledge of 
the genus, provides a baseline when the animal is used in 
applied or semi-applied research. It is even more signifi- 
cant in relation to corresponding new findings from other 
primate genera. More than thirty years ago, sufficient 
information had accumulated to enable pioneering 
enquiries to be made into the extent to which contrasts 
in physiological and behavioural features correlate with 
accepted taxonomic schemes of the primates. The 
extension of such studies to melude even the incom- 
plete data subsequently made available, and especially 
those assembled during the past decade, is a study of 
potentially enormous proportions. Erc H. ASHTON 


RELIEF FROM THE APE 


Bird Vocalizations 

Their Relations to Current Problems in Biology and 
Psychology. (Essays presented to W. H. Thorpe.) 
Edited by R. A. Hinde. Pp. xii+394. (Cambridge 
University Press: London, September 1969.) 85s; $13.50. 


AT a time when ethology tends, in the popular mind, to 
be associated with flamboyance and facile penmanship; 
when, apparently, the proper study of mankind is ape; 
this book comes as a reassuring relief. It is the retirement 
festschrift for a man who, though in the forefront of etho- 
logy, still has the strength of reticence. It deals with an 
aspect of animal behaviour where advances still come 
through the painstaking accumulation of factual data and 
their rigorous analysis. 

It was a wise decision to restrict the coverage to one facet 
of Professor Thorpe’s influence in ethology, albeit one that 
he has especially illuminated. To have attempted to 
represent all the contributions to ethology which he has 
made, either directly or through the many students 
subjected to his kindly influence, would have needed a 


Applied 
WATCH WHAT YOU EAT 


Food-borne Infections and Intoxications 

Edited by Hans Riemann. (Food Science and Technology: 
A Series of Monographs, Vol. 5.) Pp. xxvui+ 698. 
(Academic Press: New York and London, June 1969.) 
261s. 

Tuts book is written with authority, referenced with 
assiduity, printed with accuracy, edited with an apprecia- 
tion of the sweep of the topic, and presented in the 
aseptically aesthetic fashion associated with the publica- 
tions of the Academic Press. Asa result, parts of the book 
are a little dull, much is bright and there are flashes of 
excitement in wait for the assiduous reader. 

In a book of comprehensive coverage, the contributors 
to topies which have received much recent attention (such 
as Salmonella infections and type E botulism) labour 
under a disadvantage compared with those who break 
new ground, To me, the chapter on viral infections fills 
an urgent need in drawing together widely scattered 
information on foods as vectors. The chapter on halo- 
philic vibrio infections collates information largely 
acquired by Japanese investigators and hitherto not readily 
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much larger volume. There would have been the risk, 
too, of its joming the ranks of the amorphous, indigestible 
conglomerates whose advance notifications fill our 
waste paper baskets. 

The book is beautifully edited. Not only has Professor 
Hinde chosen his contributors with care and arranged 
their essays with skill, he has emphasized the relation 
these studies have to the broader fields of biology and psy- 
chology. This he has done in a succession of brief imtro- 
ductions to each group of papers. His essays are both a 
delight to read and impressive in their range and grasp. 
The general student will profit greatly from them alone. 
even if the detail of some of the contributions may prove 
too much for his concentration. 

The first contribution discusses the tonal quality of 
bird song and effortlessly makes clear to the uninitiated 
just what sound spectrograms are and why thei use has 
revolutionized analytical study. Then follow three 
papers on development , including experimental deafening, 
the ethics of which have been so hotly debated in recent 
months. Central nervous, hormonal and social control 
of vocalizations are considered in a group of physiological 
papers, and functional aspects in another four. Of 
particularly wide interest are the evolutionary papers, 
bearing on ecology, systematics and geographical variation. 

Two final chapters on the literary and aesthetic aspects, 
although remarkably erudite, do serve as something of a 
refreshing dessert after a rather heavy if impeccably 
cooked meal. How pleasant it is when Li T’ai-po “hails 
us across the centuries”, even if his poetry contains the 
only printer’s error that caught my eve. We can contem- 
plate with Kamo Taruhito “the diving mandarin-ducks 
and teal’? even if one feels he is mistaken as to their 
feeding habits. Or we can close the book ponderi ing on 
the near-ultimate statement that “if human music is 
a hare beginning now to jink wildly in order to escape the 


mechanization which will destroy it, bird music is the 
tortoise advancing imperceptibly along a straight 
course.” 


An especial word of praise must be given to the Cam- 
bridge University Press for producing a book which is a 
pleasure to contemplate—clearly printed on excellent 
white paper, restfully laid out, attractively bound and, 
as already indicated, nearly error-free. 


G. V. T. MATTHEWS 


Sciences 


available to the Western reader because most of the 
original publications were in Japanese. 

There is a thoughtful chapter on infections caused by 
miscellaneous microorganisms, it being the infuriating 
lot of the investigator of microbial food poisoning to be 
left with a residuum of unexplained outbreaks, Another 
valuable review covers the field of alimentary mycotoxicoses 
in which the inevitable aflatoxin is merely the first of a 
growing list. of mould-produced toxins potentially harmful 
to man. Further chapters cover laboratory methods, 
food processing and preservation, poisoncus plants and 
animals, parasitic infections, staphylococcal infections and 
infections caused by perfringens and cereus. The book 
contains a valuable glossary of the terms used and a 
thoughtful foreword by Dr George F. Stewart of the Food 
Protection and Toxicology Center of the University of 
California. It is provided with a genus and species m idex, 

a subject index and an author index, and an effective 
chapter on laboratory methods. 

Ten of the contributors are American, three are British 
and two Japanese. All are of repute and as a result this 
work is likely to remain unchallenged as a reference 
source for half a decade. J. HAWTHORN 
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BEWARE PLANTS 


The plant genus Acokanthera is notorious in Africa because it 
provides the principal ingredient of the arrow poisons used by 
many African tribes. All parts of the plant, except for the ripe 
fruits, are extremely toxic if introduced into the bloodstream 
of livestock and man. This illustration, showing the flowering 
branchlet (a), fruiting branchlet (b), flower (c), and seed (d) 
of Acokanthera longiflora, and fruiting branchlet (e) and flower 
(F} of A. schimperi, is taken from B. Verdcourt and E. C. Trump's 
Common Poisonous Plants of East Africa (Collins: London, 
November 1969, 36s). More than ninety dangerous species are 
discussed in systematic order with notes on their identification, 
distribution, periods of growth and flowering, toxic principles, 
antidotes and, fortunately, their antidotes and treatment. 


POISONOUS FOOD 


Toxic Constituents of Plant Foodstuffs 

Edited by Irvin E. Liener. (Food Science and Technology, 
a Series of Monographs.) Pp. xii+500. (Academie 
Press: London and New York, June 1969.) 187s: $20. 


THe book is the sixth to be published since the series 
began just over four years ago. This particular volume 
comprises a collection of twelve articles on some of the 
naturally oceurrmg toxic substances known to occur in 
plant materials which are used as foods or feeding stuffs. 
The contributions are by specialists who have achieved 
recognition in their fields. In particular, the introductory 
review by I. E. Liener gives a concise account of the 
present state of knowledge on this topic. 

Each chapter in the book deals with a particular series 
of toxic compounds such as the haemagglutinins, the 
goitrogens and the allergens, together with a number of 
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other toxie factors. The articles are themselves divided 
into a number of sections which include effects of the 
particular toxins, the distribution, toxicity studies, 
detection and detoxification. Each chapter is well sup- 
ported by literature references and the book has author 
and subject indexes. 

The book is very readable although a medical dictionary 
should be kept within easy reach by readers not versed 
in this particular aspect. This imphed reservation is not 
a criticism of the book but rather an acceptance of the 
difficulties involved in covering a topic which includes 
such a range of disciplines. 

In view of the present situation with regard to the 
world’s protein supplies and the continued search for new 
and improved sources of protein, this monograph will 
serve as a useful reference book to the large number a 
scientists interested m food problems generally and, 


particular, to nutritionists, biochemists, ocido sta 
and technologists. B. D. JONES 


RUSTS, SMUTS AND CANKERS 


An Introduction to Plant Diseases 
By B. E. J. Wheeler. Pp. ix + 374. 
New York, September 1969.) 65s. 
Most species of higher plant are susceptible to disease. 
whether it be during development or at maturity. 
Obviously, some host/parasite combinations are intrinsic- 
ally more interesting than others, but, even so, the array 
of documented diseases is formidable. Consequently, 
the author of an introductory text on the subject of plant 
pathology must be ruthless in his selection of material, 
particularly when the narrative is presented in a style 
intended for reading as against mere “fact -gleaning™. 
No doubt Dr W heeler feels that he has pruned his stock 
of data to the very limit, but a beginner, faced for the first 
time with his account of leaf spot diseases, may well feel 
otherwise. For this book is at its best where the choice of 
material iS self- amitiag. and e aoe takes the oppor: 
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Thus, the ae e T hype taphe or 
hyperplasia are comparatively few in number, and the 
section devoted to witches’ brooms, for ex ample, may 
well catch the imagination of an aspiring pathologist. 
Perhaps it is only to be expected that a book which 
attempts to cover so much ground will have patches 
where the presentation seems pedest ria n, an d cert ainly y 
this book is ambitious in its scope. F 
usual range of disease agents considered, that is ee tania: 
fungi and viruses. but also some of the less common such 
as nematodes, insects and even flowering plants. In order 
to accommodate these varied parasites, the subject 
matter has been grouped by types of disease rather than 
on a crop or pathogen basis. Although sorne groups are 
virtually self-forming as with the “downy” or “powdery” 
mildews, the idea of arranging, for example, all the gall- 
forming” agencies under one heading i is an attractive one, 
Similarly, the various seedling blights are grouped into 
one chapter as are the “blight” diseases of mature crops, 
and in due course the student is introduced to rusts, smuts, 
cankers, scabs and all manner of maladies that a plant 
may suffer. Each chapter is a self-contained unit, and 
comprises sections describing the symptoms of a particular 
type of disease, the biology of the causal organisms in 
relation to infection, and how the pathogens may be con- 
trolled. The balance between these facets of any given 
disease syndrome is usually good, and a clear picture 
emerges of the effects of pathogen on host and vice versa. 
The actual presentation of the material is very pleasing 
indeed. The author's style of writing is clear and uncom- 
plicated, and. apart from the occasional absence of 
punctuation, the text is easy to read. The bibliography 
and suggestions for further reading, included in each 
chapter, should prove most useful to students wishing to 
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carry their studies further. There are numerous illustra- 
tions in the form of either plates or line-drawings, but 
while the figures are to a very high standard, the photo- 
graphs often leave much to be desired. Thus a plate 
claimed to be “witchweed on sorghum” is too reminiscent 
of an unkempt herbaceous border for real clarity, while 
the photograph of “downy mildew of onion” requires 
faith rather than good eyesight to assist interpretation. 
Nevertheless, this book has its virtues, not the least of 
which is that it is genuinely introductory m nature. 
Anybody with some knowledge of microorganisms will 
find this book a most painless meeting with what can be a 
complex and, if badly presented, tedious subject. Many 
students will find this account of plant diseases excellent 
vacation reading, and it could well provide a most valuable 
background of knowledge for laboratory courses. 
R. K. ROBINSON 


SIX-LEGGED PESTS 


Insects and Insecticides 

By R, C. Reay. (Contemporary Science Paperbacks, 
No. 39.) Pp. viii+152. (Oliver and Boyd: Edinburgh, 
September 1969.) 7s 6d. 


In this small book attention is focused only on insect 
pests. Part one (33 pages) therefore starts with a working 
definition of a pest in terms of a species eating man’s food 
or drawing nourishment from man himself. This leads 
to descriptions of the types of insect mouthparts and the 
morphology and physiology of the gut. Part two (33 
pages) is an unsatisfying rush through fourteen insect 
orders containing pest. species, for it fails to emphasize, as 
intended. the diversity of their forms and habits. The 
third part (80 pages) deseribes the screening procedures 
for discovering new insecticides and then deals individually 
but briefly with a large number of the better known, old 
and new, insecticides. Synergists, formulation and mode 
of action of insecticides are mentioned, as are chemo- 
sterilants. attractants, repellents, and  anti-feeding 
eompounds; the text is up to date. Furthermore, bio- 
logical, integrated and cultural methods of control are 
explained and the book concludes with five pages on the 
harmful effects of pesticides, against which the eight lmes 
on the benefits are sadly out of proportion. 

There is a sprinkling of errors of fact, but none is of 
serious consequence. Among the more aggravating 
details, however, are the use of double plurals, for example, 
sensillae. labellae, and of the extraordinary participle 
‘“parasited”’ (pages 131, 133). Scientific terms are liberally 
used without explanation, so that a reader without a fair 
knowledge of both entomology and chemistry could soon 
be in difficulties. This, allied to the general brevity of 
most of the comment, gives the impression that the book 
could well be based with little change on leeture notes for 
a course that could scarcely be compressed into the time 
available. It is hard to decide for whom the book is 
intended and the author offers no guide in his preface. 

E. A. Parkin 


VECTORS OF DISEASE 


The Biology of Mosquito-borne Disease 

By P. F. Mattingly. (The Science of Biology Series, No. 1.) 
Pp. xii+ 184. (Allen and Unwin: London, October 1969.) 
Cloth 40s; paper 22s. 


TWENTY years ago, Marston Bates presented in his Natural 
History of Mosquitoes the then best review of available 
information on the physiology and ecology of mosquitoes 
and on their role as vectors of communicable disease. 
Much new knowledge has accumulated since that date and 
Mattingly’s book attempts to bring together the most 
important recent developments in the field of mosquito- 
borne infections. 
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The title of the book does not indicate that it refers 
primarily to human diseases, although it mentions briefly 
the role of some animals as sources and reservoirs of the 
infective agent. The author describes these diseases as 
ecological systems involving the pathogen, the vector, the 
human host and the environment, and stresses the close 
interrelation between these main and several subsidiary 
factors. He then discusses the evolution and classification 


species in the epidemiological chain. 

Four chapters cover the general systematics, physiology 
and behaviour patterns of the aquatic and winged stages 
of mosquitoes; conditions affecting the contact of vectors 
with man. the responses of insects to insecticides, the 
methods of assessment of the activity of vectors and the 
basic principles of control are given much attention. 
There are two separate chapters on genetics of mosquitoes 
and on the problem of species-complexes. The final 
chapter on retrospects and prospects deals with the 
concept of eradication of mosquito-borne communicable 
disease and concludes that “ultimate weapons” offer 
promises that cannot be fulfilled; success is more likely 
to come from integrated approaches making the best use 
of weapons of every kind. 

This book succeeds admirably in compressing into less 
than 200 pages a large amount of up to date information 
and gives a comprehensive picture of the host~parasite 
relationship in a group of infections influenced by the 
physical environment. In tracing the evolutionary back- 
ground of arthropod-borne disease the author stresses 
the resilienee of these systems in spite of man’s attempt at 
breaking them. He also draws attention to the interest 
presented by mosquitoes as a subject for detailed biological 
study especially new when geneties, using resistance to 
insecticides as a convenient marker and when eyto- 


mended not only to advanced f 
biologists, but also to any specialist who does not mind 
reflecting on wider issues involved in some publie heaith 
programmes. 

A few minor blemishes are of little importance. There is 
a recurrent printing error in the sub-specific name of 
P. eynomolgi bastianellit named after Bastianelli and thus 
requiring a double 7 at the end. In the chapter dealing 
with the biology of control and assessment of malaria the 
precise definition of the “reproduction rate” (an epidemio- 
logical concept) would be of value. The same applies to 
the term “vectorial capacity’ which seems to have been 
misused in discussing mosquito genetics. There is no 
evidence that both the A and B species of A. gambiwe 
became resistant to dieldrin simultaneously in 1955, and 
the distribution of the latter Anopheles is much wider 
than only in Somalia and south-west Arabia. The list of 
sources omits unaecountably any reference to George 
Macdonald’s pioneering work on quantitative epidemio- 
logy of malaria. The index could have been more complete. 

The book is well and attractively produced on good 
quality paper with excellent line drawings and several 
well chosen photographs. L. J. Brece-Cawatt 


BREEDING FOR WOOL 


Quantitative Genetics in Sheep Breeding 

By Helen Newton Turner and Sydney 8. Y. Young. Pp. 
332. (Macmillan: Melbourne and London, July 1969.) 
A$20; 200s. 

Wrruin the past two decades, attempts have heen made to 
apply the principles of quantitative genetics to sheep 
improvement. Major contributions have come from the 
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CSIRO group in Australia, which is led by Miss Turner and 
has included Dr Young, and many of their findings are 
reviewed in this book. Thus it follows to some extent 
the pattern of Lerner’s Population Genetics and Animal 
improvement which took examples from his work with 
poultry in California. The gap of 20 years between 
pubheation of the two books reflects the lag in application 
of the theoretical ideas to sheep. 

The authors set out to describe the rationale of sheep 
improvement, and they conclude with specific recom- 
mendations for commercial breeding practice. The 
quantitative genetics is intended to fulfil a lesser role and 
is developed and applied only where necessary. The book 
could also be regarded as a text on quantitative geneties in 
which the examples are drawn predominantly from sheep. 
It does not fulfil this role adequately, however, for 
although most. quantitative genetic and animal breeding 
principles are discussed, the depth of treatment depends 
on their importance in sheep production. 

Much of the mathematical and statistical development 
is well presented, although the simplest. proof is not always 
used. Several theoretical topics are analysed in un- 
necessary detail for such a text; for example, heritability 
formulae for ratio traits are derived in full. Similarly, 
lengthy formulae are given for selection indices on one 
trait using information from relatives, yet matrix algebra 
is introduced when discussing selection indices for several 
traits on one individual. The matrix methods should have 
been extended to include relatives’ information so that 
more general results could have been obtained with less 
algebra. Some sections on applied topics also seem too 
detailed; for example, that on flock age structure, where 
the mathematics could have been collected and condensed. 
The discussion on mating systems including inbreeding is 
relatively short, and the authors clearly tread on un- 
familiar ground. Here they make some errors of which 
the most misleading is an assertion that if in the cross 
between inbred lines “the F, mean is outside the range 
of the parental means, overdominance and/or epistasis 
are important” (page 293). 

The book is more limited in content than the title 
suggests, for the application is almost exclusively 
restricted to breeding merinos for wool production in 
Australia. While the genetics of meat production in 
sheep is less well understood it might have deserved more 
than passing mention, for even in the merino breed the 
authors suggest (page 1) that “meat production will 
become of greater importance”. 

The book is likely to be of greatest value as a review 
of the Australian research work. Clearly the publishers 
expected the market to be limited. W. G. HriL 


CHROMOSOMES AND LEUKAEMIA 


Chromosome Studies in Acute Leukaemia 
By Mogens Krogh Jensen. Pp. 115. 
Copenhagen, July 1969.) 50 D kr. 


Tais monograph is a published version of the author's 
doctorate thesis, which probably accounts for the particu- 
lar balance of its contents. The work begins with an 
elementary description of human chromosome nomen- 
clature, the mechanisms of chromosome aberration and the 
techniques for karyotypic examination of bone marrow and 
peripheral blood leucocytes. The literature on chromo- 
some disorders in acute leukaemia is well reviewed. A 
wide variety of chromosome numbers and karyotypic 
patterns are encountered in this disease; about half the 
patients develop abnormal stem cell lines, but they are 
of little diagnostic or prognostic significance. The results 
of chromosome analyses of thirty acute leukaemic patients 
is the principal feature of this monograph. These and 
other analyses indicate that the myeloid and erythroid 
stem cells may have chromosome abnormalities similar 
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to the leukaemie cells. a point of considerable importance 
when considering fundamental aspects of the disease. 
The value and pitfalls of interpretation in acute leukaemia 
of chromosome analyses of peripheral blood leucoeytes 
stimulated with phytohaemagglutinin, the effeet of 
natural alterations of the relative numbers of leukaemic 
to non-leukaemic cells in the marrow and peripheral 
blood on the chromosome constitution of the popula- 
tion are discussed. The author rightly emphasizes 
some elementary biological factors that are easily forgotten 
when immersed in the technicality of karyotypic analysis. 
The remainder of the monograph is concerned with wider 
aspects of chromosomes and carcinogenesis. the incidence 
of leukaemia in patients with congenital karyotypic 
abnormalities and the influence of eytotoxie drugs. 

This is a useful monograph, giving a fairly succinct 
account of the present state of our knowledge of the 
disturbance of chromosome content and morphology m 
acute leukaemia. Unfortunately, the quality of the 
photomicrography is in places rather poor. 

{DWARD H. Cooper 


APOPLEXY FOR EVERYMAN 


Epidemiology of Cerebrovascular Disease 
By John F. Kurtzke. Pp. xv+197. (Springer-Verlag: 
Berlin, Heidelberg and New York, 1969.) DM58; $14.50. 


STUDY of the patterns of ill health and death in populations 
which differ from each other in their geographical situa- 
tions and ways of life has been most valuable in revealing 
genetic factors and constitutional and environmental 
hazards, which influence the appearance and development 
of disease in man. Taking this broad view of the purpose of 
epidemiology. Dr Kurtzke has used its methods to examine 
“strokes”, one of the more fashionable human ailments. 

In this short and very readable account, he first exam- 
ines the bases of the current internationally accepted 
method of classifying deaths caused by cerebrovascular 
disease, because the majority of epidemiological studies 
have relied on mortality statisties of uncertain validity. In 
his opinion, these types of data are adequate only for the 
whole group of strokes and, except in special cireum- 
stances, are too unreliable for the study of such specific 
causes as thrombosis of the cerebral arteries or cerebral 
haemorrhage. Data from several European countries, and 
the United States, have shown no significant local or 
regional differences in the incidence of cerebrovascular 
disease which cannot be attributed to the effects of diagnos- 
tic fashion and uneven distribution of medical care. He 
considers that the hypotheses that strokes are more com- 
mon in Japan, and that they occur less often in Negroes, 
can be disproved by close analysis of the most reliable data. 
This chapter of the book illustrates the enormous and often 
unexpected difficulties which bedevil attempts to compare 
the incidence of disease in different countries. Intensive 
local surveys are often stall the only way to obtain reliable 
information about morbidity and mortality, in spite of 
sophisticated analyses and attempted “‘correction”’ of 
national statistics. 

The recent suggestion that there has been a significant 
change in the proportion of deaths caused by cerebral 
thrombosis and haemorrhage, which has led to much 
speculation about the possible pathogenetic roles of 
dietary and other exogenous factors, is also rejected 
because of what are considered to be flaws in the collection 
of the supporting evidence. The interpretation of Yates’s 
findings, in particular, may appear far fetched, but the 
evidence available from other series is too vague to support: 
this hypothesis. 

Many of the factors involved in the causation of cerebral 
embolism and thrombosis, and of transient cr minor 
strokes, are reviewed together with some aspects of the 
natural history of subarachnoid haemorrhage. 
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His final conclusion is that there is a strong correlation 
between increasing age and the incidence of fatal cerebro- 
vascular disease, which has not been affected by improved 
standards of medical care over the past century. It 
appears that strokes are an inevitable consequence of 
growing old, and that they can be prevented only by 
stopping the process of ageing itself. This pessimistic view 
raises problems about the significance for man of research 
on ageing in animals, in which both the time seale and the 
ultimate causes of death are so different from human 
experience. 

Kurtzke has written an instructive monograph. The 
very helpful summaries of each part have been collected 
into an extra chapter which provides a concise guide to his 
individual and intriguing work. It is clearly arranged and 
well documented with more than 400 references and 86 
tables. A. D. Dayan 


BEHAVIOUR OF MATERIALS 


Materials Science 
By J. ©. Anderson and K. D. Leaver. Pp. 276. 
London, September 1969.) 40s. 


Tus book. based on a course given by the authors at 
Imperial College, represents the most recent attempt to 
bring between one pair of covers an elementary survey of 
the behaviour of materials, specifically for engineers. 
The subject matter of such courses has moved a very 
long way from the catalogues of casting alloys, descriptive 
accounts of blast furnaces and the like of a few short years 
ago: the most important single change is the injection 
of a good deal of solid state physics, touching most 
particularly on the electrical and magnetic behaviour of 
crystalline solids. 

The task of formulating such a course is formidable, and 
it is no wonder that the authors have only partially sue- 
ceeded. As would be expected in view of their personal 
expertise, the book is somewhat weighted towards semi- 
conductors and magnetic and dielectric materials. This 
subject matter is erected on a basis of wave mechanics 
from the beginning, and this feature is as successful as it is 
unconventional. Many arbitrary features of more ortho- 
dox treatments are avoided, and didactically the authors 
succeed in anticipating the student’s likely points of 
bewilderment. The treatment of metallic conduction is 
good (though Figs. 12-2 and 12-5 are incompatible). 
The approach to semiconductors, again, is unconven- 
tional, starting from the concept of the orbital rather than 
from band theory. Brillouin zones are never mentioned. 
As a very elementary approach it could well be more 
successful with students than the more usual treatment. 
The magnetism is a trifle compact; thus the reader would 
have difficulty in understanding why domains exist. The 
chapter on dielectrics is a model of clear but economic 
presentation. 

The chapter on mechanical properties is less successful. 
Macroscopic behaviour is well sketched (though it is a 
pity that hardness tests are presented in terms, almost. of 
magic), but the authors have less feeling for the ways of 
dislocations. These oscillate between being planar and 
linear defects, with inevitable loss of elarity when. for 
instance, dislocation sources are touched on. It is a 
pity that not more use is made here, and elsewhere, of 
the concept of bond strength, ably introduced in an earlier 
chapter. This would have made less likely such mis- 
statements as “it is a relatively simple matter for [atomic] 
planes to slide over each other” (page 100), or that long- 
range order always strengthens an alloy (page 156). 

The brief introduction to crystals, though well set out. 
also suffers from some misstatements. Thus, the unit cell 
of diamond does not contain 12 atoms (page 78); there are 
230 space-groups, not crystal classes (page 90); Fig. 7-16 
does not portray a twinning shear and the schematic 
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picture of a vitreous silica network (Fig. 10-8) is incorrect. 

The chapter on polymers is an excellent introduction, a 
welcome innovation in a book addressed to other than. 
chemical engineers. The treatment of alloys and ceramics: 
is a moderately successful condensation of a large field, 
though the treatment of steels is really too concise to be 
useful (one can hardly hope to understand the point of 
tempering if martensite is never mentioned), and the 
concepts of metastability and approach to equilibrium, 
so central to this field, could only be appreciated if diffu- 
sion had been introduced. 

The most serious obstacle to understanding the really 
crucial concept ef phase equilibria, however, hes m the 
inadequate treatment of free energy and entropy (pages. 
138-140). The presentation of this subtle but vital area. 
contains too many inaccuracies and short cuts to be at 
all helpful to the student (to pick just one example, 
maximization of entropy is presented as a universal 
principle, without specifying an isolated system). With- 
out a proper grounding here, phase equilibria are bound to: 
appear as though pulled out of a hat, and the fact that 
vacancies, unlike dislocations. are stable defects is meom- 
prehensible. 

The inadequacy of this section makes it impossible to 
agree with the authors that the book will be of assistance 
to students of chemistry or metallurgy, but it should be 
very successful at an elementary level for electrical and. 
electronic engineers and may, with rather more provisos, 
be so for mechanical and civil engineers also, 

R. W. CAHN 


TECHNOLOGY OF SOUND 


Physical Foundations of Technical Acoustics 

By I. Malecki. Translated by Irena Bellert. Pp. xsv- 
743. (Pergamon: Oxford, London and New York: 
PWN—Polish Scientific Publishers: Warsaw, September 
1969.) 220s; $28. 


at the present time; the acoustical engineer has to contend. 
with a larger ratio of extreme frequencies than m almost 
any other technology, and his devices frequently have to 
operate satisfactorily with wavelengths both larger and 
smaller than their physical dimensions at the same time. 
A book which has as its declared aim the presentation of 
the physical meaning and mathematical expression of 
phenomena, to aid those engaged in acoustical engineering, 
is therefore very welcome. 

It must be said, however, that. this aim is fulfilled only 
in part, as the book is principally a study of acoustic wave 
propagation. It is well done, with a carefully orgaruzed 
treatment which progresses from the ideal medium to the 
properties of real fluids and solids. The mathematical 
level is high, although not as high as in some theoretical 
textbooks; it is clearly presented, and the treatment 
shows the approach of a physicist. Experimental results 
are discussed in some chapters; but there is ne mention of 
developments such as the interaction of sound with light. 

Non-linear vibrations and waves are covered, but the 
section on vibrating systems and analogies is disappoint- 
ingly brief; there is no treatment of duality in circuits, 
or of transducers. Expansion of this section would be of 
great value, not only for the designer of acoustical devices, 
but also for the experimenter concerned about the per- 
formance of his apparatus. 

Each chapter has a brief historical introduction, and 
each has that most useful, although not very common, 
feature of a number of worked examples Gn which, how- 
ever, different units jostle each other somewhat discon- 
certingly). References are full, and inelude many from 
outside western Europe and the United States; but the 
index is sketchy and should be much longer. Certain 
non-standard terms---presumably produced by too literal 
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a translation--—such as “perturbation” for ‘ scattering”, 
“acoustic potential” for “velocity potential”, cause a 
little awkwardness until they are assimilated, 

The book is well produced and clearly printed, and many 
acousticians, particularly those studying wave propaga- 
tion in materials, would find it a valuable work of 
reference, Derwent M. A. Mercer 


TIDES AND WAVES 


Coastal Hydraulics 

By A. M. Muir Wood. 
Hydraulies.)} Pp. xii -+ 187. 
ber ie 55s. 


(Macmillan Civil Engineering 
(Macmillan: London, Octo- 


ae tad ad nies quant o ya ne variety of 
oceanographic phenomena. The lure of the open sea is so 
strong, however, that most of the money has gone towards 
deep water research and there has been too little attention 
to coasts and beaches. This impression is strengthened 
after reading this little book, written by a practising civil 
engineer. However important it is to know the physics 
of the deep oceans for future dev elopments, for the present, 
the economically much more important zone near the 
shore has been systematically ignored. 

The book, intended for students and for practising 
engineers, is in effect a useful guide to the existing litera- 
ture, particularly that published in Britain. It therefore 
serves as a foil to Wiegel’s Oceanographical Engineering 
which is rather too strongly dependent on American 
practice. There is regrettably too little reference to 
Dutch work. The author clearly loves his algebra, and 
the reader is treated to a number of classical derivations 
of tidal motion theory and wave theory: the student. 
reading this part of the work for the first time, will have 
difficulty in understanding the nomenclature, for defini- 
tions of many important ideas are sadly lacking. There 
are, however, a number of worked examples of the applica- 
tions of the theories to situations which might arise in 
practice, though largely because of the lack of measure- 
ments, many of them (and other examples in the text) 
do not have confirmatory experimental evidence that 
the predictions are correct. 

For the work of one who has been concerned with civil 
engineering works on coasts, there is a regrettable shortage 
of drawings, diagrams and data from real situations. The 
value of this book would have been considerably enhanced 
if much more information had been presented on the 
performance of structures under these conditions. For 
example, on page 139, dealing with wave impact pres- 
sures, the remark is made that ‘“‘ill-designed or badly 
constructed lift joints (in concrete sea walls) become 
rapidly exploited by the sea”; how much better it would 
have been if drawings or photographs of both good and 
bad joints, exploited or not, were given; the book would 
have paid for itself if this information had been given. 
The book, by its restriction on length, also often breaks 
down just when it becomes useful; for example, on page 
26, a specific limitation is made that “complexities of 
tidal movements in estuaries are beyond the range of the 
book”; surely estuaries are precisely where a great 
majority of coastal engineering structures are placed and 
where tidal movements are crucially important. It is 
comments such as these that give an impression that the 
book is a set of exercises rather than a compilation of 
value to real situations. 

For the small number of civil engineering undergradu- 
ates who wish to study this kind of work, the book may 
be an introduction, but for rigour of the proofs concerned, 
they would be better advised to consult Proudman’s 
Dynamical Oceanography ; and for completeness of infor- 
mation on engineering applications, W pe Oceano- 
graphical Engineering. J. R. FRANCIS 
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COST OF CHEAP POWER 
Abundant Nuclear Energy 


(Proceedings of a Symposium held at Gatlinburg, Tennes- 
see, August 26-29, 1968.) Pp. vi+ 352. (US Atomic 
Energy Commission, Division of Technieal Information: 
Oak Ridge, May 1869.) $3. 


EVERYBODY recognizes the immense changes which have 
come a aoe as a CoE eaeee ok the discove ery poe how to 
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more Aa Banat a ci in ‘the n uture and this beck 
describes a symposium whose organizers felt that it would 
be worth while to examine the implications of the avail- 
ability of cheap electricity —-and waste heat-— from future 
nuclear power complexes. 

The book seems to fall between two stools. It starts 
off with two review papers, one on the availability 
and cost of power, the other dealing generally with 
the consequences of cheap power on energy-intensive 
processes. These are then examined individually. 
The intention no doubt was to point out dramatic 
changes, if any, which could be expected; but, for 
the most part, they describe the present techniques of 
winning and purifying the various materials in question. 
Certainly the costs of the various stages are brought out 
but my impression is that the book will not be of great 
use to the chemical engineer, the metallurgist or the 
nuclear engineer, but it may have value as a textbook. 
Other papers describe processes which could use the waste 
heat from reactors. 

Most of the delegates attending the symposium—~and 
all the speakers—-were from the United States and the costs 
and forecasts m the book reflect US experience and views. 
J. A, Lane of the Oak Ridge National Laboratory traces 
in an interesting way the history of the sources and cost 
of power and then goes on to prediet costs and consump- 
tion of electrical power into the early years of the next 
BEA n incidental ka ai st is n estimate that an 

F ~slave labour 
i cost he ane eat ‘oF si to $5 per Talowatt hour. 
Nowadays, the per capita power consumption in the 
United States is the equivalent of 200 slaves at an annual 
cost of less than $100. In his survey of electricity he 
points out that the consumption and real cost have 
respectively risen and fallen by more than one hundred 
times since 1880. His final prediction is that electricity 
will be available in ap 2000 at costs ranging from © 15 
to 0-55 cents per kilowatt hour for industry and house- 
holders respectively; and much besides although a good 
deal of it has been given before, 

Holmes reviews the effects of decreased electricity 
charges in various chemical and metallurgical processes. 
Following papers (not particularly technical) describe the 
prec sen, and power AE raseua in the o E of 


gen and oxygen by electroly Vsis ‘and ahora ise. ammonia, 
aluminium, magnesium, iron and steel. Other papers 
diseuss the possible use of waste heat combined with 
low cost electmeity in space heating, marine chemical 
recovery, desalination and other fields. Discussion was 
generally m terms of the NUPLEX or agricultural~ 
industrial complex based on a nuclear power plant placed 
at places where there are abundant raw materials together 
with a need for fresh water and fertilizers. North African 
and Asian sites were referred to, although other speakers 
thought that such a complex should be set up in the 
United States first. 

The meeting finished with a panel discussion of the 
impheations for university nuclear engineering schools. 
The wide ranging discussion was not often on the subject 


and little of a positive nature emerged. 
H. W. WILSON 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Anomalous Temporal Behaviour 
of NP 0532 


Recent high-precision studies of the temporal behaviour 
of NP 0532 in the radio! and optical? bands have yielded 
conflicting values of the second derivative of the period 
and, consequently, the physical processes with which the 
temporal behaviour can be reconciled. It is the purpose 
of this communication to point out that a comparison of 
those two results with each other, and with other existing 
NP 0532 data, yields the result that the average second 
derivative over periods of time larger than a few months 
is inconsistent with that measured in either of the high- 
precision measurements. One possible reconciliation of 
this difficulty may be obtained by invoking discontinuous 
decreases in the period. We conclude that measured values 
of the second derivative may not necessarily give a reliable 
indication of the braking mechanism. 

If the rate of change of the period P or the frequency v 
is characterized by 





sienna ee a Bayt 

dt = pr? ru ne (1) 
where n=5 for the gravitational radiation model’, n=3 
for the magnetic dipole model’, and n=1 for the 
relativistic solar wind model‘, only the first and second 
derivatives of the known period or frequency are needed 
to specify n. Hence, the braking mechanism can be 


calculated because (for constant K and n) 
vy PF 
n = ae +2 (2) 


The high precision measurements of P, P and P are 
shown in Table 1, together with the deduced values of 
the parameter n. The results of the Princeton? group were 
obtained from phase-locked optical measurements of NP 
0532 for a period of 6 weeks from March to May 1969. 
They computed the first and second time derivative of 
the frequency by minimizing the residuals between the 
closest integer and the phase, defined as the first temporal 
moment of the second order Taylor expansion of the 
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tained by essentially the same method for the period 
November 1968 to August 1969. 

The most obvious disparity in these two sets of data is 
in the measurement of the second derivative and, hence, 
in the braking index n. As shown in Table 1, the values 
of n are statistically inconsistent and imply diferent 
braking mechanisms. It is important to note that the 
time over which the Arecibo data were taken includes the 
time interval during which the Prmeceton measurement 
was made. Because of the improved nature of the radio 
data since June 1969, however, the second derivative 





Because of the importance of understanding the true 


nature of this disparity, we have attempted to explore 
the degree of consistency between these and other NP 
0532 data in the literature. Because all of the data 


include measurements of P, we ean use cither the Prince- 
ton or Arecibo values for the period, Po and its first 
derivative, P,, to obtain the value of P at earlier or later 
times as a funetion of the braking index n. 

From equation (1) we get 


5 or 
P= P, E + i (n=) Mn eI 
Se : (3) 
a. = 
= P, exp | — At} n= 1 


Values of P predicted from these two standards are pre- 
sented in Table 2, compared with the actually measured 
values as a function of n. Of the existing additional data, 
only the X-ray measurement of the Rice group in 1907 
(refs. 5 and 6) yields statistically significant mformation 
because of the long temporal lever arm available. It can 
be seen that, for values of n appropriate for the graviti- 
tional radiation model (n=5) or the magnetic dipole 
model (v= 3), the measured period on June 4, 1 967. is 
longer than that obtained by extrapolating either the 
radio or the optical measurement. Furthermore, the period 
measured on March 17, 1969, is also longer than that 
obtained from the extrapolation of the June 28 measure- 
ments for these same values of n. Thus, when extra- 
polating backward in time, the individually deduced. ns 
are all smaller than the locally measured values given in 
Table 1. Extrapolating forward in time, we see that, for 
both the gravitational and magnetic dipole models, the 
measured period on June 28 is shorter than the extra- 
polated period based on the measurements taken on March 
17. In this case the value of n which fits the data best 
is about 8 to 9, a much larger slowing-down rate than 
predicted by any of the simple models. 

Alternatively, we can perform the same sort of analysis 
in a manner which is independent of the simple braking 


Table 1. MEASURED PERIODS, FIRST AND SECOND DERIVATIVES, AND THE CORRESPONDING VALUES OF THE BRAKING INDEX #1 


frequeney. The results of the Arecibo! group were ob- 
Date Julian date P (ns) 
1969, June 28 2440400-5 33099324-09 + 0-05 


1969, March 17? 2440297 50904 


Table 2. 
1969, June 28 


33005563-9268 + 00037 


È (ns/d) P (psid*) n 
36-518 + 0-002 ~ 0-024 + 0-006 2-64 + 0-62 
36-52256 + 0-00050 — 0-1107 + 0-0260 £76 + O45 


EXTRAPOLATED PERIODS (18) 
1969, June 28 


1969, Mareh 17 1969, June 2S 
H 


n 4 + + ; 
1967, June 4 1969, March 17 1967, June 4 1969, Mareh 17 
~3 33095564-13, 
-2 33095563-92 
-1 3309556371 
0 23071797 72 ) 33095563-49 3307178% 79} 
1 33071786-27 | 3309356328 > + 0-21 3307178125! 
2 33071774 81| 4.5 3309556307 3307177270. g.g0 
3 3307176334 7 33095562-85 3307176414. ~ 33099325 23 | 
4 3307175135 32309556264 3307175557 | 33099325-00 
5 3307174035 3309656243 3307174700. 33000932479 | 
6 $3009324-57 = + PRS 
7 33099324 36 | 
8 33099324-14 
9 33099323-03 
Measured 33071784 + 6 33005563 :-9268 + 0-0037 33071784 + 6 33000324-08 + 0-05 
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theory discussed here. We define an average second deriva- 


tive. < P >, by assuming that we can use the Taylor expan- 
sion to arbitrary order and then combine all the terms of 
order higher than the first into an average second order 
term 


P= P,+P,Att+}< P> (At) (4) 
Solving for < P> 
<P = -— [< P> — Po] (5) 
where 
7 . i yas P, 
< AG (6) 


If the period is a smoothly varying function of time, 
which can be well represented by second order Taylor 
expansion, the long term average second derivatives must 
be consistent with the locally measured values. As can 
be seen from Table 3, however, the average second deriva- 
tives are totally inconsistent with the conclusions reached 
by either the Princeton or the Arecibo groups. In faet, 
the previously published Arecibo data’ yield the same sort 
of qualitative inconsistency; the weighted average of all 
the average second derivatives deduced in this manner 
from the previously published Arecibo periods from 
November 1968 to February 1969 and the Arecibo Po 


and P, for June 28-0 is +01 + (1, in contrast to the value 
of — 0-024 + 0-006 reported on the basis of time of arrival 
analysis?. 
Table 3. AVERAGE FIRST AND SECOND DERIVATIVES 
< È > (nsid) <P> (ps/d*) 
36-510 + 0-0005 0-155 +004 


36-506 + 0-008 0-0318 + 0-022 
96°510+0-0005 ~0-244+6-014 
36-505 + 0-009 


1969, March 17 
1967, June 4 
1969, June 28 
1967, June 4 


1069, June 28——> 


1969, March 17-——-> 
0-503 + 0-028 


In short, extrapolating backward in time on the basis 
of a locally measured period and its first derivative seems 
to yield shorter periods than those actually measured, 
implying that the average second derivative must be 
positive (n <2), On the other hand, extrapolating forward 
in time yields longer periods, implying negative second 
derivatives which are lar ger than those menauted loeally 
(a> 9). 

We suggest the following semi-empirical argument to 
account for the qualitative behaviour of the apparent 
discrepancy. Let us assume that there are finite 
discontinuities, superimposed on an otherwise smooth 
braking mechanism, which result (presumably) from the 
sudden speeding up of the rotating neutron star. Then a 
locally measured second derivative is more likely to be 
consistent with the smooth braking mechanism. whereas the 
average second derivative over a long period of time will 
be greater (or smaller) than that measured locally for an 
extrapolation made backward (or forward) in time. A 
finite discontinuity resulting in a speedup of about 196 ns 
over a period of less than 1 week was observed®-* for the 
Vela pulsar, PSR 0833-45. The average speedup required 
to account for the inconsistencies in the second derivative 
of NP 0532 is only 1 to 2? ns per 100 days. It is therefore 
conceivable that there may exist a whole spectrum of 
discontinuities of which the observed speedup of the 
Vela pulsar is but one example. Clearly, further continu- 
ous observations of both the Crab and Vela objects (as 
well as other pulsars) are required to substantiate further 
this point of view. 

If it were possible to make instantaneous measurements 
of the second derivative, the hypothesis of truly discon- 
tinuous speedups could be tested because each local value 
of P would ke consistent with the prevalent braking 
mechanism even though the average value over longer 
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periods of time would not. The obvious extension of this 
argument is that the measurement which is made over 
the smallest interval of time should be the most repre- 
sentative of the smooth braking mechanism. If the speed- 
ups are not truly discontinuous, however, but have 
recovery times which are finite (and which may even 
exceed the average time between successive speedups), 
the ability to distinguish between the prevalent braking 


mechanisms on the basis of local measurements of P 
becomes extremely difficult. 

On the assumption of truly discontinuous speedups, the 

evidence would seem to favour gravitational radiation as 
the dominant energy loss process in NP 0532, because 
the Princeton measurement is taken over a shorter time 
base than is that of the Arecibo group (the fact that it has 
a larger negative value is also consistent with what would 
be expected from a measurement which 1s closer to being 
instantaneous). Gravitational braking, however, presents 
severe difficulties in achieving consistency with the known 
age of the Crab Nebula’. The perhaps more reasonable 
assumption of finite “discontinuities” would indicate that 
none of the existing models for the prevalent braking 
mechanisms are preferentially supported by the data. 

Note added in proof (November 7, 1969). A quasi- 
sinusoidal component in the pulse arrival times of NP 
0532, with period of about 3 months and amplitude 
of about 600 us, has recently been reported by D. W. 
Richards, G. H. Pettengill, C. C. Counselman and J. 
Rankin JAU Circular, No. 2178, 1969). This effect will 
cause a sinusoidal variation in the pulsar period, with 
poak to peak PND EGO) AP, of the order of 6x 10-1 x 
22x P/P. For Poe=33 x10 sand P=3 months, AP = 
16 ps. This is three orders of magnitude below the dis- 
crepancy of 16 ns between the Rice measurement in 1967 
and the extrapolated period based on the Arecibo measure- 
ment in 1969. We therefore conclude that this periodicity 
eannot be invoked as an alternative explanation of the 
anomalous variations which we have discussed in this 
communication, and that the postulated discontinuous 
speedups are still necessary. With regard to the dis- 
parity between the Princeton and Arecibo measure- 
ments, even though the period discrepancy of about 
I ns still remains, the interpretation of the second-deriva- 
tive disagreement can depend on the invocation of such 
a modulating periodicity. In a time of six weeks (the 
time over which the Princeton measurement was made), 
this modulation can have a significant effect on the 
determination of the second derivative. 

In the light of this discovery, therefore, we would be 
inelined to favour a magnetic dipole braking mechanism 
in NP 0532 as being consistent with all of the data when 
discontinuous period variations are included to account 
for anomalous changes of the second derivative. 

P. E. Boynton et al. report (LAU Circular, No. 2179, 
1969) that they have noted “an abrupt change in the 
pulsation frequency of optical emission from the Crab 
pulsar NP 0532”. This is consistent with our deduction 
of the necessity of such speedups outlined here. 
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Linear Increase in Periodicity 
of Thirteen Pulsars 


CONTINUING observations of the times of arrival of the 
radio pulses from the pulsars visible from Jodrell Bank 
indicate that almost all periodicities are increasing at a 
uniform rate. No second order effect of the sort now 
observed in NP 0532 (ref. 1) can yet be discerned, and 
certainly none of the thirteen pulsars already analysed 
show any anomalous behaviour similar to PSR 0833 
(refs. 2 and 3). The techniques used for detecting this 
variability of pulsar periods have been described in a 
previous paper‘. 

The measured periods of the pulsars require correction 
for the motion of the observatory round the barycentre of 
the solar system. A small error in the assumed position 
of the pulsar can cause an apparent annual sinusoidal 
variation in the period, and hence a smusoidal variation 
in the phase of the pulse referred to a constant period. 
This is clearly demonstrated in the case of the two pulsars 
CP 0834 and CP 1919 (Fig. la and c). By determining 
the amplitude and phase of this variation, the magnitude 
and direction of the positional error can be determined. 
Figs. 1b and d show the same data reduced assuming the 
new positions found by this method, which have probable 
errors of 3” are. 

The new positions are both significantly different from 
those currently accepted, as, for example, in the compila- 
tions of Maran (unpublished) and Taylor’. The right 
ascension of CP 1919 is >3 standard deviations below 
the values measured previously*:?; and the new declina- 
tion of CP 0834 is 90” are greater than that previously 
used. Both these new positions, however, agree to within 
2 standard errors of independent measurements made by 
A. G. Lyne (private communication) using the Mark I and 
Mark II telescopes at Jodrell Bank as an interferometer. 

The three pulsars NP 0525, PSR 1642 and AP 0823 
are apparently slowing uniformly, but owing to the short 
duration of the observations of these pulsars it is not yet 
possible to distinguish a real effect from an apparent 
one caused by positional uncertainty. 


Table 1. RATE OF CHANGE OF PERIOD FOR THIRTEEN PULSARS 
Pulsar dpip x 10% Te yr 
CP 0328 2-03 ix ie 
NP 05382 422-66 a5 % 10% 
CP OROS < 0-07 >86 xl 
PSR 0833 124-26 23x 10% 
CP  OSB4 G31 59 =« 10* 
cP 0950 {238 3-4 «107 
CP 1133 3°75 Lüx 10° 
HP 1506 512 46x 108 
PSR 1749 71-8 2-H E 10% 
CP 1919 135 33% 17 
JP 1983 é-1 Tox 10° 
AP 2015 0-127 Pa = 108 
PSR 2045 Li? 5-3 « 108 


The values of dp/p for NP 05382, PSR. 0833 and JP 19338 have been derived 
from previously published data; for the other pulsars there is a probable 1 per 
event error, Te is the e-folding lifetime for the period. 


The rate of change of period dp/p = p for thirteen pulsars 
is given in Table 1, Ten of these are newly determined 
values, the other three (those for NP 0532, PSR 0833 and 
JP 1933) being derived from previously published data 
(refs. 1, 3 and unpublished work of S. P. Maran). The 
only disagreement with previous values concerns AP 2015, 
where p= 0-127 10-15 is an order of magnitude lower 
than the quantity quoted by Maran (1-53 x 10-**), 

It is apparent (Fig. le) that CP 0808 cannot be increasing 
in period faster than 1] part in 15x 10° s-!. In fact the 
best fitting curve represents a sinusoidal variation cor- 
responding to a slight positional error. The size of this 
positional error cannot be unambiguously determined 
until the source has been observed for more than a year. 

If the extreme regularity of pulses of radiation from a 
pulsar is due to their bemg neutron stars rotating once 
per period, then an increasing period can be explained by 


1G05 


Pulsar at 08342660 + 061913-0. Assumed period = 1273703253. dp/p « 6-38 
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Fig. 4. The phase of pulses referred to an assumed constant period, 

a, g and e show the data for three pulsars CP OS34, CP 1919, CP Hes 

reduced assuming the currently accepted positions. Tt is possible 

predict more accurate positions from the amplitude and phase of the 

sinusoids. $ and d show the same data as @ and e reduced using the 
corrected positions. 


1006 


the loss of angular momentum due to magnetic torque 
applied through its external magnetic field. Pacini® has 
predicted that 


p x Bp (1) 
The existence of a correlation simply between p and p 
seems to be doubtful, however. Indeed, if the two short 
period pulsars are removed from a logarithmic plot of p 
against p (Fig. 2} then there is no apparent correlation 
at all. 

The scatter observed may be due to a spread in the value 
of B., however (equation 1), Gunn and Ostriker® have 
suggested that the radio lummosity Lr might be pro- 
portional to B*, which produces from (1) 


pal, p? 


But Le a Ly, D®, where Ly is the apparent radio luminosity 
and D the distance to the pulsar, and hence 


pa Ly Dt p? 


The values of £, are necessarily rather uncertain, but 
they probably le within one order of magnitude; I assume 
that L, is the same for all pulsars, and derive the values 
of D from the work of Prentice and Ter Haar’. There is 
now a correlation between p and D? p> (Fig. 3), and the 





present results therefore support Pacini’s theory. 
10° 
* 
10" ° 
| 
= 10 ` 
m * 
3 i 
1 
} 
0-1 1-0 16 
p (8) 


Fig. 2. The rate of change of period dp/p against the period p, 


It has been suggested?! that the emission from a pulsar 
cerives its energy from the loss of rotational energy of the 
star. If CP 0808 is a typical pulsar (M~ LW g, radius 
~ 10km) then its rotational energy ~ 10% erg. The period 
is decreasing by less than 1 part in 1-5 x 10-s-; thus the 
released energy is $7 x 10% erg s-i AG a distance 
of 130 pe (ref. 10), a4 a power output of 3x 10-7 
W Hz m-* over a bandwidth of 10° Hz, the emitted 
radiation of CP 0808~ 107" erg s~, which requires an 
energy conversion efficiency of 0-15 per cent. 

This result suggests strongl y that there must be another 
source from which the radiation derives its energy. This 
could be either the magnetic field energy or gravitational 
energy. If it is the latter, however, then any contraction 
that might occur tends to decrease the periods, which 
would make the task of estimating the ages of pulsars by 
the rate of increase in periods more difficult. 
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distance to the pulsar". 
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Ratio of Horizontal Branch 
Stars to Red Giant Stars in 
Globular Clusters 


For any globular cluster, an observationally estimated 
number ratio Nug/Nare can be compared with a theoretic- 
ally estimated lifetime ratio tup/tra to obtain an estimate 
of the initial abundance of helium which characterizes 
cluster stars. Here Nip is the total number of stars along 
the horizontal branch and Nara is the number of those 
stars along the red giant branch that are as bright as or 
brighter than the horizontal branch at roughly the level 
of the RR Lyrae stars that he directly above cluster 
turnoff. The ratio of relevant lifetimes is a moderately 
strong function of helium abundance! that varies? from 
about 0-4 when Y (helium abundance by mass})~ 0-1 to 
about 1 when Y ~ 03. 

The importance of determining the cluster Y has led 
us to search the literature for star count data from which 
the ratio Nun/N ro can be roughly estimated. 
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Table 1. NUMBER RATIOS FROM ARP’S (1955) WORK 


Ngo Neo Ngee R R R 


Gius- 
ter X RHB N RHB Ner Sup { ae: Y 1) (0-1) (0-33 { = ĉ-i} {0-3} (0-3) 
M8 66 52 105 228 151 170 196 148 14-31 1-14 
(65) (41) (68) (164) (123) (1442) (168) (1-33) (1-16) (0-98) 
MS 7 19 41 180 116 142 157 1-12 0:92 083 
(70) (18) (41) (24) (92) (118) (133) (1°35) (105) (0-93) 
M13 88 0 89 106 131 157 O84 068 0-57 
{83} (0) (1) (B4) (86) (111) (137) (0-88) (0760) (061) 
M10 8&3 4 Q 87 97 129 144 O80 067 0-60 
(75) (0) {0} (75) 77) (109) (1243 (0-98) (069) (0-61) 
M92 44 5 55 90 96 102 ()-61 0:57 0-54 
i44) (Q) (6) (50) (68) (74) (80) (0-74) (0-68) (0-62, 
M15 57 12 27 96 94 309 123 102 O88 0-78 
(57 5) ED (8 CP (94) (108) (L10) (092) (0-81) 
M2 96 9 7 112 153 Ti 187 0-73 0-85 0-60 
(96) (0) (7) (103) (130) (149) (164) (0-79) (0-69) (0-63) 
Total 504 101 187 792 SO7 $49 1,066 0-98 0-84 0-74 
(490) (57) (140) (687) (655) (797) (914) (1-05) (0-86) (0-75) 


In Table 1 the numbers not in parentheses are derived 
from Tables III and IV of Arp’s classic study? of seven 
clusters. Row headings have the following meaning: 
Npup=number of blue horizontal branch stars, Naun= 
number of red horizontal branch stars, Nrr=number of 
RR Lyrae variables, Nun=total number of horizontal 
branch stars, Nreo(Mpv)=number of gant branch stars 
brighter than magnitude Mpv, and R(Mpy)=Nro(Mpv)/ 
Nuss. For each cluster, the value Mpy,=0-0 corresponds 
to the mean position of the RR Lyrae variables as esti- 
mated by Arp. (Note the departure from Arp’s assignment 
of M,y= —0-1 to the average RR Lyrae variable). 

The differences in Table 1 between estimated number 
ratios for the various clusters might be correlated with 
other apparent and real physical differences between the 
clusters. But additional data for several of the clusters 
in Arp’s set indicate (as we shall show presently) that 
perhaps most of the scatter is of a statistical nature, being 
a function of the size and nature of the sample and of the 
mode of analysis. If this is indeed true, then we may 
legitimately average the data for all seven clusters. 

On averaging all seven number ratios in the manner 
ave = <(Nuns/Nre>, we obtain <R(—01)> = 0-96, 
< R(©1)> = 0-81, and < R(0:3)> = 0-72. If we average in 
the alternate manner, ave = < Nnn) Nga), we obtain 
the slightly larger values listed in the last row of Table 1. 

The theoretical values of tro apply to giant branch 
evolution beyond a visual magnitude that is roughly equal 
to that of the mean RR Lyrae star. Until we have 
explored more carefully the question of bolometric correc- 
tions and have sharpened our understanding of the con- 
nexion between the horizontal branch and the giant 
branch, it would be misleading to be overprecise. Although 
our present understanding tends to favour the choice of 
Mo(RG)~< Mopv(RR)>, we shall assume only that 
counting for Nro should terminate somewhere in the 
range My(RG)=(¢ Mpy(RR)>+0-1)+6-1.  Interpolat- 
ing in Table 1, we find as our initial estimate that <Nuxz)>/ 
<Nua> ~ 0:79-+0-90. 

Inspection of Fig. 1 in ref. 2 shows that Nus/Nro = 0-79 
corresponds to an estimated initial helium abundance 
Y ~ 0:24-0:28, whereas a value of Nus/Nao= 0-90 corre- 
sponds to Y~0-27-0:31. The spread in estimated Y 
results from uncertainties in the theory and from uncer- 
tainty as to the appropriate choice for the metal abundance 
parameter Z. 
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Age estimates can also be obtained by comparing tunj 
tng With Nup/Nrc. These estimates are most sensitive to 
whether or not neutrino losses occur as predicted by the 
conserved vector current theory of weak mteractions 
(that is, whether or not ¢,=0). If Nyan/ Nro = %79, 
then fa~ 164-+20 for ¢,=0 and f~ 124-15 for em 0, 
If Niup/Nro= 0-90, then t,~15--18 for ew=0 and i~ 
104-13 for e» ~ 0. Here t, is a cluster age in billions of 
years and each indicated spread is due to the uncertainty 
in Z. 

Our initial estimates in Table 1 for Nus/Nre are based 
on only one of many possible criteria for assigning stars 
to the giant branch and to the horizontal branch. Al- 
though the contributions of Neus and Nee are fairly 
clearcut, estimates of Nean and Nac are much less so. 
This is because (1) some of the stars at the extreme red 
end of the horizontal branch have exhausted helium at 
their centres (tag corresponds only to the core helium- 
burning phase) and (2) some of the stars along the red edge 
of the giant branch are ascending the giant branch for 
the second time, burning heltum in one shell, hydrogen in 
another. This second giant branch can, with careful 
photometry, be relatively clearly distinguished from the 
main branch. 

In our initial estimates we have made use of the classifi- 
cation in Arp’s Table 3 in which the distinctions suggested 
by current theory are not made. The numbers m paren- 
theses in Table 1 are results of attempting to eliminate 
double nuclear shell source stars from the counts. Our 
selection has been made on the basis of the star distri- 
butions in Arp’s colour magnitude diagrams for the seven. 
clusters. The value of Nr for M3 is based on the assump- 
tion that the distribution in number versus colour along 
the horizontal branch is monotonic. Arguing as before, 
we estimate that, for comparison with theory, (Nas>/ 
[Nre ~ 0-80 — 0-93, with the higher value being 
favoured. 

For comparison with the results from Arp’s pioneering 
study, we present in the first portion of Table 2 estimates 
of Nun/Nre based on five additional data sets'~*. It 
should be borne in mind that these data were not obtained 
with completeness as a major objective so that there may 
be considerable selection effects. In most instances, the 
aim was to outline important features in the colour-magni- 
tude diagram or to explore spectroscopic features. 

We have adjusted the magnitude scale for each cluster 
so that Mpv=0-0 or My=0-0 hopefully corresponds to 
the mean magnitude of RR Lyrae variables in that cluster. 
The value of mpv or V corresponding to this mean position 
is listed under the column heading “V”. 

In arriving at our number estimates, we have exercised 
judgment in eliminating all stars in all evolutionary phases 
later than the core helium-burning phase. In several 
instances, RR Lyrae variables appropriate to each sample 
are not adequately discussed, so we have been forced 
to make several estimates. For M92 we chose Npp = 
(74/44) x 6, for M3 we chose Nar=(1/3)Nup, and for œ 
Cen we chose Nar=0-05 Nag. The latter estimate follows 
from a remark by Belserine”. 

In the same spirit as before, we can treat the entire 
group of stars as a single set. Averaging number ratios 
according to ave=(Nup/Nred, we obtain < R(0-0)>= 
0-91, ¢R(0-2)5=0-83, and <R(0-4)>=0-72. Averaging 
as ave =< Nas X Nrc), we obtain the ratios in the 


Table 2. ADDITIONAL NUMBER RATIOS 


Cluster Ref, Norn Nene Nar Nurs “P” = Ng (00) Nag (0-2) Nag (0-4) R(00 ROB RO 
M2 5 74 10 11 5 15-1 83 R3 94 1-14 1-08 LOI 
yp 6 i 36 48 H ye 130 a 174 tii 0-96 SS 
M r 0: 2 $ . 159 181i 221 0-67 0-59 IAR 
NGC 5897 8 63 0 6 69 16-2 78 96 118 0-87 0-72 G3? 
w Cen 9 99 0 5 104 14-5 117 129 145 1-39 DRI 07a 

Total —_ 400 46 72 518 m= 567 644 752 991 RT 5-89. 
Number ratios from the most complete counts 

M3 11 498 158 519 600 690 0-06 83 1-78 
M15 12 190 158 202 232 256 94 MAZ 74 
M13 13 216 14-7 163 178 218 1°33 1-21 1-90 
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seventh row of Table 2. Using the same criteria as before, 
we conclude that, for comparison with theory, <(Nus>/ 
<Nro> =0-81->0-91, This range is (possibly not acci- 
dentally) essentially the same as that estimated from 
Arp’s larger sample. 

There have been three!!-" attempts at obtaining suffici- 
ent completeness and resolution in number counts to 
justify the construction of a luminosity function. For our 
purposes, the most useful of these is the recent high 
resolution work of Sandage, Katem and Kristian!?, who 
have already abstracted the secondary giant branch stars. 
The estimation of Nysg from their data is relatively 
clear cut. The number of RR Lyrae stars, Nprpr = 63, 
is taken from ref. 14. We regard the results in Table 
2 for M15 as the most reliable of all those presented 
hore. 

We are somewhat less certain of the results in Table 2 
for M3, obtained in the following way. We first plotted 
the distribution in total number versus magnitude from 
the data in Table IHI of ref. 11. The distribution shows 
a pronounced hump (of “half width’ AM py ~0-3-0-4) 
due to the contribution of horizontal branch stars. We 
then drew a curve (actually a straight line over an interval 
of AMpv= +1 about the maximum in the hump) that 
joined smoothly with the distribution on either side of the 
hump. The difference in the two distributions amounted 
to 496 stars. These we assigned to the horizontal branch. 
All other stars were assigned to the giant branch. RR 
Lyrae stars were assumed to be centred at the relative 
maximum in the full distribution. 

It is perhaps significant that the most reliable ratio 
Nup/Nao for a moderately metal deficient cluster (M3) 
is nearly the same as the most reliable ratio for an ex- 
tremely metal deficient cluster (M15). This implies that 
initial Y’s may not differ by more than 0-02-0-03. With 
Nu/Nro=0-95 we find from ref. 2 that Y ~ 0-28-0-32 
and that t,~ 14-1734 if e,=0 and t,~ 10-124) if ew 
x0. We emphasize that the theoretical curves for 
tun/tre are not yet finalized and that we must in time 
introduce more precision into the determination of the 
appropriate magnitude along the giant branch where 
counting should terminate. 

The large values of Nus/Nre estimated for M13 are in 
all probability due to an inappropriate choice for the 
magnitude corresponding to My=0-0. There are at most 
two bona fide RR Lyrae stars in M13 and there are no 
red horizontal branch stars to help establish a connexion 
between the horizontal branch and the position along the 
giant branch beyond which giant stars are to be counted. 
There are arguments which suggest that an M,=0-0 
corresponding to the mean magnitude of the one or two 
RR Lyrae stars may be too bright. The RR Lyrae stars 
may be near the end of the core helium-burning phase 
and hence at least 0-2 magnitudes brighter than if they 
were in the early core helium-burning phase. Further, if 
one forces the M13 main sequence to coincide (after 
appropriate corrections for reddening, and so on) with 
the main sequence of the “metal similar” cluster M3, the 
RR Lyrae stars (or star) in M13 are (is) roughly 0-4 
magnitudes brighter than the mean RR Lyrae star in 
M3. It is to be noted that lowering the zero point for 
estimating Nro by roughly 0-4 magnitudes brings the 
results for M13 into line with those for M15 and M3. We 
feel that it is perhaps best to withhold further judgment 
on M13 until a better theoretical interpretation of its 
distribution in the colour magnitude diagram has been 
prepared. 

In summary, we find that estimates based on the two 
samples that are internally most complete and at the same 
time can be easily interpreted theoretically yield Nus/ 
Nro~ 0:82-0:96. Data on seven clusters from a single 
source (Arp’s pioneering study) yield (Nup>/(Nre>~ 
_ 080-093. Finally, data from five additional sources 
yield <Nup>/<Nro> ~ 081-091. Comparing with 
ref, 2, it would seem fair to conclude that the mean initial 


NATURE VOL. 224 DECEMBER 6 1969 


helium abundance characterizing globular cluster stars 
is in excess of Y ~ 0-25. 
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Rapid Variations in the Radio 
Polarization of BL Lac 


THE non-thermal radio source, VRO 42.22.01 (BL Lac), 
shows linear polarization in both the radio! and the 
optical? regions of its spectrum. The first report of 
variations in the total flux density of this source included 
the possible detection of circularly polarized radiation in 
its emission at 2695 MHz (ref. 3). A recent publication+ 
describing extensive observations of this object at 2-8 em 
and 4-5 em has shown that the variations im its total flux 
density are the most rapid detected to date. BL Lac has 
been monitored since April 1968 at a frequency of 
8 GHz (3:75 em) as part of a programme at the University 
of Michigan to study the polarization of variable extra- 
galactic radio sources, and large variations in its linearly 
polarized emission have been detected. 

The data in Fig. 1 show the position angle of the 
linearly polarized component, the linearly polarized flux 
density, and the total flux density as a function of the date 
of observation. The filled circles are data taken at the 
University of Michigan, and the open circles are from the 
Owens Valley Radio Observatory®. Those few Michigan 
values for the total flux density which have no correspond- 
ing polarized flux density and position angle were obtained 
using a feed whose plane of polarization is fixed in a north- 
south orientation. The others were taken with a polari- 
meter assembly consisting of two synchronously rotating, 
linearly polarized feed horns coupled by a rotary type 
waveguide joint to a Dicke switched radiometer. The 
period of rotation of the horn assembly was one minute 
until November 1968; after that time it was half a 
minute. 

The antenna gain and the position angle of the polari- 
meter were calibrated on Cygnus A. Cygnus A has a 
nominal antenna temperature of 17-5 K, and its linearly 
polarized component, which amounts to 5-4+0-02 per 
cent of the total flux density, is oriented at a position 
angle of 132°+1° (ref. 6). Based on the new calibration 
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for the Cas A source at high frequencies? and on the 
previously published ratio of the flux densities of Cyg A 
and Cas A (ref. 8), 214 flux units was adopted for the 
flux density of Cyg A at 8 GHz (1 flux unit=10-** W 
m-? Hz). 

The instrumental polarization of 0-705+ 0-072 per cent 
at a position angle of 179-0°43-1° (ref. 6) has been re- 
moved from the data. The errors quoted here for the 
instrumental polarization represent the excess in the daily 
seatter of the polarization measurements of the reference 
sources over that which would be expected on the basis of 
the internal uncertainties of the measurements, and are 
taken to be the result of variations.of the instrumental 
polarization with time. The polarization parameters for 
Cygnus A were determined from many days’ observations, 
and so variations in the instrumental polarization are 
averaged out. 
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Fig. 1. Variations in the total flux density, polarized flux density and 
the position angle of the polarized radiation of BL Lac at 3-75 em. 


The error bars on the total flux densities in Fig. 1 are 
a combination of the standard errors of the individual 
measurements and a 3 per cent uncertainty in the antenna 
gain calibration. The latter was estimated from the daily 
scatter in the antenna gain determined from observations 
of strong calibration sources. The error bars on the 
polarized flux density and position angle are a combination 
of the individual standard errors and errors in the deter- 
mination of the instrumental polarization and of the 
polarimeter position angle. 

There is excellent agreement over the period of overlap 
between the data here and those reported at 4:5 em (ref, 4). 
It is clear, however, that after each of the three major 
outbursts the flux density did not return to its former 
value. A slowly varying component is evident from 
August 1968 to July 1969, for during this time the 
“quiescent” flux density rose by 1 flux unit every 150 days. 
This variation is similar to that reported®*® in the Seyfert 
galaxy NGC 1275 (3C 84) and apparently it is made up of 
rapid minor outbursts which are clearly shown in the data 
of May-July 1969. Further data not shown here indicate 
that this slow rise continued to mid-September, when a 
sudden drop in the total flux density occurred. It is thus 
extremely difficult to analyse the data in terms of simple 
expanding source models, for it seems that continuous 
injection of relativistic electrons into the emitting region 
occurred from late August 1968 to mid-September 1969. 
a injection was in spurts, some major but the majority 
small. 
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The polarized flux density varied from 0-1 to 0-5 flax 
units over the period of observation. During 1968 it was 
consistently low, with a possible variation oceurring 
during the September-October outburst. It inereased 
abruptly during the January 1969 outburst to an average 
of 0-4 flux units and remained fairly steady for the next 
six months, whereupon it steadily decayed to the 1968 
value. A small increase was detected durmg the last 
half of July. During the first 6 months of 1969 the only 
significant deviation of the polarized flux density from 
the average was a slight dip in late February, just before 
the March outburst, and an increase in mid-June, just 


before the decay. 


The position angle of the polarized flux varied by 
nearly 80° over the period of observation. Movements of 
30° have been detected during the course of one week, 
the clearest example in Fig. 1 being the dip which 
occurred in mid-July 1969. Data in mid-September 1969 
indicate that the general drift toward increasing position 
angle which is evident in June—July 1969 has continued. 

All the data so far confirm that BL Lac is the most 
rapidly varying radio source known. An intensive pro- 
gramme of monitoring its total flux and polarized flux at 
various radio and optical wavelengths should be under- 
taken. The magnitude and rapidity of the variations in its 
optical, radio and polarized flux, as well as its peculiar radio 
spectrum}, suggest that it is a relatively young object. 
There is a good possibility that correlations between optical 
and radio outbursts may be detected. 
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Interior Structure of the Sun 


Muca has been written about the solar neutrino experi- 
ment of R. Davis, jun.'. In this experiment, the counting 
rate expected from boron 8 (B) solar neutrinos’ was an 
order of magnitude greater than the experimental back- 
ground counting rate—but only the background counting 
rate was obtained’. The purpose of this communication 
is to state briefly why I think this null result is important, 
and to give additional evidence that the various models 
of the solar interior used to predict the neutrino fluxes are 
significantly different from the structure of the real Sun. 

I will start by assuming the standard set of equations 
that describe a star in equilibrium and the presently 
accepted energy generation cycles and abundance. of 
elements other than helium. I will outline three basic 
arguments other than that contained in the null neutrino 
results why the contemporary solar evolution models for 
the interior of the present Sun may differ significantly 
from physical reality. 

First, the standard methods of solving the equilibrium 
equations in the envelope and the boundary conditions 
used and/or approximated at the surface‘? (haf is, at 
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r= Rg, the solar radius) give the envelope a significantly 
larger radial extension than do my more accurate caleula- 
tions of the outer envelope and photosphere’*:*. In par- 
ticular, the use of a perfect gas, massless envelope®® 
{PGME) results in a mean temperature gradient in the 
outer envelope significantly less than that obtained in my 
continuous solar models (CSM)’:*. For example, comparing 
the PGME solutions (shown in Fig. 2 of ref. 5) of ternpera- 
ture T against « (z=r/R-) and my CSM calculations 
{shown in Fig. 2 of refs. 7 and 8), we note that the PGME 
gives a temperature of 7’=2x 10° K at «0-6, whereas 
all my CSM solutions give this same temperature at 
zx008. Clearly, if one attempted the PGME approach 
with lower central densities and higher central tempera- 
tures than presently used—all other input remaining the 
eame-—the resulting “radius” would be greater than the 
observed solar radius. Consequently, in order also to 
obtain or maintam agreement with the solar mass Mo 
and the solar luminosity Lo, it would be necessary to 
assume higher central densities and lower central tempera- 
tures, with the net effeet of decreasing the radius at which 
T=0 to less than ko. It would then be necessary to 
assume the massless envelope to account for the observed 
radius. The net result could be central densities higher 
than and central temperatures lower than those that 
would be found in the real Sun. Because the outer 20 per 
cent of the CSM is the region of hydrogen and helium 
ionization, with very significant deviations from a perfect 
gas™hë, and because the numerical calculations were per- 
formed in this region with space steps as small as 10+ Ro, 
I doubt that the slow convective movements of the solar 
plasma would decrease the temperature gradient in this 
region significantly less (if at all) than the decrease already 
obtained by the real gas effects of ionization and excita- 
tion. (A plasma “mixing length theory’’* without para- 
meters is needed.) Finally, whereas any assumption that 
in the outer envelope the pressure varies with temperature 
as in a perfect gas is wrong, the present CSM calculations 
—-which begin at the solar centre—yield excellent agree- 
ment with recent empirical models of the solar photo- 
sphere®!¢, This indicates that the CSM calculations on 
the outer envelope are also correct, for they provide the 
“initial” conditions for the continuing photosphere cal- 
culations. 

Second, deviations from a perfect gas equation of state 
in the core as well as in the envelope and improvements in 
opacities used in the radiative temperature gradient could 
result in a significantly different density-temperature 
profile throughout the solar interior. I have already 
shown in refs. 7 and 8 that a solar model depends on 
the effects of pressure ionization—particularly a model 
with the high central densities of the solar evolution 
models. In addition, opacity calculations by Carson et 
al.“ and by W. D. Watson!® show that solar opacities 
ean be from 10: per cent to 100 per cent or more greater 
than. those obtained by Cox et al. 14, Higher opacities 
could lead to higher central temperatures than obtained 
in present models and could also yield a convective core 
rather than a radiative core. It has also been shown by 
Bahcall et al that the predicted boron 8. neutrino flux 
is quite sensitive to variations in the pressure and opacity. 
Clearly, a real-gas equation of state and self-consistent 
real-gas opacities are necessary for a more accurate model 
of the present Sun. 

Third, my recent determination of the solar photo- 
spheric helium abundance’!* by the prediction of con- 
tinuum and line radiation from CSM photospheres indi- 
cates a probable helium abundance slightly less than 
35 per cent by mass—and this is about twice that inferred 
from solar evolution ealculations carried out after the 
Davis experiment that were varied to yield a lower °B 
neutrino flux!?:18, This new flux prediction is about twice 
that of the background count. It is noteworthy that the 
CSM helium abundance given here is in agreement with 
that of about 34 per cent by mass obtained by Unsdéld’® 
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through the analysis of helium line emission from solar 
prominences. Because the pre-Davis experiment solar 
model that predicted the high *B neutrino flux was com- 
patible with a helium abundance of about 27 per cent by 
mass’, a high solar helium abundance and a low °B 
neutrino flux seem to be mutually exelusive. Further, if 
the present experimental limit is lowered, then the solar 
evolution model that would be needed to explain a lower 
background count would require an even lower initial 
helium abundance. 

These three basic arguments together with the null 
solar neutrino results bring into serious question the 
reality of the solar evolution models for the present Sun. 
This indicates that the internal structure of the Sun is 
much more complex than has been thought. I suggest 
that a more accurate model of the present Sun must 
consider the possibility of gravitational separation of 
high-Z elements, leading to a higher abundance of high-Z 
elements in the core than observed in the photosphere® 2, 
The fact that the CSM that yielded Mo, Ro, Lo and 
the solar photosphere profile was obtained with an 
assumed central temperature of about 21 x 108K and a 
central density of about 30 g/ml. may not be an accident?®, 
With the uncertainty in the understanding of the produc- 
tion of low-energy neutrinos?!, and the uncertainty in the 
probability of absorption of neutrinos by chlorine-37 near 
threshold’*, the null result of the Davis experiment does 
not eliminate the carbon cycle as the dominant source of 
energy production in the Sun!*. Otherwise another pos- 
sible solution to the solar problem could involve a new 
method of energy production at temperatures less than 
20 x 10° K (refs. 8 and 16). 

In conclusion, the null solar neutrino results and the 
three limitations of contemporary solar evolution models 
indicate that contemporary solar evolution models of the 
present Sun are significantly different from the interior 
structure of the real Sun. A fundamental consequence of 
this is that some of the assumptions used in the theoretical 
calculations of the evolution of the Sun and other stars 
need to be modified. 
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Circular Polarization of Jupiter 
at 9°26 cm 


THIS communication presents circular polarization obser- 
vations of Jupiter at a wavelength of 9-26 em (3,240 MHz). 

Radio signals from Jupiter have a small but detectable 
circular polarization whose value is correlated with system 
III longitude of the central meridian (LCM). Measure- 
ments of this quantity were first reported by Berge! at 
21-2 em. His Fig. 1 shows a sinusoidal dependence of the 
degree of circular polarization on LCM with an amplitude 
of about 3 per cent and maximum left circular at LCM= 
140°. He reported having derived a similar result at 
10:6 cm, with an amplitude three-fourths as great. 
Komesaroff et al.? also found a circularly polarized com- 
ponent varying sinusoidally with LCM. The amplitude 
was about 1 per cent at both 47-6 cm (630 MHz) and 21-2 
em (1,410 MHz). Recently at the one hundred and 
thirtieth meeting of the AAS, at Albany, NY (August 
12-14, 1969), Gary et al. reported observations at 13 cm 
and they conclude from data over a limited range in LCM 
that a circularly polarized flux of 07 +03 per cent may 
have been detected for one longitude region. 
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Fig.1. The degree of circular polarization versus longitude of the central 

meridian in system IH (LCM) for Jupiter at 9-26 cm. A positive sign 

indicates right hand circular polarization according to the radio conven- 

tion. The circies refer to measurements in April 1969 and the squares to 

measurements in July 1969. The dotted curve is a sinusoid fitted by least 

squares to the data. The saa A curve is presented in the text 
equation 2). 


The observations at 9-26 em reported in this letter were 
made with the 46 m telescope of the Algonquin Radio 
Observatory (operated by the National Research Council 
as a national radio astronomy facility) during April and 
July 1969. The receiver input could be either switched 
and held to right or left circular polarization, or switched 
at 100 Hz between right and left circular. Each observa- 
tion of Jupiter was carried out in the following way. (a) 
Two scans through Jupiter were made in each coordinate 
with left circular polarization in order to determine the 
position of the source. (b) An on-off measurement 
determined the flux density Sy, in left circular polarization. 
(c) The difference between right and left circularly polar- 
ized flux (Sr — S1) was determined by a series of four on- 
off observations in each coordinate over a time interval 
of about 30 min. 

After correction for instrumental polarization the degree 
of circular polarization was computed from 


(1) 


There were twenty-nine observations in all, and the 
results are shown in Fig. 1 plotted against LCM. Although 
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the peak-to-peak scatter in the individual pomts is about 
] per cent in pe, there is clearly a sinusoidal variation. A 
least squares sine wave with period 360° fitted to the 
observations yields the followmg equation 


0-08 + 6-58 sin (LCM + 656°6); (2) 
0-09 + O13 + 12°-9 


Pe (per cent) = 
= 


where the errors are standard errors. 

The amplitude of the curve more or less agrees with the 
results of Komesaroff ef al.: at 21-2 em and 47-6 em, and 
those of Gary et al. at 13 em. The only published data, 
however, which show the complete dependence on LOM 
are those of Berge’, and my results disagree in both 
amplitude and phase. According to the theory of syn- 
chrotron radiation? *, the percentage polarization 


Pe HP (3) 


so that the ratio Pesr2/Pegeag Should be 1-51, whereas the 
observed ratio is about 5. The disagreement in both 
amplitude and phase could in principle be removed by 
supposing that different regions are responsible for the 
radiation at the two wavelengths. The most likely cause, 
however, 18 & systematic error in one or both measure- 
ments because Berge’s figure at 10-6 cm is also considerably 
greater than the measurement reported here at virtually 
the same wavelength (9-26 cm). 

Equation (2) may be used to provide some information 
about the magnetic field of Jupiter. The strength of the 
magnetic field may be estimated from‘ 


J i 
Pe & Casey f cot 6 (4) 
¥ a 


where vp is the electron gyro frequency (= 2-8 MHz Go), 
vis the observing frequency and 6 is the angle between the 
line of sight and the magnetic field, assumed to be 
uniform. This equation applies to an isotropic electron 
velocity distribution. Because the highest value of Pe 
within the Jovian radiation belt must exceed the observed 
value, and if the quantities sin 8, cot @ are assumed to 
be of the order of unity for the region of maximum 
polarization, then there are magnetic fields in the radiating 
regions with BS 0-04 G. 

The longitude AU of the north magnetic pole of Jupiter 
may be inferred from the LCM at which the left circular 
polarization is maximum. From equation (2) it follows 
that 


ALT = 204° 4+ 12°°9 


This value is consistent with other recently published 
values®'8, 

Finally, it should be noted that if the Jovian radiation 
belts can be described in terms of an electron distribution 
symmetric about the equator of a magnetic dipole, then 
the mean circular polarization over the period of rotation 
will be an antisymmetric function of Dp, the Jovicentric 
declination of the Earth. During the time the observa- 
tions were made the mean value of Dp was — 22°, which 
should result in a mean value of p: over the rotation period 
of about +0:1 per cent. This value is obtained if the 
observed amplitude of pe is taken, 0-6 per cent, and if it is 
assumed that magnetic axis is tilted 10° with respect to 
the rotation axis. The observed mean in equation (2), 
+0:08+0-09 per cent, is consistent with the expected 
value. 

I thank the National Research Council and Dr R. W. 
Breithaupt for the design and construction of the feed. 
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Application of Walsh Functions to 
Transform Spectroscopy 


Tuts article suggests that Walsh functions!-? might be 
used in transform spectroscopy*~* to replace the sinusoidal 
functions appearing in the Fourier transform. We think this 
might be the case because Walsh functions are a complete 
orthonormal set, and therefore give rise to an integral 
transform of Fourier type; and they take only the values 
+1 and —1 and are therefore likely to be well suited to 
the binary digital computer. 

In Fourier transform spectroscopy, now widely applied 
to infrared wavelengths, radiation is passed through a 
Michelson or other two-beam interferometer, which 
produces an autocorrelation function. The independent 
variable is delay time, conveniently described as the path 
difference between the beams measured in centimetres, 
and the curve representing the intensity of the radiation 
transmitted by the interferometer as a function of path 
difference is usually called the interferogram. The radia- 
tion is characterized by the interferogram as completely as 
by the spectrum, but intensity is usually defined as a 
function of wave-number rather than as a function of path- 
difference, and therefore a Fourier transformation is made 
which inverts the dimension of the independent variable 
(from em to em~?), to give a power spectrum. No informa- 
tion about the radiation is added (or, hopefully, lost) by 
this inversion, but it provides a more convenient form for 
interpretation. Any complete orthonormal set of functions 
could be used for the Fourier-type transformation. 

in practice, the interferogram is sampled at equidistant 
intervals of path-difference and the sampled data are used 
to compute a finite discrete Fourier transform’ by means 
of a digital computer. This process is inefficient because of 
the poor matching of the sinusoidal functions to the 
digital computer, even when the fast Fourier transform 
(Cooley~Tukey algorithm) is used. This algorithm is 
essentially a device for minimizing both the number of 
complex multiplications and the number of times a 
sinusoidal function must be formed by entering the appro- 
priate sub-routine (both very time-consuming processes); 
it becomes relatively more efficient as the amount of data 
increases, but for small amounts of data, in many spectro- 
scopic applications, this algorithm does not save any time; 
it cannot be applied to real-time, on-line reduction of 
data. The finite discrete Walsh transform completely 
eliminates all non-trivial multiplications and sub-routines, 
however, and because Walsh functions take only the values 

+1 and ~—1, multiplication is reduced to the choice of 
sign when adding to a cumulative sum. The values of the 
Walsh functions can be formed by a single “short” hard- 
ware operation’ on their arguments expressed in binary 
notation, and of course this notation is used in the com- 
puter. The gain in speed depends on the number of data, 
the precision of the arithmetic, and the computing configu- 
ration, but a gain of the order of 100 seems likely with 
about a hundred data and single-length (18-bit) precision 
on the Elliott 903 computer. This estimate is based on a 
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software simulation of the Walsh-function hardware, 
which we have not yet interfaced to the computer. 

We cannot discuss here the technical mathematics 
involved in realizing such a program, but publications by 
J. E.G. will contribute to this topic, and extensive 
use has been made of these in the following discussion. 
These papers are available as private communications 
pending their publication. 

A Walsh power spectrum, analogous to the ordinary 
(sinusoidal) power spectrum, can be defined for a stationary 
Gaussian process. This associates a certain power with 
each Walsh-function component in the same way as the 
ordinary power spectrum associates a certain power with 
each sinusoidal component. An analogue of the auto- 
correlation function, which we call the logical interfero- 
gram, can also be defined. Conventional transform 
spectroscopy is based on the Wiener~Khintchine theorem, 
which states that the power spectrum is equal to the 
Fourier cosine transform of the autocorrelation function 
(the interferogram), and an analogous theorem shows that 
the Walsh power spectrum is the Walsh—Fourier trans- 
form of the logical interferogram. 

A meaningful re-assembly of the output of a two-beam 
interferometer, using Walsh functions, can therefore be 
obtained by passing from the logical interferogram to the 
Walsh power spectrum using a Walsh—Fourier transform. 
“Meaningful” implies that the Walsh spectrum is expressed 
in ordinary physical units of power, and has all the pro- 
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Fig. 1. Far infrared spectra with absorption features due to gaseous 

uranium hexafluoride (UF,) and hydrogen fluoride (HF). Both spectra 

have been derived from the same interferogram, b, by conventional 

Fourier transformation and, a, by the use of Walsh functions as outlined 

in the text. The full markers indicate rotational lines of HF; the broken 
marker indicates an intramolecular vibration of UP,. 
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perties of the conventional power spectrum, although 
relating to a different, equally valid, orthonormal basis. 
The logical interferogram function is not the same as the 
(arithmetical) interferogram (the observed function). The 
latter must therefore undergo a simple linear transforma- 
tion before the Walsh—Fourier transformation is applied. 
Not having Walsh-function computer hardware, we have 
expressed the product transformation by a fast algorithm 
discovered by inspection of the appropriate low-order 
matrices. This algorithm is unlikely to be the best avall- 
able combination of hardware and software, but its use 
has already indicated that the need to transform the 
arithmetical to the logical interferogram may not much 
reduce the gain in speed through using Walsh functions. 

Fig. 1 shows a typical Walsh power spectrum (a), 
compared with the corresponding sinusoidal power 
spectrum (b) obtained by conventional Fourier transforma- 
tion. The interferogram was made by a far infrared inter- 
ferometer operating on a black-body source modified by 
absorption of gaseous uranium hexafluoride, UF,. The 
strong absorption at 183 cm~! is due to UF,, and the 
remaining lines are pure rotation lines of hydrogen fluoride. 
There is general correlation between the strong features of 
the two spectra, and, in particular, the Walsh spectrum 
shows the presence of UF, at 183 em~ as clearly as the 
sinusoidal spectrum. One possible application of these 
ideas is in analysis or process control, where a set of 
questions calling for yes/no answers (for example, is UF, 
present ?) could be formulated and answered. We believe 
that such questions could not be answered equally well 
by the recorded interferogram, because the distribution of 
information in the interferogram, deriving from a character- 
istic vibration frequency, usually requires assembling by 
transformation. 

This brief account shows that Walsh functions may have 
a wider application than their present use®11-1 implies, 
and that their application to transform spectroscopy bears 
further examination. 
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Surface Measurements of the Electrical 
Properties of Warm Clouds over 
the Sea 


Tue electrical properties associated with warm cloud 
precipitation have been measured routinely at Hilo, on 
the windward coast of the Island of Hawaii, for the past 
three years. Warm clouds in this locality typically form 
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raindrop space charge (drop charge divided By average 
Middle curves: eleetric field and space charge on iona, 
Lower curve: precipitation intensity. 


Upper curve: 
drop velocity). 


over the ocean east of the island and move inland with 
the north-east trade wind. The present series of measure- 
ments is part of a continuing investigation of the mechan- 
ism of charge separation in warm clouds and of how such 
processes may be related to thunderstorm electricity. It 
is important to study the electrical properties of non- 
freezing clouds, which consist only of liquid cloud droplets, 
to clarify the role of the liquid phase in the complex 
liquid-ice continuum of thunderstorms, and changes in 
electrical properties also are intimately associated with 
the dynamic behaviour of clouds. We believe that 
atmospheric electrical measurements will provide useful 
information on the growth and development of warm 
clouds. 

A representative record of the principal electrical 
parameters measured at the Cloud Physics Observatory is 
shown in Fig. 1. Charges on single raindrops range from 
less than 10~ Esu to more than 10 sU. Most drops are 
electrically charged, the predominantly observed sign 18 
positive and the average charge on raindrops from warm 
clouds is about +10-* Esu. In Fig. 1 the drop charge has 
been divided by the median drop velocity to express the 
space charge density of rain. The electric field (potential 
gradient) and ion space charge charactenstically vary as 
shown in Fig. 1, with both increasing rapidly in negative 
value just before the onset of precipitation. 

To compare these observations with measurements 
made during earlier stages of cloud development over the 
sea, similar measurements were made from a ship located 
a few kilometres off the coast. Radar observations mdi- 
cated that the clouds studied were typical warm cloud 
trade wind cumulus. The radar echo over the ocean was 
of a solid circular form, while the echo from clouds over 
the land was more diffuse. 

Six showers were encountered on two separate voyages. 
Representative results are shown in Fig. 2. While the 
positively charged raindrops were of the same order of 
magnitude as those measured on land, the negatively 
charged drops were far more numerous and carried a 
charge which was an order of magnitude higher, ‘This 
“reversal” in electric sign is also reflected in the mereasing 
positive potential gradient and space charge during the 
early stages of precipitation. We were not able to 
measure the precipitation intensity on board the ship, 
but the estimated value was approximately 50 mm h-?. 

The reason for the sign reversal is not known at this 
time. It may be related to internal changes in the elec- 
trical properties of the cloud as it forms, develops and 
matures in time, or may be due to land-sea en vironmental 
differences. Additional observations are planned and the 
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Fig. 2. Surface variations in electrical parameters measured on a ship 

6 kro off the coast. Arrangement of curves asin Fig. 1. Rain was recorded 

during the intervals indicated, but intensity measurements were not 
made, 


details of the instrumentation used and observations made 
on land are bemg prepared for publication. 

These findings have important implications in the 
development of theories of warm cloud precipitation. We 
would be interested to know if other investigators have 
observed similar charge reversals during measurements 
made at sea. 

We thank Dr E. J. Workman for guidance, technical 
assistance and helpful discussion, and Lt Milbrand and 
the crew of the US Coast Guard Cutter Cape Small. This 
work was supported by the Atmospheric Sciences Section, 
US National Science Foundation. 
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Resonant Internal Wave Interactions 


INTERNAL Waves in the ocean are of critical importance 
both to the large scale oceanic energy and momentum 
balance and to smaller scale oceanic processes. Most 
discussions of the physics of these waves concentrate on 
linear waves of infinitesimal amplitude; however, both 
the breaking of internal waves and the generation and 
decay of their oceanic spectra involve nonlinear processes. 
We describe here the preliminary results of an experi- 
mental and theoretical investigation of the effects of non- 
linearity on a resonant pair of discrete internal waves. 
The only other resonant interaction experiments known 
to the authors are (1) careful definitive measurements of 
initial trends for a very weak third-order surface gravity 
wave interaction!, and (2) experiments which relate an 
instability of internal gravity waves in a two-fluid system 
to a theorized second-order resonance*®, Our objective was 
to generate two waves theoretically capable of resonant 
interactions and to show, by measuring elementary 
definitive properties, that a second-order resonance does, 
in fact, occur in the fluid. 

In the theory, we considered the case of plane internal 
waves travelling down a closed channel of rectangular 
cross-section filled with a liquid having a linear density 
gradient in the vertical direction. If density variations 
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are small, the Boussinesq equations! apply and give 
linearized internal waves with vertical velocity fields w 
of the form 


wo sin (nnz/D) cos (ka — wt) (1) 


where 2 and z are horizontal and vertical position, t is 
time, D is the channel depth, and n, an integer, is the 
mode number. The frequency o and wave number k 
satisfy the dispersion relation 
fa? k? 
ee (2) 
N7 k? + (n7/D?) 


where N, a constant, is the Brunt—-Väisälä frequency}. 
When nonlinear effects are included, it is found that pairs 
of small amplitude waves of the form given by (1) are 
accompanied by nonlinearly generated waves at every 
sum and difference wave number, frequency, and mode 
number. But the amplitudes of the nonlinearly generated 
waves are usually an order of magnitude smaller than the 
linear wave amplitudes over the entire field of motion and 
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Periodograms of the paddle displacement and of the wave 
amplitudes for the 1-3-4 resonant triad. Probes 1, 2, 3 and 4 were 
stationed respectively at distances of 2, 4, 7 and 11 m from the paddle, 
and all were 40 em deep. 


Fig. 1. 
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are of no special interest to the dynamics. If, however, 
one of the nonlinearly generated waves itself satisfies, or 
nearly satisfies, equation (2), the nonlinear driving is at, 
or near, a natural mode of response of the system, and a 
resonance should occur. Theoretical arguments indicate? 
that the amplitude of a resonant nonlinearly generated 
wave should grow to the same order as the amplitude of 
the linear waves and in only a few wavelengths. We 
designed a paddle capable of simultaneously generating 
both a linear wave of mode one and fixed frequency o, 
(in the following discussion, subscripts on œw and k repre- 
sent mode numbers), and a linear wave of mode three 
and adjustable frequency œw By keeping œ, constant 
and varying œ, it can be shown that there are two values 
of œ, which produce a resonant wave of mode number 
either 2 or 4, of frequency mn,=©,—,, and of wave 
number ky=k,~k,, where n=3+1. Thus either of 
these tunings produces a resonant wave with a modal 
structure which is distinct from the linear waves, and 
therefore may easily be identified in the experiments. 
The frequencies and wave numbers used in the experi- 
ment reported here are 


© =080 N, or k,=4:18 m- 
o= 059 N, or ka= 88 m- 
so that 
Wa -" {39 a 021 N, and ky— kz — oo 2-70 m-t 


Using equation (2), if 


O,=0-21 N, then |ki|=270 m- 


while if 
o= 021 N, lka = 1-35 


Thus, for this choice of frequencies, the resonance which 
produces a mode 4 wave (called a 1-3-4 triad) is well 
tuned, while the 1-3-2 triad is untuned. Theoretical 
calculations (unpublished work of W.F.S8.) for an 
exactly tuned resonance, together with numerical values 
from the experiment, indicate that the wave of mode 4 
should grow from zero to a maximum amplitude in 
roughly 25 m. Note also that the resonantly generated 
mode 4 wave has a negative wave number, so that its 
group and phase velocities should be directed toward the 
paddle. 

The experiments were performed at the Woods Hole 
Oceanographic Institution in a tank which is 2] m long, 
1-2 m wide and 1-2 m deep filled to a depth of 1 m with a 
linearly stratified salt water solution’ having a Brunt- 
Väisälä period of approximately 15 s. At one end of the 
tank, a paddle simultaneously generated both a first and 
a third mode progressive wave, each with its own frequency 
and amplitude. Fourier decomposition of the horizontal 
velocity field generated by the paddle is a sum of odd 
modes, and a periodogram of the paddle motion (Fig. 1) 
showed very little evidence of a peak at the frequency 
© ~, Thus the paddle itself did not excite the resonantly 
generated wave. At the other end of the tank a wedge- 
shaped beach (apex pointed away from the paddle) was 
used as a wave absorber. Wunsch® shows that if o> N 
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sin «, where « is the half-angle of the beach, then the 
wedge, in principle, is a perfect wave absorber. For our 
case, cos «= 0-2, so that the beach absorbed all members 
of the resonant triad. 

Wave amplitudes were measured with single-clectrode 
conductivity probes* which had an amplitude resolu- 
tion of 0-5 mm (unpublished work of 8. M.) The out- 
put of the probe circuitry V, in volts, is related to the 
wave height at the probe 2 y, in em, by P=y+l)-* y’. 
Because the wave amplitudes were typically of the order 
of 1 em, the circuit had a response which was nearly 
linear. Two probe arrays, each with four probes, were 
used. The first stationed the probes at a depth of 40 em 
and at distances of 2, 4, 7 and 11 m from the paddle; 
the second stationed the probes at depths of 15, 40, 60 
and 85 cm from the surface and a distance of 4 m from the 
paddle. E S and cross- “spectra of the kal aol 
density and wave pees a with each gpeg N 
peak to be determined; similar computations with the 
vertical array gave the modal structure. 

Because the actual density gradient deviated only 
slightly from linearity (Fig. 2a), we used equation (2) to 
estimate the position in @, & space of the 1-4-4 resonant 
triad. To allow for error in this estimate, we conducted 
three experiments spanning the resonance in which we 
kept w, constant and set w, at 0-57 N, 0-59 N and O60 N. 
A typical run consisted of generating both waves simul- 
taneously, and recording the outputs of all probes for a 
period of 30 to 45 min. From this data record, we selected 
for Fourier analysis a 20 to 30 min segment in which the 
wave field was fully developed at all four probes. 

Fig. 1 shows the periodograms from the horizontai array 
for the run most closely tuned to the 1-3-4 resonance, 
Note that spectral peaks appear at all sum and difference 
frequencies, but that only the peak at œw, — o, grows steadily 
with distance from the paddle to a height comparable 
with the œ, and ©, peaks. All other peaks are an order 
of magnitude smaller and, according to the theory, should 
remain so over these horizontal distances. For the same 
case, Fig. 2 shows the comparison between theory and 
experiment for the vertical wave structure and verifies 
that the wave at ,—«, is of the fourth mode, The solid 
lines are computed numerically’ from the measured density 
profile, and the circles are the experimental points. 
Horizontal wave numbers were calculated? from the 
eross-spectra of the output of the horizontal array. 
Except for the wave numbers calculated from = cross- 
spectra involving the probe at 4 m, the measured values 
of k, lie well within 10 per cent of k,—k, (the cause of the 
deviations involving probe No. 2 e uncertain). As 
predicted, k, is negative, so that the phase and group 
velocities of the resonant wave are directed toward the 
paddle. The cross-spectra further indicate that the 
resonance is not tuned exactly, that is, the wave number 
calculated from the dispersion relation based on e == 6y 


differs slightly from k,—k,. For sharper turning, we 
anticipate even more growth in Fig. 1. Hence, for the 
run most closely tuned to the 1-3-4 resonance, Figs. | and 
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Fig. 2. a, Density versus depth. &-d, Comparison of the theoretical and experimental modal structure of the 
three resonant waves. The solid lines are calculated from the measured density gradient: the black circles 
are computed from the measured spectra and cross-spectra of the output of the vertieal array, 
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2 and the cross-spectra document the tuning, the modal 
structure, the negative phase velocity, and the rapid 
downstream growth of the wave at the difference fre- 
quency, and thus strongly support the claim that the 
phenomenon observed is indeed a resonant interaction. 

An additional and unexpected result of the experiment 
was the discovery of what we have called “multiple 
interactions”. In Fig. 2, the peak labelled @;—«, could 
be a wave of mode seven. That is, in the experiment, 
©, — @,= 0-38 and k,—k,= 8-9 m-', while from equation (1), 
@;=0°38 gives k,=90 m-t. Here, then, is another 
nearly tuned resonance. Our probe arrays, however, 
were designed to measure a wave of mode four and conse- 
quently were not well positioned to measure either 
horizontal wave number or modal structure at @,—, 
accurately enough to confirm the presence of a wave of 
mode seven, 

We have presented strong experimental evidence to 
confirm the existence and remarkable strength of resonant 
interactions of internal waves. Oceanic internal wave 
resonances would render coherent detection of internal 
wave propagation over great distances practically impos- 
sible. On the other hand, the resonance, together with 
the multiple interaction, may provide a mechanism for 
establishing the observed continuous oceanic internal 
wave spectrum from a few line spectral inputs (for 
example, the tides). 

We thank Dr N. P. Fofonoff and Professors E. Mollo- 
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Geological Significance of North Sea 
Sand Transport Rates 


THE history of many marine sandstones is difficult to 
determine because the origins of Quaternary sands of 
offshore shallow seas, to which they may be equivalent, 
are not yet known. To lessen this gap in our knowledge, 
a quantitative observational and theoretical study is 
being made of sand transport and deposition in the 
southern bight of the North Sea near. Holland, for which, 
a qualitative interpretation is already available’. There 
is probably as much information about currents, sediment 
grade and sorting, and wave heights and spectra, for this 
area as for any other sea in the world. In general terms, 
the southern part has near-surface tidal currents which 
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Fig. 1. Ground in the southern bight of the North Sea for which 

estimates of sand transport rates are being made, The approximate 

limits of zones with different bed-form are based on a side-scan Asdic 
and echo-sounder survey made by RRS Discovery in 1966. 


reach peak speeds of about two knots and the floor of 
medium sand grade is wrought into large sand waves 
approximately transverse to the flow. In the northern 
part, the tidal currents are weaker, and the floor of very 
well sorted fine sand is flat or probably ripple marked. 
In between, there is a narrow zone of small sand waves 
with crest separation of about 10 m (Fig. 1). The inferred 
net travel of sand is from south to north, with erosion at 
the southern end and deposition all along the northern 
reaches of this transport path. The depth of water is 
only about 80-120 feet; both tidal currents, and wind- 
produced currents and waves, can be important. 

The theoretical approach has been first to estimate the 
dependence of sand transport rate on current speed, 
depth, sand grading and other factors for steady down- 
slope currents. Because no reliable method exists for 
calculating this dependence outside the ranges of depth, 
current speed and sand grading covered by particular 
observational studies, we have devised a new method, 
which applies particularly to relatively low Froude num- 
bers and large depths of flow. This method necessarily 
combines theory with analysis of all available laboratory, 
river and irrigation canal studies for which the required 
variables were measured. It was then extended to the 
offshore tidal sea, where sand transport has been little 
studied compared with the nearshore zone in which waves 
break. This involves estimating currents and wave- 
produced oscillations near the sea bed from observations 
or predictions made near the surface, and using them, 
together with available observations of the form of the 
sea bed and sediment grading data, to estimate bed shear 
stress. Probability distributions of the near-bed velocities 
of tidal currents, of the non-tidal currents and of the 
shorter period oscillatory movements due to wind- 
generated waves and swell must also be estimated for 
various time intervals. Transport rates thus obtained 
are consistent with the small amount of quantitative data 
so far available on sea floor changes*’. 

The first predictions for the ground west of Holland are 
somewhat revealing. The neap rate can be one-tenth of 
the spring rate for calm seas, but can be equal to the 
spring rate when storm waves augment the neap tides. 
Furthermore, when spring tidal currents are themselves 
aided by storm produced waves and currents, for example 
during a northerly gale to which the area is particularly 
exposed, the transport rate can be ten times greater than 
during light winds. Indeed, as much sand may be moved 
during one day as during an average month and some- 
times in the direction opposite to that of the long-term 
transport. Even the decrease in water temperature from 
summer to winter can be significant, because it increases 
the viscosity of the water, enabling sand grains to be more 
readily supported by the turbulence and moved along 
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with the current in suspension: this tends to increase 
the total transport, although it may be accompanied by 


changes in the resistance to water flow caused by sand“ 


waves and ripples which would affect the near-bed sand 
movement. In winter, significant wind-generated waves 
and currents occur more frequently and this, also, generally 
increases sand transport rates. The yearly total net sand 
transport, northward over the 40 miles or so width of the 
zone of large sand waves, is estimated to be about ten 
times greater than the yearly volume of about 8 x 10° m’ 
which has been measured in three locations in the Dutch 
littoral zone‘, but the rate per unit width in the latter, 
narrow, zone is very much greater. 

These exploratory calculations can be used to obtain 
the rates at which sand is being deposited and give an 
indication of the bed-form changes and thus the type of 
structure which is likely to occur in the deposit. The 
results show fairly conclusively that not all the transport 
taking place is likely to be recognized in the deposits 
being formed. Instead, there will be a marked preference 
for major events, such as exceptional storms, and evidence 
of lesser events may be locally destroyed, or even pre- 
served by locally rapid deposition. This quantitative 
treatment is being applied to the past 50 years, during 
which meteorological data are available, and later will be 
extended to cover a longer time scale. 
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Are Marine Phosphorites 
Forming Today ? 
PHOSPHORITES are sedimentary rocks m which apatite, 


usually carbonate-fluor-apatite, is the major component. 
The origin of phosphorites, although widely discussed in 
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the literature, is still far from being settled’. Mass 
mortality, volcanism and bacterial activity have been 


‘wientioned in the past as responsible for phosphorite 


formation, and Kazakov’s? “‘echemical’” hypothesis has 
probably gained the widest recognition®»*. This hypothesis 
essentially claims that upwelling deep and cold water, rich 
in phosphate and dissolved carbon dioxide and depleted in 
oxygen, is warmed at the surface and that the resulting 
decrease of pCO, and increase of pH cause the solubility 
of Ca-phosphate te decrease. Apatite may then be 
precipitated by organic or inorganic processes. Others'-*" 
suggest that many phosphorites are the result of the 
replacement of originally carbonate sediments. 

Stratigraphic analysis of ancient phosphorites as well 
as physical and chemical considerations have cast some 
doubt on Kazakov's hypothesis". Among the facts which 
seem to be incompatible with this hypothesis are: slow 
diffusion rates of CO,, upwelling from shallow depths in 
modern seas and phosphorites in formations deposited in 
shallow and closed basins*. 

Most supporters of the upwelling theory use the distri- 
bution of phosphorite nodules on the present sea floor as 
one of their main arguments. A typical statement reads, 
“Most recent phosphorite is deposited in areas of oceanic 
upwelling caused by divergence’’*. This author and others 
imply that the nodules are recent and that the correlation 
between areas of upwelling and areas of phosphorite 
nodules is one of cause and effect. The sea near California 
is frequently mentioned as a typical example of recent 
phosphorite formation. 

I attempted to determine the age of phosphorite 
nodules dredged from the sea floor using the **U/"U 
disequilibrium method’. In principle the method is based 
on the fact that the *4U/*#**U activity ratio in seawater 
has a disequilibrium value of 1:15. This ratio should 
decrease towards unity, the secular equilibrium value, 
with a half life of the excess tU (2-48 x 10° vears), This 
method is partieularly suitable for dating phosphorites 
because they contain high uranium concentrations (up to 
524 p.p.m. in the samples analysed) and also because the 
geochemistry of uranium in apatite is fairly well under- 
stood? °, Fig. 1 shows the distribution of known phos- 
phorite nodules, all in areas of upwelling waters*. Most 
reported locations were sampled, except NW Africa and 
South America where no samples could be obtained. 

Experimental techniques and a complete analysis of the 
assumptions are given elsewhere*. In all cases an attempt 
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was made to analyse the outermost portion of each 
nodule to obtain minimum ages. Usually, a sample could 
be obtained within 5 mm of the surface of the nodule. 
Fig. 2 is a histogram of the distribution of activity ratios 
in all thirty-one phosphorite samples. 
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Fig. 2. Histogram of **U/°*U activity ratios in sea floor phosphorites. 
Table 1 gives average activity ratios for each of five 
areas. All of the average (UJU) values are unity or 
less. This is interpreted as indicating that these nodules 
are older than the dating limit of the *4U/#3*U method 
(about 8x 105 years). Three individual ratios of %4U/238U 


Tabie 1. MEANS AND RANGES OF URANIUM CONCENTRATION AND *4y/*eqg 


ACTIVITY RATIOS IN THE SAMPLED AREAS 
The number of samples in each area is given in parentheses 


Mean U . 
Area cone. Range U Mean **0/ Range 
PPI. cone, tU 
Sea Off California (15) 72 36-149 0-97 O-95-1-02 
Chatham Rise (7) 230 117-524 0-99 0-9 ~1-01 
Make Plateau (4) 33 18-70 Ol 052-094 
Aguinas Bank (4) 7S 10-166 0-93 0-82-0:97 
Seamount NT 5 (1) (27° S, 159° 
E) 17 ~- 0-90 = 


Ata 95 per cent confidence level the true results are within +6 per cent of 
the reported result for the U concentration and +5 per cent for the activity 
ratios. 


equal to 1-01 were recorded, and two of 1:02. These 
measurements, however, fall within the lmit of error 
from a true value of 1-00. 

Any conclusions about the age of the nodules strongly 
depend on the following assumptions and qualifications: 
the isotopic composition of seawater did not change 
during the last million years; uranium which was incor- 
porated into apatite had an initial activity ratio of 1-15; 
the age determined is a dating of uranium incorporation 
into apatite. Thus it is a minimum age; generally, an 
absolute date is strongly dependent on closure of the 
system in respect to the parent and daughter nuclides. 

In our case, there is evidence for some leaching of 
uranium from the nodules; the uranium concentration 
is about 10 per cent higher in cores of nodules than in 
their margin. U has been removed to a greater degree 
than *350, as evidenced by the lower than unity activity 
ratios. Such openness of the systems, however, streng- 
thens rather than weakens the statement that phosphorite 
nodules are not presently forming; on the contrary, they 
are now slowly being leached by seawater. If this is so, 
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then the thickness of the analysed outer layer is also not 
critically important. There is only one way to reconcile 
the reported results with the hypothesis that phosphorites 
are presently being deposited. One would have to assume 
that their formation has recently been resumed after a 
prolonged interruption during which uranium was 
removed to give %40/338U activity ratios of less than 
unity. The hypothetical recent apatite formation must 
either have been resumed so recently, or must have pro- 
ceeded so slowly, that the low activity ratios have not yet 
been counterbalanced. It is important to note that while 
some authors claimed a Recent age for phosphorites from 
the investigated areas, geologists who worked in those 
regions always interpreted them as being of pre-Pleisto- 
cene, usually Miocene age!!-}5, 

Accepting the non-Recent age of the analysed nodules, 
two consequences follow, one of them so obvious that it 
needs no further discussion: conditions in the sampled 
areas have changed since the phosphorite was formed. A 
second consequence is that the upwelling theory is 
inadequate as a unique explanation, because no Recent 
phosphorite has been found to form in areas of present 
day upwelling. What factors may have caused phos- 
phorites to form in many places on continental shelves in 
the Miocene—Pliocene but not now? One possible 
explanation is the higher temperature of the Miocene— 
Pliocene seas. A world-wide warmer climate has been 
assumed for the Miocene as compared with the present™. 
In particular, it has been shown (ref. 15 and personal com- 
munication from C. A. Hall) that both the extreme annual 
water temperatures and the biologically effective annual 
temperature in California have been up to 5° C higher than 
at present. Considering that the solubility of apatite 
decreases with increasing temperature!, and considering 
also that seawater is saturated or slightly oversaturated 
with respect to apatite?*:1’, a rise in temperature may be a 
critical factor for apatite formation if other factors remain 
the same. 

Following Bushinskii, one could consider upwelling as 
only one of several factors which might be necessary for 
phosphorite formation. Other necessary factors might be: 
water shallow enough to ensure that sinking organie 
remains can reach bottom; supply of phosphorus derived 
from the continents; high productivity and high pH 
values associated’ with it. It may well be that none of 
these factors alone is sufficient for the formation of 
phosphorite. 

The only well documented case of a Recent phosphorite 
is a phosphatized wood fragment from the Gulf of 
Tehuantepec (14° N latitude). Although this is not 
necessarily a reflexion of phosphorite forming conditions, 
perhaps one should look for Recent phosphorites in warm 
waters, especially the west coasts of Africa, Central 
America and Australia. 
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Comments on ‘‘Experimental 
Multivalent lonic Radii’’ 


Cuca? has listed the ionic radii for a number of divalent 
lanthanide species, Lat?, Ce+, Nd**, Smt?, Eut®, Y¥b*?, 
some of which are probably incorrect. For convenience 
the radii given by Chua are listed in Table 1. Inspection 
of these values shows immediately that the value for 
Eut? is anomalously high compared with those lanthanides 
with lower atomic numbers, Lat? to Sm+*. At first one 
might be melined to believe the value for Eut? is incorrect. 
But further examination reveals that these radu were 
calculated from the lattice parameters reported for the 
respective RO(NaCl-type) compounds listed by me? 
(Chua’s reference 14). Of these six RO compounds the 
only definitely known cation valence state is that of Eu 
which has been shown by magnetic measurements to be 
divalent’. Very little is known about the other RO com- 
pounds, and their existence has been seriously questioned‘. 
If they should exist there is no reason why La, Ce and Nd 
would be expected to be divalent in these compounds (8m 
and Yb, however, could be divalent). Indeed, if one 
examines the corresponding RSe, RS and RTe, one finds 
that La, Ce and Nd in these NaCl- -type compounds are 
trivalent. Because the valence state of these five lanthan- 
ide ions in the RO compounds has not been established, 
the divalent radi given for La+®, Ce*?, Ndt?, Smt? and 


Yb*? are open to question. 
Table 1. IONIC RADII FOR THE R°? Ions! 
Ion Radius (Å) Ton Radius (A) 
La*? 1°53 Smt? 141 
set? 1-47 But? 1:48 
Ndté 1-44 Yht? 134 


A plot of the radu of these “divalent” ions as a function 
of atomic number along with that for Bat*, Fig. 1, shows 
that only the radius for Yb*? hes on the line ‘established by 
the two tons (Bat? and Eut*) which are known to be 
divalent. Furthermore, the values for Lat?, Cet?, Nd? 
and Sm** clearly lie below this line, and thus it is con- 
cluded that the divalent radii given by Chua for these four 
lanthanides are unreliable and should be discarded. 
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Fig. 1. “Divalent” ionic radii of the barides (Ba, Eu and Yb) and 
lanthanides (La, Ce, Nd and Sm) as a function of atomic number. 
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BIOLOGICAL SCIENCES 


Initiation of SV40 DNA-directed Protein 
Synthesis with N-Formylimethionine 
in vitro 
We are studying several aspects of the flow of genetic 
information from DNA to protein with an in vitro system 
in which RNA synthesis is coupled to protein sy nthesis. 
The coupled system, which is prepared from Escherichia 
coli, is primed with the replicating form of DNA from the 
bacteriophage gX174. During total asymmetric tran- 
scription of the template, several cistrons are translated 
(refs. 1, 2 and unpublished results of R. N. B. and M. H.) 
The principal product, which is initiated with N-formy!- 
methionine, is a ọX 174 structural protein w ith a molecular 
weight of about 20,000. We now demonstrate that DNA 
from the animal virus SV40 can prime this bacterial 
system. Two proteins are synthesized, and their estimated 
molecular weights are about 7,000 and 16,000, The 
molecular weight of the larger is close to the molecular 
weight of the SV40 eoat protein, 16,350 (ref. 5). Both 
proteins are initiated with formy methionine. 3 

Fig. 1 shows the kinetics of RNA and protein synthesis 
in the coupled system using SV40 DNA as template. 
They are essentially identical to the kinetics achieved 
with oX174 RF DNA. SV40 DNA was a reasonable 
choice for testing the priming ability of an animal viral 
DNA because its molecular weight and intracellular 
forms are similar to those of eX 174 DNA®*, 

Protein was isolated from the coupled system after 
60 min incubation by several treatments with phenol. 
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A standard reaction mixture (SRM, 6-18 miy contained, per mh, 

wmoles trig (pH 7:9): 11-5 pmoles magnesium acetate; 69 vie 
ammonium chloride; 7 moles 2-mercaptoethanol: 5 umoles phospho- 
enolpyruvate; 2 umoles ATP; 04 umoles each of GTP, CTP and, 
*H-UTP; 0-03 umoles each of nineteen !@C-amino- acids; 0-085 prmoles 
“C-valine; 38 g pyruvate kinase; 28 ug SV40 DNA: 45 pg DNA- 
dependent RNA polymerase; 38 A 260 nm units Æ. coli 4313 ribosomes: 
and 5°2 A 260 nm Pani E. coli Q13 soluble fraction. After incubation at 
33° C RNA synthesis was measured as the Incorporation of *H-UMP tnto 
cold trichloroacetic acid precipitable material, and protein ayvnthesis was. 
measured as the incorporation of 4C.valine into hot perchloric acid 

insoluble material. 
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protein directed by SV40 DNA and in vivo 9X174 specific *H-labelled 

protein isolated from infected cells. The in vitro protein was synthesized 

ina &x SRM (see Fig. 1), with the following additions and substitutions 

{per ml): a mixture of “C-amino-acids was substituted for +*C-valine; 

ll we DNA-dependent RNA polymerase; unlabelled UTP. In vivo 

oX174 specific proteins are a hare E and X. Migration is towards 
the left. 
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Fig. 3. Polyacrylamide gel electropherogram of SV40 DNA-directed 
in vitro protein, Protein was synthesized in a 5 x SRM (see Fig. 1) with 
the following additions and substitutions (per mi): 0-01 pzmoles N*- 
fHiformyitetrahydrofolic acid; “C-arginine and ‘C-lysine were 
substituted for “C-valine; unlabelled UTP; 10 ug DNA-dependent 
RNA polymerase. @—-@, *H-formate; © --- ©, “C-amino-acids. 
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When this protein was analysed by electrophoresis in 
polyacrylamide gels containing 0-1 per cent sodium dodecyl 
sulphate, 85 per cent of the radioactivity was recovered in 
two fast-moving peaks (Fig. 2). We were unable to obtain 
any purified SV40 coat protein to use as an internal 
control, so we electrophoresed the in vitro protein with 
@X174-specific proteins isolated from infected E. coli. 
Molecular weights have been assigned to these proteins 
by coelectrophoresis with a number of molecular weight 
markers in the polyacrylamide-SDS gels. The 9X174 
proteins are lettered in Fig. 2, and their estimated mole- 
cular weights are: X, 7,000-9,000; D, 15,500-17,000; 
F, 19,000-22,000; C, 35,000-42,000; A/B, 44,000- 
46,000; E, 52,000-55,000. The larger of the two SV40 
DNA-directed proteins migrates with D. We estimate its 
molecular weight to be 16,000. The smaller protein runs 
ahead of X, and it has an estimated molecular weight of 
about 7,000. Clearly we cannot conclude that these two 
in vitro proteins are SV40 specific. Even if purified SV40 
coat protein ran with one or both of the peaks, it would 
require an immunoassay, at least, to allow such a con- 
clusion. But the observation that the estimated molecular 
weight of the larger product, 16,000, is close to that 
assigned to the SV40 coat protein, 16,350, does not con- 
tradict that conclusion. 

When the formyl donor, N!°-[5H ]formyltetrahydrofolic 
acid, was added to the coupled system, the formy! group 
was incorporated into both im vitro products (Fig. 3). 
The ratio of formate to amino-acid decreased with 
increasing molecular weight, as expected if the formate 
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Fig. 4. High voltage electrophoretogram of pronase-digested in viro 
protein directed by 8V40 DNA. The conditions of synthesis are described 
in the legend to Fig. 3. Labelled amino-acids were either (a) C- 
methionine, (6) “C-alanine or (e) 'C-serine. The phenol extracted pro- 
tein was extensively digested with pronase. The mixture was passed 
over ‘Dowex H+’, and the N-formylated amino-acids were eluted with 
water. The eluate was concentrated by flash evaporation and spotted on 
Whatman SMM paper, and the electrophoretogram was developed for 
3-5 h, 1,500 YV, pH 6-4 (pyridine-acetic acid—water). Migration was 
towards the right (anode). The standarda (1) N-formylmethionine, 
(iD N-formylmethionyl-serine, and (II) N-formylmethionyl-alanine 
were spotted with the samples. The latter two are not resolved in. this 
buffer although N-formylmethionyl-serine runs about 1 em ahead of 
N-formylmethionyl-alanine. The standards were visualized with the 
platinic chloride stain’, @-—-@, *H-formate; © --- ©, “C-amino-acid. 
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ae ikes famous for the quality of theie 
filtration and chromatographic materials—are now 
extending their field of operations to include enzymes 
and related biochemicals for all applications where 
purity and reliability are of high importance. The 
new Whatman range includes Lactate dehydrogenase 
L-asparaginase, Elastase and Glyceraldehyde-3- _ 

- phosphate dehydrogenase. They are all made to an 
extremely high standard of purity, and detailed 
specifications are given in the new Whatman 
Biochemicals’ catalogue. The free loose leaf catalog 
is now available and supplementary sheets will be ` 
sent to all catalogue holders as new products are 
introduced. Prices are extremely competitive. 
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Ampholine Electrofocusing equipment, 
including Power Supply and 
Uvicord ultraviolet Monitor, 
ready for protein separation. 


IN THE SERVICE OF SCIENCE 
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PROTEIN Purification 


Characterization 


Research establishments, hospitals, Ribosomal 
and industry throughout the world Pew 
have used LKB Ampholine Electro- 010, Phosphotases 





DNA polymerase 
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4 separation 
of chicken haemoglobin. 






focusing to successfully separate the 
following kinds of protein. 


Endotoxins from bacteria 
(lipopolysaccharides) 


Capsular polysaccharide from H. Influenza 
Urine gonadotrophins of pregnancy (human) 


Pituitary hormones 

Amonuim Sulfate preparations of human 
serum 

Blood coagulation proteins, namely FXII 
Whole serum 

Gamma globulin 

Steroid binding y-globulin 

Transcortin cortisol binding f, globulin 
y-globulin, transferrins 

Cytochrome c from beef heart 
Biliverdin-protein in eel serum 

Rat fetal protein from albumin 
Immunoglobulins 

Bovine serum 

Albumin 

Ovalbumin 

Intact platelet mebranes 

E. coli nucleases 

Enzymes catalyzing sulphydryl 
—disulfide interchanges 
Enzymes-cellulases (some proteases) 
Butyrylcholinesterases from human brain 
Pancreatic enzymes 

Bromelain+acid phosphatase from 
ananas comosus 

Arylsulphatases of aspergillus oryzae 
Mitochondrial transaminases 

D-aspartic oxidase 


Glycosidases from fungal or bacterial source 


Lactoperoxidase 
Invertase from yeast 


Enzymes of carbohydrate metabolism 
Neurospora crassa invertase 

Alkaline phosphatase in eel intestinal 
mucosa 

For myltetrahydrofolate synthetase from 
clostridium thermoaceticum 
Haemoglobin 

Isoenzymes of alcohol dehydrogenase 
Soluble grape proteins 

Influenza virus and adenovirus 

Herpes simplex virus proteins 

Renin (ovine, human) 

Insulin 

Glycopeptides of fibrinogen and platelets 
Chondroitin sulfate glycoproteins 
Myoglobin 

Ferritin 

Chemically modified myoglobin 
Interferon samples from chicken eggs 
High and low molecular weight 
glycosidases. Detergent-soluble 
glycosyltransferases (membrane bound) 
Extracellular enzymes and toxins from 
staphylococcus aureus e.g. hyaluronate 
lyase 


Have YOU a research problem that 
can be solved by LKB 


Ampholine? 
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was incorporated into the N-terminal. The protein was 
digested with pronase, and the N-aevlated fragments 
were analysed by high voltage eleetrophoresis (Fig. 4). 
The only formviated amino-acid detected in the digests 
was formyimethionine. This result was surprising 
because there is evidence that animal viruses do not initiate 
protem chains with formylmethionine®:?, It might be 
argued that the coupled system initiated at internal 
AUG or GUG eodons. Tf this were the case, however, 
we should expect a very heterogeneous product. The 
fact that we observed two discrete peaks in the gel 
implies initiation at specifie codons. 
We thank Drs R. Dulbecco and H. M. Westphal of the 
Salk Institute for Biological Studies for the SV40 DNA 
(98 per cent form I). Dr N. G. L. Harding of the Seripps 
Chime and Research Foundation for pure THEA, and Dr 
J.C. Rabmowitz of the University of California, Berkeley, 
for formyltetrahydrofolic acid synthetase. This work was 
supported by the United Cerebral Palsy Research and 
Education Foundation. the US Publie Health Service and 
the US National Science Foundation. 
ROBERT N. Bryan 
Davib H. GELFAND 
Masaki HAYASHI 

Department of Biology, 

University of California, San Diego, 

La Jolla, California 92037. 
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insensitivity of Mitochondrial RNA 


Synthesis to Mengovirus Infection 
in CHO Cells 


Ix animal cells, RNA is synthesized both in the nuclei 
and the mitochondria, and synthesis is inhibited by infec- 
tion with certain viruses. Working with Chinese hamster 
ovary (CHO) cells, we have been able to show that, in the 
initial stages of infection with Mengovirus, nuclear syn- 
thesis is inhibited but mitochondrial synthesis is not. 
The DNA associated with mitochondria has been exten- 
sively studied and well characterized!. By contrast, 
investigation of the RNA of mitochondria from vertebrate 
cells has only begun. A particular difficulty in mito- 
chondrial RNA research has been the lack of any distine- 
tive characteristic that would permit a unique identifica- 
tion. Preparations of mitochondria from higher organisms 
are usually contaminated with RNA associated with 
rough endoplasmic reticulum and possibly other mem- 
brane structures as well. The presence of RNA comple- 
mentary to mitochondrial DNA has been established for 


Our approach has been to seek methods of selectively 
inhibiting either mitochondrial or nuclear RNA synthesis 
in HeLa cells. A chief source of RNA contaminating 
mitochondria is suppressed by inhibiting ribosomal RNA 
synthesis with low levels of actinomycin". Labelled 
RNA of nuclear origin is still found associated with mito- 
chondrial fractions, but the principal features of mito- 
chondria specific RNA can be discerned. Partially purified 
mitochondria of HeLa cells are associated with several 
kinds of RNA molecules—two distinct species with sedi- 


1021 


molecules and a class of 45 molecules’-*. Small doses of 
ethidium bromide mbhibit the svnthesis of these mole- 
cules? but low concentrations of actinomycin and ultra- 


chondria have been shown to hybridize specitically with 
mitochondrial DNA, 

In many types of cells, infection by picornavirus is 
followed by a rapid inhibition of host cell RNA synthesis. 
HeLa cells are an exception. In order to study whether 
mitochondrial RNA synthesis responds to virus infection, 
required, 

Host RNA synthesis in CHO cells, as in L cellstt-3?, ig 

strongly repressed by infection with Mengovirus. The 
RNA associated with mitochondria in CHO cells closely 
There 
are minor differences. For example, the discrete species 
have slightly different electrophoretic mobilities (A. Rein, 
personal communication). The larger of the two discrete 
species (215 in HeLa) seems to be smaller in these rodent 
cells, and its electrophoretic mobility is close to that of 
18S RNA. Our experiments show that the synthesis of 
the mitochondria-associated RNA is unaffected during 
the initial stages of viral growth. By contrast, the syn- 
thesis of nuclear RNA species is almost completely 
inhibited. 
a concentration of 4x 105/ml. were used. Infection with 
Mengovirus (stock with a titre of 5x 108 pru/ml. kindly 
provided by Dr D. Baltimore) was carried out as previously 
deseribed'!!. At the end of the incubation the cells were 
ruptured with a Dounce homogenizer after swelling in 
hypotonic buffer (0-01 M tris-HCl, pH 7-4, 0-01 M Natl, 
0-0015 M MgCl, diluted with an equal volume of distilled 
water). Cell fractionation and purification of nucleoli were 
carried out as previously deseribed'*. The partial puri- 
fication of mitochondria by suerose density gradient 
centrifugation and the extraction and analysis of RNA 
were carried out as previously described’. 

The experimental design followed in these experiments 
is shown in Fig. 14. When CHO cells are infected with 
Mengovirus (50 pru/cell) the incorporation of MC uridine 
into total RNA practically ceases after about 90 min. 
Previous experiments have shown that host cell RNA 
synthesis is actually inhibited and the cessation of in- 
corporation is not the result merely of an inereased rate 
of RNA breakdown. Four hours after infection (data not 
presented here) uridine incorporation resumes but this 
incorporation is insensitive to a high concentration of 
actinomycin and represents viral RNA synthesis'!2, All 
experiments were carried out by labelling the cells in the 
interval between 2 and 4 h after virus infection. 

Fig. 1 illustrates the strong inhibition of rachoactivity 
incorporation into the 458 nucleolar rRNA precursor 
(Fig. 1B) and the complete insensitivity of mitochondria- 
associated RNA species (Fig. 1C) on virus infection. The 
resistance to viral inhibition is shared, at least in part, 
by the heterodisperse RNA underlving the two diserete 
species. Unfortunately the labelling of this heterodisperse 
RNA (which is sensitive to ethidium bromide i nhibition?) 
is partially masked in these experiments by the presence 
of viral RNA in the region corresponding to 338. 

The synthesis of all the non-mitochondria-agssociated 
species of RNA in the cell is sensitive to Mengovirus 


infection. These data are summarized in Table 1. The 
synthesis of rRNA and of other classes of high molecular 
weight RNA are all inhibited by over 80 per cent. The 


synthesis of 4RNA is less sensitive to virus infection but 
is still inhibited by 60 per cent (Table 1 and Fig. 2). The 
reduction of mRNA isolated from polysomes results from 
both a decrease in mRNA svnthesis and from the dis. 
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cpm. x 104 


16 
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Fig. 1.. Effect of Mengovirus infection on the synthesis of total RNA, 455 rRNA, and mitochondrial 
RNA. Infection of CHO celis was carried out in two separate experiments in the following way: 1-5 x 10° 
cells were resuspended in 1-5 mi. of viral stock medium! and attachment was allowed to proceed for 
35 min at 7° ©. 10 mi. of Eagle's medium was then added and the culture was warmed to 37° C, From 
this culture, and from an uninfected culture treated in the same manner, 1:5 ml. was taken and incubated 
with 0-15 «Ci of “C-uridine (6 uCi/umole), At the intervals indicated in 4, aliquots were taken, precipi- 
tated with trichloroacetic acid and assayed for incorporated radioactivity. The remaining 10 mi. culture 
was incubated for 2-5 h at 37° C, then labelled for 25 min with 100 #Ci *H-uridine (20 Ci/mmole). Cells 
were homogenized and RNA from purified nucleoli was analysed by acrylamide gel electrophoresis as 
previously described. In C the residual 10 mi. culture was incubated for 2 h at 37° C. During the last 
25 min actinomycin (0-04 wg/ml.) was present. The ceils were then labelled with 100 wCi *H-uridine for 
120 min. The preparation of mitochondria and the RNA analysis by 2-6 per cent acrylamide gel electro- 
phoresis was carried out as previously described’ (3-5 h, 10 Viem). A, Total incorporation of C-uridine 
in infected (@-—-@) and uninfected (O--O) CHO cells. B, *H-uridine incorporation into 455 rRNA 
precursor from purified nucleoli of infected (@—@) and uninfected (O --- ©) cells. C, *H-uridine 
incorporation into RNA extracted from mitochondria of infected (@—-@) and uninfected (© --- ©} 
cells, The electrophoretic mobility of the RNA species in B and C was determined with reference to 
MC uridine labelled HeLa rRNA which was added to each sample before electrophoresis. 


aggregation of polysomes which occurs after infection. 
A more extensive analysis of the RNA contained in the 
cytoplasm demonstrates that total mRNA and other high 
molecular weight RNA are inhibited to the same extent 
as mRNA from polysomes. 


Table 1. INHIBITION OF THE SYNTHESIS OF DIFFERENT CLASSES OF RNA 


BY MENGOVIRUS INFECTION IN CHO CELLS 


Per cent Per cent 


RNA class of RNA class of 
control control 
Libosomal RNA 15 Mitochondrial (ethidium sen- 
sitive) high molecular 
weight RNA 100 
Nuclear heterodisperse* 10 Cytoplasmic (RNA 40 
mRNA from polysomes* 20 Mitochondrial (ethidium sen- 


sitive) 4S 
* These RNAs were labelled for 2 h with *H-uridine, 2 h after infection in 
the presence of a low concentration of actinomycin (0-04 g/ml.) which 
selectively inhibits rRNA synthesis. For further details see ref. 12. For the 
analysis of the other RNA classes see the text. 


We have recently shown that low concentrations of 
ethidium bromide selectively inhibit RNA synthesis asso- 
ciated with mitochondria in mammalian cells!*. Thus the 
inhibitory effects of ethidium bromide and Mengovirus 
infection are complementary. This observation was 
especially useful in establishing the uniqueness of a class 
of 48 RNA molecules which was found to be associated 
with mitochondria in HeLa cells? and CHO cells. The 
electrophoretic mobility of these molecules is the same as 
shat of tRNA; they represent approximately 8 per cent 
of total 48 RNA present in the cell and their synthesis is 
strongly inhibited by ethidium bromide, whereas cyto- 
plasmic {RNA synthesis is not®*. Fig. 34 shows that 
uridine incorporation into mitochondria-associated 48 
RNA is not affected by Mengovirus. It has been shown 
recently that rat liver mitochondria and HeLa cell 
mitochondria!® contain special tRNA molecules, so that 
presumably the virus resistant, ethidium sensitive 45 
RNA represents a class of mitochondrial (RNAs. 


The complementary effects of viral infection and 
ethidium bromide on the synthesis of the high molecular 
weight RNA associated with the mitochondrial fraction 
are evident from Fig. 3B. The synthesis of RNA which is 
resistant to inhibition by ethidium bromide is sensitive 
to inhibition by virus infection and therefore is tentatively 
considered to be of different origin. Most probably the 
virus sensitive ethidium resistant RNA is of nuclear 
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Fig. 2. Cytoplasmic (RNA synthesis in infected and uninfected cells. 
1:5 x 10’ cells were infected as described in Fig. 1, and 2h after infection 
were labelled for 2 h with *H-uridine as described in Fig. 1. RNA was 
extracted from the post-mitochondrial (10,000g) supernatant of these 
cells and from an equal amount of uninfected cells treated in the same 
way. High molecular weight RNAs were separated by overnight 
precipitation with 2 M NaCl. tRNA was precipitated with alcoho! and 
analysed by 3-5 per cent acrylamide gel electrophoresis (> cm gels, 
90 min at 10 Viem). @--@, Infected; O-—©, control. 
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Fig. 3. Complementary effect of ethidium bromide and virus infection on the synthesis of RNA associated 


with mitochondria. 


3x 107 cells were infected and labelled as described in the experiment of Fig. 1c, 


except that before adding the uridine the culture was divided in two, and one half was made 3 x 10* M in 


ethidium bromide. 


A culture of uninfected cella was treated in the same way. 


Mitochondria were 


purified by sucrose gradient centrifugation‘; RNA was extracted from mitochondria and 48 RNA sepa- 
rated from high molecular weight RNA by overnight precipitation in 2 M NaCl. A, 45 RNA from purified 


mitochondria analysed by 3:5 per cent acrylamide gel electrophoresis as in Fig. 2. 


E, Residual high 


molecular weight RNA from purified mitochondria analysed by 2-6 per cent acrylamide gel electrophoresis 


asin Fig. IC. 


C—O, Uninfected; @—-@, infected; x— x, uninfected with ethidium; W- W, infected 


with ethidium. 


origin and is associated with rough endoplasmic reticulum 
present in these mitochondrial preparations. 

Our results add further evidence that the RNA species 
in nuclei and in mitochondria of animal cells are syn- 
thesized by two separate and distinct systems. At present, 
the function of the high molecular weight mitochondrial 
RNA is unknown. The possibility of inhibiting all RNA 
synthesis with the exception of that associated with 
mitochondria may serve as a useful technique in elucidat- 
ing the metabolic significance of this special class of RNA. 

This work was supported by awards from the US 
National Institutes of Health and the US National Science 
Foundation. 8. P. is a career development awardee of 
the US Public Health Service. We thank Deana Fowler 
and Maria Penman for their capable technical assistance. 
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Department of Biology, 
Massachusetts Institute of Technology, 
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Toxicity of Interferon Inducers of the 
Double Stranded RNA Type 


INTERFERON inducers seem to be the most practical way 
of making use of interferons in clinical practice. Helenine! 
obtained from a fungus Penicillium funiculosum is a 
powerful interferon inducer and Lampson et al.? found 
that the activity was present in a fraction consisting of 
double stranded RNA. Other double stranded RNA 


inducers have been discovered, for example, that from 
Escherichia coli infected with RNA bacteria virus MS? 
(ref. 3) and also certain copolymers of synthetic poly- 
ribonucleotides. 

In examining the toxicity of three different DS-RNA 
inducers we have found important pathological changes, 
not previously reported, which suggest that double 
stranded RNA is intrinsically toxic in animals which 
produce interferon. The interferon inducers used in these 
experiments were (1) the double stranded RNA replicative 
form of the pseudomonas phage PP7 from Pseudomonas 
aeruginosa prepared following the general information of 
Field et al.°; (2) double stranded RNA isolated from an 
angiosperm of the genus Beta infected with sugar beet. 
yellow virus (D. Broadbent, to be published); and (3) 
poly I.poly C, a complex of polyinosinie acid and poly- 
eytidylie acid. Mice and rats in all experiments (with the 
exception of the newborn) were six weeks old and mean 
body weights were 20 g (mice) and 120 g (rats). Both 
experimental and control groups were equally matched 
with litter mates. All were from the specifie pathogen 
free Alderley Park closed colony. 


Table 1. EFFECTS OF INTERFERON INDUCERS IN MICE 


o Mean Mean Mean percentage 
Interferon No, of = weight of weight of of transformed 
inducer mice thymus Gng) spleen Ging) eelis in the blood 


Pseudomonas phage 


iN i 24 48-0 1365 42-0 
Poly I . poly € wt 26-0 1523 33°6 
Sugar beet viral RNA 12 43-7 157-3 368 
None (control mice) 24 1287 140-3 G 


Mice (20 g) of both sexes were given 200 ug daily for 3 days and killed on 
day 4. Transformed cells are expressed as a percentage of the total number of 
iymphocytes. 


After three days of intraperitoneal dosing with bacterial 
double stranded RNA, injected mice developed ruffled 
coats, diarrhoea and lost weight (Table 1}. Post mortem 
examination revealed a marked reduction in the weights 
of the thymus glands compared with the controls 
(P<0-0025; S.E.+5-1) and microscopically there was a 
depletion of lymphocytes and necrosis of the cortex 
(Fig. 1). The spleen weights were not reduced, but miero- 
scopically there was a marked reduction in lymphocytes of 
the white pulp and an increase in lymphoblasts and 
megakaryocytes. The blood counts were not quanti- 
tatively abnormal, but the blood films showed many 
primitive lymphoblasts and reticulum cells” Smears of the 
thymus and the spleen exhibited similar transformed cells, 
like those seen in lymphocyte cultures after incubation 
with phytohaemagglutinin. This, however, is an effect in 
vitro and injections of phytohaemagglutinin in our mice 





Section of thymus of a 6 week mouse treated with poly I. poly € 


Fig. 1. 
(200 ug daily for 3 days) (x 150), There isa marked depletion of jynipho- 
cytes and necrosis in the cortex. 


did not produce transformed cells m the peripheral blood. 
The double stranded RNA transformed cells did not seem 
to have malignant properties: blood containing these cells 
did not produce leukaemia when injected into newborn 
miee. 

Poly I.poly C and the plant double stranded RNA 
produeed the same effects on the thymus glands of mice 
and produced lymphocyte transformation. Poly I. 
poly C and bacterial double stranded RNA administered 
to rats (600 ug daily for 3 days) produced identical changes 
in the thymus glands and on the lymphocytes (Table 2). 


for more than 2 to 4 weeks after discontinuing treatment, 
but neonatal mice given 50 ug double stranded RNA 
daily for 3 days developed a prolonged and possibly a 
permanent degree of thymic atrophy, hypoplasia of the 
spleen, runting and a lymphopenia (Table 3). Poly I. 
poly C in mice (5 mg/kg/day) resulted im substantial 
interferon production, but when patas and rhesus 
monkeys were treated at the same level no detectable 
interferon was produced, and there was no transformation 
of lymphocytes. Because poly I. poly C is not an inter- 
feron inducer in primates it appears unlikely that it will 
have a useful place in the prophvlaxis against virus 
infections m humans. 


EFFECTS OF INTERFERON INDUCERS ON GROUPS OF SIX RATS 
Percentage 


Table 2. 


Interferon Weight of Weight of transformed 
inducer thymus (mg) apieon (mg) cells 
Mean Rane Mean Range Mean Range 
Poly I. poly © 3755 350-400 476-3 22-524 20-5 18-38 
Pseudomonas phage 
RNA 262-8 175-318 5490 445-705 32-3 22-45 
None (control rats) 530-3 366-710 4690 326-668 $) 0 


Table 3. POST MORTEM FINDINGS IN MICE 


Mean Mean weight Mean weight 
Mice Mean body leucocyte of thymus of spleen 
weight (g) count per em? (nig) (mg) 
Controls 40 10,500 95 Lig 
Newborn given 
poly I. poly € 26 4,100 44 52-0 


Mice (13 weeks old) were dosed at birth with poly IL. poly C (50 ug daily 
for 3 days). Results are compared with the untreated control litter mates, 


EFFECTS ON MOUSE THYMUS AND BLOOD OF POLY I. POLY C, POLY I, 
AND POLY € 


Table 4. 


Percentage of 
Mean weight of primitive lymphoid 


ean weight of 
spleen (ng) cells in blood films 


hymus {mg} 


Substance 





Poly p. poly È 73-0 141-0 302 
Poly I 1054 985 1) 
Poly C 96-0 1148 Q 
Controls 112-0 107-0 & 


Groups of six mice were given 200 ug daily for 3 days. 
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We considered the possibility that the pathological 
changes induced by these three interferon inducers might 
arise from endotoxin contamination?®. The transformed 
lymphocytes and thymic involution produced by poly 
I. poly C were not, however, produced by poly I or 
poly C given separately (Table 4), ruling out therefore, m 
our view, endotoxin contamination and indicating that 
these changes are produced by double stranded RNA. 
The changes induced in ruce and rats by double 
stranded RNA are very similar to those desermbed im 
neonatal mice infected with Reovirus type 3, m which the 
survivors are eclinteally runts: and there is follicular 
atrophy of the spleen with frequent mitoses and sheets of 
large mononuclear cells resembling Iymphoblastomatous 
tissue®. The Reovirus type 3 is a double stranded RNA and 
the changes it produces in neonatal mouse infection 
cannot be attributed to endotoxin. 
Our results indicate that double stranded RNA ls 
intrinsically toxie and that thymie atrophy, lymphocyte 
transformation and interferon production appear to be 
inseparably linked and all may be inanifestations of the 
same activity. 
and advice. f 
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D. JONES 
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Relationships between the Effects of 
Poly I . Poly C and Endotoxin 


RECENT communications! have called attention to the 
toxicity of poly I . poly © and noted the resemblance of 


some of these effects to known endotoxin effects. The 
fact that “although poly I . poly C and endotoxin share 
many similarities, they are not identical in action’! is 


also documented by the ability of endotoxin and poly L. 
poly C to stimulate specifie antibody responses when 
administered with an antigen? ® whereas only endotoxin, 
but not poly I. poly C, can activate a large variety of 
nonspecific antibody responses when administered alone? ®. 
We previously furnished evidence’ indicating that the 
latter effect may be attributable to the ability of endo- 
toxin to alter lymphocyte permeability, whereas the 
adjuvant action seems to result from cytotoxicity and the 
attendant release of endogenous stimulators’:*. Poly L. 
poly C, like endotoxin. pyran copolymer’, and a number 
of other polyanions, appears to damage cell membranes, 
specifically those of macrophages, and thereby can 
release a number of endogenous materials, imeluding 
pyrogen, interferon and = stimulators of lymphocytes, 
Double stranded polynucleotides that are rather rapidly 
changed to oligomers in vivo (for example, poly A . poly U) 
seem to produce only transient effects on membranes and 
therefore produce strikingly less toxicity, no or little 
pyrogenicity, little elevation of interferon levels, but good 
stimulation of antibody-forming lymphocytes’. Thus the 
biological effects of polynucleotides seem to involve at 
least two events: those associated with the highly poly- 
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merized form and those produced by oligomers. Poly I. 
poly C appears to produce pronounced effects attributable 
to the polymer, namely eytotoxicity-——possibly selective— 
and with it endotoxin-like effects. Current studies with 
macrophages and lymphocytes in vitro (unpublished data 
of L. Jimenez, D. Webb and W. B.) support this con- 
elusion. 

In regard to the embryotoxic effects of poly I. poly C 
in mice, it should be of interest to note previous obser- 
vations on comparable effects produced by oligomers 
derived from natural polynueleotides® and the recent 
finding’ that double stranded homopolymers of ribo- 
nucleotides, as well as endotoxim, can initiate premature 
antibody formation in newborns, thus conceivably mfluen- 
cing thes nO Ary dev a nt of be es Sica tolerance. 
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Inhibition of Chlorophyll Synthesis by 
Growth Retardants and Coumarin, and 
its Reversal by Potassium 


GrowTH retarding chemicals, including (2-chloroethyl)- 
trimethylammonium chloride (CCC), N-dimethylamino- 
succinamic acid (B-Nine),  2,4-dichlorobenzyltnmbutyl- 
phosphonium chloride (Phosfon D), and coumarin, are 
known to delay the loss of chlorophyll from leaves kept 
in the dark!-5 and to stimulate yellowing im light. Inde- 
pendently of the conditions of illumination, the com- 
pounds have inhibited Tarner pS a ie and mee 
turnover of RNA. On this basis it has been sugg 

that the compounds may inhibit the : PERA of « enzymes 
eatalysing both formation and degradation of the chloro- 
phyll’. 

Isolated cotyledons, dissected out from 5 day old 
seedings of cucumber (Cucumis sativus L., variety 
*Delicatess’) or 3-4 day old seedlings of pumpkin (Cucur- 
bita pepo L., variety ‘Olbrzymia Melonowa’) which had 
been grown in the dark at 24°C, were placed in Petri 
shales on Whatman No. 2 blotting paper wetted with 
distilled water or solutions of the compounds to be tested, 
and incubated for 2 days in continuous fluorescent light 
of 1,300 lux at a tissue level at 26°-27° C. Chlorophyll was 
determined in 80 per cent acetone extracts’. 

B-Nine, CCC and Phosfon D at concentrations which 
reduced net growth of cucumber cotyledons by about 
24, 8 and 20 per cent, respectively, reduced the content of 
chlorophyll by about 50 per cent for each cotyledon 
(Table 1). Gibberellic acid (GA,) and *N-benzy ladenine 
(BA) reversed the growth inhibitory effects brought about 
by the retardants. GA, did not, however, change the level 


g fresh weight. 
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of chlorophyll in CCC or Phosfon D treated samples per 
BA did not reduce the inhibitory effect 
of Phosfon D on chlorophyll synthesis but reduced the 
effects brought about by B-Nine and CCC more effeetively 
than GA. 


fable 1. CONTROL OF CHLOROPHYLE SYNTHESIS BY GROWTH REGULATORS IN 


DETACHED COTYLEDONS OF CUCUMBER AND PUMPRIN 
Net Increment. Chiorophysil a+ b (eg) 





Treatment of fresh weight Per Per g 
img} eotviedan fresh weight 
Cucumis saticoue L., variety “Delicatess’ 
Water dist. 1a? 370 
GA, 0-0001 M 27-9 407 
BA, 0-00001 M 27-9 40-3 
B-Nine. 0-005 M Lied 173 
B-Nine + GA 22-5 27-9 
B-Nine + BA ix} 27:9 
Cec, 0-005 M 14-4 20-8 
COC HGA aed BOT 
CCC + BA yg 3922 
Phosfon, OGOL M 12-5 18-2 
Phosfon +GA 26-1 247 
Phosfon+ BA 25°2 194 
Cucurbita pepo L., variety ‘Olbrzymia Melonowa’ 
Water dist. 1725 irae 336-4 
GA, O-OOL M 215-3 145-9 BESO 
BA. 5 mg/h 282-4 2 466-0 
B-Nine, 0-01 M 161-5 103-0 S2h1 
B-Nine + GA 228-8 111-9 2BS5 
B-Nine+ BA QR2-4 155-4 Boy 3 
CCC, HLM 158-2 36-0 Hia 
CCC + GA HES 438 iog 
CEC + BA agi i 47-2 119-1 
Phosfon, 0-Q001 M 174-8 30-9 92-1 
Phosfon+GA 2275 25-6 74-0 
Phosfon+ BA 240-4 eeu 83-1 
Coumarin, 2450 mg/l. 141-2 39-6 131-3 
Coumarin + GA 222:1 371 gop 
Coumarin + BA 224-1 38-4 108-8 


Concentrations of the ape in combined es are ihe same ag 
in sole solutions. 

= 18-3 and 160-5 5 Mg “respectiv ely Any two anes ‘differing avs 10 per r cent 
are significantly different (P = 0- OF), 


CCC, Phosfon D and coumarin, in spite of their small 
effect on growth of pumpkin cotyledons, inhibited accumu- 
lation of chlorophyll by about two-thirds of the control 
value (Table 1). Neither GA, nor BA effectively reduced 
the inhibition of chlorophyll synthesis per g fresh weight 
brought about by the compounds. 


REVERSAL BY POTASSIUM OF THE INHIBITORY EFFECT OF GROWTH 
SYNTHESIS UN 


Table 2, 
LEFARDANTS AND COUMARIN GN GROWTH AND CHLOROPHYLL 
CVCEUMBER COTYLETHING 


Net increment Chlorophyll a+b (pg) 


Treatment of fresh weight Per Per g 
{mg} eatyledon fresh weight 

Water dist. 15-8 38-0 1101-4 
KCL 0-01 M fit} 114-6 1, 938-4 
B-Nine, ODIM 79 72 268-7 
B-Nine + KC! 31:5 759 1,5060 
CCC, 001M 15-6 13-8 HO 
ECC- KCI 35-0 100-6 1835'S 
Phosfon, 00001 M 14-1 19-6 575-8 
Phosfon+ KCI 327 §2+4 LOSS 
Coumarin, 100 mg/h 1-4 20-0 AME? 
Coumarin + KECI 46-2 106-7 1841-6 

Original fresh weight of one cotyledon =<18-9 ma. Other details as in 

Table 1. 
KC! at 10-* M stimulated the net growth and chloro- 


phyll accumulation per cotyledon of cucumber by a 
factor of 2-5 and 3. respectively; per g fresh weight, the 
synthesis of chlorophyll was accelerated by 75 per cent 
(Table 2). Potassium reversed the inhibitory effects of 
the compounds on growth and chlorophyll sy nthesis; this 
was especially so in the cases of CCC and coumarin. 

It is thus evident that (1) three growth retardants 
tested, and coumarin, can inhibit the biosynthesis of 
chlorophyll, the effect being independent of the con- 
comitant inhibition of growth; (2) a given tissue can 
selectively react to a given growth retardayg, (for example, 
cotyledons of cucumber are sensitive and t of pumpkin 
initially insensitive to B-Nine): and (3) the inhibition of 
chlorophyll synthesis by growth retardants can be re- 
versed by KCl but not by GA,. The latter fact contradicts 
the report of Negbi and Rushkin’, who have found that 
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CCC arrested the accumulation of chlorophyll in Hirsch- 
feldia incana cotyledons, the effect being counteracted 
by GA. 

The meee striking fact is that the symptoms of action 
of growth retardants and coumarin can be reduced by 
KCI. It was found that the KCI dependent stimulations 
were counteracted by specific inhibitors of DNA, RNA and 
protein synthesis*. On this basis ıt can be postulated that 
K* may, in a balanced way, stimulate metabolism in 
cucumber cotyledons. Growth retardants inhibit protein 
turnovers, so it 1s possible that they more or less selectively 
inhibit synthesis of proteins necessary for the synthesis of 
ehlorophyll or the conversion of proplastids to chloroplasts. 

Under the influence of CCC lycopene has accumulated 
in the pumpkin and cucumber cotyledons’®. It is thus 
possible that CCC may block conversion of §-carotene to 
phytol!, This seems to be in accordance with a recent 
report that CCC (and Phosfon D) may interfere with the 
biosynthesis of terpenoids'. 

I thank K and K Laboratories, ine., Plainview, NY, 
and Industrial Chemical and Dve Co., Ine., New York, 
for samples of B-Nine and Phoston D, respectively. 


d. S. KNYPL 


Department of Plant Physiology. 
University of Lodz, 
Poland. 
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Photoconductivity in Black Lipid and 
Thin Lipid Membranes 


Tien has recently reported! ? that black or bilayer lipid 
PE and thin lipid membranes containing photo- 
synthetic pigments such as chlorophylls and xanthophylls 
possess photoconductive properties. He illuminated one 
side of the membrane from a source of fixed intensity and 
observed the changes in current flowing through, and in 
potential across, the membrane on illumination. The 
source was a 500 W tungsten lamp with a lens and heat 
filter, but the extent to which radiation heating of the 
membrane was reduced by the filter is uncertain. The 
thermal contribution in the reported photo effects is 
therefore also uncertain. 

I have investigated the constancy of temperature 
necessary to render thermal variations insignificant, and 
devised an alternative method to meet this requirement 
and exclude thermal effects from the photoclectric 
measurements. 

Membranes were formed by the method of Hanai 
et al. across a 1 mm diameter aperture in a polytetra- 
fluorethylene (PTFE) sheet separating aqueous phases of 
G-1 M KCL Pigments were extracted from fresh or 
frozen spinach! and dissolved in a paraffin solvent (usually 
n-octane or neaundecane). Saturated calomel electrodes 
were Immersed in the aqueous solutions, and potentials 
across the electrodes and across a high resistance in 
series with the test cell were measured by electrometers. 
An external voltage could be supplied from a calibrated 
potentiometer. The internal impedance of this source, 
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together with the impedance of the electrodes and aqueous 
solutions, was at least five orders of magnitude less than 
the resistance of the membrane. The dark resistances of 
the black lipid membranes were approximately 4x 107 Q 
and those of the thin lipid membranes approximately 
2x 10° Q. Fora given membrane the resistance remained 
within 3 per cent of a constant value and any change in 
potential across the test cell was considered to be pro- 
portional to the electromotive force (e.m.f.) generated 
in the membrane. The cell was surrounded by metal 
screening which had a small hole permitting illumination 
of the membrane and a | mm wide border of the supporting 
PTFE through one of the solutions. 

The effect of illumination from a 100 W tungsten 
filament lamp, with heat filter, on the temperature of the 
solution in the aperture was measured by means of a 
thermocouple. A typical variation of temperature with 
time is shown by the solid curve m Fig. When the 
thermocouple was replaced by a membrane the variation 
in trans-membrane potential on Ulumination showed a 
time dependence which was linearly related to temperature 
within 8 per cent. The points in Fig. 1 are the results 
of Tient? normalized to occupy the same voltage and time 
ranges; they follow the form of the solid curve obtained 
in the present study, having a rapid initial transient 
followed by a slower long term change, the same succession 
of transients oceurring on removal of the illumination. 
The initial transient could be aseribed to thermal effects 
in the membrane, the short time constant being due to 
its low thermal capacity, and the slow change to the 
gradual increase in the temperature of the aqueous 
solution. The heat inputs to both membrane and solution 
were estimated to be of the order necessary to produce the 
observed rates of temperature rise. A rapid return to the 
original dark level after illumination occurred only when 
the Hlumination time was too brief (<5 s) to cause a 
significant change in the temperature of the aqueous phase, 

In our study the photo-exciting source was a high 
pressure mercury are lamp having a maximum output 
in the range 2550 to 5700 A. To limit thermally induced 
trans-membrane potential variations to within 0-1 mV a 
second source was used to supply an infrared component. 
to balance the temperature increase in the PTFE aperture 
produced by the are lamp. This infrared source was a 
low power tungsten filament lamp fitted with a red trans- 
mission filter, and the power of the lamp was adjusted to 
give a heating effect equal to that of the arc lamp as 
measured by the thermocouple in the aperture. The 
membrane was continuously Uliminated by either one 
or the other of these sources, the infrared imput represent- 
ing the “dark” condition. This arrangement reduced 
short term variations (<2 min) in temperature to less 
than 0-1° C. 

A record showing the change in trans-membrane 
potential on illumination is reproduced in Fig. 2. The 
time constant of this change to a new, saturated value 
varied from 1 to 24 s for different membranes but was 
constant for a given membrane, a typical value being 12 
After the cessation of hght excitation the trans- membrane 
potential decayed to the original dark level with a time 
constant in the range 18 to 65 s and most frequently of 
25 s. ‘There are three main differences between this 
characteristic and that of Fig. 1: a saturated voltage level is 
reached instead of the continuous increase shown in Fig. 1; 
the processes causing the voltage change are apparently 
completely reversible with a single time constant, usually 
approximately 25 s, and the photovoltaic effect (Fig. 2) 
is opposite in sign to the change caused by heating the 
membrane. 

The magnitude of the change in trans-membrane 
potential was a function of the polarity and strength of 
the externally applied voltage. Positive polarity is 
defined as that which causes the direction of conventional 
eurrent flow to be into the illuminated face of the mem- 
brane. It may be deduced from the circuit that the 
photo e.m.f. in the membrane will always be opposite in 
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Fig. 1. Time dependence of trans-membrane potential and temperature in the aperture on illumination with a 100 W tungsten 
filament lamp provided with a heat filter (solid line). The data are those of Tien! (500 W source), normalized to point A on the 


Curve, 


Normalization factors (F, induced voltage; t, time): HR. F/2-2, ix 10-00; (7, P/4-5, ¢« 1-20; 


V187, «0-91: @, V/i5-6,¢x 1-43. Circles represent induced voltage calculated from published values of current and applied 
voltage assuming constant impedance. 


polarity from the change in trans-membrane potential 
which it produces. A positive photo e.m.f. will cause the 
potential to become more negative and vice versa. 

A typical dependence of photo e.m.f. in a thin lipid 
membrane on external voltage is shown in Fig. 3, in which 
the values of e.m.f. have been calculated from measured 
changes in trans-membrane potential. When the applied 
voltage is of negative polarity, the photo e.m.f. is small 
and almost independent of voltage; its sign is positive, 
that is, it opposes the external voltage and causes a 
decrease in the current flowing in the circuit. On reversing 
the sign of the applied voltage the photo e.m.f. gradually 
increases to a saturation value approximately eight 
times the zero field value; 1t now has the same polarity 
as the applied voltage and increases the current flowing. 


Time {s) 
Q 20 40 60 80 100 





Trans-membrane potential (mV) 


-2 E Humination P 


Fig. 2. Nature of change in trans-membrane potential on irradiation of a 


black or thin lipid membrane with short wavelength light. 


For a positive external voltage applied to a black 
lipid membrane the characteristic of Fig. 3 is displaced 
niong the photo e.m.f. axis so that no induced effect is 
detectable at zero field and there is a threshold value of 
applied voltage above which the photo e.m.f. increases in 
the manner shown in Fig. 3. The characteristic of Fig. 3 
shows three main features: two asymptotic regions at 
high fields, and the presence of a photo e.m.f. at zero 
applied voltage. The sigmoid nature of the curve arises 
from the dependence of the photo e.m.f. on the applied 
field, together with any change in voltage from variation 


in the membrane resistance on illumination. The dark 
resistance was constant and voltage/current characteristics 
showed the maximum change in membrane resistance on 
illumination to be less than 3 per cent of the dark value. 
A 3 per cent decrease in membrane resistance would 
account for only 26 per cent of the maximum emai 
shown in Fig. 3. 

The photoelectric effects were net observed when lipid 
membranes formed from constituents other than those 
extracted from chloroplasts were irradiated. To my 
knowledge no such effects have been reported in mem- 
branes not containing photosynthetic pigments, so it 
seems reasonable to attribute the photoelectric phenomena 
primarily to the presence of chlorophyll in the membrane. 

In a thin lipid membrane the membrane thickness is 
approximately 0-1 mm and absorption will occur in a 
relatively narrow layer of the membrane adjacent to the 
illuminated face. The quantum energy range of radiation 
was 4:82 to 2:16 eV and the probable mechanism of 
voltage induction involves excitation of 7 electrons to the 
conduction band of the chlorophyll molecule. The site 
normally associated with electron donation from the 
chlorophyll molecule is the cyclopentanone ring of the 
porphyrin group. Free electrons generated im this way 






Photo emf. (mV} 


Ps 2% m Pa 5 Efa EEI 
-AD -6O $d 20 © as 4Ü BO BG HA 
Applied voltage im} 


Fig. 3. Photo e.m.f, in a thin lipid membrane as a function of applied. 
voltage; magnitudes calculated from trans-membrane potential changes. 
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will combine with an electron acceptor to form a negative 
ion or migrate under the infiueneo of an apphe d field. 
Invoking this mechanism it is possible to account for the 
obser ved phenomena on the basis of the following hypo- 
thesis. The positive chlorophyll ions which are also 
generated in the excitation process are trapped in the 
interfacial region between aqueous solution and membrane. 
Chloride ions are then attracted to this interface to form a 
negative charge layer in the aqueous solution. A degree 
of recombination between these two layers will occur and 
a dynamic equilibrium will be established between the 
processes of recornbination and charge separation and the 
generation of charge by photon absorption. 

A negative exte wnal field will tend to maintain the 
electrostatic field between the two charge layers, which 
will act as a potential barrier to whichever ion is essentially 
responsible for conduction, so reducing the net ionic flux. 
When the external field is positive, chloride ions will have 
to migrate against the field if they are to form a charge 
layer at the illuminated interface, making it probable 
Den electr ons cxee by eae absorp ption wW vill Pina a: 


2 fn a daat as lay er at the daoned ARA 
An increase in the positive external field reduces the 
binding force between positive and negative charge until 
it reaches a minimum, equivalent to the saturation region 
of the photo e.rmn.f. characteristic, when the merease m 
the net ionic flux resulting from charge separation im the 
membrane is a maximum. 

In a black lipid membrane the membrane thickness 
(approxunately 100 A) is much less than the wav elength 
of ineident light so nie absorption, followed by excitation 
and charge layer formation, may be considered to take 
place throughout the whole membrane. The two layers 
of charge created at the Hluminated interface of the thin 
lipid membrane therefore become established at both faces 
. the bilayer lipid membrane. If the positive ions are 

trapped at the solution/membrane interfaces, negative 
charge lavers will build up in the aqueous regions in contact 
with each interface. In the absence of an applied field 
there will be no net charge separation and therefore no 
photoeonduction. As the external field is increased, the 
charge layers at each interface will exert opposite effects 
on the ionic flux through the membrane. One side will 
provide an almost constant potential barrier while the 
other will act as an increasing supply of negative charge 
up to a maximum rate. 

The magnitude of the maximum value of photo e.m.f. 
is less in a blaek lipid membrane than in a thin lipid 
pun ane penaus of the P SO of abs a 
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Inhibition by Sympathomimetic Amines 
of Histamine Release induced by Antigen 
in Passively Sensitized Human Lung 

Tue release of histamine after the application of antigen 
to a sensitized tissue provides a readily measurable index 


of the occurrence of a cellular anaphylactic reaction, 
while inhibition of the release in these conditions provides 
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a measure of inhibition of the anaphylactic reaction. 
Various substances, including metabolic inhibitors, anaes- 
theties and antipyretics, have been found to inhibit 
anaphylactic histamine release'; their 50 per cent 
inhibitory concentrations vary from 2x 10-° M to lo M 
(for example. in. the actively sensitized guinea-pig lung 
it is 104 M for iodoacetate and 4 x 10 M for phenylbuta- 
zone). An early finding? was that adrenaline, as well as 
inhibiting bronchoconstriction, prevents the release of 
histamine during the anaphvlactic reaction of isolated 
guinea-pig lung. Large doses of adrenaline (1 mg injected 
into the per fusate) were used to obtain this effect. It has 
also been shown* that isoprenaline inhibits antigen- 
induced histamine release from actively sensitized human 
leucocytes, with concentrations of 2-6 x 10-4 M required 
for 50 per cent inhibition. We have investigated the effect 
of sympathomimetic amines on antigen-induced histamine 
release in passively sensitized human lung tissue and found 
that, in concentrations less than 1/1,000th of those of the 
most active inhibitors hitherto reported, they can prevent 
anaphvlactic histamine release. 

The release of histamine from passively sensitized human 
chopped lung was determined by methods described 
before’. Sera (1:5 dilution) from five patients with 
severe allergy to the house-dust mite Dermatophagoides 
pleronyssinus were used for passive sensitization. An 
antigen extracted from the mite was provided by Dr K. 
Maunsell: the final concentration of antigen protein was 
50 ug/ml. Histamine release was measured by biological 
assay on guinea-pig ileum. In each experiment we used 
up to sixty samples of chopped lung tissue, with at 
least two samples for each concentration of inhibitor. 
Special precautions were taken to avoid artefacts. Freshly 
cleaned pipettes were used for each concentration of 
inhibitor. To avoid destruction, the incubations were 
started within 20 min of preparing the final dilutions of 
the sympathomimetic amines and in experiment 6 
10- M ascorbic acid was added as antioxidant. The 
sympathomimetic amines were applied to lung samples 
at the same time as antigen. They were also added to 
various control solutions and standards. The quantities 


of histamine released in the absence of mbhibitor varied 
between 12 and 40 per cent of tissue content; blank 


reme aea Tean than 3 p? t ite A nat ko 


trac on 
reduction of anh Gite Pia 
carried out, in each of which sev al concentrations ae 
isoprenaline were used; im two experiments other sym- 
pathormimetic amines were also included. The mean 
inhibition by 5x 10-1 M isoprenaline in six experiments 
was 68 per cent (range, 28 to 86 per cent), and by 5 x 10°? M 
isoprenaline if was 96 per cent (range, 85 to 100 per cent). 

Fig. 1 summarizes experiment 2 in which six different 
$y mpathomimetic amines were used in varying con- 
centrations. Tsoprenaline had the greatest inhibitory 
effect followed by adrenaline. Salbutamo! (2-tert- 
butylamino-1-(4-hydroxy -3-hydroxymethy!)phenyletha- 
nol (Allen and Hanburys), dopamine, and orciprenaiine- 
1 -(3,5-dihydroxyphenyl) - 1 -hydroxy - 2 - isopropylamino- 
ethane (Boehringer) were less active than adrenaline and 
each about equiactive. Noradrenaline was least active. 
The inhibitory activities of these compounds (with the 
possible exception of dopamine) seem to correspond to 
their order of beta-adrenergic activity. In experiment 3 
propranolol 10-§ M was appli ed together with isoprenaline 
and was found to diminish greatly the inhibitory activity 
of isoprenaline. 

It seems likely that the degree of inhibition of the 
anaphylactic mechanism by sympathomimetic amines 
depends on the tissue used and the method of sensitization. 
This is suggested by the high concentration of isoprenaline 
required to inhibit the release of histamine from ONVeIY 
sensitized human leucocytes?, which one of us (B. S. K. A.) 
has confirmed. The degr ce and duration of ene e sen- 
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sitization and the concentration of antigen used may also 
be important factors. The powerful inhibitory activity of 
the sympathomimetie amines in the passively sensitized 
human lung preparation can be gauged by comparing 
the effective concentrations of isoprenaline--5 x 10-7- 
5x10 M-—-with the activity of the new antiasthmatic 
drug disodium cromoglycate’ (‘Intal’, Fisons), which 
produced 50 per cent inhibition of histamine release when 
tested in the same system in a concentration of 3 x 10° M 
(ref. 6). The inhibitory concentrations of isoprenaline in 
the present anaphylactic system are, however, comparable 
with its effective concentrations in relaxing isolated smooth 
muscle; thus the threshold relaxant concentration of 
isoprenaline in depolarized rat uterus is about 10-™ M 
(ref. 7). 
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Fig. 1, Inhthitien of antigen-induced histamine release from passively 

sensitized human chopped lung by various sympathomimetic amines. 

Abscissa, molar concentration of sympathomimetic amines. Ordinate, 

percentage of inhibition of histamine release in terms of control without 
inhibition, 


_ The findings suggest that the elinieal effectiveness of 
isoprenaline and adrenaline im allergic bronchial asthma 
depends on the ability of these compounds koth to 
inhibit the anaphylactic mechanism and to relax bronchial 
smooth muscle. Compared with the two catecholamines, 
salbutamol and oreiprenaline have less antianaphylactic 
activity. but they have the advantage of greater stability 
because of their resistance to the action of catechol-O- 
methyl transferase. 

The rank order of inhibitory activity of different 
syinpathomimetic amines in the anaphvlactic release of 
histamine, as well as the antagonism of isoprenaline by pro- 
pranolol, suggest an action mediated by beta adrenergic 
receptors. Because the adenyleyclase system is also thought 
to be affected by beta adrenergie agonists and antagonists’, 
it is possible that the inhibitory effect of catecholamines 
on the anaphylactic mechanism is related to their ability 
to promote the formation of eveche adenosme 9.5’. 
monophosphate, 
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Schistosomiasis: Prenatal Induction 
of Tolerance to Antigens 


Tue pattern of pathology seen m human schistosomiasis 
has been compared with the infection experience, or lack 
of it. in the progenitors of a population’. lt often happens 
that populations new to an endemic area experience the 
disease in an acuter form than does the indigenous 
population'*. To a great extent these early disease 
symptoms as well as the later pathology are seeteatbisten 
logically specific phenomena of h ypersensitivity. For 
example, the granulomatous lesion arising about the 
schistosome egg in the host tissues? is a manifestation 
of delayed hypersensitivity? that may be reduced by im- 
munosuppressive drugs® or thymectomy’. 

We suggest that exposure of the foetus to parasite 
antigens in its mother’s bloodstream is what accounts for 
the lesser reactivity of some individuals and populations. 
After birth. when the individual becomes infeeted, his 
immunocompetent cells would not recognize these antigens 
as non-self and he would tolerate the parasite and its 
products to a greater degree than an individual from an 
uninfected mother. This tolerance would be evident as 
a milder pathology because of decreased immuno- 
responsiveness, 

To test this hypothesis, a series of 8 week old female 
CEI mice were exposed by tail immersion to 108 cereariae 
of Schistosoma mansoni. When the infection was mature, 
41 days later, these females and uninfected controls were 
isolated in cages of five individuals and provided with one 
male per cage. During the next 6 days those with vaginal 
plugs, indicative of insemination, were removed. Between 
days 20 and 25 after first contact with the males, twenty- 
seven progeny (fourteen females and thirteen mates) 
were obtained from eight infected mothers. At the age 
of 8 weeks. approximately 5 weeks after weaning, seven 


female and six male mice from infected mothers and 


with hacmatoxvlim and eosin. 


Table 1. SCHISTOSOME EGG LUNG GRANULOMAS IN MICE 
Offspring of 
contre? mothers 


Offspring of 
infected mothers 


No. of granulomas gÜ (10, rouse} 90 Cf Osmo.) 


Range of mean diameters* $5 uin- iTO am G2 amed wim 


Mean 10l +2 am 139+ 4 pan 


Significance of difference he- 


tween means (Student's) fan E Bo AMG 


* Average of maximum length + maximum width (6), 


The mean diameters of granulomas about the embolie 
eggs in the lung were obtained by measuring with an ocular 
micrometer to determine extent of reaction’. The maxi- 
mum reaction was selected from the serial sections of 
each granuloma. Ten granulomas were selected at random 
from each animal from unidentified slides which were 
later matehed as to source. Nine animals from each 
group (six female and three male} were studied to provide 
a statistically adequate sample. The results are shown in 
Table 1. There is a highly significant difference between 
the reactions to the eggs in these two groups. The differ- 
ence is equally impressive on examination of tissue 
sections. In many mstances there is no reaction about 
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the eggs in those mice from infected mothers. Most 
others have a minimal reaction consisting of but a few 
leucocytes, without eosinophils, and are not typical 
granulomas. Granulomas in the normal control are within 
the size range and have the appearance of those described 
by others®:? with distinct infiltration of leucocytes about 
the egg as a pseudo-tubercle type of lesion with eosinophils 
as a prominent feature. Typical examples, each selected 
from a different animal of both groups, are shown in the 
illustration (Fig. 1). 





Reactions to Schistosoma mansoni eggs in lungs of mice. a-d, 
Oftspring of normal mothers; ¢-A, offspring of infected mothers. Bach 
photograph represents a different animal. Eggs are indicated in e, / and 
a by arrows, 


Fig. 1. 


This finding of increased tolerance gives added interest 
and significance to the reports of specific schistosomal 
antigen in the serum and urine of various animals and man 
infected with these parasites''-'"", The intravascular 
location of the parasites ensures the fact that much of 
their metabolic products, secretions and excretions, enter 
the circulation. Consequently, the amount of circulating 
antigen is directly related to the intensity of infection. 
The only antigen studied is dialysable, with molecular 
weight less than 10,000 (ref. 12). It seems that molecules 
of this size and even larger can cross the placental barrier. 
It is known that in many human infections with schisto- 
somes, precipitating antibody passes the maternal barriers 
and can be demonstrated in the serum of newborn 
infants (unpublished results of G. Hillyer). The presence 
of circulating maternal antibody in the offspring may 
possibly influence the granulomatous responses we have 
described. The mouse is believed to receive only very 
small amounts of 7S globulins across the placenta and 
maternal globulins received through colostrum cease to 
be absorbed within 14 days after birth’. Immediately 
afterwards a marked decrease in globulins occurs. Because 
the half-life of mouse globulin is estimated at 4-1 days’, 
the maternally produced, immunologically specific 
globulin remaining 5 wecks after weaning is probably not 
significant. 

The present study indicates a tolerance to a delayed 
hypersensitivity reaction, and we suggest that tolerance 
to immediate type hypersensitivity may also occur, and 
would also be important in accounting for differences in 
the pathology and symptomatology seen in the early 
stages of schistosomiasis in man. This may explain why 
populations with different historical contact with schisto- 
somiasis have an initial reaction to infection both qualita- 
tively and quantitatively different. For example, Gelfand® 
notes that the Katayama syndrome, which is essentially 
a hypersensitivity reaction, occurs in the schistosome 
infeeted European in Africa but not in the indigenous 
African population. Similarly, Kabure itch occurs in 
the European but not in the African, and schistosomal 
disease is more severe in the European, although the worm 
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burden is higher in the African population. We are 
studying whether or not the same happens in animals, 
and whether tolerance to schistosome antigens persists or 
disappears as the individual grows older. 


ROBERT M. LEWERT 
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University of Chicago, 
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HEPES-buffered Medium for 
Organ Culture 


ZWITTERIONIC buffers have already found wide application 
in biochemical research. Williamson and Cox! have 
demonstrated the advantages for virological research of a 
synthetic medium for tissue culture consisting of medium 
199° modified by the addition of N-2-hydroxyethylpiper- 
azine-N’-ethane-sulphonie acid (HEPES). Shipman? 
has shown that media buffered with HEPES are suitable 
for the culture of various types of cell. The advantages are 
that the medium does not need to be changed at frequent 
intervals for a long term culture, and the culture can be 
kept in a sealed, air-containing chamber. 

This medium proved to be valuable for our investigation 
into the organ culture (Trowell’s method) of the pars 
distalis of the adenohypophysis of the sexually mature 
rabbit. Numerous cultures of adenohypophysis have 
been made in a variety of media, most of which were 





Fig. 1. <A, 14-day culture of pars distalis of mature rabbit in medium 199 

(with additives) buffered with NaHCO,; in 95 per cent O,, 5 per cent 

CO, ( x 60). B, 21-day culture of pars distalis of mature rabbit in medium 

199 (with no additives) buffered with HEPES; In air (= 60). L, Lower 
surface; N, necrotic; P, pyenotic; V, viable. 
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‘Difeo’ medium 199 with or without additives, in a gas 
phase of 95 per cent O, with 5 per cent CO,. In long term 
cultures, the explant became necrotic both at the peri- 
phery and internally, with viable cells between these 
two areas (Fig. 14). Viability was assessed by light and 
electron microscopy. The survival of cells during three 
weeks of culture in plain medium 199 was poor. 

Survival in medium 199 containing 13 mM NaHCO, 
and 14 mM HEPES, cultured in air, was much better 
during three weeks than in the plain medium without 
further additives. The pattern of survival (Fig. 1B) was 
markedly different from that of cultures in bicarbonate- 
buffered media. The zone of surviving cells was peri- 
pheral; survival was best at the upper surface and margins 
and poorer at the lower surface. There was an internal 
pyenotic zone and some necrosis. This suggests that a 
gas phase of 95 per cent O,, 5 per cent CO., is toxic in the 
long term. Allison? has pointed out that a high partial 
pressure of oxygen is damaging to lysosomes and causes 
the release of lysosomal enzymes. We are investigating 
the effect of culture in 199 with HEPES im air with differ- 
ent quantities of added OX ven. 

These buffers (particularly HEPES), which are virtually 
non-metabolizable and interfere little with the biochemical 
activities of cells and organs, are likely to have wide 
application in organ culture. 
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Growth Responses of Plants in 
Unsterilized Soil to Inoculation with 
Vesicular-Arbuscular Mycorrhiza 


NEARLY all soils contain fungi that can penetrate the plant 
roots and cause vesicular—arbuscular (v.a.) mycorrhiza; 
most plants become infected with them. 
Because of the ubiquity and wide host 
range of the fungi, inoculation as practised 
for some crops, for example, legumes with 
nodule bacteria and forest trees with ecto- 
trophic mycorrhizal fungi, has not been 
seriously considered for plants with vesicu- 
lar—arbuscular mycorrhiza. ‘Two recent 
developments suggest that it deserves con- 
sideration. At least six different Endogon: 
species are now known to 
mycorrhiza!? and there is growing evidence 
that their effects on the host can differ. 
It has also been established that in some 
steamed and irradiated soils low in avail- 
able phosphorus, inoculation with Endogone 
spores leads to marked mereases in growth 
of up to 300 per cent ? 
Nicolson? and Gerdemann'), In unsteril- 
ized the Inoculation is 
usually thought to be much smaller because 
(a) the added inoculum has to compete 
with the normal soil microflora, and there- 
fore infection develops more slowly, and 


cause these 


reviews by 


(see 


soils response to 


(b) even uninoculated plants gradually Fig. 1. 
become infected from the indigenous 


unsterilized (C and D) soil. 


Endogone population. It nevertheless seemed to be 
interesting to determine how far growth could be tm 
proved in unsterilized soils if seedlings were already 
mycorrhizal when planted. 

Mvecorrhizal seedlings were obtained by Baylis’s tech 
nique® of growing them temporarily in a heay ily infeeted 
soil. Our soil was prepared by growing a host plant 
inoculated with sporocarps in an irradiated soil for 3 
months. Controls were given filtered sporocarp leachings 
that contained the contaminating microorganisms but 
no Endogone spores or mycelium. After removal of the 
plants, these two soils were used to raise the mycorrhizal 
and non-mycorrhizal seedlings. 

The soil used was a silty clay loam from a cultivated 
field, pH 7-0, containing 0-58 umoles of P/l. in calcium 
chloride equilibrium and 11-6 p.p.m. of Olsen extractabli 
phosphorus. Half was sterilized by irradiation (0'5 
Mrad), the rest was untreated. 
transplanted 2 weeks later into the two prepared soils 
After 3 weeks, six mycorrhizal and six non-myeorrhizal 
(control) seedlings were re-potted in either sterilized o1 
unsterilized soil. The twenty-four seedlings were given 
nitrogen, potassium and magnesium once a wei k, and 
their growth was measured fortnightly until they were 
harvested after 10 weeks. 


Onions sown in sand were 


Table 1. EFFECT OF MYCORRHIZAL INOCULATION ON ONIONS GROW? 
10 WEEKS IN STERILIZED AND UNSTERILIZED SOIL 


Sterilized soil Unsterilized soil 


Inocu- Inocu- Standard 
Measurements lated Control lated Control erro 
Height (cm) 29-8 13:3 26:7 ive 116 
Bulb diameter (cm) 1-89 0:38 1-34 0-48 0-11 
Total fresh weight (g) 13-2 2:3 a4 9 73 
Dry weight of shoots (g) 1-23 0-00 O77 16 0-10 


Results are means of six replicates. 


[Inoculated plants in both sterilized and unsterilized soil 
grew better than the controls (Table 1). Although 
inoculated plants in sterilized soil were largest, those in 
the unsterilized soil clearly benefited from being inocu- 
lated before transplanting, for their fresh and dry weights 
were significantly greater (P=0-001) than the uninocu 
lated controls. Representative plants of the four treat 
ments are shown in Fig. 1. 

Comparison of control plants in sterilized and unsteril 
ized soils is of some interest. At first, the former looked 
slightly better, proving that there was no toxicity in the so! 
induced by irradiation. but after 10 weeks plants in the un- 
sterilized soil looked better (Fig. 1). The difference is 
attributed to the mycorrhizal] infection gradually aequired 
from the unsterilized soil. 





Onion plants 10 weeks after transplantation into sterilized (A and R) and 


A and C were infected with Endogone before transplantation. 
Band D were not. 
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The extent of mycorrhizal infection was estimated by 
recording the length of infected tissue in stained 1 em 
root pieces, one cut from each root, 3 em below the bulb 
(Table 2). Inoculated plants had much more root infec- 
tion than those infeeted from the indigenous soil popula- 
tion. 


Table 2. AMOUNT OF MYCORRHIZAL INFECTION IN INOCULATED AND CONTROL 


PLANTS 
Sterilized soil O Çnsterilized soil 
Inoculated Control fpocniated Control 
Na, root pieces examined 375 50 106 183 
Per cent root pleces infected 74 0 Fil 40 
Mm infected root/l00 em 
root 342 {} 236 69 


Table 3. EFFECT OF MYCORRHIZAL INOCULATION ON HEIHE AND LEAF 
SIZE OF Liquidambar styracifia GROWN IN STERILIZED AND UNSTERILIZER 


SOL 
Age 
iweeks) Sterilized soi] Unaterilized soll Stan- 
Measurements after [nocy Tneocu- chard 
trans- lated Control lated Control Error 
planting 
Height (em) Pi S] $S 79 4-8 ÜK: 
9 1j- 4-4 15 vo 0-986 
Largest leaf- 7 35 li ai 13 +2 
width x length (emë) 9 $2 i? 39 25 38 


Values are means of four replicates. 


The effect of moculation on a perennial host. Liguidam- 
bar styraciflua, is shown in Table 3. With this host the 
growth of control plants in the unsterilized soil improved 
greatly between the seventh and ninth weeks after trans- 
planting, as they became infected. 

These results, also repeated with another soil of similar 


advantage of the mycorrhizal seedlings is maintained; 
this may differ with annual and perennial crops. Planting 
already infected seedlings has the additional advantage 
that the species of Endogone most beneficial to the host 
an be selected. While similar improvements in growth 
can be produced in these soils by adding phosphorus, 
planting mycorrhizal seedlings may. in certain cireum- 
stances, have advantages; this merits further considera- 
tion, especially for crops that are usually transplanted. 
B. Mosse 
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Effect on the Superior Colliculus of 
Cortical Removal in Visually 
Deprived Cats 


OnE of the principal goals of analyses of the processing 
of sensory information has been an understanding of the 
receptive field properties of central neurones in terms of 
the convergence of afferents from more peripheral levels. 
Although it is well known that most cell groups receiving 
peripheral input also receive inputs descending from 
higher centres, there have been relatively few studies of 
descending effects on the organization of the receptive 
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field’, We are concerned here with the superficial layers of 
the superior colliculus which receive optie nerve fibres, 
chiefly from the contralateral retina, and descending input 
from the ipsilateral visual cortex?. Most collicular cells 
in the normal cat are binocularly driven by slits, bars or 
edges and are directionally selective, that is they respond 
much better to movement of a visual stimulus in one 
direction than to movement in the opposite direction? 
After the visual cortex is removed, collicular cells respond 
to the same types of visual stimuli, but most cells are 
driven only by the contralateral eve. The cells also lose 
their directional selectivity and respond equally well to 
all directions of stimulus movement. It therefore seems 
clear that some features of collicular cells depend on the 
cortex, The work deseribed here with visually deprived 
animals demonstrates in another way the influence of the 
cortex on collicular cells. | 

When kittens are deprived of vision in one eye for the 
first few months of life. there is little effect on the responses 
of retinal ganglion cells or lateral geniculate cells, but 
most cortical cells, usually driven by either eve. corme to 
respond exclusively to the eve that remained open ê, 
In two monoeularly deprived kittens, most collicular cells 
also respond exclusively to the normal eye’. The experi- 
ments deseribed here were designed to confirm this and 
to extend the earlier observations? to determine whether 
the shift in ocular dominance of collicular cells is entirely 
a reflexion of the shift in cortieal cells or whether the 
deprivation also alters the direct reting-collicular con- 
nexions. This question has been answered by comparing 
the visual reeeptive fields of collicular cells in monocularly 
deprived animals before and after removal of the visual 
cortex. 

Five kittens were visually deprived by suturing one 
eyelid closed for the first 8-5 months after birth, and 
four of these were studied in an initial series of acute 
experiments. The methods have been deseribed in detail 
before’. The animals were anaesthetized with thiopental, 
paralysed with suecinyleholine. and extracellular record- 
Ings were made from single units in the superficial grey 
layer and optie layer of the superior colliculus. Receptive 
fields were mapped by projecting various light and dark 


permitted to recover and were used again after the visual 
cortex had been removed. The fifth deprived kitten was 
used only after removal of the cortex. The cortical 
ablations included most of areas 17, 18. 19 (ref. 5) and 
the lateral bank of the suprasylvian gvrus®. The renioval 
was bilateral in two animals and restricted in one to the 
cortex contralateral to the deprived eve. Recordings were 
made 2--4 weeks after surgery. 

In agreement with previous results, the initial experi- 
ments showed that in deprived anpnals with an intact 
visual cortex the collicular ocular dominance distribution 
closely resembled that found in the visual cortex; most 
cells in both colliculi were driven exclusively from the 
eye that had remained open (Pig. LA and B). Otherwise, 
these cells had normal receptive fields and more than 
three-quarters of them were directionally selective, the 
same proportion as in normal animals. Only about one- 
fifth of the cells responded to the deprived eve and inmost 
of these lacked directional seleetivity., “TPwenty oun of 
twenty-three of these cells were in the colliculus contra- 
lateral to the deprived eve. Fourteen cells on this side 
were binocularly driven (ocular dominance groups 2-0 In 
Fig. 1B). Perhaps these cells were driven by the deprived 
(contralateral) eve through the crossed retino-collicular 
pathway and by the normal (ipsilateral) eve through the 
eortico-collicular pathway. 

Tt was surprising that the deprived eye was not more 
effective in driving collicular cells, for this eye drives 
lateral geniculate cells vigorously in similar circumstances. 
We tried to find out whether the failure of the deprived eye 
to drive eells in the contralateral colliculus resulted from 
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Fig. 1. 
absolute number of cells in that category. 
marked; for group 3 it is slight. 


in group 6, markedly: and in group 7 the cells respond only to the ipsilateral eve. 





Contralateral Equal Ipsilateral 
OCULAR DOMINANCE 
Ocular dominance distribution of units in the superior colliculus of visually deprived anima is. 


i Group 1 cells are driven only by the contralateral eve; for group 2 the contralateral dominance is 
Cells in group 4 are driven about equally by both eyes. In group 5 the ipsilateral eye dominates slightly; 
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Contralateral Equal Ipsilateral 


Err. caesar seenaeneamanemneneaninatll 


OCULAR DOMINANCE 


The number over each bar gives the 


A, Units in the colliculus contralateral to the normai eye: 


B, units in the colliculus contralateral to the deprived eye; C, units in the colliculus contralateral to the deprived eye after cortical removal. 


a disruption of the direct retino-collicular connexions. If 
these connexions were intact, they might be able to drive 
collicular cells in the absence of the visual cortex. In each 
of the three animals, removal of the visual cortex caused 
a dramatic increase in the effectiveness of the deprived 
eye. After removal of the cortex most cells in the colliculus 
contralateral to the deprived eye were driven exclusively 
by that eye, whereas before they had responded only to 
stimulation of the normal eye (compare B and C of Fig. 1). 
The receptive fields of individual cells and the overall 
ocular dorninance distribution were quite similar to those 
found in undeprived animals after removal of the visual 
cortex’. There was no indication that the retinal ganglion 
cells or their connexions with the colliculus had been 


to this eye. This was the anticipated result because most 
of the input to the colliculus from the ipsilateral eye is 
through the eortex?, and in these experiments cortical cells 
were not responding to the deprived eye®. The results 
show that the shift in eollicular ocular dominance induced 
by monocular deprivation is primarily a reflexion of the 
shift in cortical ocular dominance. They also show, at 
least in monocularly deprived animals, that the cortex 
prevents the retinal input from driving collicular cells. 

One can only speculate on the mechanisms of retino- 
cortical interaction in the colliculus until more is known 
about the synaptic organization of the superficial layers. 
A possible interpretation of the increased effectiveness of 
the deprived eye after chronic cortical removal is that new 
retinal synapses replace the degenerated cortical terminals. 
There is evidence from electron microscopy for this kind 
of regeneration in the mammalian central nervous sys- 
tem!) Another possibility is that the cortex dominates 
the colliculus by exerting a tonic control on the retino- 
eollicular input. 

We thank Ð. H. Hubel and T. N. Wiesel for providing 
the facilities for this work and for their criticism of the 
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Musk Odour and Far Infrared 
Vibration Frequencies 


Tue hypothesis that there is a relationship between low 
frequeney molecular vibrations (in the 100 to 500 cm 


H 


range) and osmic quality has been proposed and discussed 
in earlier papers! >’. 

The musk odour is particularly interesting for testing 
the vibrational hypothesis because it arises in a wide 
variety of chemical compounds and because it is often 
described by perfumers as one of the few “pure” odours. 
Some preliminary work on musks? was followed by a more 
detailed study? of spectra in the range 80-340 emt which 
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Table 1. ASSOCIATION OF THE MUSK ODOUR WITH FOUR INFRARED ABSORPTION 


BAN DS 

A B C D Musks Non-musks 
F 38 38 
3 25 30 
+ 28 35 
+ 34 44 
H 23 10 
a: 7 2 1 } 1 
+ + 29 16 
-+ -+ 16 9 
+ + 17 16 
ibs 4 22 17 
= + + 13 3 
i + ES 16 6 
+ ț 4- 18 3 
4 { -+ 12 6 
+ + + -H li 1 


indicated that the odour is associated with far infrared 
absorption lines in the 145-175 and 245-275 em- ranges. 
The study involved a comparison of forty-five compounds 
with the musk odour and 124 which had other odours or 
were odourless. The basis of the statistical evaluation was 
a 2x 2 contingency table which incorporated the observa- 
tion that thirty of the musks and fifteen of the non-musks 
had absorption lines in both bands while the remainder 
did not have this attribute. The coefficient of association 
of this property with the musk odour is, then, + 0-92 and 
the 7? test gives 7?= 47-5, indicating that the correlation 
is very unlikely to be the result of chance or sampling 
fluctuations. 

More recently the spectra of forty-seven musks (com- 
prising most of the original forty-five together with a few 
additions) have been recorded over the full range 100-500 
em- to make possible a more detailed study of this 
association together with a search for possible additional 
associations. The compounds used included eight macro- 
eyclic musks, five nitro musks, five benzene musks, fifteen 
indan musks, seven tetralins and seven miscellaneous 
musks. The non-musk compounds used as a control were 
109 in number and intended to be a “random” or homo- 
geneous sample of the enormous number of possible 
chemical compounds in the usual range of molecular 
weight and volatility of odorous substances. The com- 
pounds all had distinctive odours which were not musk- 
like, and they also had well defined absorption bands in 
the 100-500 em-! range. 

Inspection of the spectra showed a tendency for bands 
in the musk group to cluster in the intervals: A, 145-169 
emt: B, 245-259 em-!; C, 300-319 em-!; D, 395-415 
cmi. Table 1 shows counts of band occupancy in the musk 
and non-musk groups: a + sign denotes that the band is 
present and a blank that the band may or may not be 
present. Each of the 156 compounds can be assigned a 
vibrational band pattern such as ABCD which signifies 
that A and D are present while B and C are absent. The 
total number of fundamental counts is 2! or 16, from 
which all other categories of count can be constructed. 
It is a simple matter to determine from Table 1 the num- 
ber of compounds in each of these fundamental categories 
which form non-overlapping sub-sets whose sum forms 
the complete set of the compounds studied (Table 2). 

The first four rows of Table 2 indicate that the oceur- 
rence of only one of the four bands is much less probable 
in a musk than a non-musk (4/47 compared with 42/109). 
The absence of vibrational frequencies in all of the four 
bands oceurs in only one of the musks but in twenty-one 
of the non-musks. 

A simple model for the statistics of the composite 
bands proves to be a reasonable representation. Thus let 
Pas Pa, Pe and pp be the respective probabilities that the 
bands are present, each without reference to the presence 
or absence of the other bands. Then the number of com- 
pounds, na, out of a total population N displaying band A 
has an expectation value 

fa = N PA 
and variance 
Varina) = Npa{l—pa) 
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Table 2, FUNDAMENTAL CATEGORIES OF BAND PATTERN 


Pattern Musks Non-musks 
ABCD 2 12 
ABCD 0 9 
ABCD : 13 
ABCD l ə 
ABCD j ə 
ABCD 1 6 
ABCD 6 3 
ABCD 2 l 
ABCD 0 5 
ABCD 3 ¢ 
ABCD z 2 
ABCD 5 5 
ABCD 1 5 
ABCD 1 1 
ABCD i 21 
Tota! 47 109 
We use the first four rows of Table 1 to provide estimates 


of the possibilities with the results shown in Table 3. 


Table 3. PROBABILITY ESTIMATES 


PA PR pe pp 
Musks 0-80 53 GRET 072 
Non-musks 0-35 0-26 0-35 0-40 
Musk/non-musk 2-3 2-0 1-7 1-9 


For the presence of two, three or of all four bands statistic- 
ally independent of each other, the number (n) of com- 
pounds with the specified bands has 


ñ = Np 
Varin) = Np(l-— p) 


where p is the product of the probabilities for the in- 
dividual bands. The number of compounds with none of 
value 


ño = N (1—pa) (1—ps) (l—pe) (1—pp) 


A check of these simple relationships for the expectation 
values provides a test of the postulate of independence, 
and details are given in Table 4, which shows that the 
calculated and observed values agree within the expected 
variation (that is, of the order of the square root of the 
variance) and thereby confirms the statistical independ- 
ence of the four bands in both the musks and the non- 
rousks. 


Table 4. COMPARISON OF OBSERVED COUNTS OF VIBRATIONAL BAND PATTERNS 
AND CALCULATED VALUES, ASSUMING STATISTICAL INDEPENDENCE OF BANDS 


Musks (N = 47) Non-rmusks (X = 109} 


n Coal.) n (obs) p (eal) n (oba.) 

AB 20-1 22 10-5 10 
AC 22-5 21 13-3 1} 
AD 30-6 29 18-3 16 
BC 14:8 16 10-4 9 
BD 18-0 17 12-1 16 
CD ps Ae 22 15-3 17 
ABC 12-0 13 a7 : 

ABD 14-5 16 4-2 6 
ACD 163 15 5T 3 
BCD 108 12 42 i 
ABCD 8-6 11 ib 1 
ABCD 0-5 i 20-0 21 


This allows us to proceed to evaluate the vibrational 
association of the musk odour in terms of the separate 
ratios of the probabilities of band occupation in the musks 
and non-musks. These ratios from Table 3 all significantly 
exceed unity, having an average value of 2-0. Although 
there are several quite different chemical and structural 
species of compound in the set of musks, there is therefore 
a consistently greater chance for a musk (compared with 
a non-musk) to have a vibrational frequency within the 
four bands designated. This is most clearly seen for the 
category ABCD of compounds {all four bands present) 
which forms 23 per cent of the musks but only 1 per cent 
of the non-musks. The coefficient of association of the 
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attribute ABCD and the musk odour is + 0-94. Although 
one of the numbers in the contingency table is small (1) 
the y? of 20 derived in the usual fashion may be taken to 
corroborate the significance of the association. 

The choice of the 109 control compounds as an unbiased 
sample of non-musks is to some degree validated by 
the confirmation of band independence and by the 
approximate equality of the probabilities for the individual 
bands. 
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Facilitation of Aggressive Behaviour in 
Rat by Direct Cholinergic Stimulation 
of the Hypothalamus 


Direct chemical stimulation of the brain has provided 
much information about the neurochemical coding of 
diverse drive states'. But little is known about the neuro- 
chemical factors involved in the facilitation and inhibition 
of aggressive behaviour. 

I have examined the effects of direct adrenergic and 
cholinergic stimulation of the lateral hypothalamus on 
predatory aggression in the rat. A recent finding that 
most male hooded rats kill frogs but not mice (unpublished 
work of myself and K. E. betel PROE a test to both 


in most animals. 

Double-walled cannulas were implanted in the lateral 
hypothalamus of each of eighteen male hooded rats. All 
Ss were frog killers. Fourteen of the eighteen were not 
mouse killers. 

After a 3-5 day recovery period, a training period 
designed to stabilize killing latencies was initiated. All 
testing was done in each rat’s home cage. On successive 
training days each rat was presented with five successive 
prey objects—frogs for the non-mouse killers and mice 
for the mice killers—and allotted 6 min for each kill. 
Trials were 1 min apart. For each trial the latencies of 
attack, a bite on the body, and kill were measured with 
stopwatches. For the non-mouse killers a final 6 min 
trial with a mouse was included. 

After 3-9 days of such training all Ss reached a stable 
level of performance, that is, the average latencies of 
kill were not statistically different from one another for 
the last 3 days. 

Each rat was then subjected to chemical stimulation 
with (a) 3-10 ug of carbachol and (b) 3-10 yg of nor- 
adrenaline, with control days between successive days of 
stimulation. On control days rats were treated with 
sodium chloride (NaCl) or no chemical (sham). The 
amount of food and water consumed was recorded for 
1 h after each stimulation. 

Evaluation of the data was based on correlated ¢ tests, 
comparing the data obtained on each test day with those 
obtained on the preceding and following control days. 
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The training procedure used to stabilize kil latencies 
resulted in a significant increase in both attack and kil 
latencies in seven of the eighteen rats. A similar ‘‘satia- 
tion” of killing after the successive presentation of prey 
has been described recently (ref. 2 and my unpublished 
work). 

Complete data were av ailable from fourteen of the rats, 
In six cases carbachol stimulation of lateral hypothalamic 
sites produced a consistent and reliable facilitation of 
aggression (Table 1). Two of these rats (Nos. | and 2) 
were mouse killers, the remaining four were not. This 
seemed to be a facilitation of predatory aggression be- 
cause of the stereotyped killing response* and the lack 
of increased irritability in the rats concerned’. 


MEAN LATENCIES OF ATTACK AND KILL (SP, FOLLOWING BACH 


STIMULATION TREATMENT 
Attack latency 


Table 1. 


Rill latency 


Rat, No. C A N s C A N bi 
(1) 4-7* 61:3* 166 344 40-7" L717 PLO F302 
2 3-37 52:7 78-4 71-0 63 ROU ITO 143-8 
(9) 74-0" 1543 1381-0 149-0 R4-7* 181-3 197 173-5 
(12 TOT 39-3 TER 120-4 20-77 114-0 1522 106-9 
(17 47:54 3350% 1927 189-0 TROT 344 0* 2473 2403 
{18} 67-77% 237-0 180-0 210-7 1490F 284-0 250-3 256-0 


All tests were carried out on four distribution frequencies. 


C, Cholinergic stimulation; A, adrenergic stimulation; N, NaCi stimu- 
lation: S, sham stimulation. *P<0-05, 71h <O01, $P < O01. 


The induction of reliable attack and kill of mice was 
observed in only one non-mouse killer, rat No. 17. Seven 
minutes after cholinergic stimulation this rat would 
attack and instantly kill (less than 10 s) any mouse that 
had been presented for 2 h. 

Cholinergic stimulation of three of the six positive sites, 
those at which aggression was facilitated, and six of the 
eight negative sites vielded significant increases in water 
consumption (3-7 mil.). No other stimulations had any 
effect on feeding behaviour. 

Histological examination showed that the best aggres- 
sion placements were lateral and ventral to the fornix at 
the level of the anterior ventromedial hypothalamus. 
Those points which proved to be positive for drinking 
but not for aggression were dorsal to the fornix and more 
posterior than the positive sites. 

Stimulation with noradrenaline at two of the six 
positive sites suppressed aggression significantly (Table 1). 
Stimulation of the eight negative sites caused no significant 
suppression. It seems unlikely that this suppression 
reflects only a direct inhibition of the neural substrate 
underlying predation, for all positive placements did not 
result in suppressive effects. 

Several control conditions were used to assess the possi- 
bility that the cholinergic facilitation and ehitation of 
predatory aggression might be caused by effects other 
than the neurohumoral action of carbachol. I find that, 


first, the effects do not seem to result from osmotic 
changes. The effects of treatment with NaCl were not 


significantly different from sham stimulation (Table 1). 
Second, the cholinergic effects do not seem to be the result 
of non-specific neural excitation. When each of the six 
positive rats was stimulated centrally with 3-10 ug of 
strychnine sulphate, five of them exhibited behaviour 
which was not significantly different from that elicited 
by control stimulation. Third, the cholinergic effects do 
not seem to reflect merely an increase in general activity. 
That is to say, an increase in activity might have in- 
creased contact with the prey and thus lowered attack 
and kill latencies. Each of the six positive rats received 
peripheral injections of a central nervous system stimu- 
lant, methylphenidate HC! (5, 10 and 25 mg/kg). In 
each dose the stimulant suppressed the aggressive behav1- 
our more often than it facilitated it. Furthermore, 
although all rats showed a sharp increase in general 
activity subsequent to cholmergic stimulation, only six 
had positive placements. 

Thus, although there is no definitive proof that the 
cholinergic effects are a consequence of the neurohumoral 
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action of carbachol, other likely explanations seem to be 
inadequate, 

The fact that cholinergic stimulation of different sites 
within the lateral hypothalamus elicits drinking or aggres- 
sion, but not necessarily both, suggests that two neuro- 
anatomically distinct cholinergic circuits mediate these 
different states. 

I thank K. E. Moyer for discussions and D. J. Bem for 
critical comments on the manuscript. This research was 
supported by a US National Science Foundation grant 
to K. E. Moyer. 

RICHARD J. BANDLER, JUN.* 
Department of Psychology, 
Carnegie-Mellon University. 


Pitts! urgh, Pennsylvania 15213. 
Received May 30; revised August 29, 1969, 


*Present address: Department of Psychiatry, Yale University School of 
Medicine, Connecticut Mental Health Center, New Haven, Connecticut 086508. 


Miller, N. B., n 148, 328 (1965). 
T A. S5., Psychol. Rec., 18. 385 (1988). 
è? Kari, P., a Vergnes, M., CR Sec, Biol.. 158. 650 (1964): Karih P. 


Vergnes, M., and Didigeorges, F., in Biology of Aggressive Behavior (odit. 
by Garattini, S., and Sigg. B. Bo (Excerpta Medica Foundation, Anister- 
dam. in the press). 

* Mover, K. E, Commun. Behar. Biol.. 2, 65 (1958), 


picts ihe Bones al R 


is “ao primary seen of “the ae oa PO 
of antlers in deer, necessitating annual renewal. He 
suggested that antlers evolved to dissipate heat by means 
of the flow of blood through the vaseular covering of 
velvet during summer, when the antlers usually grow. 

Stonehouse stated that Darling? and other critical 
observers have questioned the significance of antlers in 
auch roles as sexual display and fighting. Darling’s 
comment that “the incidence of fighting is much exagger- 
ated in the popular literature deseribing deer” clearly 
referred, however, to the interpretations of naturalists 
before 1936. Recently, much important ethological and 
evolutionary research on antlers and other such organs has 
been deseribed., inchiding material relevant to putative 
antler theory, especially that embracing the entire cervid 
family. Geist, Walther, Bubenik and de Vos, for example, 
were not mentioned by Stonehouse, who concentrated 
more on the anatomy of antlers than their behavioural 
functions and evolution. 

The funetions and evolution of antlers were reviewed 
comprehensively by Geist’; there is material evidence for 
the social signific ances of antlers in the species studied by 
Stonehouse in Bubenik’s film’ and in his publications; and 
the functions of antlers in reproduction were reviewed 
by de Vos et al. Geist® complemented Stonehouse to 
some extent by mentioning significant behavioural fune- 
tions of antlers as we: apons, display organs, rank symbols, 
and soon. All this supports the view that antlers evolved 
to serve social adaptations rather than as radiators of heat. 
Geist also drew attention to weaknesses in Stonehouse’s 
argument, First, eervids in warm climates usually have 
distinetly smaller antlers than their counte rparts m cold 
climates, and seeond, in warm epochs cervids usually had 
smaller antlers than m cold epochs. 

Rangi fer (the Palaearctic reindeer and the Nearctie 
caribou) is the only species of deer with females? and 
ay ests thit anally o has it antlers roed 


a. “fe male $ oF more har one ES E be ace d 
to produce antlers. Stonehouse argues against this, but 
admits that in the summer male deer may experience 
colder environmental temperatures than females experi- 
ence (presumably he means females of the same species). 
The evolution of antlers in.female deer to dissipate heat 
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might, furthermore, be more appropriate in hot or warm 
chmates than in the coldest and most northerly of all the 
cervid habitats. Stonehouse, however, interpreted the 
antlers of the female Rangifer as support for his hypothesis 
by claiming that antlers may be required as ‘auxiliary 

radiators by females in the high Arctic because of the 
anaal thick ins sulating fat and fur carried during a 
“spring feeding flush”. Geist? pointed out, however, that 
such reasoning rests on false supposition, because during 
May and June female caribou are thin-—almost devoid of 
fat—-are shedding their hair, and are in an environment 
that includes frozen lakes, partial snow cover, fresh 
snowstorms and temperatures below 0° C. I would add 
the factor of wind-chill, and suggest that the quite common 
summer mortality of caribou “and reindeer calves as a 
result of this factor® renders Stonehouse’s theor yoineon- 
gruous, especially because calves begin to grow antlers 
immediately after birth and need to conserve rather than 
dissipate heat in order to survive and grow. 

My theory to explain the occurrence of antlers in 
females and calves of Rangifer”, because it is based on 
studies of caribou and reindeer during winters (three 
altogether), reflects the phase when antlers have lost their 
covering of velvet. are no longer irrigated by blood, are 
not physiologically adapted to heat dissipation, and yet 
serve clearly defined functions important for survival. 
Furthermore, I suggest that cold rather than heat is a 
primary factor in the evolution of antlers 

In societies of caribou and reindeer, inte ‘actions between 
individuals constantly reflect competitiveness and social 
ranking. Antlers are used almost exclusively to seek 
sueecess in competition and attain rank in the a 
Support for this concept is as follows. 
summer, caribou and reindeer have a an ‘large 
amount of space because of minimum snow cover. Com- 
petition for food is unlikely during this short phase, and 
is unknown except on small islands. (2) Tenable space 
is progressively decreased during the long winter as the 
extent, depth and hardness of the snow increase. Nival 
limits to movement and feeding are commonly exceeded 
over much of the range om the middle of winter on- 
wards, (3) Deereases in the tenable space during 
winter are aU lage b increasing competition for 
food'! #2, (4) Feeding competition is expressed in agonis- 
tie behaviour patterns involving the use of antlers 
in threat display and, when this fails, in actual attack 
in which antlers are used as a weapon!? (confirmed 
by Espmark!®), (5) Displacement of an individual 
without antlers invariably follows confrontation with 
an antlered animal, and conflicts between two antlered 
animals almost always result in the displacement of the 
individual with smaller antlers’? (confirmed by Esp- 
mark?5). This seems to be independent of age group or sex. 
(6) Unlike cervids in warm environments, the large 
antlered caribou and reindeer bulls shed their antlers and 
lose their dominant rank immediately after the autumnal 
breeding phase’ (confirmed by ` spmark 13). (7) Because 
the relatively small and light females would have been ` 
poorly ranked in comparison with mature males if neither 
had antlers during winter, selection has favoured the 
production of antlers in females. These antlers are re- 
tained throughout the winter, and enhance the female's 
social rank and ability to compete for space and food 
during this long and critical phase’®, (Pruitt confirms 
that antlers give females substantial social dominance 
during winter?’ ) (8) Pregnant caribou! and remdeeri? 
retain their antlers until shortly after calving, whereas 
barren females usually shed them in late winter and this 
increases the competitive potential of pregnant females. 
Increased rank and oe e ability contribute to the 
survival of pregnant females —and the foetus (now acceler- 
ating its growth)—-when the depth, hardness and density 
of snow are maximum, and freeze-thaw frequencies cause 
severe crusting of the surface!?-4, (9) Can ae and rein- 
deer calves are extremely precocious compared with 
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other cervids. Pregnancy is well known in calves", and 
they show early independence from maternal care?®21, 
Social precocity, independence from the mother, and 
possibly pregnancy require that calves be aggressive and 
competitive to remain viable during their first winter. 
Like the females, calves of Rangifer are unique among 
eervids in that they normally produce antlers. Calves 
are rarely permitted to feed from snow craters dug by the 
mother, who repulses such attempts by an antler threat. 
Although calves become proficient at digging craters as 
soon as snow depths make this necessary, they commonly 
use their antlers as weapons to displace non-antlered 
animals—including large bulls-—-from craters the latter 
have dug, or from snow-free patches on windswept. ridges 
(confirmed by Utsi in a personal communication). Calves 
use their antlers defensively as well as aggressively, and 
approaches their crater. A mother sometimes attempts to 
“take over” a crater its own calf has dug!*, but this bid 
is usually foiled if the calf has antlers and the mother has 
not. 

In Rangifer, antlers occur in a greater proportion of the 
deer, are more extravagant in form, and indicate a greater 
degree of evolutionary development than in any other 
extant species of deer. In caribou bulls, the main antler 
beams commonly exceed 125 cm long, there are commonly 
more than twenty-five tines, and areas of palmation are 
usually present on one or both brow tmes, both bez tines 
and the terminal regions of the mean beams. The largest 
antlers in species (comparable with caribou in body size) of 
the temperate and equatorial Americas occur in the mule 
deer (Odocoileus hemionus) of the western United States 
and the marsh deer (Blastocerus dichotomus) of Brazil and 
adjoining regions. Beams of antlers are rarely longer 
than 75 cm and 60 cm respectively in these deer, and the 
number of points rarely exceeds twelve and ten. Neither’ 
species is characterized by palmation to any part of the 
antlers. Similar gradients are apparent in the Old World 
from Siberia to India or Bornec (antler data from Ward??), 
In no deer of temperate or tropical areas do the calves and 
females usually produce antlers, and some species of warm 
climetes have no antlers at all. 

Indicators for a theory of the functions and evolution 
of antlers will be more clearly marked where antlers 
occur most often and are the most well developed, than 
in an environment that was free of deer until the end of 
the nineteenth century, and in a species where antlers 
have developed only moderately and are restricted in 
occurrence. In this case, an alternative to Stonehouse’s 
hypothesis can be drawn with justification from the 
indicators known in Rangifer. These indicators suggest 
that antlers serve primary functions as follows. First, 
in the male Rangifer they are symbols and weapons that 
influence rank, dominance and relative success in rutting 
displays and conflicts®:!®*?_. Second, in females and calves 
of Rangifer they are symbols of rank and weapons in 
agonistic behaviour!®1*, and especially tools of competition 
for space and food during winter’, 

Third, we must consider other species of deer. Because 
there is less winter crowding and competition for food 
for deer of temperate zones (compared with Rangifer). 
antlers are not necessary as tools of intra-specific competi- 
tion to all classes. They are restricted to males, develop 
only moderately and function in breeding behaviour as 
in Rangifer, possibly at lower levels of intensity5:*4. 
In rich, low latitude environments, there are few or less 
severe factors to induce excessive crowding and inira- 
specific competition for food. Antlers are restricted to 
the males or are absent (as in several species*5:**), Antlers 
are usually simple or primitive®*, and functions may be 
related almost entirely to breeding behaviour. Some 
deer of warm climates do not have an annual breeding 
cycle***” so that functions may be rare and of low in- 
tensity, because males that do not rut coincidentally are 
not sexually competitive. 


1037 


Secondary functions of antlers possibly include threshing 
vegetation®, erotic stimulation”? and masturbation®, but 
these activities are related to breeding behaviour and 
cannot be separated entirely from the primary functions 
of this category. Heat dissipation when antlers are 
covered with velvet can be appropriately classified as a 
secondary function; but this may be deleterious and 
possess no survival value when there is significant loss of 
heat in summer. In view of the relatively poor develop- 
ment or absence of antlers in tropical deer, antlers seem 
to have no adaptive significance as radiators of heat in 
these species. 

As Coope pointed out*’, the fossil record indicates that 
deer evolved latterly in temperate areas, whereas the 
giraffes—whose horn-like structures are analogous to the 
summer antlers of deer in that they consist of bony 
material covered with a velvet-like skin—evolved and 
remained in the tropics. I accept Coope’s premise that 
the deer and the giraffes descended frorn early palaeo- 
merycids. I also accept that (1) the giraffes have retained 
the skin covered horn-like structures of the palacomerycids 
due to insignificant changes in climate, and (2) the 
ancestors of modern deer were exposed to the colder 
climates of the late Tertiary, with the result that their 
horn-lke structures experienced frost effects to the cover- 
ing of skin, which in modern deer is only viable in relatively 
warm environmental phases*?. Effects of frost were re- 
flected in exposure and hardening of the central bony 
core. This suggests that the antler cycle was originally 
determined by seasonal factors. 

The original antler cycle was probably encouraged and 
refined through social adaptations that reflected the 
advantages conferred by antlers on different classes of 
deer and at different phases of the year. The value of 
antlers as a tool in social competition and in individual 
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Correspondence 


Cyclamates 


Sir,—-Your leading article “The Cyclamate Bandwagon” 
(Nature, 224,298; 1969) claims that “health authorities in 
Sweden ... were clamouring for a ban on cyclamates 
within 72 hours of Mr Finch’s announcement. ... Unless 
these organizations were better informed than their counter- 
parts in Britain, they possessed no further evidence against 
cyclamate than what had already been published in the 
literature”. I would hke to make some clarification on 
these points. 

Cyclamates were included among permitted food addi- 
tives in Sweden in 1953, and their use has increased pro- 
gressively, From January 1969, however, maximal level 
in drinks was set at 0-1 per cent in an effort to keep intake 
at reasonably low levels, and limits for cyclamate in 
other foods had been decided for 1970. 

The US ban on cyelamates was announced on Saturday, 
October 18, and detailed statements by secretary Finch 
and deputy assistant secretary Steinfelt were made 
available. 

It was evident from these statements that a 10: 1 
cyclamate-saccharin mixture had been given orally to 
rats for two years and produced malignant tumours in 
the urinary bladder in the high-dosage group. The slides 
had been reviewed by three experts in experimental 
pathology and experimental carcinogenesis at the National 
Cancer Institute and by one expert on bladder tumours. 
The full data had been reviewed by the National Academy 
of Sciences National Research Council Ad Hoe Subcom- 
mittee reviewing cyclamate safety. 

In his statement, Dr Finch referred to the Delaney 
Amendment of 1958 which states that any food additive 
must be removed from the market if it has been shown to 
cause cancer when fed to humans or animals. The World 
Health Organization in one of its technical reports 
(techn. rep. ser. No. 220, Evaluation of the Carcinogentc 
Hazards of Food Additives, fifth report of the Jomt 
FAO/WHO Expert Committee on Food Additives, 1961) 
gives recommendations in the same line. 

On the basis of the above information it was predicted 
that cyclamate would not be accepted as a food additive 
in the future in Sweden. Under those circumstances the 
food industry decided to follow the US timetable of 
withdrawing cyclamate-containing beverages and food 
from the market. 

Original data from the rat experiments were obtained 
later in the week from the Abbott Laboratories and were 
reviewed at the National Institute of Public Health. The 
Board of Commerce then, at a meeting with the health 
authorities on October 28, formally decided to delete 
cyclamate from the list of approved food additives, 
effective January 1, 1970. This decision does not affect 
the possible residual occurrence of cyclamate-containing 
foods on the market up to February 1970. (Most cycla- 
mate-containing foods have already been withdrawn from 
the market.) The Swedish Diabetes Society has declared 
that there is no need to make any exceptions for diabetics, 
and therefore no exception will be made. 

It may also be noted that the official ban on cyclamates 
was decided five days later in Sweden than in the United 
Kingdom (Ministry of Agriculture, Fisheries and Food, 
October 23, 1969). 

The Swedish health authorities agree with the US and 
UK health authorities that there is no evidence whatsoever 
that cyclamates have caused cancer in humans. On the 
other hand, we see no reason to prolong the exposure of 
human beings to a food additive proven carcinogenic, 
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because it may take decades to detect the carcinogenic 
properties in man}?, 
Yours faithfully, 
FREDRIK BERGLUND 
National Institute of Publie Health, 
Stockholm, Sweden. 
‘ Hultengren, N., Lagergren, C., and Liungqvist, A., decta Chir. Scand., 180, 
s14 (1965). 


* Angervall, L.. Bengtsson, U., Zetterlund, C. G., and Zsigmond, M., Brit. J. 
Erol, 41. 480 (1969). 


Diagnosis of Tay-Sachs 


SIR,-—Since we published our work on the absence of 
hexosaminidase A in nine patients with Tay-Sachs disease 
(Science, 165, 698; 1969), we have examined serum, 
fibroblasts, or tissues from fourteen additional patients; 
all demonstrate the absence of hexosaminidase Ad. We 
take issue with your correspondent’s statement (Nature. 
224, 113; 1969) that our “neat picture of a miussing 
degradative enzyme in Tay-Sachs disease is unfortu- 
nately upset by a patient in Sandhoff’s investigation”’, 
a patient with Tay-Sachs disease who did not lack hexos- 
aminidase A. The seore now stands at 25 patients 
lacking this enzyme against Sandhoff’s patient. It is 
logical to suspect a misdiagnosis in the latter case, rather 
than shroud the subject with mystery. 


Yours faithfully, 
Joun 8. O BRIEN 
University of California, San Diego, 
Department of Neurosciences, 
School of Medicine, 
La Jolla, California. 


Informational DNA 


Srr,—Reductionism scores one point when Professor E. 
Bell, presenting his results on informational DNA (Nature, 
224, 326; 1969), omits to mention the animal species from 
which his 13 day embryonic muscle tissue was obtained, 
Yours faithfully, 
GIORGIO GABELLA 

Department of Anatomy, 

University of Turin. 


University News 


Dr R. M. Dixon, University of Sheffield, has been 
appointed to the chair of theoretical chemistry at the 
University of Bristol, in succession to Professor A. D. 
Buckingham. 

Professor J. M. Ziman has been appointed to the 
Melville Wills chair of physics at the University of 
Bristol. 


Dr W. L. Edge has been appointed to a personal chair 
in mathematics (geometry) at the University of Edin- 
burgh. 


Dr J. F. Wilkinson has been appointed to a personal 
chair in microbiology in the department of agriculture, 
University of Edinburgh. 


Dr W. Parker, New University of Ulster, has been 
appointed to the new chair of organie chemistry at the 
University of Stirling. 


Announcements 


The Medical Research Council’s Laboratory Animals 
Centre has appointed Dr G. Clough, an environmental 
physiologist, to be responsible for the determination of the 
optimum environmental requirements for laboratory 
animals. Enquiries and information concerning environ- 
mental problems, animal house and cage design, should 
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be addressed to Dr Clough at the MRC Laboratory 
Animals Centre, Woodmansterne Road, Carshalton, Surrey. 


The Royal Aeronautical Society has conferred honorary 
fellowship on the following: Mr R. R. Gilruth (NASA 
Manned Spacecraft Center, Houston) for his leadership 
in space research and interplanetary travel; Lord Kings 
Norton (formerly of Metal Box Company) for his services 
in many fields of aeronautics, especially in air safety 
and aeronautical education; and Dr A. E. Russell 
(British Aircraft Corporation, Ltd) for his achievements 
in aircraft design and his contribution to the Concorde. 
The following medals have been awarded by the society: 
the Gold Medal, to Dr C. Kuchemann (Royal Aircraft 
Establishment) for his contributions to the aerodynamics 
of advanced aircraft; the Silver Medal, to Mr L. N. 
Phillips and Mr W. Watt (Royal Aircraft Establish- 
ment) for their development of carbon fibre composites, 
leading to significant advances in aircraft and engine 
materials; the Bronze Medal, to Mr W. J. G. Pinsker 
(Royal Aircraft Establishment) for achievements in the 
study of aircraft performance, stability and control; the 
British Gold Medal, to Mr G. R. Jefferson (British 
Aircraft Corporation) for his practical achievements in 
the design and development of guided weapons and satel- 
lites; and the British Silver Medal, to Mr F. T. Bacon 
(Energy Conversion, Ltd) for his practical contributions 
to the auxiliary power supply used in the American lunar 
landing. 


Erratum. In the note ‘Technology in Poland” (Nature, 
224, 839; 1969) the name of the Polish Minister of Educa- 
tion, Henryk Jablonski, was misspelt Japlonski. 





Sabbatical Itinerants 


in the hope of providing some practical assistance in the 
good cause of mobility between laboratories, Nature 
advertises the needs for housing of families about to 
take up periods of sabbatical leave. To begin with, 
no charge will be made for advertisements like this. 
it is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective. 


Wanted: Furnished house or apartment within 
20 miles of London for biochemist, wife and 3 
school-age children, from mid-February to end of 


December 1970. Please contact Dr W. Riley, 
Department of Biochemistry, Royal Perth Hospital, 
Perth, Western Australia 6000. 


Wanted: In or near Copenhagen, Denmark, house 
or apartment, 3 or 4 bedrooms, furnished or un- 
furnished, from summer 1970 to summer 1971, for 
visiting American professor. Can offer 3-bedroomed 
house on a Minneapolis lake for same period. Please 
contact Dr Raymond G. Johnson, Department of 
Psychology, Macalester College, St Paul, Minnesota, 
USA. 


Wanted: Furnished house or apartment in the 
area of St Albans, Hatfield, Welwyn Garden City, 
Harpenden, for university professor, wife and 3 
daughters for the period February 1—July 31, 1970. 
Please contact Dr L. A. McFadden, Botany Depart- 
ment, University of New Hampshire, Durham, New 
Hampshire 03824, USA. 


Wanted: Furnished house or l- or 2-bedroomed 
apartment in Cambridge, UK, with central heating, 
for American biochemist and wife (no children) for 
3 month period beginning February 1, 1970. (Can 
offer 3-bedroom house at Bloomington for 6 month 
period.) Please contact F. W. Putnam, Department 
of Zoology, Indiana University, Bloomington, 
Indiana 47401, USA. 
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British Diary 
Monday, December 8 


Acoustic Diagnostics for Practical Purposes (6 p.m. discussion) Institution 
of Mechanical Engineers, at 1 Birdcage Walk, Londen SWI, 


Introductory Course on the Biology of the Skin (five days) University of 
Cambridge, School of Clinical Research and Postgraduate Medical 
Teaching, at Churchill College, Cambridge. 


Passenger Conveyor Systems (7.30 p.m.) Mr J. W. Kyle, Plastics Institute, 
at the Stork Hotel, Queen Square, Liverpoc!. 


Physiological Bases of Cell Farming (5.30 p.m.) Professor J. P. Nitsch, 
University of London, at University College London, Gower Street, 
London WCL. 


Research into New Systems for Control of Train Movement (6.50 p.m.) 
Mr P. G. Law, Institution of Electrical Engineers, at the Lion and 
Lamb Hotel, Duke Street, Chelmsford. 


Satellites in the Service of Man (6 p.m.) Mr F. W. Hyde, Society of Engineers, 
at Terminal House (BOAC}, Buckingham Palace Road, London SWL 


The Concorde’s Flying Control System (5.30 p.m.) Mr L L. Rye, Institution 
ot Electrical Engineers; the Institute of Measurement and Control; and 
the I.Mech.E., at Savoy Place, London WC2. 


The Living Cell (2.30 pm., Civil Service Lecture) Professor R, J. Harrison, 
Royal Institution, at 21 Albemarle Street, London WH. 


Tuesday, December 9 


CHN Automatic Analysers (6.50 p.m. discussion} Society for Analytical 
Chemistry, Microchemical Methods Group, at “The Leicester Lounge’, 
Glasshouse Street, London WH. 


Special Electrodes (7 p.m.) Mr W. K. B. Marshall, Liverpool Metallurgical 
Society, at the University, Liverpool. 


Swimming Mechanisms in Nereidiform polychaetes, Professor R. B. 
Clark and Dr D. J. Tritton; Native and Alien Deer in Britain, Mr R. 
E. Chaplin; and Films (5 p.m.} Zoological Society of London, at the 
Zoological Gardens, Regent's Park, London NW. 


The Lower lonosphere (10 a.m. discussion meeting arranged by the British 
National Committee on Space Research), at the Royal Society, 6 Carlton 
House Terrace, London SWL. 


The Transverse Engine—The First Decade (6 p.m.) Mr E. G. Bareham, 
Institution of Mechanical Engineers, at 1 Birdcage Walk, London SW1, 


Wednesday, December 10 


Autumn General Meeting (two days) [ron and Steel Institute, at the Blooms- 
bury Centre Hotel, Coram Street, London WC1; and 4 Grosvenor 
Gardens, Londen SW1. 


Biological Communication (2.30 pm., Civil Service Lecture) Professor R, J. 
Harrison, Royal Institution, at Albemarie Street, London Wi. 


Computer-Aided Instruction (6 p.m.) Capt G. Huggett, RN, Institution of 
Electronic and Radio Engineers, at @ Bedford Square, London WEL 


Computers in the Rubber and Plastics Industry (7 p.m.) Mr P, Wood, 
Institution of the Rubber Industry; and the Plastics Institute, at the 
Goscote Hotel, Birstall, Leicester. 

Electronics in the Nation’s Economy (6.30 p.m.) Mr I Maddock, Institution 
of Electronic and Radio Engineers; and the Institution of Electrical 
Engineers, at the University of Wales Institute of Selence and 
Technology, Cardiff, 

Extrusion Machinery (7.30 p.m.) Mr J, Humphries, Plastics Institute, at the 
Griffin Hotel, Leeds, 


Methods for the Determination of Fluorine, Mr ]. K. Foreman; The 
Determination of Fluorine by Neutron Activation Analysis, Dr P. 
G. Jeffery and Mr J. M. Bakes (6.30 p.m.j Society for Analytical 
Chemistry, in the Chemistry Department, University of Edgbaston, 
Birmingham 15, 

Multiconductor Transmission Lines-—-Theory of Natural Modes and 
Fourier Integral Applied to Transient Analysis (5.86 prai 
Professor L. M. Wedepohl and Mr S. E. T. Mohamed, Institution of 
Electrical Engineers, at Savoy Place, London WC2. 


Naval Application of Plastics {7.30 p.m.) Mr D. L. Griffiths, Institution of 
the Rubber Industry, at the Polygon Hotel, Southampton. 


New Methods in Causing Heredity Changes in Plants {5.50 p.m.) Professor 
J. P. Nitsch, University College London, Gower Street, London WEL. 


On-Line Analysis in the Process Industries (6.50 a.m. symposium) Institu- 
tion of Chemical Engineers, at the Royal Aeronautical Soofety, 
Hamilton Place, London W1. 


Particle Size Reduction in Ball Milling and Sand Grinding (6.36 p.m.) 
Dr W. Carr, OH and Colour Chemists’ Association, at University College 
London, Gower Street, London WEN, 


Psychiatry in Medicine (6 p.m.) Sir Denis Hill, University of London, at the 
Middlesex Hospital Medical School, Mortimer Street, London WH. 


Reliability in Electronics (three-day conference) Institution of Electrical 
Engineers, at Savoy Place, London WC2 


The Determination of Fluorine and Fluorides (6.30 p.m) Mr J. K. Foreman 
and Mr P. G. Jeffrey, Society for Analytical Chemistry, at the Univer- 
sity, Birmingham. 

The Effect of UHT Processing and of subsequent Storage on the Nutritive 
Value of Milk (6.15 p.m.) Dr J. W. G, Porter, Society of Chemical 
Industry, Food Group, at 14 Belgrave Square, Londen SWI. 

The Role of the Press in the Plastics and Rubber Industry (12.36 pm} 
Mr P. E. Ransley, Institution of the Rubber Industry, at the Grand 
Hotel, Manchester. 


Thursday, December || 
Aspects of Biochemical Engineering (0.56 a.m. symposium), Institution of 


Chemical Engineers, at the University of Manchester Institute of 
science and Technology, Manchester. 
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Biological Feedback and Control (6 p.m.) Dr O. C. J, Lippold, Institution of 
Electrenic and Radio Engineers; and Institution of Electrical 
Engineers, at St. Bartholornew's Hospital Medical College, London 
ECI, 


Circuit Optimization with Digital Computer (8 p.m.) Mr J. S. Reynolds, 
Institution of Electronic and Radio Engineers; and Institution of 
Electrical Engineers, at the University Engineering Laboratories, 
Trumpington Street, Cambridge. 


Fatigue Problems with Welded Fabrications in Rolling Stock (7.36 p.m.) 
Mr J. Davies, East Midlands Metallurgical Society, at the University, 
Nottingham, 

Inaugural Meeting (7 p.m.) British Society for Social Responsibility in 
science, SW London Branch, at “The Queen's Elm’, Fulham Road, 
London SW3. Speakers: Professor M, Wilkins, FRS, Mrs H. Rose 
and Dr S. Lal. 

Magneto-Optical Effects (two-day symposium) Faraday Society, at the Royal 
institution, Albemarle Street, London W1. 


New Phosphoric Acid Processes (10 a.m. to 4.30 p.m. symposium) Fertilizer 
Society, at the Shell Centre, South Bank, London SÉL. 


Overall Systems Integration (6 p.m. discussion meeting) Institution of 
Electrical Engineers, at Savoy Place, London WC2. 


Palm Oil: a Survey (7.36 p.m.) Mr M. Pike, Society of Chemical Industry, at 
Liverpool Regional College of Technology. 

Passive Satellite Communications (i pm.) Mr R L. Harris, Institution of 
Electronic and Radio Engineers, at 9 Bedford Square, London WC1. 


Recent Advances in the Chemistry and Technology of Oils and Fats 
(two-day symposium) Liverpool Regional College of Technology, at 
Byrom Street, Liverpool. 

Solid State Displays (7.30 p.m.) Mr L, H. Lea, Institution of Electrical 
Engineers, at the J. J. Thomson Laboratory, University of Reading, 
Whiteknights Park, Reading, 


The Impact of the Natural Sciences on Archaeology (two-day Symposium) 
Roval Society and the British Academy, at 6 Carlton House Terrace, 
London SWL 


‘Transmission of Human Leprosy to the Mouse and its Possible Clinical 
implication (7.30 p.m.) Dr R. J. Rees and Dr A. G. M, Weddell, Royal 
Society of Tropical Medicine and Hygiene, at Manson House, 26 
Portland Place, London W1, 


Friday, December 12 


Applications of Arcs and Discharges (5.30 p.m. discussion) Institution of 
Electrical Engineers, at Savoy Place, London WC2. 


Through Troubles to Improvement (whole-day discussion} Institution of 
Mechanical Engineers, Steam Plant Group, at 1 Birdcage Walk, 
London SW1. 


Saturday, December 13 


Rock and Fossil Collecting in the London Area (3.30 p.m.) Dr John F. 
Patter, at the Horniman Museum, London Road, Forest Hill, London 
SE23. 


Monday, December [5 


500th Meeting (three days} Biochemical Society, at University College London, 
Gower Street, London WC}. 


Container Handling (6 p.m. discussion) Institution of Mechanical Engineers, 
at 1 Birdcage Walk, London SW1, 


Gallium Arsenide Lasers (5.30 p.m. discussion) Institution of Electrical 
Engineers, at Savoy Place, London WC. 


The Logging of Rock Cores for Engineering Purposes (5 p.m.) Geological 
eet, Engineering Group, and the British Geotechnical Society, at 
the Geological Society, Burlington House, Piccadilly, Landon W1. 


Reports and Publications 


(not included in the monthly Books Supplement) 
Great Britain and Ireland 


British Museum (Natural History). Economic Leaflet No. 18: Grain Thrips 
or Thunder Flies. Pp. 4. (London: British Museum (Natural History), 
1969.) 4d. , i {299 

Northern Ireland: Ministry of Agriculture. Leaflet No. 5: Dishorning 
Cattle. Pp. 4. Leaflet No. 62: Tree Planting. Pp, 16. (Belfast: Ministry 
of Agriculture, 1969.) . = [299 

Harwell and Industrial Research. By W. Marshall. (Sixth Maurice 
Lubbock Memorial Lecture.) Pp. 22. (London: Oxford University Press, 
1069.) 48, net. [299 


HOW TO BUY NATURE 


Volumes start in January, April, July and October, but subscriptions 
may begin with any issue. 
The direct postal price per subscription for one copy of NATURE 
each week is : 

“12 MONTHS (52 issues and 4 indexes) 


Great Britain and Eire 
(by air freight) 
{by air freight) 
Elsewhare overseas by surface mail 
{Charge for delivery by air mail on application) 
*Shorter periods pro rata. (Minimum three months.) 
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Department of Education and Science, Architects and Building Branch, 
Design Note No, 2: Henry Fanshawe School, Dronfield, Derbyshire, Pp. 30. 
(London: Department of Education and Science, 1969.) Gratis. {299 
, Procter and Gamble Limited. Annual Report for the year ended 30th 
: bee 1969. Pp. 16. (Newcastle upon Tyne: Procter and Gamble, Ltd., 

89. 309 
Report on the British Museum (Natural History), 1966-1968. Pp. 167 7 16 
platea, (London: British Museum (Natural History), 1969.) 25s. [309 
f University Grantas Committee. Statistics of Education 1967. Vol. 6: 
Universities. (Department of Education and Science Series.) Pp. xxxvi+ 
158. (London: HM Stationery Oftice, 1969.) 428. Bd. net, [309 
_ Building Research Station. Current Paper 25/69: A Survey of Progress 
in House Building. (Reprinted from Building Technology and Management, 
1969, Yok 7 (4), April.) Pp. 5. (Garston, Watford: Building Research 
Station, 1969.) Gratis, {309 

Department of Health and Social Security. Reports on Public Health 
and Medical Subjects, No. 121: The Multiple Health Sereening Clinic. 
Rotherham 1966: a Social and Economic Assessment. By J. L. Girt, Lesley 
A. Hooper and R. Ann Abel, Pp. vii+110. (London: HM Stationery 
Office, 1969.) 10s. 6d. net. 110 

Bulletin of the British Museum (Natural History), Geology. Supplement 
7: The Relationships of Certain Upper Cretaceous Teleosts with special 
reference to the Myctophoids. By Peter C. Goody, Pp, 255. (London: 
British Museum (Natural History), 1969), 130g. f110 


Other Countries 


Bibliography of Murray Valley Hydrology, 1946~1967. Compiled by 
Jane Sharpe. Pp, 117, (Melbourne: Commonwealth Scientific and Indust- 
rial Research Organization, 1969.) {199 
_ Reviews of National Science Policy—Italy. Pp. 209. (Paris: Organiza- 
tion for Economie Co-operation and Development; London: HM Stationery 
Office, 1969.) 24 francs; 408.: $6, [228 

Fisheries Research Board of Canada, ‘Technical Report No, 125: Data 
on the Engineering Performance of Canadian East Coast Groundfish Otter 
Trawis, By P. J. G. Carrothers, T. J. Foulkes, M, P. Connors and A. G. 
Walker, Pp. 11+75 tables. (St Andrews, N.B.: Fisheries Research Board 
of Canada, 1969.) {228 

US Department of the Interior: Geological Survey. Water-Supply Paper 
1873-B: Estuarine Studies in Upper Grays Harbor, Washington. By Joseph 
P. Beverage and Milton N, Swecker. Pp. vi-+87. $0.45. Water-Supply 
Paper 1879-B : Water Resources of Randolph and Lawrence Counties, 
Arkansas. By A. G. Lamonds, Marion S. Hines and Raymond O. Plebuch, 
Pp.iv+45. $0.30. Water-Supply Paper 1591-E: Sediment Movement in 
an Area of Suburban Highway Construction, Seott Run asin, Fairfax 
County, Virginia, 1961-64. By R. B. Vice, H. P. Guy and G. E. Ferguson. 
Pp. iv+41. $0.35. Water-Supply Paper 1898-4 - Stage-Discharge Charac- 
teristics of a Weir in a Sand-Channel Stream. By D. D. Gonzalex, C. H. Scott 
and J, K. Culbertson. Pp. tii+29. $0.25. (Washington, DC: Government 
Printing Office, 1969.) [249 

National Botanic Gardens of South Afriea. Report 1968-1969. Pp. 52, 
a Newlands, CP: National Botanic Gardens of South ater: 

€ +, 


World Health Organization. Technical Report Series, No. 429: Statistics 
of Health Services and of their Activities—Thirteenth Report of the WHO 
Expert Committee on Health Statistics. Pp. 36. (Geneva: World Health 
option, London: HM Stationery Office, 1969.) 3 Sw. francs: 68.: 

. [259 

Annais of the New York Academy of Sciences. Vol. 159, Article 2: 
Research in the Experimental and Clinical Aspects of Brain Tumors, By 
L. C. Scheinberg and 56 other authors. Pp. 335-620. Vol. 162, Article 1: 
Experimental Medicine and Surgery in Primates. By E. I. Goldsmith and 
Le ai authors. Pp. 1-704. (New York: New York Academy of separ er 

: 25 
__ US Department of the Interior: Geological Survey. Baletin 1274-1: 
Six New Palaeozoic and Mesozoic Formations in East-Central Alaska, By 
Earl E. Brabb. Pp. iii+26. $0.25. Bulletin 1274-K- Summary of 
Cretaceous Stratigraphy in Part of the McCarthy Quadrangle, Alaska, By 
D. L. Jones and E. M. MacKevett, Jr. Pp. H19. $0.15. Professional 
Paper 608-A: Geology and Beryllium Deposits of the Lake George (or 
Badger Flats) Beryllium Area, Park and J éfferson Counties, Colorado. 
By C. €C. Hawley. Pp. iv+44+4 plates. Professional Paper 670: John 
Wesley Powell and the Anthropology of the Canyon Country. By Don D. 
Fowler, Robert C. Euler and Catherine 8. Fowler. Pp. v+30. $0.50. Pro- 
fessional Paper 678: Permafrost and Related Engineering Problems in 
Alaska. By Oscar J. Ferrians, Jr., Reuben Kachadoortan, and Gordon W, 
Greene. Pp. iv+37. $0.55. (Washington, DC: Government Printing 
Office, 1969, 259 

From a Life of Physics. Evening Lectures at the International Centre 
for Theoretical Physics, Trieste, Italy. Supplement of the TAKA Bulletin.) 
Pp. 79. (Vienna: International Atomic Energy Agency, 1969.) [2869 

East African Community, East African Trypanosomiasis Research 
Organization Report for 1967. Pp. 1i+ 81. (Tororo, Uganda: Bast African 
Trypanosomiasis Research Organization, 1968.) 5s, [269 

National Academy of Sciences, A Strategic Approach to Urban Research 
and Development: Social and Behavioural Science Considerations. Pp, 100, 
(Washington, DC: National Academy of Sciences, 1969.) [269 


TC eee iene 
Editorial and Publishing Offices of “NATURE” 


MACMILLAN (JOURNALS) LIMITED 
4 LITTLE ESSEX STREET, LONDON Wwe? 
Telephone Number: 01-836 6633. Telegrams: Phusis London WC2 
Subscription Department 


MACMILLAN (JOURNALS) LIMITED 
BRUNEL ROAD, BASINGSTOKE, HANTS 
Telephone Number: Basingstoke 543! 
Advertisements only should be addressed to 


T. G. SCOTT & SON, LIMITED 
| CLEMENT'S INN, LONDON Wwc2 
Telephones 01-242 6264/01-405 4743 
Telegrams: Textualist London WC2 
Registered as a newspaper at the General Post Office 
Copyright © Macmillan (Journals) Limited, December 6, 1969 


The Perkin-Elmer Model R12 
is the highest-quality 
routine NMR Spectrometer | 


in the world. 


Perkin-Elmer has carried out a 
research programme for ten 

years on Nuclear Magnetic Resonance 
systems with permanent magnets. 
The Model R12 Spectrometer is the 
latest, outstandingly successful 
result. The unprecedented 

Stability of its unique permanent 
magnet system ensures 

top performance — as a matter of 
easy, everyday laboratory routine. 

It meets all your requirements: 
unequalled performance and 
resolution stability, speed, easy 
routine operation — all at remarkably 
low-cost. It is easy to 

install and needs no special 
shielding from outside influences; 


PERKIN-ELMER 





it is augmented by a range of 
practical accessories. It is the 
instrument for every modern 
chemical laboratory. 

Get details from Perkin-Elmer Ltd, 
Beaconsfield, Bucks, 

Tel: Beaconsfield 2571. Telex 8325/7. 





Perkin-Elmer Instruments: Infrared, 
Ultraviolet, Fluorescence and Atomic 
Absorption Spectrophotometers, Gas and 
Liquid Chromatographs, Spectropolarimeters, 
Elemental and Thermal Analysers, 

Mass and NMR Spectrometers. 





Classified Advertisements 


All copy is subject to the approval of the Pub» 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion. 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors, 
although every care is taken to avoid mistakes. 
Semi-displayed £6 per single column inch. 
Minimum £3, each additional t/!2ch of an inch 
lOs. Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Score and Son, Limited, i Clement's 
inn, Strand, London, W.C.2. Telephone: 
woe 4743. Telegrams: Textualist, London, 
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APPOINTMENTS VACANT 


THE 
UNIVERSITY OF 
= LEEDS 


DEPARTMENT OF 
EARTH SCIENCES 


Applications are inyited for the 
Chair of Geophysics 


at a salary of sot less than £3,780 a 
year, 

Applications (sixteen copies}, stating 
age, qualifications and experience, and 
naming ihree referees, should reach 
The Registrar and Secretary, The Uni- 
versity, Leeds, LS2 936 (from whom 
further particulars may be obtained), 
mot later than December 31, 1969; 
applicanis from overseas may apply in 
the first instance by cable, naming three 
referees, preferably in the United King- 
dom. Please quoe reference number 
29/11/D. (1781) 








Mnman ms pny oh tet ANON Sm sv re ey vannah enem, E E ANIRAA SAAS ae Abaone aeaaea mme 


THE UNIVERSITY OF SUSSEX 
SCHOOL OF BIOLOGICAL SCIENCES 
RESEARCH ASSISTANT 


Required to investigate biochemical 
changes with age in Drosophila, 


Salary within the range £800 to £1,106, 


Candidates should possess a good 
honours degree in Biochemistry. 


Applications, giving details of age. quali- 
Reations and experience, with the name of 
one referee, should be sent as soon as 
possible to the Secretary of Science, Science 
Office (Establishment), the University of 
Sussex, Falmer, Brighton, BNi 9OH. 
Please quote reference 300/1. (1925) 
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UNIVERSITY OF OXFORD 
LECTURERSHIP IN GEOLOGY 

Apphcations are invited for appointment to the 
post of University Lecturer in Geology with 
effect from October 1, 1970. Applicants should 
have strong interests in metamorphic petrology., 
mreferably in the application of thermodynamics 
to pettrogenesis, The person appointed will be 
expected io teach advanced undergraduate 
courses and to supervise research in metamorphic 
petrology, and also to participate in the teaching 
of the wider aspects of geology at a more ele- 
mentary level. 

The initial stipend will be according to age in 
the range £1,246 (at 24 and under) by £114 to 
£2.850 fat 38} by £90 to £3,120 (at 41) with 
F.S.S.U. l 

Four typed copies of applications fone only 
from overseas applicants), inchidine the names 
of two referees, should reach Professor E, A. 
Vincent. Department of Geology and Mineral- 
ogy, Parks Road, Oxford (from whom further: 
information may be obtained) not tater than 
February 14, 1970. (190 
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CHEMISTRY GRADUATES 


English Clays Lovering Pochin & Co. Ltd., the major operating 
Company of the English China Clays Group of Companies, has 
vacancies within the Chemistry Research Section of its Research and 
Development Department for Chemistry Graduates. 


The successful applicants, who will have good honours degrees and 
may be male or female, will join a team investigating the surface 
chemistry of clay minerals in the Company’s newly built and well 
equipped Laboratories at St. Austell where facilities provided for this 
work are excellent. Where appropriate, every encouragement will be 
given to publish and to submit the work for a higher degree. 


Pension, Life Assurance, Profit Participation and Long Service 
Award Schemes operate throughout the Group, 
Please apply. quoting Reference 123A to: 


The Company Secretary, 
John Keay House, 
St. Austell, 


all. 
Coes (1903) 


RAPRA 


Rubber and Plastics Research Association of Gt. Britain 


1968 = 
THE QUEEN'S AWARD l n 0 pP 
TO INDUSTRY 


A vacancy occurs in the large Information Section of the Association 
for staff of graduate standard, preferably in science, or with similar 
qualifications and/or experience in information work. Languages an 
advantage. Salary commensurate with age and experience. 


Applications in writing please to: THE SECRETARY, Rubber and 
Plastics Research Association of G.B.. Shawbury, Shrewsbury, 
Shropshire. 


(1920) 


BRISTOL POLYTECHNIC” 
FACULTY OF APPLIED SCIENCE 


Applications invited for the post of— 


LECTURER GRADE Il in BIOCHEMISTRY/CELL PHYSIOLOGY 
(Ref, L698/74/1) 


The successful candidate will join a team of biochemists to teach up to Honours 
Degree level. Applicants should possess a good honours degree in Biochemistry 
or Physiology (or equivalent qualifications) and industrial and/or research 
experience. Teaching experience is also desirable. 


Salary Scale: Lecturer Grade H-—-£1,827 to £2,417. 


| i icati (to be returned by December 12, 1969) 
Further details and application forms (to be returned by December 12, 1 6N 
mav be obtained from Chief Administrative Officer, Bristol Polytechnic, Ashley 
Down, Bristol B57 9BU. 


Please quote Ref. No. 1698/74/1 in all communications, (19093 
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These senior positions with the Bureau of 
Mineral Resources offer first-class career 
opportunities in the fields of Geophysics and 
Petroleum Technology. The appointments are 
based in Canberra but short periods of field 
duty will be required. These will normally be 
of 1~3 weeks’ duration but not exceeding a 
total of 12 weeks per year. 


GEOPHYSICISTS 


Position 1-—For critical examination and interpretation 
of geophysical data, particularly gravity and magnetic 
data, of a sedimentary basin under review. Prepare 
reports and maps, relevant to studies carried out, for 
publication and internal use. Review the geophysical! 
status of petroleum exploration in individual basins. 


Position 2—To assist with the checking of maps and 
progress material in respect of geophysical operations 
to make progress payments of subsidy. Sones 
summaries of geophysical information and data avail- 
able in areas of proposed (or possible) subsidized 
operations. Examine final geophysical reports and, in 
particular, ensure the accuracy of computations; assist 
with investigations into technical programmes carried 
out. 


Position 3—To examine, assess and report on applica- 
tions for subsidy particularly as to the validity of 
objectives of geophysical operations. Examine final 
reports and ensure that the programme carried out was 
adequate to achieve the objective. Visit subsidized 
geophysical operations and assess the adequacy of 
methods and equipment in use; prepare covering 
reports and recommendation of operations and prepare 
comments or new interpretations. 


Qualifications for the above three positions are a 
higher degree in Geophysics, OR a dearee in Physics: 
Mathematics with subsidiary Geology/Physics; Geol- 
ogy with subsidiary Physics. 





PETROLEUM TECHNOLOGIST 


To carry out routine and special core analysis investiga- 
tions and other reservoir investigations, in a modern 
well equipped laboratory. Laboratory research projects 
(such as polymer and miscible—phase flooding, etc.) 
relating to Australian petroleum reservoirs would be 
actively encouraged, 


Qualifications for this posHttion-——-a good B.Sc. honours 
degree with practical relevant oilfield experience, 


Salaries Commencing salaries for all positions 
are within the range $A5,733-$45,438, 
depending on qualifications and exper- 


ence {$A} = 9/4d. stg.). 


Travelling, camping and district alow- 
ances are payable where applicable and 
in addition an allowance at the rate of 
372% of salary (up to a maximum pay- 
ment of $A2,000 per annum) is payable 
when excess hours are worked unger 
prescribed conditions while on fied 
duties, 


Avlowances 


Conditions First class passages, by sea or air for 
successful applicants and their depen- 
dants, together with generous baggage 
allowances. Salary paid from date of 
embarkation. Three weeks annual 
leave and cumulative sick leave provi- 
sions. For British subjects there is a 
comprehensive Superannuation Scheme. 


Application 
Forms may be obtained from: 
The Recruitment Officer, 

Office of the Public Service Board, 
Canberra House, 

10-16 Maltravers Street, 


Strand, London, VV¥.C.2. 


Please state in which position vou are 
interested. 


(1870) 
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University of Amsterdam 
Applications are invited for a chair In 


bio-pharmacy 


in the Faculty of Science, Sub-faculty of 
Pharmacy of the University of Amsterdam. 


The primary task of the new Professor is to 
teach Bio-pharmacy to senlor students 
and graduates in pharmacy, and to lead 


research groups. 


Those who wish to be considered for this 
position, or wish to propose the names 
of others, are invited to write to the 
Chairman of the Sub-faculty of Pharmacy 


of the Faculty of Science, 

Prof. Dr. C. G. van Arkel, Laboratorium voor 
Artsenijbereidkunde, Kiovenlersburgwal 84 
Amsterdam, The Netherlands. 











OLIVER & BOYD Publishers in Edinburgh 


(A Division of Longman Group Ltd.) 


Two vacancies have arisen in the Science and Technology Section 
of the University and General Department; details are given below. 


A. SPONSORING EDITOR 


A university degree in science and previous book publishing experience are 
essential for this post. The main subject areas are mathematics, statistics, 
zoology, geology and engineering: also management and business studies. 
The successful candidate will be responsible for running all aspects of the 
Section, under the immediate guidance of the Director in charge. 


B. COPY EDITOR 


A degree is not essential for this post but previous book publishing experience 
and a general scientific education are necessary. The successful candidate will 
be responsible for detailed work on a wide variety of interesting manuscripts 
and for correspondence with authors and editors. 





In both cases salary will be according to age, experience and qualifications ; 
conditions of work are good and include generous holiday allowances, five-day 
week and pension, The opportunity to work with Oliver & Boyd in the capital 
city of Scotland is not to be missed. 


Candidates will be asked to complete an Application Form and in the first 
instance need not send.personal particulars, Please simply write or telephone 
immediately (and in any case not later than December 15, 1969) for a form, 
marking your envelope, “ Personal ”, and addressing it to the Director, Uni- 
versity and General Department, Oliver & Boyd, Tweeddale Court, 14 High 
Street, Edinburgh EH! 1YL (Telephone 031-556 4622). 





€3789) 


NEW ZEALAND 
UNIVERSITY OF 
CANTERBURY 

Christchurch 


The Council of the University invites ap- 
plications for the following vacancies, 
which include a number of new positions 
to be filed for the first time im 1970; 


SENIOR LECTURER OR LECTURER 
IN ASTRONOMY 
The appointee will assist generally in the 
work Of the Physics Departmert and in the 
teaching of courses in Astronomy includ- 
ing supervision of teaching laboratories. 
He will be expected to take an active part 
in developing and extending research in 
obstrvational astronomy and related sub- 
fects, 
Applications close on January 16, 1970, 
ASSISTANT LECTURER IN BOTANY 
SENIOR LECTURER OR LECTURER 
IN BOTANY 
Preference will be given to candidates 


with qualifications in either ecology or 
genetics, or with e¢xperiecnce in the organ- 
ination of practical classes in general bie- 
logy. 

Applications close on January 16, 1970. 


SENIOR LECTURER OR LECTURER 
IN MECHANICAL ENGINEERING 
The appointee will undertake teaching 
and research preferably in one of the 
following fields: Dynamics and Control or 
Production Technology and Production 
Management. 

Applications close of January 31, 1970. 

Salaries are under review. Existing 
salaries for Assistant Lecturers art 
$NZ2,500 by SNZIO0 to SNZ2.900 per 
annum; for Lecturers, 'S6273,100 By 
$NZ200 to $N2Z4,700, §N2Z4.800 per 
annum ; for Senior Lecturers, $74,760 by 
§NZ200 to S3NZS5,500 Char) and thereafter 
a range te §N2Z6,600. 

Particulars, inchiding information on 
travel and removal allowances, study leave, 
housing and superannuation may be ob- 
tained from the Secretary-Gseneral, Associa- 
tion of Commonwealth Universigies 
fAppts), 36 Gordon Sanare, London, 
WEL {1914} 





NATURE DECEMBER 6 1969 





UNIVERSITY COLLEGE 
CARDIFF 


Applications are invited for the post of 
SENIOR TECHNICIAN in the Depart- 
ment of Biochemistry, for general labora- 
tory duties. Commencing salary with basic 
, qualifications, in the scale £1,056 to £1,311 
“dependent upon experience and qualifica- 
tions. 

Applications, quoting Ref. No. ADV/N, 
giving details of age, qualifications and gx- 
perience, should be sent to the Registrar, 
University College, P.O. Box 78, Cardiff, 
within one week of the appearance of this 
advertisement. (1887) 


UNIVERSITY OF BRISTOL 
DEPARTMENT OF PHYSICS 


Applications are invited for appointment 
to the following posts: 


{1} Lecturer in Theoretical Physics, with 
research interest in the electronic structure 
of solids and liquids. Applications would 
he welcome from candidates who have 
already had some post-doctoral experience. 


{D Lecturer in Polymer Physics, prefer- 


ably with interest or experience in the 
mechanical properties of the Polymeric 
materials. For a suitable candidate of out- 
standing merit a Senior Lectureship might 
be available. 


Both posts are vacant immediately, and 
the successful candidates will take un their 
appointments as soon as can be arranged. 

Further particulars may be obtained 
from the Registrar, University Senate 
House, Bristol BSS ITH (please quote 
reference EB) to whom applications should 
be sent by December 31. (1874) 





LINCOLN COLLEGE 
(UNIVERSITY COLLEGE OF AGRICULTURE) 
NEW ZEALAND 


LECTURER IN BIOCHEMISTRY 


Applications are invited for the above-men- 
tioned position in the Biochemistry Department 
of Lincoln College. The Department offers 
courses leading to Bachelors’ and Masters’ de- 
grees in Agriculture, Horticulure and Science, 
Facilities are also available for advanced teach- 
ing and research work in the recently completed 
teaching and research building. 

Commencing salary will be according to quali- 
fications and experience within the range 
§NZ3,100 to $NZ4,800 per annum. Salaries are 
expected to be reviewed in the near future. New 
Ztaland Government Superannuation available or 
Federated Superannuation Scheme for Universi 
ties. Removal expenses and fares of successful 
ee will be reimbursed up to specified 
imis. 

Further details and the general conditions of 
appointment may be obtained from the Secretary- 
General, Association of Commonwealth Universi- 
ties (Appts.), 36 Gordon Square, Londen, W.C.}, 
or from the Registrar of the College. Applica- 
tions close on January 10, 1970. £1756) 


e 


THE MARIE CURIE MEMORIAL 
FOUNDATION 


Applications are invited from Senior Research 
Workers, with Veterinary or Biological qualifca- 
tions, ta take charge of the animal; tissue culture 
groups in an expanding Cancer Research De- 
partment. Candidates should have experience in 
the culture of human or experimental tumour 
tissues. Salary on University scales according to 
experience, 

Further particulars may be obtained from: 
Dr. D. C. Williams, The Research Department, 
The Marie Curie Memorial Foundation. The 
Chart, OXTED, Surrey. Tel No.: Linmpsfeld 
Chart 2305/2307. {' R89) 
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logical Assistant to work with Dr. E. S5. 


Anderson, E.R.S.. in the Enteric Reference. . 


Laboratory, Colindale, London. Degree should 
be in a biological subject, microbfology an 
advantage. The work is mainiy concerned 
-—nguiries and applications should be sent to: 


The Personnel Officer, Central Public Health $ 
Laboratory, Colindale Avenue, London, N.W.9. * 


(1902) 





METROPOLITAN POL 
F 


the Chemistry Section. 
in the field of forensic science. 





Ep way, S.W.1 for application form and full particulars. 


DEPARTMENT OF HEALTH 
AND SOCIAL SECURITY 


eee 


BIOMECHANICAL R & D UNIT 
Roehampton, London, S.W.15 


The Unit has 3 vacancies for 


Mechanical or 
Electrical Engineers 


(graded Experimental Officer) 
in a team engaged on R & D work on artificial limbs. 


Post Í is in the 

Electro/Mechanical Laboratory . l B 

and is mainly concerned with components and systems, involving a wide 
variety of disciplines including structures, pneumatics, hydraulics and 
electronics. Preference will be given to candidates with a flair for direct 
practical application of knowledge and ingenuity. 


The other two posts are in the 

Measurements Laboratory. l l 
The laboratory is equipped with sophisticated data handling, calibration, 
photographic and load testing apparatus, and undertakes experimental 
work and the measurement of limbs and components in the artificial appii- 
ances field involving both normal and physically handicapped subjects. 


Applicants for 

Post 2 | 

must have a sympathetic approach to the physically handicapped and an 
ability to conduct practical experiments on their own initiative. An 
appreciation of instrumentation and associated electronics is also desirable. 


Post 3 

is concerned with the evaluation of components, the structural strength, 
safety and reliability of proposed assemblies, and for this work experience 
in an environmental test laboratory would be an advantage. 


Salary: £1,665-£2,081. 22 paid days leave. 


Qualifications: Degree, H.N.C. or equivalent in an appropriate subject. 
Applicants for post (1) should have practical experience in light mechanical 
or electro-mechanical engineering. Age normally 26-30. 


Prospects of permanent pensionable appointment. 


APPLICATION FORMS from Department of Health and Social Security, 
Room 616A, Queen Anne’s Mansions, Queen Anne's Gate, London, $.W.! 
Please quote T/R5//75/G. Closing date: 22nd December 1969. 


(1872) 


ORENSIG SCIENCE LABORATORY 





Assistant Experimental Officers and Experimental Officers are required for 


ASSISTANT EXPERIMENTAL OFFICERS: Age: 18-17. 


The work covers a wide range of enquiry and research 


Qualifications: Degree, H.N.C. or equivalent in appropriate subject. Under 
22, minimum qualifications in G.C.E. in five subjects, including two 


Scientific / Mathematical subjects at “A” level or equivalent level. 


Salary: £808 at age 18-—-£1.065 at age 22—-£1,333 at age 26 or over. 


£1,579 (max.). 
EXPERIMENTAL OFFICERS: Age: 26-30. 
Qualifications: Degree, H.N.C, or equivalent in appropriate subject. 
Salary: £1,715 to £2,131. i 
Prospects of promotion with salaries up to £3,721. 


POSTCARD to Secretary, Room 733 (A.E.O.), New Scotland Yard, Broad- 


“UBD 


oe BS 
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Instruments International S.A. 


nin eneorees CLINICAL CHEMIST 


to direct the activities of its new! 
the laboratory is to better serve t 





y established central laboratory located in Munich, West Germany. The purpose of 
he company’s European customers in the field of clinical chemistry. In particular the 














ee will be responsible for providing training and application assistance for the company’s new automatic clinical 
analyser Model DSA-560, recently introduced at the Vilth International Congress of Clinical Chemistry in Geneva, 


Switzerland. In addition, the laboratory will be responsible to develop new methods and procedures in keeping with 
the progress of this scientific discipline. 


This deat ei! is a real challenge for a Clinical Chemist with extensive experience in the use and application of 
automated wet chemical analysers. The successful candidate should be familiar with the administration and require- 


ments of modern clinical laboratories. 


Preference will be given to candidates with previous supervisory responsibility. 


He should be fluent in English with good working knowledge of French and German as he will also be required to attend. 
international conferences and symposia and give lectures. 


$ 


WE OFFER: 


—extensive training in the U.S.A. 


—attractive salary reflecting importance of position 
—excellent pension scheme and fringe benefits 


—pleasant working conditions 


—advancement opportunities in rapidly growing international 


organization. 


Please mail a short summary of your professional and academic background to 


UNIVERSITY OF DUNDEE 


DEPARTMENT OF MEDICAL 
BIOPHYSICS 


Applications are invited for the posts 
(2) of RESEARCH ASSISTANT. Part of 
the research programme of the Department 
is concerned with the interaction of neu- 
tron radiations with Uving tissues and the 
investigations with which assistance is 
sought will involve studies of the initial 
processes of energy absorption, in pio- 
molecules, of heavy ions. 

The appointments will be for three years 
and the work would be suitable for higher 
degree presentation. Salary is dependent 
on qualifications, experience and personal 
circumstances but will be in the region of 
£700 per annum. 


Applications (one vopy), naming two 


= referees, should be sent to the Secretary. 


The University, Dundee DDI 4HN, not 
later than January 3, 1970. Informal in- 
quiries may be made of Professor J. H. 
Martin, Department of Medical Biophysics. 


(1875) 





UNIVERSITY OF LONDON 
KING’S COLLEGE 


DEPARTMENT OF CHEMISTRY 


Applications are invited for the post of 
LECTURER IN ORGANIC CHEMISTRY 
at the College from October 1, 1970. 

Salary scale : £1,240 by £115 to £2,045, 
then subject to review by ILS to £2,850. 
A London Allowance of £60 per annum 
and F.S.8.U. benefits will also be payable. 
‘Starting salary dependent on qualifications 
and experience.) 

Application forms and conditions of 
appointment may be obtained from the 
“Registrar, King’s College London, Strand, 
W.C.2, and should be returned to him by 
January 31, 1970. (1726) 





Confidential 


Beckman Instruments International S.A. 


Département du Personnel 
17, rue des Pierres-du-Niton 
CH-1207 Geneva, Switzerland. 


AGRICULTURAL RESEARCH 
COUNCIL 


UNIT OF NITROGEN FIXATION 
AT THE UNIVERSITY OF SUSSEX 


We require an ASSISTANT EXPERIMEN- 
TAL OFFICER interested in co-ordination chem- 
istry to work in a team concerned with finding 
the chemical mechanism of the fixation of miro- 
gen in biological systems. A suitably qualified 
person may be given the opportunity to take a 
higher deeret, by part-time study, at the Uni- 
versity of Sussex. Minimum qualifications onder 
22 years, five G.C.EB. passes (two at © A” level 
in relevant subjects, or equivalent passes in 
ONC, H.N.C., ete. At 22 years and over a 
degree in Chemistry, G.R.LC.. HNC., or 
equivalent. Salary on a scale from £683 fat 18) 
to £1,454 per annum. Starting salary at age 22 
£940 per annum., 

Write, giving full details, to Professor Chatt, 
F.R.S.. Unit of Nitrogen Fixation, University of 
Sussex, Brighton. BNI 901, (1916) 


UWIST 
CARDIFF 


University of Wales Institute of Science 
and Technology 


DEPARTMENT OF APPLIED BIOLOGY 


RESEARCH ASSISTANT required to 
take part in a three-year fishery investiga- 
tion of the R. Ebbw. Work will be princi- 
pally a field study to determine the pattern 


of recovery of fish populations following 
improvements in river quality. 


Qualifications: H.N.D. or B.Sc. in a 


Biological subject. Training in Ecology 
with some experience of Fisheries desirable. 
Applicants should hold a current driving 
licence, 


Salary: within the range £900 to £1,100 
per annum. 


Particulars and application forms, quot- 
ing Ref. No. N (te be returned by Decem- 
ber 14), from Personnel Officer. (1892) 
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UNIVERSITY OF CAMBRIDGE 


UNIVERSITY 
DEMONSTRATOR IN 
CHEMICAL METALLURGY 


Applications are invited for a Demon- 
stratorship in Chemical Metallurgy from 
candidates with a Ph.D, degree or having 
equivalent experience in Chemical Metal- 
lurey, Physical Chemistry or Chemical En- 
gineering The successful candidate should 
be prepared to teach and do research in 
the kinetics of metallurgical reactions and 
the appointment is for three vears initially, 
extendable to five. 


The salary wii be in the range £1355 to 
£1,815, rising by annual increments of 
£1145. The post carries FSS U., superan- 
nuation. 


Further details can be obtained from the 
Professor of Metaliuray, Pembroke Street, 
Cambridge, CB2 3027, to whom applica- 
tions (len copies), should be sent not later 
than January H. 1970. (1928 


UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF 
GEOGRAPHY 


Applications are invited for the post of 
JUNIOR RESEARCH FELLOW IN 


GEOGRAPHY tenable from January 1, 
1970 or as soon as possible thereafter. 
Salary £935. , 
Further particulars from the Registrar, 
to whom applications (four copies), shoukl 


Quote 
{1876} 


be sent by December 10, 1969. 
Refi: R.69/G. 
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An Index of Quality 


The Pye Trap Index Level Selector is a brilliant new addition 
to the accessories available with the Series 105 Automatic 
Preparative Chromatograph. In conjunction with the 
instrument's punch tape control system, this highly 
sophisticated control unit, with an electric comparator 
circuit, achieves an exceptional degree of accuracy In 
component and fraction collection -even at the end ofa 
separation lasting several hours. Trap rotation and sample 
collection at any level on the chromatogram are initiated 


independently of the recorder by the amplifier’s signal. And 

up to six different actuation stages are available. Programming 
is straightforward — you press the command buttons either 

to synchronise the tape with the chromatogram and index 

a trap, or simply to index a trap, then dial the amplifier output 
level at which the operation is to be carried out. 

Write or ‘phone for full details of the Pye Series 105 
Automatic Preparative Chromatograph and its Index of 
Quality. 
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Pye Unicam Lta 
York Street Cambridge, CB1 2PX, England 
Telephone (0223) 58866 Telex 81215 
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In preparation 


Theory of the Electrolytes 


By Professor Dr. H. Falkenhagen, Rostock 
With an Appendix by Professor Dr. H. G. Hertz, Karlsruhe 
in German language 


16.724 cm. Approx. 560 pages. 137 illustrations and 90 tables 
Linen bound approx 55.— M. Published Autumn 1970. 


The book begins with a detailed description of the bases whereby thermodynamics are active in the 
irreversible processes. From the DEBYEn demonstrations of the ionic interactions and their 
experimental test, the most important Laws of the Physics of Electrolytes are explained to the reader. 
Further on the author gives a description of the latest developments and results of electrolyte research 
whereby a completely new explanation of the theory of the concentrated solutions is demonstrated. 
In order to familiarize the reader with the most modern experimental methods of research of electrolytic 
solutions an appendix by Professor Dr. Hertz, Karlsruhe, describes the methods of research into 
magnetic nuclear resonance. 


Please send your order to a bookshop. 


S. HIRZEL VERLAG LEIPZIG 


Deutsche Demokratische Republik—701 Leipzig, Postfach 506 









Q, Announcing— 
A New Spectro-polarimeter 


The Spectro-C,ORDograph’ 


* A combined polarimetric and circular dichroic spectrograph 


An entirely new instrument for the measurement of Optical Rotatory Dispersion and Circular Dichroism 
over the wavelength range 180-800 nm of samples of optical density in the region 0-5. The data is 
stored photographically in an exposure time of | second for samples of O.D. 2; higher densities take 
a little longer. Both O.R.D. and C.D. data recorded simultaneously thus enabling studies of rapid 
reactions to be made in successive exposures, The elimination of electronics gives a low cost, trouble 
free, highly stable instrument with unique features. 





We now have the capacity for aluminising certain 
types of mirrors, at short notice. 
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Nature in North America 


From early in February Nature will maintain an 
editorial office in North America. The chief objective 
is to cater more efficiently for the great traffic in original 
manuscripts—unhappily but inevitably a two-way 
traffic—between American laboratories and the London 
office. It is also hoped by this means to keep more 
closely in touch with the growing band of referees 
as well as to stimulate those in North America who 
contribute original pieces of research to write for other 
sections of the journal. But an American office will 
also help in the collection of news which is now as 
important to scientists in Europe as to those in the 
United States or Canada. 

Nearer the time, intending contributors will be 
informed of the address in Washington to which 
original manuscripts and other communications may 
be sent. The offices on both sides of the Atlantic 
will at all times be able to answer for the status of a 
manuscript submitted for publication. Because the 
new arrangements will make for more speedy com- 
munications between authors, editors and referees, 
there should be a saving of time, modest to begin with 
but potentially very great. In the gathering of news, 
the two offices should complement each other in valu- 
able ways so that the result will be greater than the 
sum of the parts. To test the symmetry of the arrange- 
ment, Nature will be edited from Washington until 
the middle of the year. 

Those who work with international scientific journals 
are well aware that the old platitude about science 
being international is also a moving daily truth. From 


Gelting the Worst of Both 


THE statement on the secondary school curriculum 
put out by the committees of the Schools Council and 
the Standing Conference on University Entrance is a 
bitter document, a poignant reminder of what might 
have been and a desperate threat of what may yet be 
if it is regarded at all seriously by the universities 
and the schools. Everybody admits that the English 
system of secondary education is too specialized, 
and many people no doubt genuinely wish that there 
could be some measure of reform. The results, how- 
ever, are plain. 

Secondary school courses are too narrow to be strictly 
educative, and are especially maiming to the bright 
students who are encouraged by the system to specialize 
at an unduly early age. In many schools, specialization 
is well under way at fifteen, and soon afterwards 
students with ambitions to go on to universities will 
find themselves following only three courses of study, 
frequently themselves concentrated in one corner of 


those who collect the stamps from the envelopes to. 
those who count the circulation figures or verify the 
telephone bills, there is no hiding from the plain fact 
that the progress of science would be seriously impeded ` 
if it were not for communication between colleagues 
in places widely scattered on the Earth. For Nature, 
the link with the United States and Canada has always 
been strong—the first issue just over a hundred years 
ago carried an account of a meeting in Philadelphia. 
Recently, the flow of American manuscripts and other 
contributions has grown as quickly as the American 
circulation of Nature. For some time, the North 
American circulation has been comparable with the 
British. It is only seemly that this state of affairs 
should be reflected in the management of the journal, 

So does this mean that Nature, after a century on 
one side of the Atlantic, intends to follow the host of 
recent European emigrants to the other side? This is 
a natural question. The answer is NO. For one thing, 
the centre of gravity will remain in Britain. 








Fey 


rightly or wrongly, it holds that the British stvle of 
professional science journalism has much to contribute 
towards the understanding of what happens elsewhere, 
but it is also intended, in the months ahead, to 
strengthen links with other centres in Europe. Finally, 
as it is hoped the year ahead will show, the North 
American office is only one but necessarily the first of 
a series of developments intended to provide the 
readers of Nature with a better service. That is the 
overriding objective. 


the whole canvas of scholarship. But since uni versity 
selection tends to be in the gift of university depart- 
ments, and because of the common assumption by 
those who devise entrance regulations for English and 





Welsh universities that the best candidates are those 
who have already been through an imitation freshman 
year at school, the early specializers are often prema- 
turely imprisoned in their arbitrarily chosen speciality. 
Progressive universities do what they can to make 
good the damage done to people at school, but it is 
often too late for a student to change his line of study. 
Nobody knows how serions is the damage caused by 
this consistent misplacing of young people, but it 
would be a great surprise if it were not the equivalent 
of some endemic tropical disease—educational 
bilharzia, so to speak. l 
The committees whieh have now delivered their 
hybrid mouse of a proposal were established two 
years ago because of the general recognition that this 


For : Fads 
another, Nature will cherish its British accent for, 
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intolerable state of affairs could not be allowed to 
continue indefinitely. For a time, at least, it looked 
very much as if reform would be comparatively easy. 
In the first flush of enthusiasm about the creation of 
the Schools Council five years ago, and before the 
council’s hierarchy of committees had made sure 
that the only easy decisions would be compromises, 
the schools seemed to provide much of the incentive 
for a broader curriculum. For a time, at least, the 
universities surprised themselves as well as outsiders 
by welcoming the prospect of change—-a heady con- 
ference at the University of London Senate House at 
Easter, 1968, seemed to many like the dawning of a 
new era. 

As events have long since shown, of course, the 
schools have conflicting objectives in the uses which 
are made of the two final years of secondary education 
-sixth form as it is called. The schools understand- 
ably say that the sixth forms must in future cater for 
a greater diversity of talent and of interest than in the 
past. Almost with the same breath, however, they 
insist that the specialist teaching which is now the 
proudest boast of many secondary schools must also 
be preserved in the sixth form, partly on dubious 
educational arguments about the need for knowing at 
least something in depth, and partly because they 
do not wish to give offence to powerful and distinguished 
teachers who would be better employed in higher 
education. One of the most remarkable passages 
in the report now published is that in which the two 
committees say that “we attach great importance 
to the high quality achieved in the sixth forms . . . in 
the past and believe that this can be enhanced still 
further by the provision of a better balanced and in 
many ways more exacting curriculum”. It would, 
of course, be good to know a little more clearly what 
the committee intends by “high quality’, but educa- 
tionists will marvel that this should apparently be 
regarded as an end in itself. 

In circumstances like these, it is no wonder that 
the two committees have done no better than invent 
yet another public examination. If their prospectus 
were to become a reality, by the late seventies there 
would be a pyramidal structure. Fast students would 
have a curriculum with eight subjects up to fifteen, 
five subjects up to sixteen and three in the year 
immediately before university. There would be 
examination at sixteen (the proposed “Qualifying 
Examination’) and at seventeen (the “Further 
Examination’) and university places would be awarded 


Tight Budgets Aheut 


Tue Treasury has won friends among British economists 
by making public the most complete and sensible 
forward estimate of public expenditure so far (Cmnd 
4234, HMSO, 8s 6d). Some may complain that it 
would be better still if the government were also to 
publish in advance its estimates of how the other half 
of the economy will respond to the years ahead, but 
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on performance in these two testing procedures. Less 
quickly moving students would take an examination 
at the end of their eight-subject course and possibly a 
second, the qualifying examination, on leaving school. 
The two committees have devised some sensible ways 
limiting the extent to which pupils can concentrate 
on certain fields (although the last year is a paradise 
for the specialists). It would be an advantage, under 
the system now proposed, that students at schools 
would be prevented from spending up to half their 
time, even before the tender age of fifteen, on studies 
of science and mathematics. It is also possible to see 
how such a pattern would allow those seeking a broad 
curriculum to choose one for themselves. Unhappily, 
it will provide no incentive for the schools or to 
soften the pressures towards specialization to which 
the brightest students are exposed. 

Few sixth form masters will be deterred by the 
arrangements now proposed from pushing bright 
students quickly through familiar hurdles. There is 
even a danger that within the framework of what 
would have to be a gentleman’s agreement about the 
eight-subject curriculum in the lower school, the 
pressure for specialization could be greater than at 
present, at least for the quickly moving students. 
Certainly the last two years of the normal school 
career could easily be as specialized as at present, with 
an extra year and an extra examination for those 
who would compete for places at Oxford and Cam- 


sixth form as a whole. The attempt now proposed to 
make the difficulty go away by inventing a new 
examination may be a familiar British device, but it is 
a step backwards. To require, as the new scheme 
would, that schools should distinguish between poten- 
tial academics and other kinds of students is also a 
misfortune. If this is what the schools are really 
asking for, it is high time that they were rescued from 
themselves and forced to educate their pupils, not 
simply to train them for success in the competition 
for places in higher education. In short, the universi- 
ties would do everybody a service if they would firmly 
reject this half-baked document and simply devise a 
more liberal method of selection. 


that is an esoteric grumble. By making a more or less 
firm prediction of public expenditure between 1968 
and 1974, the Chancellor of the Exchequer is no doubt 
intending not merely to enlighten those who will read 
his document but also to suggest that there is now 
very little danger that public expenditure in Britain 
will get out of hand. At the same time, the estimates 
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will be a powerful reminder of the difficulty of recon- 
ciling the needs of worthy but conflicting causes for 
limited supplies of money. This is nowhere more true 
than in science, technology and higher education. By 
most standards, the prospects for the years immediately 
ahead are spartan, to say the best of them. 

For the research councils, the British Government 
estimates that growth will continue in the two years 
ahead, until the spending of all the research councils 
amounts to £111 million (at 1969 prices) in the financial 
year 1971-72. This is creditable enough, for it repre- 
sents an increase of roughly £13 million over the 
estimated total in the current financial year and an 
average rate of increase of 7-2 per cent a year over four 
consecutive financial years. Within these totals, 
however, it is inevitable that the most fashionable 
enterprises should grow most quickly. Thus both the 
Agricultural Research Council and the Science Research 
Council will grow in money terms by almost exactly 
10 per cent between last year and next year, but the 
budget of the Natural Environment Research Council 
is likely in the same period to grow by 32 per cent to 
£13 million. The Medical Research Council, long the 
chief beneficiary of the annual cake-cutting in the 
Council for Scientific Policy, will have to be satisfied 
with a mere 15 per cent in the same period. A part 
of the explanation is no doubt that new organizations 
have more room for growth (and the Social Sciences 
Research Council will double its budget in the two 
years to 1970), but the Treasury also commends 
applied research by saying that “the Council for 
Scientific Policy and the individual councils have 
encouraged research which brings economic benefit, 
though this is seldom immediate; for example, research 
relating to animals and crops; minerals; and polymers 
and enzymes’. The Treasury has nothing to say 
about the extent to which British contributions 
towards international programmes, now running at 
£12-2 million a year in basic science, will grow or 
shrink in the years shead, but evidently there will be 
hard bargaining on this and on the balance between 
the several research councils when the Council for 
Scientific Policy comes to decide, as it soon must, 
on the allocation of funds for 1971-72. But, however 
things turn out, it is hard to think that the Science 
Research Council will be able to stick to its promise 
to provide postgraduate awards proportional to the 
output of first degrees in science and technology 
without reducing expenditure on other things. The 
prospects for the years beyond 1972 are bleaker still, 
however—the admittedly provisional estimates for 
1972-74 will then be unchanged at the rate of £115 
million a year. 

The forward predictions of expenditure on tech- 
nology, largely through the budget of the Ministry of 
Technology. have an important bearing on the future 
of the British Government’s relations with industry. 
For one thing, there is to be an actual decrease (at 
1969 prices) of expenditure on research and develop- 
ment, from £71 million in the current year to £66-8 
million two years from now. The Treasury says that 
the net cost of general laboratories such as the National 
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Physical Laboratory will remain substantially what 
it is at present, that there will be an actual increase 
of the cost of some of the specialized laboratories and 
that the latter will be more than offset by the diversifi- 
cation of laboratories such as those of the Atomie 
Energy Authority, already able to boast of some success 
in winning outside business. Within the framework 
of the government’s present policy, this is reasonable 
enough, although for the Ministry of Technology as a 
whole, the most stringent test of success in making fal 
use of government laboratories will be the extent to 
which the resources of the telecommunications labora- 
tories are used where they are most urgently needed— 
in the development of civil telecommunications in a 
country already seriously impoverished in this respect. 
By comparison, the diversification programme, land- 
able though it may be, is bound always to seem a little 
like an attempt to avoid a more radical redistribution 
of national resources, 

On the principle of concentrating on proven success, 
the Ministry of Technology is planning to increase its 
direct support for industrial technology, partly through 
schemes such as that for helping with the introduction 
of prototype machinery and partly through increased 
activity by the National Research Development 
Corporation. One way and another, expenditure under 
this heading will grow from £19-5 million in the current 
year to £23-5 million two years from now. Although 
there is a danger that NRDC may soon find itself 
biting off more than it can chew, the most contentious 
issue raised by this part of the ministry’s budget is 
the declaration that “a ceiling has been placed on the 
total grants to the industrial research associations”. 
The intention is that for the next several years, the 
Ministry of Technology will be robbing Peter to pay 
Paul among its increasingly impoverished pensioners. 
Not merely the victims of this unseemly process but 
those who pay taxes should ask whether it would not 
be preferable to devise a policy for the research associa- 
tions. If they are worth keeping, then the ministry 
should either pay a decent price or do the honest thing 
and let them sink back into industry. The present 
course is simply a means of avoiding trouble. 

The contentious part of the forward budget of the 
Ministry of Technology is that which deals with direct 
support to various sections of industry, chiefly through 
the civil aircraft programme (running at £87-6 million 
a year at present, at the peak of the investment in the 
Concorde project), but including direct support for 
shipbuilding and a number of other lame ducks. The 
appearance of the new estimates of public expenditure 
is a splendid chance to ask what the ministry's inten- 
tions are in this direction. In the past few days, it has 
been purring to itself (and to its admirers) for what 
seems to be its toughness in declining to help the 
Beagle Aircraft Company out of financial trouble, thus 
saying goodbye to at least a part of the £6 million 
invested in this light aircraft in the past few years. The 
ministry has been equally anxious to win credit for its 
willingness to see the Handley-Page company bought 
up by one of its large customers from the United 
States. What has been going on? Has the Treasury’s 
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determination to make government departments live 
within a budget begun to bite at last, with the result 
that the Ministry of Technology has nothing left with 
which to back its faney but has to make a virtue of 
necessity instead ¢ Or has there been a genuine change 
of heart ? Has the ministry finally discovered that 
the best way of helping British industry is to support 
the enterprises most likely to be successful, not those 
about to collapse? The move which there has been in 
the past few weeks towards a more discriminatory 
policy on regional development grants is a welcome 
sign that the wind may be blowing in the right direc- 
tion. The fact that the still provisionally estimated 
cost of “technological services” in 1973--74 is something 
like fifteen per cent less than at present is unfortunately 
not a sure proof that the ministry has decided to forsake 
procreation for midwifery, which is its proper role in 
the process of industrial innovation. The White Paper 
is well spattered with warnings that the Ministry of 
Technology may by then be supporting projects yet 
undreamed of—a claim which is plausible enough, but 
which raises doubts about the credibility of this 
supposedly accurate exercise in indicative planning. 
Those who read the statement on publie expen- 
diture for the gloom which it will bring must surely, 
however, turn first to the sections on education, for 
here there is the greatest gulf between expectation and 
promise. The universities will fare worse than most 
other sectors of the educational system. The rate of 
capital expenditure will increase only a little in the 
next two years above the present level of £73 million a 
year, but that is not where the pinch will hurt. The 
more alarming difficulty is that current expenditure, 
at present £234 million a year, is budgeted to increase 
by only 15 per cent in the three years from 1968 to 
1972. This sum includes grants to students, usually 
paid by local authorities, as well as the direct sub- 
vention of the universities by the University Grants 
Committee. The sum is barely enough to keep pace 
with the growth of the student population. Evidently 
there is very little room for an improvement of quality. 
It is no wonder that the need for more postgraduate 
education is now an unpopular cause. But the stark 
figures in the forward estimates also make it clear 
precisely why the Department of Education and the 
Committee of Vice-Chancellors have been holding 
polite conversations about student loans, fuller utiliza- 
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tion of university buildings and other money-saving 
schemes (see page 1046). The simple lesson of what the 
White Paper on Public Expenditure has to say is that 
the universities must between them create some room 
in which they can breathe. If it is any comfort to 
those who teach in universities, the polytechnics, 
supposedly the apple of the government’s eye, are no 
better off. The White Paper is rightly proud that 
between 1967 and 1971, the proportion of each age 
group going on to some form of higher education will 
have increased from 14 per cent to something like 20 
per cent. There is no sign of a matching increase in 
expenditure on higher education, and the moral of 
that is plain enough. 

It is, of course, a simple schoolboy truth that British 
democracy is founded on the principle that taxpayers 
pressed beyond endurance can always threaten not to 
pay their taxes. “No taxation without representa- 
tion’ is the ery. A great deal has happened since the 
eighteenth century, however. In particular, it has 
now become a simple fact of modern British govern- 
ment that taxpayers as such exert only the most 
generalized contro! on what their government is about. 
This is why, for practical purposes, the tension between 
electors and their governments must now centre around 
declarations of forward strategy such as the estimate of 
public expenditure which has now been published. The 
economists are also right, of course, to say that docu- 
ments like these will throw some light on the working 
of the economy, but that is a side issue. The important 
questions to be asked are about the government's 
priorities, expressed in the allocations of funds to 
various causes, good and bad. This is why the time 
has now come for asking whether it is wise that the 
early seventies should see a pattern of research expen- 
diture only barely keeping up with the growing com- 
plexity of research activity, and whether it is wise that 
there should be such a marked disparity between the 
scale of support for higher education when everybody, 
the government as much as potential students, expects 
so much of it. For the universities and possibly for 
other kinds of institutions as well, the moral is plain 
that there must be some deliberate lessening of direct 
dependence on the public purse. For research, 
unhappily, there is Jess room for manoeuvre. The 
short time-scale of the new White Paper is, however, a 
warning that there is very little time to lose. 


Hi-jacking is Bad for Everybody 


Tur President of Syria has been spared the embarrass- 
ment of replying to what would have been one of the 
most impressive round-robins for a long time. Dr 
O. Edholm explains in his letter on page 1137 how the 
British winners of the Nobel Prize in science had put 
their names to a petition asking for the release of 
Professor S. Samueloff, the Israeli physiologist interned 


in Syria when a TWA aircraft bound for Israel was 
hi-jacked on August 29. One of the ironies of Professor 
Samueloff’s case was that he has been working since 
1966 on an IBP research project designed to distinguish 
between environmental and genetic determinants of 
human physique in populations such as those in the 
Middle East. The benefits would have been great. 
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Professor Samueloff’s release at the week-end was not 
intended by the Syrian Government as an acknow- 
ledgment of the value of his scientific work or even 
of his innocence of military activity. With a com- 
panion from the same aircraft, he was traded for 
thirteen Syrians in Israeli hands. 

It is important that the principles which have been 
raised by this shabby incident should not be forgotten 
now that Professor Samueloff is back in Israel. The 
most important issue is to know how the scientific 
community should respond to Dr Edholm’s plea that 
learned societies should pay some attention to what 
happens when scientists are involved. in acts of piracy 
like this. On the face of things, of course, there is a 
case for doing nothing. Hi-jacking, like other forms of 
piracy, is a serious assault on civilized conventions but 
also a matter for governments to deal with. This is the 
letter of the law, from which it seems to follow that there 
is no case for asking that scientists should be dealt with 
differently from other people or that scientific societies 
should intervene when other professional bodies are 
silent. This, however, may be needlessly passive. 
Some arguments tell the other way. 

To begin with, simply because scientists frequently 
find themselves behaving as if science knows no 
boundaries, they tend to find themselves in dangerous 
places more frequently than, say, businessmen. Second, 
the international scientific community is often so 
tightly knit that it can exercise an influence which may 
be different from and even more powerful than that 
of other organizations, governments sometimes in- 
cluded. Especially when scientists are individually at 
risk, and where it seems that the scientific community 
could exert pressure in the right direction, there is a 
case for throwing seemly disengagement from politics 
to the winds. To be sure, it is hard to see how the 
separate councils of individual learned societies could 
quickly make up their minds on a course of action when 
it seemed as if one of their members was threatened 
by an illegal civil act—in the case of Professor 
Samueloff, for example, some may have held that it 
would be more productive to press the Government of 
Israel to agree to an exchange of prisoners than to press 
simply for the unilateral release of the hi-jacking 
victims. Evidently there is plenty of room for argu- 
ment there. Yet it is plain that incidents like these, 
and occasions when the liberty of scientists is impeded 
by the arbitrary acts of governments as in Brazil, will 
be more and not less frequent in the years ahead. Is it 
not time that the International Council of Scientific 
Unions put its hand to the formulation of an osten- 
tatious set of principles by means of which govern- 
ments should order their dealings with scientists of all 
nationalities ? In the nature of things, it would only 
be possible to ask for the most elementary safeguards, 
and there could of course be no assurance that in a fight 
with a headstrong government, ICSU would emerge the 
winner. The boot would probably be on the other foot, 
indeed, but there is at least a chance that the threat 
of scorn among the scientific community would deter 
some governments from casual infringements of 
decency. 
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HIGHER EDUCATION 


Talks on Universities (Part 2) 


from our Education Correspondent 


THE second instalment in the talks at the Department 
of Education and Science on university expansion in 
the 1970s took place last week. This time it was the 
turn of the Association of University Teachers to meet 
the chairman of the University Grants Committee, 
Mr Kenneth Berrill, and the Minister of State for 


100 Years Ago 
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GOLD DIGGERS IN THIBET 

THE Thibetan gold-field of Thok-Jalung in lat. 327 

24’ 26” and long. 81° 37° 38” was visited by the 
pundits employed by the G. T. Survey, in 1867 (August). 
The camp was pitched in a large desolate plain of a 
reddish brown appearance, the tents stand in pits seven 
or eight feet deep for protection against the cold wind, the 
elevation being 16,330 feet, yet the diggers prefer to work 
in the winter, when nearly 600 tents are to be found there ; 
the soil when frozen does not “cave in.” They have no 
wood, but use dried dung for fuel, and the water is so 
brackish as to be undrinkable until frozen and remelted., 
They live well, taking three meals a-day of boiled meat, 
barley cakes, and tea stewed with butter. They will not 
use the Himalayan tea, as too heating and only fit for 
poor folks, 


The curious posture for sleeping, universal among the 
Thibetans, was observed here. They invariably draw 
their knees close up to their heads, and rest on their knees 
and elbows, huddling every scrap of clothing they can 
muster on their backs ; the richer rest thus on a mattress 
rising towards the head. The poorer avail themselves of 
a suitable slope on the hill side, or pile stones and earth 
fo a convenient height. This position is most probably 
adopted in order to secure as much warmth as possible 
for the abdomen, the thighs pressing against it and 
excluding the air. 

The gold-diggers recreate themselves with tobacco 
smoked in iron pipes, and, notwithstanding the hardships 
of their laborious toil, seem very merry, singing songs in 
chorus, in which the women and children join. 


The Brighton Aquarium 
WouLp it be unduly troubling you were I to ask you to inform 
me, throug the medium of the columns of NATURE, if the 
much-talked-of Brighton Aquarium is really to be “started ? 2 
H.J MOTI 
The Cloaca Maxima a 
WILL you pardon me for asking a question which probably I 
ought to be able to answer myself? Mr. Corfield, in his interest- 
ing comparison of the hygienic performances of the ancients and 
ourselves, mentions the well-known Cloaca Maxima as one of 
the great glories of the Romans, Can he tell us how they got 
the sewage into it? I presume the invention of Bramah was 
not known in those times, and I was a little disappointed in not 
finding in his able paper a solution of a mystery which has 
puzzled me since my childhood. What did the Romans want 
with a Cloaca Maxima, and how did they use it ? 
Dec rth. 


From Nature, 1, 192, December 16, 1869. 


IGNORAMUS 
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Education and Science, Mr Gerald Fowler. The talks 
centred on how the universities could accommodate 
the expected growth in student numbers which, accord- 
ing to the latest projections, should reach 700,000 by 
1981. Working on the Robbins basis of relating entry 
to higher education with numbers of qualified school 
leavers, the ministry predicts that 437,000 students 
will be engaged in full-time higher education in 1971-72, 
557,000 in 1976-77 and 727,000 in 1981-82 (compared 
with the Robbins estimates of 305,000, 388,600 and 
510,000 respectively for these years). This expansion 
is bound to call for a radical reappraisal of the use of 
university facilities and university financing. 

Like the previous conversation with the Committee 
of Vice-Chancellors and Principals (Nature, 224, 4; 
1969), last week’s talks were described as informal 
and in no way embodied positive proposals from either 
side. If the measures discussed with the Committee 
of Vice-Chancellors and Principals are anything to go 
by, however, some very radical proposals for achieving 
university expansion as cheaply as possible were 
discussed. The Committee of Vice-Chancellors has 
circulated a résumé of its discussions to the universi- 
ties, and it seems that thirteen possibilities, including 
reorganization of the academic year and student loans, 
were put forward. Two year degree courses and six 
term years were also strongly canvassed. 

Other interested parties will soon be appearing at 
the Department of Education and Science for discus- 
sions, and the end product is likely to be a green paper 
some time next year. This will necessarily include 
proposals distasteful both to the universities and the 
National Union of Students. Only if the debate can 
be removed from the aura of secrecy that has sur- 
rounded the talks so far will informed conclusions be 
reached. 


SIXTH FORMS 


Broader Curricula by Half 


from our Education Correspondent 


Breakrinc down specialization in secondary school 
education has long been the objective of British 
educational reformers. The Joint Working Party on 
Sixth Form Curriculum and Examinations of the 
Standing Conference on University Entrance and the 
Schools Council is at last submitting proposals for 
broadening sixth form curricula to its parent bodies. 
These proposals, the result of eighteen months’ work, 
call for two new examinations to be taken at the end 
of the sixth and seventh school years. Students would 
specialize much later than under the present system, 
taking eight subjects in the fifth year, five in the sixth 
year and two or three in the seventh year. Only in 
the seventh year would they be able to study exclu- 
sively arts or science subjects. 

The sixth year examination is seen as a qualifying 
examination for all sectors of higher education, and 
would be midway between the present GCE O and A 
levels. The curriculum leading to this examination 
would comprise five subjects for about five-sevenths 
of the week, with the rest of the time devoted to 
unexamined studies. Students would have a restricted 
choice of subjects for the sixth year, spread over a 
reasonable spectrum of disciplines, and they would 
be expected to take no more than two sciences or two 
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languages. Normally, all five subjects would be 
examined at the end of the sixth year, but this does 
not preclude the possibility of spending more than a 
year on some subjects. 

The jomt working party goes on to suggest that 
specialization in the seventh school year is desirable, 
and that students should be able to choose two or 
three subjects for the proposed new Further Examina- 
tion. University selection would be based on perform- 
ance in the sixth year qualifying examination, assess- 
ment: of course work, headmasters’ reports and success 
in not more than three subjects in the further examina- 
tion. It is also hoped that universities will specify as 
few subjects as possible by name for their entrance 
requirements. Students not seeking entrance to degree 
courses would probably study one or two subjects 
for the further examination, and some would combine 
these with continued or new study for subjects in the 
qualifying examination. 

These proposals would, of course, mean an end to 
the GCE A level examination, but the joint working 
party emphasizes that it is not seeking to abolish the 
CSE and O level examinations, which are said to 
provide many valuable functions, particularly for those 
not intending to go on to higher education. Students 
taking the qualifying examination would probably not 
take O levels, however, because these would no longer 
be used for university selection purposes. The joint 
working party also recommends that the qualifying 
and further examinations should embody the latest 
examination techniques, and that they should be 
related as closely as possible to the teaching process. 
It is therefore hoped that they will not cause the sixth 
form curriculum to become examination-oriented, and 
that they will not encroach too much on teaching 
time. 

The working party suggests that the first qualifying 
examinations should be taken in 1975, and the first 
further examinations in 1976. It recommends, how- 
ever, that the new pattern should be universally 
adopted, because to run it as an alternative to the 
present A level pattern would create a system embody- 
ing five major public examinations. This would place 
an undue strain on the country’s examination resources, 
and it would also mean that many schools and univer- 
sities which would like to support the new system 
would not do so because of the uncertainties surround- 
ing it. To ensure that the curricula and examinations 
are correctly planned, a national committee including 
representatives from the schools and the universities 
is proposed. 

These proposals are half-way towards earlier sug- 
gestions from the Standing Committee on University 
Entrance, which proposed that sixth formers should 
study five subjects for two years. The Standing Com- 
mittee says that it was converted to the new proposals 
because of the advantages of scrapping O levels as a 
vardstick for university entrance requirements. 


UNIVERSITIES 


Donnish Productivity 


A NuMBER of university academic staff are taking part 
in a time and motion study. They have been asked 
by the Committee of Vice-Chancellors and Principals 
to complete a diary of activities between 8.00 a.m. 
and midnight for three weeks a year—a normal teach- 
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ing week, a week in the university vacation and a week 
falling within an examination period. The object 
is to enable the University Grants Commission to 
estimate teaching and research costs, subject by sub- 
ject, for individual universities. Expenditure on 
academic salaries accounts for about half the recurrent 
expenditure on universities, and the Committee of 
Vice-Chancellors says that correct allocation of salary 
costs between undergraduate teaching, postgraduate 
teaching and research is essential in any attribution of 
costs. It seems that the UGC is hoping to find out the 
relative costs in different universities of producing 
the same or similar first-degree output, and it hopes 
that the survey will provide an additional tool for 
assessing the recurrent needs of the universities. 

Academic staff are being asked to record the time 
spent in seven different activities: “undergraduate 
time”, including teaching and associated activities: 
“graduate course work time”, that spent in teaching 
higher degree courses where the emphasis is on instruc- 
tion rather than on research; “graduate research time”, 
including all forms of supervision, project assistance 
and research training; “personal research time”; 
“unallocable internal time” which, despite the graphic 
description, includes reading, study, discussion and 
conferences; “external professional time’, which 
includes consultancy, industrial projects, committee 
work and outside lecturing; and “private and free 
time”, including eating (provided, of course, that 
nobody talks shop), sleeping, family contacts as they 
are called and community work not related to pro- 
fessional status-—for example, says the Committee of 
Vice-Chancellors, being a churchwarden. 

The survey, which will be conducted once in a quin- 
quennium, has provoked criticism and ridicule from 
several teachers. Chief among the criticisms seems 
to be the difficulties involved in allocating time spent 
in such activities as discussion and formulating ideas. 
Underlying these criticisms, however, is undoubtedly 
a feeling of indignation that the daily activities of 
academics should be subjected to time and motion 
studies. 


ATOMIC ENERGY 


is Euratom Saved? 


Last Saturday’s resolutions passed by the European 
Economie Community's Council of Ministers of Science 
and Technology have at long last lifted Euratom off 
the floor, even if they have not put it back on its feet. 
For far too long now—since 1967—-Euratom has been 
living a hand-to-mouth existence, making do with 
research budgets approved on a twelve-month basis, 
and this year on a six-month basis, instead of the grand 
five year programmes which the organization has been 
accustomed to. It is true, of course, that what took 
place in Brussels at the weekend is in fact a holding 
operation, but the long-suffering staff of Euratom will 
be glad that their jobs seem to be assured for a couple 
of vears at least. 

The resolution passed by the council fixes the 1970 
budget at $53 million, with a continuation into 1971 
on the understanding that, from 1970 onwards, the 
organization will promote wider cooperation through- 
out the community on advanced reactors. It also 
asks for a restructuring of the Euratom management 
so that it becomes a more effective machine for co- 
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operation between member states. Other parts of the 
resolution allow the common research centre which is 
so far confined to nuclear activities to do non-nuclear 
work. In particular this seems to be to allow the 
centre to take up what projects out of the Aigrain 
proposals the community decides on. The centre 
will also be allowed to do work under contract for 
individual companies. Finally, the council has said 
that a decision on the long-term supply of uranium 
will be taken next year, when there will have been a 
chance to look at the rival merits of a pilot plant in 
France and the centrifuge process. 

What seems to have inspired the ministers to release 
Euratom from the impasse are the signs of a new spirit 
of cooperation which arose out of the recent summit 
meeting of the community at The Hague. Without 
this, the staff of Euratom might still have been in their 
previous demoralizing situation. Although the resolu- 
tion was as likely as not taken for political reasons, 
possibly with the notion of being in a position to get 
as much technological benefit out of British entry as 
possible, the result is that people are more optimistic 
about the future of Euratom than they have been for 
years. It now remains to be seen what interpretation 
the community summit places on the resolutions. 


CONSERVATION 


Plans for Europe 


CONFERENCES, competitions, special postage stamps, 
film festivals, a youth parliament and Viking beacons 
will be some of the features of European Conservation 
Year, to be launched in the United Kingdom in the 
traditional way with a dinner at the Gui Idhall, London, 
on December 16. Twenty-five countries are involved 
in this concerted effort to communicate the need to 
stop spreading fear and gloom and to do something 
about pressures on the environment. 

The highlight of the year seems likely to be the 
gathering of top people, including Mr Anthony Cros- 
land, the Secretary of State for Regional Government 
and Planning, at the European Conservation Conference 
in Strasbourg next February. Later in the year there 
will be a large international congress in London 
organized by the World Wildlife Fund. 

The Netherlands will have a conservation fleet and 
Germany a State Railways exhibition train to CAITY 
the good news from place to place. Italy is to have a 
film festival with a prize of a million lire for the best 
film on conservation, and four Scandinavian countries 
will light Viking warning pyres every ten miles along 
two thousand miles of coast: it is to be hoped that 
they do no harm to the environment. The youth 
parliament will be in Stockholm, where the Prime 
Minister will join the young delegates. 

Special stamps are to be issued by at least fifteen of 
the participating countries, and most of them will be 
organizing competitions for schools. In Britain the 
Nature Conservancy and the Shell organization, are to 
run a competition for secondary school pupils, who 
will be encouraged to study local problems and suggest 
conservation projects. The winners, after competing 
in public for the final honours, will be taken on a tour 
of Europe at the expense of Shell. 

British industry has been well roused to activity, 
and Kodak is joining with the Nature Conservancy to 
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mount a photographic exhibition on man and nature, 
which will tour Britain asking people what they are 
prepared to do to obtain the environment they want. 
Tate and Lyle’s Mr Cube will appear on four million 
sugar bags urging respect for the countryside, and 
Mobil, together with the Automobile Association, is to 
distribute disposable litter bags from two thousand 
petrol stations. 

The British voluntary bodies concerned with con- 
servation, preservation, amenity, recreation and so on 
have come together in the Committee for Environ- 
mental Conservation, and will be responsible for a 
thousand events during the year. At its inaugural 
meeting on November 26, the committee decided that 
its first activity would be to survey water supply in 
its widest aspect, including pollution—a big problem for 
conservation year—and sources of supply and usage. 

The instigators of all this effort—in Britain the 
Countryside in 1970 organization—will be looking 
anxiously at their results at the end of next year, for 
they are planning for United Nations world conferences 
in 1971 and 1972, and are apparently looking forward 
to a world conservation year. 


OCTOGENARIAN BOTANIST 


Plant Anatomist Extraordinary 


from our Botany Correspondent 

HunGary’s senior botanist, Professor Pal Greguss, 
who was eighty on December 12, still lectures regularly 
and works in his laboratory at the University of 
Szeged, although he retired from the chair of botany in 
1965. His principal scientific interest is now xylotomy— 
the study of the anatomy of thin sections of wood. In 
this he has gained an international reputation, largely 
through a series of books which began to appear in 
1955. 

Palaeobotanists, archaeologists and hard pressed 
plant anatomists who must identify plant specimens on 
the basis of small pieces of stem, have need of guides 
such as Professor Greguss’s Identification of the Living 
Gymnosperms on the Basis of Xylotomy or his book on 
the anatomy of the European hardwoods. With these 
it is often posssible to identify the family and genus to 





Professor Pal Greguss. 
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which a piece of wood belongs, and sometimes even the 
species, by looking at thin sections of the specimen 
under the microscope. 

Professor Greguss is also well known for his xylo- 
tomical investigations of fossil plants, and in 1967 
and 1969 he published books on the fossil gymnosperms 
and angiosperms of Hungary. Before turning to 
xvlotomy he wrote, in 1935, an introduction to gene- 
tics, which was the first such treatment of genetics in 
Hungary. 


EXHIBITIONS 


Physics in Paris 


from our Paris Correspondent 


Paris, December 8 

THe president of the French Society of Physics has 
expressed the wish that the physics exhibition held 
from December 8 to 13 should help to make physics 
more attractive and interesting. It is unlikely, how- 
ever, that his hopes will be fulfilled: although in the 
past, efforts have been made to present fairly spectacu- 
lar experiments, this year the exhibition concentrated 
mostly on professional physics and showed little con- 
cern for aesthetics. Early visitors, on the day that the 
Minister of Research, Mr Ortoli, opened the exhibition 
seemed on the whole to be rather disappointed. 

There was little foreign participation: no Japanese 
and few American displays. (One American remarked 
that he found the exhibition uninteresting and would 
not go again.) Mintech’s display, however, held plenty 
of interest, especially for those interested in super- 
conductors. The French exhibitors, howerer, seemed 
either to have neglected superconductors or to have 
received insufficient reward for their efforts. But the 
French contribution was strong on optics, notably 
spectroscopy. Some visitors explained this lack of 
balance by recalling that the previous Délégué Général 
à la Recherche Scientifique, Mr Maréchal, and the 
previous Directeur du Centre National de la Recherche 
Scientifique, Mr Jaquinot, both worked in optics. 
Another gap in the French contributions was the 
absence of the Centre National d'Etudes Spatiales 
and the Centre National des Télécommunications. 
The Commissariat à l’Energie Atomique, almost the 
only organization to have made an effort to exhibit 
its wares attractively, also had one of the few French 
displays that placed the accent on automation and 
data processing. 

The Compagnie Général d’Electricité (CGE) had a 
spectacularly successful exhibit demonstrating the 
use of lasers. And it also took the risk of drawing 
attention to its research on fuel cells, which seems 
to have given trouble to its laboratories and the 
government organizations which support them. The 
holographic network developed by the firm of Jobin 
and Yzon aroused some interest, Air Liquide—Philip 
showed some good eryogenics material which, oddly 
enough, is only now coming onto the market although 
the laboratory work was completed several years ago. 

Impressions after a first visit are of an average sort 
of exhibition, incongruous in lay-out and with no 
surprises or special features. Of course, since the 
government brought in its financial restrictions at the 
end of the summer, French laboratories have ceased 
to be a very good market for manufacturers. The 
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representatives of a well known German firm explained 
that since September 15 he has not sold a single micro- 
scope in France. 


RABIES 


Animals Held Up 


Ercur months’ quarantine is now to be required for 
dogs and cats entering Britam. Mr Cledwyn Hughes, 
Minister of Agriculture, Fisheries and Food, has also 
announced the prohibition of imports of “exotic 
species” ranging from aye-ayes to wolverines unless 
destined for zoos or research establishments. These 
measures follow the publication of an enquiry into two 
cases of rabies confirmed this autumn in dogs that were 
quarantined at a kennel in Folkestone; Britain now 
has the most exacting of all regulations for the control 
of animal imports. 

The enquiry was carried out by Mr A. G. Beynon, 
director of the ministry’s Veterinary Field Services, 
and Dr W. M. Henderson, director of the Agricultural 
Research Council’s Institute for Research on Animal 
Diseases. Its report (published by the Ministry, 6d) 
says that there had been no chance of direct cross- 
infection by biting at the kennel, because all dogs there 
had been kept apart. The two infected dogs had 
arrived from West Germany and may have carried the 
disease with them, but it is still possible that there 
might have been indirect transmission from a rabid 
Indian collie that died at the same kennel in July, even 
though there are no recorded cases of indirect infection 
among dogs. Unable to form definite conclusions from 
the available evidence, the enquiry nevertheless hints 
that at least one of the dogs may not have had rabies 
when it arrived because it had been closely guarded 
when it was in Germany. 

How could indirect transmission arise? Aerosol 
infection is one possibility—it has occurred among bats 
in caves. On the other hand, exercise runs at kennels 
are not disinfected after each dog has used them—only 
faeces are removed—and there is some evidence that 
this procedure could be dangerous. Apparently there 
are to be no changes in the regulations for kennels, 
although the minister will review the quarantine 
arrangements again at the end of 1970. Meanwhile, 
brain tissues from the three Folkestone dogs will be 
examined for similarities in the viruses. 

The extension of the quarantine period is not a 
direct outcome of the report, which is confined to the 
infections. Eight months would, however, have 
spanned all cases diagnosed since 1922, when Britain 
became free of rabies (sce table). The long periods of 
incubation that the British figures seem to imply are 
not supported by experiments in the United States, 
where only two out of 140 infected dogs took more than 
90 days to develop symptoms. Ineubation periods 
vary with the amount of virus with which an animal 


RABIES IN QUARANTINED ANIMALS SINCE 1922-——prerrt.- 
BUTION OF PERIODS BETWEEN ARRIVAL IN BRITAIN AND 
DEATH 


Months since arrival 1 2 5 G6 7* 8 


No. of deaths 13 l ; ` 2 2 3 i 


* Includes one of the 1969 dogs which died after it had 
left quarantine. 
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is originally infected, but naturally there can be no 
absolute assurance that the new British quarantine 
period is completely safe. And, if cross-infection 
within kennels is a reality, no quarantine regulations 
could guarantee safety, and then the only way to 
abolish all risk would be to ban imports of animals 
altogether. | 

The ban on exotic animals will help to kill a second 
bird with the same stone, and there are some who hold 
that British public opinion would tolerate losing a 
source of pets only now that rabies seems a danger. 
Whether animals for research should also be banned is 
more a matter for debate; the fuss began with a rhesus 
monkey which had been imported for medical research 
and died in 1966. A spokesman for the Ministry of 
Agriculture, however, has said that if safety had been 
in question, research imports would also have been 
banned. As it is, a zoo or a Jaboratory does in effect 
provide sufficiently good quarantine for the risk to be 
non-existent. 


OCEANOLOGY 


All at Sea 


Mvucu of what at present passes for oceanology is 
nothing more than the straightforward use of the sea 
for such things as fishing and transport, so that it is 
inevitable that oceanology should seem as if it is 
trying to breathe life into dying horses or to flog 
healthy animals into a frenzy. Now another British 
government report has been released which purports 
to show that British oceanology is alive and well. 
Prepared under the wing of the Ministry of Technology 
by a refreshingly small committee of five members 
from the Ministry of Technology, the Royal Navy, the 
Natural Environment Research Council and helped by 
a representative from the National Research Develop- 
ment Corporation, the document is a review of what 
has been happening in oceanology between April 1968 
and June this year. The committee—on marine tech. 
nology—-was one of the recommendations of the in- 
conclusive White Paper on marine science and tech- 
nology which was finally published only in April this 
year (see Nature, 222,310; 1969). As much as anything, 
the eight-page review is a curtain-raiser for the long- 
awaited report on underwater vessels—referred to by 
the committee as submersibles rather than submarines 
~—which is promised in two or three weeks. What the 
committee has done is consult various government 
departments as well as organizations like the White 
Fish Authority and the oil and the underwater con- 
struction industries. The committee seems to have 
distilled a series of suggestions of where British research 
is likely to be valuable. 

The Minister of Technology, Mr Anthony Wedgwood 
Benn, is fond of emphasizing that his department is 
not out to foster Nobel prizewinners but to make 
money, and it is good to see that the aim of the com- 
mittee on marine technology is to discover what areas 
of oceanology are likely to be profitable, if any. Judging 
by the review, this is not easy—‘‘it is difficult to 
quantify precisely the potential profitability in any 
area’ is what the committee says. Although 





underwater construction industries have not yet been 
able to identify precisely their future technological 
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needs”. In a section on submersibles, the committee 
says it has been difficult to extract statements from 
industry about their needs, and “the needs of the oil 
industry have been equally hard to identify in detail”. 
This lack of enthusiasm suggests either that industry 
is bemg lackadaisical about golden opportunities or 
that everything is fine the way things are. The com- 
mittee proposes to find out by, for example, com- 
missioning a study from the Construction Industry 
Research Association on underwater construction. And 
early next year a systems analysis study of fishing 
which is being prepared by Hawker Siddeley Dynamics, 
Ltd, for the Ministry of Technology, should be available. 
The hawks will be disappointed that oceanology 
includes not only submersibles but mundane things 
like dredging and cargo handling. The seabed in the 
English Channel and the North Sea is such that the 
extraction of sand and gravel is quite probably where 
money will be made, in the short term at least. An 
economic study of dredger operation and manufacture, 
prepared for the committee by the Programmes 
Analysis Unit of the Ministry of Technology, will be 
ready early next year. The committee is also con- 
cerned with the safety of offshore platforms, and a 
contract for a study is to be placed next year. But 
the review leaves the impression of bringing together 
a spectrum of diverse topics related only by their 
connexion with the sea, and of course this is really all 
there is to oceanology. Meanwhile, Overseas Containers, 
Ltd, still determined to move from Tilbury to Antwerp, 
might be glad that the committee is considering “some 
problems arising in relation to container ships”. 


SCIENCE POLICY 


Three Busy Years 


THE Science Policy Research Unit at the University of 
Sussex is making its presence felt in science policy. 
The unit’s third report, now published, shows that in 
addition to research in industrial innovation, science 
policy in developing countries and social studies of 
science, members of the research staff have played an 
important part in the work of the Organization for 
Economie Cooperation and Development (OECD), 
Unesco and several government departments and 
international agencies. The bulk of the unit’s research 
seems now to be supported by contracts and grants 
from these bodies. 

The unit is approaching the study of research and 
innovation in industry from a new angle Instead of 
trying to analyse the reasons for success in innovation, 
the unit is concentrating on the causes of failure. The 
technique is to study pairs of attempted innovations, 
one of which has been relatively successful while the 
other failed Gudged in market terms); comparisons 
between each case history should throw some interest- 
ing light on the innovation process. Another project, 
sponsored by the Engineering Industry Training Board, 
is an attempt to predict the effects of changes in 
technology on manpower and training requirements 
for a small number of selected occupations. For 
example, the unit is studying the way in which changes 
in the technology of batch production machining may 
affect labour requirements. The outcome may help 
the EITB to modify its manpower demand extrapola- 
tions. 
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An investigation of science policy in developing 
countries, sponsored by the Ford Foundation, sets 
out to analyse the influence of differential rates of 
technological progress in advanced and developing 
countries on the export performance of the developing 
countries Science policy in China is also being studied, 
despite difficulties in getting reliable information, and 
a start has been made on an analysis of the growth of 
the scientific instruments industry in India which 
should help to pick out some of the factors affecting 
the transfer of technology both within India and from 
abroad. 

The unit also hopes that techniques of cost—benefit 
analysis can be applied to social studies of science and 
will contribute to the solution of problems of environ- 
mental pollution and other by-products of indus- 
trialized society. One scheme aims to compare the 
costs of safety precautions in operation and design of 
machinery and the costs of industrial accidents. 

The staff of the unit now numbers thirty and is 
involved in postgraduate teaching and direct work for 
outside bodies. The director, Mr Christopher Freeman, 
has worked with the OECD and Unesco on problems 
connected with the measurement of scientific and 
technical activities. Other staff members have worked 
with the Canadian International Development Agency, 
the Economic Commission for Europe and various 
United Nations agencies. 


OPTICAL TELESCOPES 


Polishing a Blank 


from our Astronomy Correspondent 


Work started this week, at the Newcastle upon Tyne 
works of Grubb Parsons, Ltd, on the eighteen-month 
task of turning the largest piece of glass ever imported 
into Britain into the primary mirror for the Anglo- 
Australian telescope (see Nature, 224, 935; 1969). 
Strictly speaking, the twenty-ton millstone-shaped 
block is a glass-ceramic, made out of a material called 
Cer-Vit developed by Owens-Illinois, Ine., of Toledo, 
Ohio. Because of its nearly negligible coefficient of 
thermal expansion, Cer-Vit is superior to the Pyrex 
and fused silica which was formerly used in telescopes, 
the 200-inch on Palomar Mountain included. Owens- 
Illinois has lately done a roaring trade in Cer-Vit— 
this year, blanks are being cast at Toledo for the 
158-inch mirror of the Cerro Tololo Inter-American 
Observatory in Chile, for a 144-inch telescope to be 
installed in southern France and for the 150-inch 
Anglo-Australian telescope. Happily, Cer-Vit is also 
more easily prepared than conventional materials. The 
melt for the Cerro Tololo blank took only ten days to 
prepare, compared with a month for the Pyrex material 
of the Palomar 200-inch, for example. 

The blank now in Newcastle was cast on April 9 
this year and then transferred to a kiln where the 
physical properties of the material were adjusted by 
firing. The Pyrex of the 200-inch, on the other hand, 
had to be annealed for eleven months before shaping 
could begin. But the low-expansion properties of 
Cer-Vit yield only slight advantages in the grinding 
and polishing process, Mr D. 8. Brown of Grubb 
Parsons said this week. Although at first sight it 
might appear that a Cer-Vit blank would deform less 
markedly than glass under the heat of grinding and 
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polishing, so that it should be possible to test the 
surface soon after each process instead of waiting for 
the blank to cool, what actually happens is that the 
heat causes air currents which spoil the optical 
measurements. 

The blank will go through three stages at Newcastle 
to improve the accuracy of the surface from the one 
or two hundredths of an inch left by preliminary 
finishing at Toledo to a few millionths of an inch. 
First, two or three months of diamond milling will 
remove some three hundred pounds of material and 
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Uncrating the mirror blank. 


leave all surfaces accurate to a few thousandths of an 
inch. Then about fifty pounds will be ground away 
from the surface, using successively finer abrasives, 
and the mirror will be given its hyperboloidal shape. 
Finally, polishing and figuring with cerium oxide will 
be interspersed with frequent optical tests at a test 
tower, 

Grubb Parsons will also be shaping three secondary 
Cer-Vit mirrors for the Anglo-Australian telescope, the 
largest of them 58 inches in diameter. together with 
five flat mirrors for the Coudé optics. They are also 
making the telescope tube, and will be tendering for 
the telescope mounting next year. Naturally, Grubb 
Parsons is hoping that the experience gained on large 
mirrors, like the facilities which they have installed, 
will pay off in more contracts of this kind. The AAT 
blank, for example, is being prepared on the machine 
that shaped the 98-inch primary of the Isaac Newton 
telescope in a temperature-controlled workshop. The 
problem is of course that big telescopes are to astronomy 
as GeV accelerators to physics, and equally hard to 
come by. 
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STEEL INDUSTRY 


Computer on the March 


THE mobile computer ordered by the British Steel 
Corporation’s BISRA laboratories for studying process 
control in the steel industry went through its first 
trials last week on a miniature rolling mill in London. 
In January the computer unit will move to the Spencer 
steelworks in South Wales for field trials on a steel 
making plant. 

The mobile unit comprises a CON-PAC 4020 com- 
puter supplied by AEI-Elliott Automation at a cost 
of £100,000, The computer has a central processor 
with a 16K word store and a one million word disk 
backing store. There are 112 analogue input channels to 
take signals from the plant sensors to the computer 
and sixteen analogue output channels. Dr J. G. 
Wistreich, assistant director of BISRA, pointed out last 
week that it was part of BSC policy to buy the best com- 
puter for the task, irrespective of origin, and there had 
been no pressure to buy from a British company. 

The mobility of the new unit will allow the computer 
to be used on a variety of processes. At the Spencer 
works, for example, the computer will be linked to 
monitoring sensors in the furnace and will compare 
performance with a prescribed model. The object is 
then to refine the model so as to work towards auto- 
matic control of the furnace. At the beginning, the 
computer will not be used for controlling the plant. 

The steel process to be monitored at Newport is an 
ideal candidate for automation. Accurate control of 
oxygen flow during the half-hour blow is eritieal for 
maintaining the temperature of the furnace at its 
optimum value, and control of the charge towards the 
end of the blow is also important for obtaining steel 
of the required composition. The computer will be 
used to evaluate models for controlling the temperature 
and also for regulating the carbon content of the final 
steel. The first trials should be completed by the 
middle of 1970. The sintering of iron ore and the 
operation of rolling mills seem to be two processes next 
in line for the mobile computer. 

One objective is that plant managers should have 
some incentive to experiment with computerized con- 
trol before committing large sums of money to this 
end, and BISRA is confident that there will be plenty 
of clients for the unit. 


RADIO TELESCOPE 


THERE seems nothing to prevent the large radio 
telescope in West Germany from being the largest full y 
steerable paraboloid in the world when it is finished 
in spring 1971. Construction is smoothly on schedule. 
The minor crisis this time last year, when an overspend 
of some DM4 million over the funded amount of 
DM30 million threatened to bring work to a standstil] 
(see Nature, 220, 634; 1968), was resolved early this 
year. The two principal contributors, the Volkswagen 
Fund and the Federal Ministry of Research, agreed to 
guarantee a further sum. 

Almost all the support structure for the dish is now 
in place (see photograph). The overall design is simi- 
lar to the Jodrell Bank Mark | telescope, but will be 
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accurate over most of the collecting area to much 
smaller wavelengths. The huge “bicycle wheel” gear 
on which the dish swings in the altitudinal plane is 
clearly visible in the rest position, pointing vertically 
upwards. The 100-metre dish will actually extend 
well beyond the circumference of the gear, and the 
whole structure when complete will rise about twice 
as high as at present, the level of the mean bearing. 





The pyramid formed by the individual struts which 
are to support the 60-metre diameter solid centre 
portion of the dish (which will work down to 3 em 
wavelength) is also nearly complete. The segments of 
which the dish itself will be formed are being built up 


on site. The steelwork is brought in by Krupps in 
prefabricated sections and then bolted together and 
surfaced in the shadow of the main construction. 
Professor O. Hachenberg of Bonn University Astro- 
nomical Institute is the scientist responsible for the 
project and director-designate. The Max Planck 
Society recently took over sponsorship. 


ENVIRONMENT 


POLLUTION studies will no doubt attract the greatest 
share of interest in the report of the Monks Wood 
Experimental Station for 1966-68 (Nature Conser- 
vaney, 10s). Monks Wood has taken a lead this year 
in looking for suspect chemicals among the dead sea- 
birds from the Irish Sea, and the report describes 
the regular monitoring of chemicals in birds and work 
on the toxicity of polychlorinated biphenyls. These 
are the measurements that led to the recognition that 
this year’s dead birds may have contained significant 
concentrations of the biphenyls, thus bringing about 
the sudden notoriety that polychlorinated biphenyls 
now enjoy. 

Biphenyls are clearly not a newly discovered hazard, 
in spite of the widespread impression that nobody has 
been interested in them until now. Seabird eggs, 
which are good indicators of contamination in coastal 
waters, have been examined at Monks Wood for 
biphenyls as well as for the organochlorine insecticides, 
and have contained up to 10 p.p.m. For a decrease in 
eggshell weight among land birds, especially peregrines 
and sparrowhawks, Dr N. W. Moore—head of the 
Toxic Chemicals Division—noted that biphenyls “‘fall 
under particular suspicion as causal agents’ along 
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with agricultural chemicals. Subsequent experiments 
in which thirty-two Bengalese finches were fed on diets 
that contained biphenyls produced six deaths with 
liver residues of 80-2 to 697-1 p.p.m. This year many 
of the seabirds contained quantities within a similar 
range. 

The Toxic Chemicals and Wildlife Division is the 
largest single section of the Monks Wood Station, the 
staff of which has increased from 59 to 104 during 
the period covered by the report. New activities 
include the Biological Unit of the British Antarctic 
Survey, which moved into a new building in 1968, 
the Nature Conservancy's Climatological Section 
and a sub-office of the East Anglian Region of 
the Nature Conservancy which looks after the local 
reserves, 

The Conservation Research Section has been re- 
organized and now concentrates on lowland grassland 
and grass heaths. This reflects the structure of the 
Nature Conservancy's programme for finding new 
nature reserves, which includes seven habitat survey 
teams who deal with different types of countryside : 
the lowland grassland group is one of these teams, and 
Monks Wood also accommodates the woodlands team. 
According to the report, the aim of the reserve pro- 
gramme is “to find out which important ecological 
systems are at present unrepresented in the reserve 
series, and where these gaps can best be filled”. 

Education is a secondary function of Monks Wood. 
An MSc course in conservation, during which students 
spend several weeks at Monks Wood, is run in conjunc- 
tion with University College, London, and staff lecture 
at the Universities of Leicester, Brunel and Cambridge. 
The director, Dr K. Mellanby, is now an honorary 
reader in biology at Leicester. Residential courses 
have been organized for several other universities, 
which provide their own teaching staff. At a more 
popular level, the annual open days in October attract 
large crowds of visitors—2,000 on one Sunday after- 
noon in 1968 produced “most gratifying, if somewhat 
embarrassing” traffic jams for miles around, and the 
number of open days may be increased in future. 


BUILDINGS 


New Space Centre 


Tuts is the new Petrie Science Building at York 
University, Toronto. Named after the late Dr Robert 
Methven Petrie, director of the Dominion Astrophysi- 
cal Observatory, Victoria, the building houses the 
Centre for Research in Experimental Space Science, 





New Space Centre. 


the Department of Physics and part of the Department 
of Chemistry. On the right is the observatory with 
domes housing 24 inch and 12 inch reflecting telescopes. 
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Miscellaneous Intelligence 


Rounp and round goes the cyclamate roundabout, 
leaving a bitter aftertaste in the mouths of those it 
has taken for a ride. Giddy with the elation of 
having set it going, Mr Robert H. Finch, secretary of 
the United States Department of Health, Education 
and Welfare, now wants to get off. After hearing the 
second thoughts of a medical advisory committee, he 
has partly reversed the ban by allowing the deadly 
sweetener to be used in tablets and in foods, though 
with the purely face saving stipulation that the foods 
must be labelled to show the content of cyclamates 
in an average serving. In Italy, the Ministry of Health 
has declined to join the rest of Europe on Mr Finch’s 
roundabout because “concrete demonstrations of the 
harmful effects of cyclamates are not available’. In 
Britain, the ostriches will not be budged. Asked 
whether the change of mind in the United States 
would cause second thoughts in Britain, a spokesman 
at the ministry said, ‘““There’s a bit of a muddle as to 
what’s going on in the USA for a start, but we have 
made our decision and this is where we stand’. If 
Mr Cledwyn Hughes keeps his head in the sand for 
long enough, perhaps somebody will prove that 
cyclamates really are harmful. 


British doctors have been treated to the sight of a 
not wholly gentlemanly disagreement between two of 
their staple journals. World Medicine has thrown its 
gauntlet at the British Medical Journal for following 
the official line of the British Medical Association on 
that vexed issue, the representation of junior hospital 
staff (World Medicine, 5, 15; 1969). With velvet 
glove on one hand and a mailed fist for the other, the 
BMJ has replied that for 129 years, no less, it has 
neither made a secret of its owners nor concealed its 
duty to promote the interests of the whole medical 
profession—“No doubt World Medicine will join it in 
the same carefree boast some years hence”. Who are 
the sinister owners of World Medicine? The inquiring 
reader, says the BMJ, may discover that the journal 
is published by a company which is connected with the 
American firm, McGraw-Hill (British Medical Journal, 
4, 577; 1969). To which slur the editor of World 
Medicine has protested that “only the purest British 
blood flows through the veins of our editorial staff”. 


Durine November, three “substantially clear’ viewing 
nights were enjoyed by users of the 98-inch Isaac 
Newton telescope at Herstmonceux, Sussex. During 
the past six months, viewing conditions have fallen 
into the three categories as follows (nights for November 
in parentheses): mostly cloudy—-71 (17), partially 
clear—61 (10), substantially clear—51 (3). The first 
category includes nights when conditions are so 
“transparently hopeless” that the dome is not even 
opened; “substantially clear’? means that people are 
able to work throughout the night although there may 
be interruptions by cloud. 


The Mole in Medicine and Biology (E. and S. Living- 
stone, Edinburgh, 1970) is something of a disappoint- 
ment. The book is not, as its title seems to promise, a 
medico-historical treatise on the beauty spot. Nor is 
it even a natural history of the rodent toasted by the 
Jacobeans. Its theme is merely of moles, millimoles 
and osmolality. 
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Parliament in Britain 


Magnox Reactor Corrosion a 
FURTHER operating restrictions at the six Magnox 
reactors affected by corrosion will reduce the output 
from these stations by a total of 300 MW. This brings 
the total reduction in output to 700 MW and the cost 
of making up this shortfall from other stations will be 
about £7 million in 1969-70. Mr Anthony Wedgwood- 
Benn, announcing these restrictions, warned that the 
Magnox station at Wylfa, which should come inte 
service in early 1970, will be subject to the same corro- 
sion problems if operated at its design temperature. 
Similar operating restrictions would reduce the output 
from Wylfa by 300 MW and would bring the total 
extra generating costs to £10 million a year. 

Mr Benn said that no firm statement about the pros- 
pects of returning to higher output can be made until 
mid-1970. Meanwhile, the operating temperatures 
have been reduced as a precautionary measure. The 
Central Electricity Generating Board is confident that 
the problem will not cause an unscheduled shutdown 
at the affected stations. (Written answers, December 1.) 


Information on Teachers and Students 

Mr Epwarp Suorr, Secretary of State for Education 
and Science, said that rigorous control is exercised 
over the central record of teachers and students which 
is held at the Universities Central Council on Admis- 
sions. Information on an individual's polities, religion 
and character does not form any part of the record 
system, he said, and no information about an individual 
will be divulged without the express permission of that 
individual. Access to the information within the 
Department of Education and Science is confined to 
the statistical division and, in the University sector, 
control over the use of the data is exercised by a group 
representing the Committee of Vice Chancellors and 
Principals. 

The record will be used to prepare statistical tabula- 
tions which, it is hoped, will provide better data for 
educational planning and, in particular, for measuring 
the flow of students and teachers from one part of the 
education system to another. Mr Kenneth Marks had 
asked for an assurance that the confidentiality of the 
information held by the Department of Education 
and Science is strictly safeguarded. (Written answers, 
December 2.) 


Means Test for Student Grants 

ABOLITION of the means test involving parental 
contributions to students’ awards in higher education 
would add a further £35-£40 million to the education 
bill in the present academic year. This estimate was 
given by Mr Gerald Fowler, Minister of State for 
Education and Science, in reply to a question from 
Mr John Nott. Abolition of the means test has long 
been an objective of the National Union of Students. 
(Written answers, December 4.) 


Gas Centrifuges 

Mr Antuony WepGwoop-Benn said that officials of 
Great Britain, Germany and the Netherlands have 
submitted documents embodying an agreement for 
collaboration in the development and exploitation of 
the gas centrifuge process to their respective govern- 
ments. The process, if perfected, will be used to enrich 
nuclear reactor fuels, and its development in the UK 
is the responsibility of the Atomic Energy Authority. 
(Written answers, December 1.) 
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NORTH AMERICA 
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Canada shows Promise but must Try Harder 


CANADA is the tenth country whose science policy has 
come under serutiny by the Organization for Economic 
Cooperation and Development (OECD). The exercise, 
which must be nearly unique in the annals of govern- 
ment, is one in which external examiners are free to 
investigate a country’s science policy and then to con- 
front the authorities concerned at a public meeting 
with their recommendations as to how matters could 
be improved. 

Science is a matter close to the Canadian Govern- 
ment’s heart and a series of painstaking reports on 
various aspects of science policy has witnessed its 
concern to use its scientific resources wisely. The 
OECD examiners might have been expected to have 
nothing but praise for so studious a pupil; in fact the 
groundwork the Canadians have done has only meant 
that they are taken to task at a more sophisticated 
level of argument. The OECD examiners have recom- 
mended several major changes in Canada’s governance 
of science, chiefly in the organization of policy-making 
bodies at the highest level (Reviews of National Science 
Policy—Canada. OECD. £4 ls; $11.80). 

In their background report the examiners observe 
that some have been disappointed by the tangible 
economic and social benefits accruing from Canada’s 
research effort. Over the past few years the machinery 
for making science policy has lacked definite structure 
and at the same time the National Research Council 
has swollen to such proportions that it may have 
become less conducive to innovation and initiative. 
“It now appears that by the very success of its efforts 
Canadian science has impaired the efficiency of the 
institutional environment that had made it prosper.” 
Reforms have already been put in hand but it is too 
early to see their effects. 

More specifically, the National Research Council 
has been too slow to extend its support to the applied 
sciences as well as the pure (of the eight journals it 
publishes not one is concerned with applied science or 
engineering). On the industrial side, the personnel 
and expenditure involved in research and development 
have increased rapidly over the past decade but are still 
too small both in absolute terms and in the small share 
of research undertaken by industrial concerns compared 
with the amount carried out by federal departments 
and agencies. Furthermore, too much is spent on 
fundamental and applied research and too little on the 
development stage. 

The chief guideline for the redeployment of Canada’s 
scientific effort, the examiners believe, is that more 
money must be spent if science is to provide what is 
expected of it, which is to contribute to national 
independence from the United States as well as to 
stimulate economic expansion. Canada has the scienti- 
fic manpower to engage in original research but the 
expenditure on research and development is low in 
comparison with national resources; Canada spends 


$630 million (1965 figures) on research and development, 
which is only 1:3 per cent of GNP (compared with 3-4 
per cent for the United States and 2-3 per cent for 
Britain). 

Bringing together their impressions the three 
examiners (Dr Alexander King, OECD director for 
scientific affairs; Dr Saburo Okita, president of the 
Japan Economic Research Centre; and M, Pierre 
Piganiol, scientific adviser to the Compagnie Saint- 
Gobain) made as their chief recommendation a call 
for change in the national institutions for science policy. 
There should be a minister, though not a ministry, for 
science, who should derive his authority directly from 
the Prime Minister. The position should not, as at 
present, be combined with the presidency of the 
Treasury Board. The proposed science minister 
should preside over a cabinet committee on which 
would serve ministers responsible for all departments 
with major scientific programmes. The existing 
Privy Council Committee for Scientific and Industrial 
Research has been largely inactive since the war, but 
might conveniently be resuscitated to play this part. 

The examiners add that the science minister must 
have a science commissariat to inform him, the chief 
function of which would be to prepare the ground for 
strategic science policy decisions. Another essential 
institution is a science policy council consisting of 
independent scientists and engineers nominated by the 
science minister. The council should not include 
representatives of government science programmes. 
It should be chaired by an eminent scientist, not by 
the minister, and should both give advice when 
requested by the government and be empowered to 
initiate projects of its own. 

The examiners were horrified at what they saw of 
the relations between the universities and industry, 
the superficial nature of which “struck us as one of the 
most regrettable features of the Canadian scientific 
scene’. They believe that a single grant giving agency 
should replace the National Research Council, the 
Medical Research Council, the Canada Council and other 
bodies, so as better to develop a national research 
strategy and to overcome the autonomy of educational 
policies in the various provinces, They conclude their 
recommendations with the fine phrase that the science 
minister they envisage would become “the custodian 
of an innovating society”. 

At the confrontation meeting Mr C. M. Drury, 
chairman of the Canadian Privy Council Committee 
on Seientific and Industrial Research, took up the 
examiners on their proposal to unify the grant giving 
agencies. Dr King replied that the solution of a single 
agency had been adopted because of the trend towards 
more multi-disciplinary research. At the same time, 
it would be easier for a single agency to develop 
intellectual resources in accordance with the country’s 
goals, 
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NEWS AND VIEWS 


Making Viruses to Order 


MOLECULAR biology will indisputably have come of age 
when the properties of an organism can be predicted 
from the base sequence of the appropriate genetic 
material, either DNA or RNA. The RNA bacterio- 
phages, the simplest viruses, will probably be the 
first to be dealt with this way. The question is how 
long it will take to know all that can be known of a 
simple RNA phage. To judge from articles in Nature 





and 964, 224: 1969), a decade may be an over- 
generous estimate of the time required. 

The genetic material of bacteriophages such as R17 
and Qf consists of a single strand of RNA which 
embodies three genes, which between them specify 
three distinct protein molecules—the coat protein, an 
enzyme called RNA replicase which plays a part in 
the assembly of the complete bacteriophage and a 
protein which is known to be necessary in the assembly 
of the intact bacteriophage. As things stand, the 
order of the three genes is known. The amino-acid 
sequence of the coat protein has been determined. 
The RNA replicase has been well characterized. The 
function of the assembly protein has been defined, and 
it has been shown that when phage RNA, coat protein 
and assembly protein are incubated in a test-tube, the 
components will spontaneously assemble into intact 
phage particles. Moreover, when an RNA phage multi- 
plies in its natural host, the bacterium Escherichia coli, 
it seems as if even this rudimentary system contains 
enough information to regulate the order in which the 
three genes are expressed. In the early stages of 
infection, phage RNA molecules are the chief products, 
but in later stages of the infective cycle this system is 
biased to the production of coat protein molecules, 
180 of which are needed for the coat around each RNA 
molecule. 

Apart from determining the amino-acid sequences 
of the RNA replicase and assembly proteins and the 
tertiary structure of all three phage proteins, the out- 
standing problem is the determination of the base 
sequence and secondary structure of the phage RNA, 
a chain about 3,500 bases long. The task is daunting, 
not least because it is intellectually dull but, as 
Argetsinger Steitz and Hindley and Staples last week 
(Nature, 224, 957, 964; 1969) and Weissmann and his 
colleagues this week (see page 1083) have proved, all 
the necessary methods are at hand. 

By a neat trick involving the protection of parts of 
the R17 or Q RNA molecule by ribosomes while the 
rest of the molecule is degraded with ribonueleases, 
Argetsinger Steitz and Hindley and Staples were able to 
isolate and sequence the ribosome binding sites of the 
molecule. Weissmann’s group, on the other hand, 
have exploited their ability to make phage RNA in 
the test-tube using purified QS RNA replicase enzyme 
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isolated from infected Æ. col. By synchronizing the 
initiation of QP RNA synthesis by the replicase, they 
can produce segments of the QF RNA of any desired 
length from about five to 300 bases, corresponding to 
the first tenth of the RNA molecule from QË. This is 
obviously a much more manageable task than the 
problem of reproducibly cutting complete Qf molecules 
into convenient fragments. Using the replicase in this 
way, together with standard techniques of nucleic acid 
analysis, Weissmann and his four colleagues have 
worked out the sequence of the first 175 nucleotides 


comprising the end of the molecule (the 5’ end) at 
which both synthesis of Q RNA and translation of 
Q6 RNA into protein commence. 

What are the important features of the sequence ? 
Much of the interest of the RNA molecules from these 
bacteriophages stems from the way in which they can 
function directly as means of regulating protein syn- 
thesis, for this makes them the only well characterized 
messenger RNA so far available. Because the 5’ end 
of phage RNA is where protein synthesis begins, it 
was important to know whether the first initiation 
codon for protein synthesis—either an AUG or GUG 
triplet of bases—occurs close to the end of the molecule 
or many bases in, As the sequence on page 1084 shows, 
the first possible initiation codon, an AUG triplet, 
does not occur until bases 62 to 64, and the next AUG 
codon occurs only at bases 102 to 104. In other words, 
the first sequence of bases that acts as a genetic 
message begins at least sixty bases and probably 102 
bases from the physical beginning of the molecule. 
Presumably the first sixty or 101 bases have some other 
function, probably concerned with the replication of 
the phage RNA—they may, for example, be part of 
the signal which tells RNA replicase where to start 
synthesizing progeny RNA. If this is the case, it will 
be interesting to discover whether non-viral mRNAs 
also begin with a region that is not translated, 

Neither of the sequences immediately following the 
two AUG codons corresponds to that needed to code 
for the coat protein. Indeed, Weissmann reported at 
the recent Lepetit symposium in Florence (Nature, 224, 
850; 1969) that his group now has proof that the coat 
gene is the second of the three genes in the Qf genome. 
By short duration labelling of Q3 RNA being made 
in vitro by pure Q2 replicase, it has been shown that 
the coat protein gene is not started until the nascent 
RNA molecule is about 1,000 bases long. This un- 
ambiguous experiment substantiates the work at 
Cambridge and Cold S pring Harbor (Nature, 284, 943: 
1969) which indicated that the gene order of RIT is 
assembly protein first, coat protein second and replicase 
last. 

By an accident of history or of nature, we are now 
at the stage of knowing the base sequences of frag- 
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ments of both R17 and Q3 RNA molecules, but what 
is really needed is the complete sequence of one of them. 
In the early days of work with the RNA phages there 
seemed no reason to prefer one phage to another. 
Only after Spiegelman’s group discovered that the 
replicase of Qf is far more stable in the test-tube than 
the replicases of the other RNA phages did the en- 
zymologists switch to Q2 while the geneticists con- 
tinued with R17 and its close relatives. It is to be 
hoped that R17 and Qf RNA do not differ in anything 
significant. Argetsinger Steitz and Hindley and Staples. 
for example, have proved that at least the ribosome 
binding sites for the coat protein genes of the two 
phages have much in common. On the other hand, 
the sequence immediately preceding the AUG codons 
at positions 62 to 64 and 102 to 104 in the QS RNA do 
not closely resemble the ribosome binding sites of the 
R17 coat protein and assembly protein. It seems 
likely that all species of bacteriophage RNA will prove 
to have considerable regions of base paired secondary 
structure, double stranded loops from the single 
stranded chain. But the sooner efforts are con- 
centrated on just one of these phages, the sooner a 
complete sequence will be available. And the best 
choice should be Qf because, with the replicase avail- 
able, molecules can be tailor-made for sequence 
analysis. 


CONTINENTAL DRIFT 


Ancient Seafloor Spreading 


from our Geomagnetism Correspondent 


Ir, as is likely, continental drift is intermittent rather 
than continuous, there is no reason why drift should 
continue after a period of dormancy in precisely the 
way it left off. Thus if continental drift is a result of 
the spreading of the ocean floor away from mid-oceanic 
ridges, a particular ridge may become inactive during 
a non-drift phase and remain so when other ridges 
become active again. All this implies the possibility 
of ridges that are at present dormant or extinct. 

The Dampier Ridge may be a case in point (Van der 
Linden, Earth Planet. Sci. Lett., 6, 483; 1969). It 
follows a north-south route about 1,200 km long 
through the northern Tasman Basin which separates 
the east coast of Australia from the Lord Howe Rise. 
The latter is a geosynclinal belt which as such must, 
at the time of its formation in the Palaeozoic, have 
been adjacent to its sediment source area, This could 
only have been Australia. Thus the implication is 
that the Tasman Basin was formed later than the 
Palaeozoic. The presence of the Dampier Ridge is 
then circumstantial evidence in favour of a spreading 
origin for the Tasman Sea. Further, the ridge lies 
roughly halfway between two chains of parallel sea- 
mounts, the positions of which have long been regarded 
as anomalous. This geographical relationship suggests 
a causal relationship. 

Van der Linden has obtained important. new evidence 
from east-west magnetic profiles across the Dampier 
Ridge and the adjacent ocean floor. Although of lower 
amplitude, the magnetic pattern is very similar to 
those observed over active mid-oceanic ridges. In 
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particular, it shows a high central anomaly together 
with symmetry about the ridge. Although the pattern 
becomes irregular where the ridge merges with the foot- 
hills of the Lord Howe Rise, it clearly forms a series 
of north-south parallel anomalies. 

The magnetic anomaly pattern thus supports the 
idea that the Dampier Ridge is similar in origin to 
other mid-oceanic ridges. On this interpretation the 
seamounts would have formed at the ridge crest and 
then moved away from the ridge as a result of seafloor 
spreading since the Palaeozoic. The known age of 
voleanie activity on Lord Howe Island, situated 
between the Dampier Ridge and Lord Howe Rise, 
suggests further that this spreading, and thus the 
opening of the Tasman Sea, took place during the 
Tertiary. Supporting evidence for spreading may also 
be seen in the morphology of the sea’s western margin. 
The unusual steepness of Australia’s eastern continental 
slope strongly suggests that it is a rift margin. There 
is, of course, no question that the Dampier Ridge is 
still active because it is completely aseismic. | 

Other similar features in the western Pacific present — 
further opportunities to test Van der Linden’s interpre- 
tation. The South Fiji Basin between New Caledonia, 
Fiji and New Zealand also possesses a central north- 
south aseismic ridge, the Three Kings Ridge. The 
Kyushu-Palau Ridge likewise traverses the Philippine 
Basin. Other explanations of these features are pos- 
sible, notably the break-up of original continental crust 
suggested by Beloussov and Ruditch (J. Geol., 69, 
647; 1961). But the observation of parallel magnetic 
anomalies across these ridges would strongly favour 
the ancient spreading hypothesis, 


CONTINENTAL DRIFT 


Evidence from Rare Earths 


from our Geomagnetism Correspondent 


FURTHER proof, if such be needed, of the importance 
of geochemistry in geophysical interpretation has been 
provided by Schilling (Science, 165, 1357; 1969), who 
has analysed five submarine tholeiitic basalts from the 
Red Sea. Evidence from magnetic, gravity, seismic 
and heat flow studies strongly suggests that the Red 
Sea is a region of young, active ocean floor spreading. 


If this is so, the axial trough should be similar to the 
central trough of mid-oceanic ridges and the new sea- 
floor produced there should be of similar origin and 
nature. Geochemical evidence of similarity between. 
Red Sea and mid-oceanie ridge basalts would thus 
support current interpretations of Red Sea behaviour. 

Using neutron activation, Schilling analysed the 
five basalt fragments for the rare earth elements ;,La 
to „Lu and Y. The abundance of each element 
(“enrichment factor”) was then expressed relative to a 
common reference, the average of ordinary chondritic 
meteorites. The results showed that the five Red Sea 
basalts were closely similar. The average abundance 
pattern was of a progressive increase in enrichment 
factor from the light to the heavy rare earths, but with 
the rate of increase falling off rapidly with mcreasing 
atomic number. 

The importance of this pattern is that it is very 
similar to those obtained from tholeiitic basalts 
dredged from the East Pacific Rise, the Mid-Atlantic 
Ridge and the Carlsberg Ridge. But it is very different 
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from abundance patterns from shield and plateau 
tholeiitic basalts. For example, relative abundances 
from the Columbia (Oregon) and Deccan (India) plateau 
basalts are ten times greater than those from mid- 
oceanic ridge basalts for ;,La and decrease mono- 
tonically with increasing atomic number. In short, 
submarine tholeiitic basalts are extremely depleted 
in light rare earth elements compared with their 
continental counterparts. 

An even finer test was provided by comparing the 
relative abundances of the five trough basalts with a 
tholeiite from the Island of Jebel Teir, a shield volcano 
at the southern end of the Red Sea trough. Again, the 
difference was striking. The abundance pattern for the 
Jebel Teir basalt was similar in form to those from 
Oregon and India, although light rare earth enrich- 
ment was much reduced. This result shows that even 
within a limited tectonic area continental and sub- 
marine tholeiites may be distinguished by rare earth 
analysis. 

These data suggest that similar magmatic processes 
account for the material formed in the axial trough of 
the Red Sea and that formed in the crests of mid- 
oceanic ridges. The observed differences in relative 
abundances of the rare earths were not merely the well 
known differences between lavas of different acidities, 
because all basalts compared were tholeiitic. Schilling’s 
results thus strongly support current geophysical 
theories of seafloor spreading in the Red Sea region. 


FOSSIL REPTILES 


Not a Turtle after all 


from our Vertebrate Palaeontology Correspondent 

THE ancestry of turtles and tortoises is one of the most 
persistent mysteries of vertebrate evolution. These 
most aberrant of reptiles comprise the group known 
as the Chelonia and are classified with the most primi- 
tive of known fossil reptiles, the cotylosaurs, as the 
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subclass Anapsida. But this seems an inadeguate 
response to the unique anatomy that has developed 
along with the shell which is carried both dorsally and 
ventrally., 

The earliest known turtle in the fossil record occurs 
in the Upper Triassic and is a definitive if primitive 


turtle in its anatomy. The earliest known. cotylosaur 


reptiles are of early Upper Carboniferous (Pennsyl- 
vanian) age and no fully satisfactory intermediates in 
time or morphology are known, K 

In 1892, Seeley described a fossil reptile from the 
Middle Permian of South Africa, roughly half way in 
geological time between the early Pennsylvanian and 
Upper Triassic. He remarked that its slender, elongate 
vertebrae, Jacking transverse processes, were reminis- 
cent of those of Chelonia and that the expanded leat-like 
ribs “simulate the ribs and costal plates of chelonians’’. 
The animal was named Hunotosaurus. 

In 1914, D. M. 8. Watson attempted a reconstruc- 
tion of the characteristics of an ancestral chelonian 
from a study of fossil and living forms and concluded 
that Hunotosaurus was sufficiently close to his ideal 
that “it is by no means improbable that it is an actual 


ancestor of the Chelonia”. Since Watson's study the 


tendency has been to place Hunotosaurus within the 
Chelonia in vertebrate classifications, despite dissident 
voices, 

A recent study by C. B. Cox (Bull. Brit. Mus. (NH4, 
18, No. 5) should settle the status of Hunotosaurus 
bevond reasonable doubt at least as far as postulated 
turtle ancestry is concerned. Watson's study was 
bas-d only on the four specimens in the British Museum ; 
Cox has also assembled together all the known speci- 
mens of Hunotosaurus from museums in the United 
States and South Africa, giving a grand total of 
eleven fragmentary individuals. 

A detailed and well illustrated study of the material 
suggests that Eunotosaurus is not a chelonian nor yet 
an anatomical antecedent to that group. The characters 
which suggested chelonian affinity, the small number 
of elongate trunk vertebrae and the expanded ribs, 
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now suggest evolutionary convergence of Funotosaurus 
to a turtle-like habit, a phenomenon also seen in an 
unrelated group of marine reptiles, the placodonts. 
Other characters cited by Watson were not confirmed. 
The single fragmentary skull does not have a turtle- 
like snout, as revealed by further treatment of the 
matrix with acetic acid, and no trace could be found 
of the reported dermal bone from a shell. Cox con- 
cludes that Lunotosaurus is a cotylosaur, but a very 
aberrant one, with characters which may actually 
preclude it from chelonian ancestry. It is to be hoped 
that it will now cease to be considered for the latter 
role. 


ORBITING OBSERVATORIES 


is the Universe Much Larger? 


from our Astronomy Correspondent 


Since radio astronomy first got under way in the 
early fifties, astronomers have recognized that there is 
more to the electromagnetic spectrum than the band 
from 3000 to 7000 A. True to form, the latest step in 
this direction has produced a crop of surprises. Below 
3000 A, the atmosphere gets in the way, and people 
have had to rely on brief excursions by sounding 
rockets to catch glimpses of what the universe looks 
like in ultraviolet light. AU this changed a year ago 
this week when the first successful launching of the 
American Orbiting Astronomical Observatory took 
place after an earlier expensive disappointment when 
a power system failed. To celebrate the anniversary, 
preliminary accounts of what has been discovered are 
being released, and it sounds as if the observatory was 
well worth waiting for. 

Just when people were getting used to the notion 
that the nuclei of galaxies can be powerful sources of 
infrared radiation, the University of Wisconsin detec- 
tors have found that a few galaxies show an unexpected 
rise in the ultraviolet spectrum below 3000 A. So far 
there seems to be no correlation with the type of galaxy, 
and what seems to be happening is that the nuclei of 
these galaxies are particularly active in the ultraviolet. 
It is early days yet, of course, but people are saying 
that this important discovery could have a bearing 
on estimates of the size of the universe. The argument 
here is that the redshift of distant galaxies brings the 
ultraviolet part of the spectrum into the visible region 
detectable by ground-based observations. Because the 
new measurements are probably of comparatively 
nearby galaxies, this may mean that galaxies in general 
are intrinsically much brighter in the ultraviolet than 
previously suspected. If this is so, then the intrinsic 
brightness of the faint distant galaxies whose light 
is strongly redshifted has been underestimated. The 
argument then is that these galaxies may be several 
times farther away than was previously thought. 

Nearer home, the OAO has produced other causes 
of excitement. The ultraviolet detectors of the Smith- 
sonian Astrophysical Observatory have found that dif- 
fuse nebulae such as the Orion nebula—known to be 
areas where stars are forming—also generate more 
ultraviolet radiation than expected. People have not 
yet even begun to discover why. Astronomy is also 
likely to benefit from what observations in the ultra- 
violet can reveal about the evolution of individual 
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stars. The task now is to compare the more than 
5,000 ultraviolet views of the sky which have been 
recorded by the Smithsonian experiment alone with 
conventional star catalogues. 


FISHERIES 


Parasites show the Way 


SINCE the development of an Atlantic salmon fishery 
off West Greenland about ten years ago, fisheries 
biologists on both sides of the Atlantic have been 
anxious that the fishing may affect stocks of American 
and European salmon. The immediate need is to 
know more about the movement of salmon in the North 
Atlantic. Artificial taggmg in home rivers and at 
feeding grounds in the North Atlantic can provide 
some information, but other clues to the movement of 
salmon can be found in the identification of the species 
of parasites which salmon acquire and which may be 
specific to the areas of origin and feeding areas in the 
sea. 

Biological tags of this kind are being used by fisheries 
biologists in Canada, where the effects of the Greenland 
fishery are likely to be most apparent. Some of the 
first results of this work have been reported by Dr 
J. H. C. Pippy of the Fisheries Research Board of 
Canada (Fish. Res. Bd Canad., Tech. Rep., No. 134; 
1969). Between 1966 and 1968 he examined 2,841 
smolt and 725 adult Atlantic salmon (Salmo salar) 
taken from both sides of the Atlantic and in Greenland. 
At least thirty-six species of parasites were found and 
some of these are promising as biological tags. Dr 
Pippy says that larvae of the cestodes Hepatoxylon 
trichiuri and Tentacularia coryphaenae might be 
useful to identify salmon stocks from Canada and 
Europe that have visited Greenland. The relative 
abundance and intensity of these species and of the 
nematode Anisakis sp. might also be useful to dis- 
tinguish certain Canadian stocks of salmon. From 
records of the abundance of Anisakis sp. and H. 
trichiuri in different Canadian stocks that have spent 
two vears at sea, Pippy concludes that significant 
numbers of Canadian salmon that migrate to Greenland 
return to Canadian waters. 

One interesting observation is that the distribution of 
brightly fluorescent material in Anisakis larvae may 
distinguish between European and Canadian origins, 
but Dr Pippy cannot explain the variations, which 
means that more samples of salmon must be examined 
before the phenomenon can be seriously considered 
for exploitation as a biological tag. 

Although most of the freshwater parasites seem not 
to have much value as tags, Pippy mentions a few 
species, the trematode Crepidostomun fartonis, the 
nematode Metabronema salvelint and the acantho- 
cephalan Pomphorhynchus laevis, which may be useful 
in separating stocks of smolts in some rivers in Canada 
and Ireland. The trematode Diplostomulum sp. and 
D. retinalis can also be used to distinguish between 
salmon from North America, the British Isles and 
from the Kapisidglit River in Greenland—D. retinalis 
is typical of smolts from the Kapisidglit River, the 
only river in Greenland in which salmon are known to 
spawn, and Diplostomulum sp. is found only in North 
American and in European stocks. Pippy says that 
none of the salmon caught off Greenland in his survey 
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was parasitized by D. retinalis, which supports earlier 
conclusions that few of the salmon caught by the 
Greenland fishery are from the Kapisidglit River. 


PALAEONTOLOGY 


Reptiles of Gondwanaland 


from our Vertebrate Palaeontology Correspondent 


A LARGE audience at University College, London, on 
December 4 heard Professor A. 8. Romer give a 
characteristically enjoyable account of his discoveries 
in the Triassic deposits of Argentina. He first pointed 
out that early work on Triassic land vertebrates 
provided information about only the early and late 
faunas of the period. The Lower Triassic was still 
dominated by the mammal-like reptiles; these were 
almost absent from the Upper Triassic fauna, which 
was instead dominated by the early dinosaurs and by 
the pseudosuchians from which they had evolved. 
The great change between these two quite different 
faunas must have occurred in the Middle Triassic, 
but the land fauna of the intervening time was at first 
unknown. 

Middle Triassic faunas were first described from 
Brazil and later from East Africa. These discoveries 
provided two surprises. First, the Middle Triassic 
fauna was not merely transitional between those of the 
Lower and Upper Triassic; it also contained abundant 
remains of a peculiar herbivorous group of reptiles, the 
rhynchosaurs, related to the living tuatara lizard 
Sphenodon. Second, there was a great deal of similarity 
between the faunas of this age from the two continents, 

Although Triassic deposits were known in Argentina, 
hardly any vertebrate material had been collected 
before Romer took a party there in 1958. The deposits 
lie in the deserts to the east of the main range of the 
Andes. As Romer showed in some slides, these wild, 
desolate and almost waterless areas are therefore 
backed by snow-capped peaks up to 21,000 feet high. 
After some disappointments, the party ev ventually 
found, in the Ischigualasto Valley of north-western 
Argentina, one of the richest faunas of Triassic age 
known anywhere in the world. In about six weeks, 
the party collected more than 100 specimens. These 
showed that the fauna was of Middle Triassic type, 
containing the peculiar rhynchosaurs as well as the 
last mammal-like reptiles and early dinosaurs. 

Thus at the age of 63, Romer had opened up a whole 
new area to vertebrate palaeontology, but only those 
who did not know him could have been surprised to 
learn that, six years later, he was again in Argentina, 
searching for even earlier Triassic deposits. He 
described last week how his party spent two unreward- 
ing months tramping the Argentinian badlands, finding 
nothing but a few fossil minnows and reptilian foot- 


prints. Soon after Christmas 1964, however, luck 
turned. Even the liberal standards of the Ischigua- 


lasto discovery were surpassed by the new finds near 
the dry River Chanares: “the most fabulous collection 
we had ever seen, or ever hoped to see”, Romer said. 
In two months, more than 200 reptilian skulls, together 
with a quantity of skeletal material, had been collected 
for shipment to the United States, as permitted under 
the agreement between the Museum of Comparative 
Zoology at Harvard and the Government of Argentina. 
Then, said Romer, the pendulum swung again, “for the 
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governor of the province in which the fossils had been 
collected illegally impounded the whole collection, 
except for one box which the party was able to smuggle 
out of the province. It was not until nearly two vears 
later that the rest of the collection finally arrived in 
Harvard. 

One of the cynodont reptiles from Chanares is partic- 
ularly interesting because its dentary bone has met 
the squamosa] and started to take part in the articula- 
tion of the lower jaw, as it does in their mammalian 
descendants. Dr Romer believes that this fauna, like 
the Ischigualasto fauna, is of Middle Triassic age 
although somewhat older. Argentinian palacon- 
tologists, stimulated by his explorations, are now 
actively collecting and finding even earlier Triassic 
faunas, one of which contains genera known also from 
South Africa. Romer’s work has not only provided 
valuable new information, but has also led to a welcome 
new palaeontological contribution to the data on 


continental drift and on the old super-continent of 


Gondwanaland. 


BLOOD 


Clotting and the Animal Kingdom 
from a Correspondent 

AN insight into the clotting process in animals should 
provide many clues to an understanding of the normal 
haemostatic mechanism and its failure in man and thus 
to the aetiology of thrombosis. Those who attended 
the symposium on the haemostatic mechanism of man 
and animals at the Zoological Society, London, on 
December 4 and 5 must have found the papers fruitful 
and stimulating. In his introduction, Professor R., G. 
Macfarlane (University of Oxford) stressed the difi- 
culties of communication within modern scientific 
disciplines, and it became apparent after the first few 
contributions that nowhere is this more true than in 
haemostasis. 

In the event of injury, it is important to maintain the 
integrity of the organism, and without any obvious 
systematic development a highly complex and effective 
mechanism has evolved. Dr A. E. Needham (Uni- 
versity of Oxford) explained that in primitive inverte- 
brates this is achieved by simple muscular contraction, 
protein aggregation or gelation; in some classes, 
specialized cells appear in the haemolymph. The 
process has evolved, through arthropods with cellular 
and plasmatic mechanisms, to mammals in which 
complex circulatory systems have resulted in pro- 
gression from cellular dependence to a highly complex 
state chiefly involving plasma factors. The smaller 
mammals have been extensively studied, and it became 
clear that it is difficult to relate comparative aspects 
because of difficulties in methodology. In man, the 
study of haemostasis has been facilitated by the 
availability of patients with specifie congenital defects 
of coagulation. Drs K. W. E. Denson and R. P. Biggs 
(Churchill Hospital, Oxford) reported that many of 
these defects are known to be due to structurally 
defective proteins. 

An enthusiastic discussion, stimulated by Professor 
Macfarlane and Professor G. V. R. Born (Royal 
College of Surgeons, London), who spoke about the 
physiology of platelet function, revealed large gaps in 
our knowledge. Attempts were made to compare 
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primitive thrombocytes with mammalian platelets, 
which aroused much speculation about the function of 
mammalian platelets. It became obvious that know- 
ledge of the human haemostatic mechanism is decades 
ahead of comparable knowledge of mammalian haemo- 
stasis, and similarly in fibrinolysis there has been much 
more progress with the human system than with 
mammalian systems. Factors VH and X seem to be 
absent in animals lower than mammals, but there may 
be modified forms of these substances which cannot be 
detected by the crude methods available at the moment. 
It was also interesting to observe that evolutionary 
changes in species affect the non-functional rather 
than the functional part of the fibrmogen molecule. 

Dr Christine Hawkey (Zoological Society of London), 
however, emphasized the problems encountered in 
comparative studies. She observed that although 
systematic investigation has been good in arthropods, 
many of the animals studied represent the available 
ends of evolutionary lines. She stressed our ignorance 
of congenital clotting defects in animals, with the 
exception of a few in domesticated animals. She asked 
many questions and made suggestions for further 
study; for example, what is the effect of ADP and 
other activators of platelets on invertebrate cells ‘ 
This symposium should have stimulated a search for 
the answers to such questions. 


MONGOLISM 


Investigators Criticized 


from a Correspondent 


Ax unusually critical review of the published literature 
in a branch of research was made on November 25 by 
Dr Alexander G. Bearn at a symposium on mongolism 
(Down’s syndrome) held at the New York Academy of 
Sciences. The most distressing feature of this common 
inborn error of metabolism. which occurs in about 
one in 600 live babies, is pronounced mental retarda- 
tion. The fundamental abnormality in the syndrome 
(first described by Langdon Down in 1866) is a defect, 
usually trisomy, of chromosome 21. This defect was 
reported by Lejeune in 1959. Recently there has been 
controversy over the possibility that mongolism results 
from fertilization of the ovum at a late stage of the 
ovulation cycle, possibly connected with low frequency 
of coitus (Nature, 217, 516; 218, 300; 219, 1280 (all 
1968); 221, 173 and 642; 1969). 

Both befere and since 1959, biochemical abnormali- 
ties characteristic of Down’s syndrome (also called 
Down’s disease and Down’s anomaly) have been sought. 
Reviewing the literature on such abnormalities, Dr 
Bearn (Cornell Medical School) commented that 
enthusiasm, or the will to succeed, were the only laud- 
able features of some reported studies that “displayed 
the appurtenances of scientific inquiry without satisfy- 
ing the requirements of scientific method”. False 
conclusions had been reached in almost every case. 
Subsequent work (which would otherwise have not 
been necessary) had shown that, for example, there is 
no characteristic elevation of serum cholesterol or 
8-lipoproteins in mongoloids, their carbohydrate meta- 
bolism is not deranged in any typical way, and the 
observed changes in serum y-globulins are characteristic 
more of the institution in which the patients are treated 
than of the disease itself. 
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Bearn’s purpose in reviewing the errors in published 
work was two-fold: to point out that progress is 
hindered if unjustified conclusions are published, and 
to define in detail what features of experimental design 
and interpretation are essential for future work. They 
include (as with most investigations) the use of appro- 
priate controls, the application of appropriate statistical 
methods and the avoidance of equating correlation 
with cause and effect. 

The most obvious weakness in studies of mongolism 
has been the inadequate selection of controls. Most 
studies are carried out in children, in whom biochemical 
changes occur rapidly from year to year, and yet pair- 
matching with controls for age and sex has only recently 
been adopted. Mongoloid children tend to be overweight, 
and yet matching or allowing for degree of obesity 
has rarely been considered. In some studies, institu- 
tionalized children have even been compared with 
non-institutionalized, normal children. The length 
of time in the institution can also be important. The 
only proper controls are therefore mentally retarded 
non-mongoloid patients, matched for age, sex and 
degree of obesity, who have been in the same institution 
for about the same length of time. These requirements 
are demanding, but if they are not met the study 
reported must be regarded as suspect if not invalid. 

Adequate and appropriate statistical treatment of 
the results is also essential, especially because mongo- 
loids, with their extra genes, are expected (and found) 
to show greater variability than normals in most 
biochemical measurements. Poor use of statistics, 
including the application of chi-square tests to per- 
centages, has often been used to establish unreal 
differences as “statistically significant”. 

Even when a biochemical difference between mon- 
goloid patients and appropriate controls has been 
satisfactorily proved, this has too often been hastily 
ascribed to the genetic defect when a more obvious 
explanation was possible. For example, the well- 
documented higher concentration of serum immuno- 
globulins in mongols might more rationally have been 
attributed not to mongolism but to the frequent 
oceurrence of non-specific infections (mongols, especi- 
ally those in institutions, are particularly prone to 
infection). This suspicion has recently been neatly 
confirmed by a group (Griffiths, Sylvester and Baylis, 
J. Clin. Pathol., 22, 76; 1969) working at hospitals at 
Caterham and Epsom, England. 

Bearn criticized most of the faulty work not by citing 
later contradictory evidence but by applying the 
principles of scientific method to the original articles. 
His contribution to the symposium therefore amounted 
to an indictment not only of the authors but of editor, 
reviewers and departmental reviewing committees for 
allowing the inaccurate and misleading reports to be 
published. 


PROTEINS 


Multi-purpose Enzyme 


from our Molecular Biology Correspondent 


THE process by which the monomeric constituents of 
DNA are produced from their ribose analogues is now 
recognized to constitute a biochemical control mec han- 
ism of the greatest importance and interest. The 
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gradual emergence of the detailed picture over the years 
has been almost wholly the result of investigations by 
Reichard and his co-workers in Sweden. Three pro- 
teins are involved, two of them as a coupled redox 
system. The third, ribonucleoside diphosphate reduc- 
tase, was recently isolated from Æ. coli in pure form, 
and shown to consist of two different subunits, termed 
Bl and B2. It was established that all four of the 
common nucleoside diphosphates are substrates for 
the enzyme, and that its activity is controlled in a 
remarkably subtle manner by nucleoside triphosphate 
ligands. 

The following pattern of activation and inhibition 
has been described recently by Brown and Reichard 
(J. Mol. Biol., 46, 25; 1969): with CDP as substrate, 
deoxyvadenosine triphosphate (dATP) functions as a 
moderate activator at low concentrations, but as a 
strong inhibitor at high. The ribose analogue, ATP, 
however, promotes activity at all concentrations. It 
can, moreover, reverse the inhibitory effect produced 
by high dATP. With dTTP there is enhancement 
only, but it intensifies, rather than reverses, the 
inhibitory effect of dATP. Equally unexpected is 
the behaviour of dTTP in the presence of ATP, for 
within certain ranges of concentration the two activa- 
tors oppose each other, and cause inhibition. So far 
this may all read dispiritingly like all too many con- 
voluted findmgs on complex enzyme systems, which 
are most often left unexplained or interpreted only by 
arbitrary contortions of the intellect. But stay, gentle 
reader, for Brown and Reichard are made of sterner 
stuff. 

In the presence of magnesium the two subunits, 
Bl and B2, form an active complex, sedimenting at 
about 9-58. When dATP is present a heavier complex 
is formed, with a sedimentation coefficient of some 
14-68. [Lf ATP is now added, the association is reversed, 
and from the effects of other combinations of triphos- 
phates it became clear that inhibition always involves 
the formation of the larger aggregate, which is appar- 
ently a dimer of the B1-B2 species. It should be noted 
that whereas the triphosphate binding sites are on 
B1, both subunits are required for enzyme activity, 
the 9-58 being the active species, and B2 alone quite 
inert. No precise parallel to this situation has yet 
been reported. 

The binding of triphosphates to BI is described in 
the second paper (Brown and Reichard, J. Mol. Biol., 
46, 39; 1969). Using equilibrium dialysis it was found 
that four molecules of dATP are bound, but that the 
sites are non-equivalent, and can be divided into two 
strong and two weak (referred to as h and 1). By 
contrast, dTTP and dGTP behave quite differently: 
they bind with relatively low affinity to two sites and 
no more. ATP, on the other hand, displays complex 
cooperative behaviour, but a 4 mole/mole stoichiometry. 
Carefully designed competition experiments show that 
dTTP and dGTP bind only at the l-sites, from which 
they can be made to displace dATP. ATP by contrast 
competes primarily for the h-sites, and only very weakly 
for the 1. There was also evidence of coupling between 
the sites: the binding constant of dATP at the -sites 
was augmented by the entry of dTTP at the weaker 
sites. 

The different specificities of the two sets of sites 
argue against, but do not rigorously eliminate, a 
mechanism in terms of an “anticooperative” type of 
interaction between all four, such as has been postu- 
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lated in other enzymes. Interactions between the like 
sites is not excluded, and indeed there is some evidence 
for it. Taken together with previous data on differen- 
tia] activities of the different complexed states of the 
enzyme, a control mechanism can now be delineated. 
According to the ligands, the enzyme may be active 
towards pyrimidines, towards purines or to neither, 
In the fully inhibited forms, the h-sites can be variously 
occupied, but the l-sites always bear dATP, except 
in one case where they have ATP, with dTTP at. A. 
The curious interrelation between these two ligands 
is now explicable: with dTTP alone at 4 the activity is 
maximal. Entry of ATP at l causes inhibition, and 
then at higher concentration it displaces the dTTP 
from h, thereby reactivating the enzyme in a different 
form. 

By correlating the specificity with the identity of the 
ligands at the h-sites, it becomes clear that these sites 
alone determine the substrate specificity. The /-sites, 
on the other hand, govern the degree of activity. This 
then is a system of remarkable versatility, in which the 
enzyme can exist in a wide range of states, depending 
only on the combination of ligands. 


SPECTROSCOPY 


Old Stains Examined 


In 1856 an eighteen year old English chemist, William 
Henry Perkin, synthesized mauveine and founded the 
synthetic dyestuffs industry in Britain. A specimen of 
Perkin’s dye is kept in the Science Museum, London, 
and Dr Edward Gurr, of Michrome Laboratories, 
London, has recently been able to record its absorption 
spectrum (Fig. 1). The specimen seems to have a very 
high content of dye, and could have lost very little of 
its tinctorial strength since it was synthesized. 

In 1869, Graebe, Liebermann and Caro produced 
artificial alizarin simultaneously with Perkin, who was 
working independently. Natural alizarin occurs in 
madder, which comes from the root of Rubia tinctorum, 
a plant indigenous to Asia Minor. Madder was used as 
a dye by ancient Egyptians, Greeks and Romans, and 
in the fifteenth century Rubia tinctorum was intro- 
duced into Italy, where it was cultivated for its root. 
In the sixteenth century the production of madder 
spread to Silesia and the Netherlands, and in the 
eighteenth century to France where, for some time, it 
was fostered by the French Government. The plant 
was also grown in Britain, and is still found there 
occasionally. The name alizarin was derived from 
“Lizari’, which was the trade name for Levantine 
madder. 

Soon after alizarin was synthesized in the laboratory 


it was produced commercially on a vast scale, This 
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Fig. |. Ultraviolet absorption spectrum of Perkin’s original 
sample of mauveine, recorded in 1968, The solvent was 
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Fig. 2. Ultraviolet spectra of Perkin’s original sample of 
alizarin (A) and a sample of alizarin synthesized and purified 
in 1969 (B). The solvent was water, pH 11-7. 


had serious repercussions on the madder growing 
industry, resulting in bankruptey for most of the 
growers. In some quarters, however, it was considered 
that the advent of artificial alizarin brought many 
benefits, including “vast tracts of land formerly used 
for the cultivation of madder thus made available for 
the production of the necessities of life” (Knecut, 
Rawson and Loewenthal, Manual of Dyeing, 2, 571; 
Griffin, London, 1910). 

The Science Museum in London also has a sample of 
Perkin's artificial alizarin, and Gurr has recorded 
its absorption spectrum too. Although the first record 
of its spectral curve (in dilute aqueous sodium hyd- 
roxide) has already been published (Gurr, J. Soc. Dyers 
and Colourists, 85, 473: 1969), Fig. 2 is new; it com- 
pares the spectral curves of Perkin’s original specimen 
in the ultraviolet region with a pure specimen of 
alizarin produced recently. Gurr found that colour 
changes corresponding to different pH values were the 

same for both old and new specimens. 


AUXIN 


Transport by Carriers 


from our Plant Physiology Correspondent 


A NEW and provocative hypothesis to explain the 
transport of auxins in stems has been put forward by 
D. J. Osborne and M. G. Mullins (New Phytol., 68, 977: 
1969). The theory is highly speculative, but it provides 
rather neat solutions to several of the more intriguing 
problems of auxin physiology—for example, the 
polarity of auxin movement, and the effect of ethylene 
gas on the transport process. 

Most research on the transport of auxins, the plant 
hormones which regulate, among other things, stem 
extension, has involved cutting short segments of 
either stem or leaf stalk (known as s the petiole), applying 
an agar block containing auxin to one end, and catching 
auxin transported through the segment in a plain agar 
block at the other end. More than forty years ago, 
F. W. Went demonstrated that the movement of auxin 
in this sytem is in one direction only, towards the 
morphologica] base of the stem or petiole. Later work 
showed that this movement is much too rapid to be 
attributable to simple diffusion, that ıt depends both 
on metabolic energy and temperature, and that it is 
confined chiefly to those tissues which have the capacity 
for extension growth. Nobody, however, has yet 
provided a satisfactory explanation for the unde rlying 
mechanism. 

The starting point in the new theory is the observa- 
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tion that segments of bean petiole rapidly lose the 

ability to transport auxin after removal from the plant. 
If, however, auxin or kinetin, a hormone analogue 
which stimulates protein synthesis, is supphed to the 
apical end of the segment immediately after cutting, a 
normal rate of transport can be maintained for many 
hours. Ethylene gas, which is exciting interest as a 
possible natural plant growth regulator, is also known 
to reduce the capacity of freshly cut segments to 
transport auxin, but again this effect can be com- 
pletely nullified by supplying auxin to the freshly cut 
tissues. Kinetin, however, is only partially effective 
in protecting the tissue against ethylene. 

Osborne and Mullins have combined these diverse 
effects in a unified concept by drawing an analogy 
with animal hormone systems, where it is known that 
specific carrier proteins are implicated in hormone 
movement. They suggest that such a protein, perhaps 
a transpermease, is operative in hormone transport 
m plants. Polarity of movement could then be 

explained by a greater concentration of this carrier at 
one end of the cell than at the other. This asymmetry 
need be quite small; Hertel and Leopold pointed out 
that minute differences in the amounts of auxin moved 
through each end of a cell, when multiplied over a 
large number of cells, would be realized as a significant 
polarity (Planta, 59, 585: 1963). Osborne and Mullins 
propose therefore that for an auxin molecule to be 
transported across a cell membrane, it must be bound 
to the carrier at a specific site. The carrier, however, 
has a second active site which can bind ethvlene. 
When one of these sites is occupied, the other site is 
blocked; in other words, the carrier could be an allo- 
steric protein, 

In natural conditions there would be a continuous 
supply of auxin to the carrier molecules from the apical 
regions of the plant, which would maintain the trans- 
port process, but if a segment was cut from the plant 
this source of auxin would be lost. Consequently the 
auxin sites on the carrier molecule would gradually 
become vacant, and ethylene molecules could then 
become bound to the carrier, resulting eventually in a 
loss of capacity to transport auxin. In this respect 
it is interesting that wounding is known to stimulate 
the production of ethylene. If, on the other hand, 
auxin is applied artificially to the segment immedi- 
ately after cutting, the supply of auxin to the carrier 
continues unabated and the transport system is 
effectively Ene The influence of kinetin in 
that of auxin, for it eA no prereeon against 
ethylene. It seems possible that kinetin stimulates 
overall protein synthesis, and so enhances the produc- 
tion of new carrier protein. 

The scheme is not without its shortcomings; there 
is no explanation of why such molecules as triiodo- 
benzoic acid and naphthylphthalamic acid are such 
potent inhibitors of polar auxin transport, and similarly 
there is no real evidence either for the presence of the 
proposed carrier molecule, or for the asymmetrical 
distribution of such a molecule in the cell. And, of 
eourse, there are those who wonder how relevant 
experiments such as these are to processes actually 
occurring in plant tissues. Nevertheless, the scheme is 
ingenious, and should provide a basis for further 
investigation into a process which lends itself easily 
to speculation, but which equally strongly resists 
experimental evaluation. 
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The Academic Condition in the United States 


by What are the causes of the crisis in American universities? And. 


PAUL DOTY 


Department of Chemistry, 
Harvard University 


ONE person can at most add only a drop to the oceans of 
reporting and analysis of student protest. I would put 
first the necessity to recognize not so much the extreme 
degree to which a radical critique of society and govern- 
ment has developed in American students but the diver- 
sity and range with which it is represented. It is neither 
valid nor useful to think only of the radicals and the rest. 
A recent survey of student attitudes (January 1969) makes 
this clear. This is the spectrum which emerged: revolu- 
tionaries, 3 per cent; radical dissidents, 10 per cent; 
reformers, 39 per cent; moderates, 37 per cent; conserva- 
tives, 11 per cent. Thus only a quarter are at the extremes 
while three-quarters dominate the broad middle ground; 
it is these who will surely determine what is to become 
permanent from this cultural revolution. 

One of the wonders of this period has been why some 
universities are caught in almost continuous turmoil or 
violent climaxes and others remain relatively stable. 
Many factors contribute and some are quite local. But 
the quick judgments, made in heat and anger, which 
blamed inept administration or spineless faculty do not 
appear to survive more considered examination. 

Several surveys indicate that young adults who are 
alienated from society and adopt radically new values 
usually have college educated parents in the upper income 
brackets, who have been permissive in their child 
rearing. Such families tend to send their offspring to 
the more expensive private universities. Astin’s research, 
based on 35,000 questionnaires from 200 institutions, 
indicates that whether or not a university is a centre of 
protest activities is not a function of university policies 
or size, but rather of the type of student. He concludes 
that a student body that includes a disproportionate 
number of students disposed to political activity is likely 
to have unrest regardless of administrative policies or 
the relationship between faculty and students. 

It is, of course, not unreasonable that attitudes of 
alienation and rebellion begin in childhood and ripen in 
the struggle for identity during adolescence. The feeling 
that “youth has no future” begins then. This sense of 
futility is clearly nurtured by the long state of dependency 
that higher education imposes on more and more of the 
youth of affluent countries, most of all in the United 
States. Earlier experience, educational and otherwise, 
has done little to prepare for such a prolonged waiting 
and awareness of the contemporary world is so much 
greater because of their exposure to mass media and so 
if is no surprise that many students arrive at university 
already angry, impatient and unable to commit themselves 
to a long period of study. Instead they turn to criticize 
their society and attack their university as a surrogate 
for that society. 

This predestinational view of student activists and 
their tendency to cluster at certain universities tempers 
the blame that is laid on faculties and administrations at 


what solutions may be found? These were among the questions 
dealt with in one of the Granada lectures in London on October 21. 


beleaguered institutions. Of course, wise administration, 
serious attention to teaching and good communications 
can help greatly, but it now seems unrealistic to expect no 
serious problems at those universities which potential 
activists find attractive. No one I know thinks he could 
have provided a prescription to avoid chaos at Berkeley. 

What is the present outlook ? Clearly there are grounds 
for pessimism. Berkeley has had its worst year in five. 
In Japan, where student protest and disruption have 
existed Jonger than in any other developed country, the 
tragedy worsens with major universities closed or under 
police control. American universities are just beginning 
the difficult problem of the social and cultural integration 
of negro students in numbers approaching their repre- 
sentation in the population. There may be neither the 
skill nor the patience to accommodate this change. The 
student culture spreads, and this makes even those who 
think of themselves as reformers or moderates the poten- 
tial allies of the radicals in a crisis. There is lhttle corre- 
sponding latent support for faculty and administration. 
Indeed, the rituals and sacraments of the student eulture— 
rock music, drugs, dress, speech and sexual behaviour— 
reinforce the generation gap and clearly make comrunica- 
tion more difficult and more fragile. In a crisis comrouni- 
cation is likely to be the first victim. And, finally, each 
day the Vietnam War continues adds to the strain on 
this college generation and the likelihood that ib will 
strike at any symbol of the government that prosecutes 
that war. 

Yet there are several developments that suggest a 
shift away from violent, militant action on a large scale. 
During the summer the revolutionary left split and the 
process of fragmentation and internecine warfare gon- 
tinues. The Vietnam moratorium on October 15 drew 
wide support from ail but the extremities of the spectrum. 
Students for a Democratic Society (SDS) refused to 
participate because the protest on the Vietnam war was 
not coupled with a denunciation of the system of which the 
war is only a surface manifestation. The summer also 
provided time for administrations to exchange experi- 
ences and perhaps profit thereby. There is a much greater 
consensus on where the line against disruptions is to be 
drawn and how police and court injunction will be used. 
Opinion polls show that the public as well as students 
seem less tolerant of disruptive protest. And, most of all, 
many professors report that students have returned this 
autumn with a fresh interest in learning, even traditional 
learning. Nevertheless it takes only a small group of 
determined students to produce a confrontation. 

It would be quite wrong to ascribe the deep unrest in 
the university system solely to student protest and its 
consequences. Even without a single confrontation we 
would, I believe, find ourselves in a period of strain and 
trouble. This is due to the remarkably rapid expansion 
of the university system durmg that past decade—an 
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expansion not only m the number of students but in the 
role of the university in research and scholarship and in 
its response to national problems. 

In 1968, 640,000 students received bachelors degrees 
from United States universities. This was an increase of 
75 per cent since 1958, and corresponding to nearly a 
quarter of the 22 year olds im the United States. The 
expansion in the two-year community colleges has been 
even sharper, but most rapid of all has been the growth 
of graduate education. The number of PhD degrees 
granted has risen exponentially in the past ten years until 
last year it stood at nearly 24,000---three times that in 
1958. The annual investment in higher education is now 
about $15 billion, equally divided between undergraduate 
and graduate education. 

This sudden enlargement of the system in the United 
States was not comprehensively planned. The expansion 
in undergraduate education has been financed chiefly at 
the local or state level, largely from private funds. Gradu- 
ate education has grown through the contribution of 
federally financed fellowships. research grants and some 
facilities. The need to deal with these various sources has 
naturally produced severe growing pains, uneven develop- 
ment and frequent failures to maintain standards, and 
has been a steady drain on the energies of administrators 
and faculties. Thus, when the recent wave of student 
protest engulfed the campuses it often confronted a tired 
faculty and administration. 

Another point of great vulnerability was the balance 
between scholarship, in the sense of both teaching and 
research, and the increasing demand for the university 
to help with national and social problems. With the 
sudden political awareness of much of the student body, 
it is unlikely that any previously determined balance 
would have met the criteria of the new “relevance” and 
the new “values” of the student culture. In this situation, 
the American experience is somewhat different from the 
British, for we have committed more of the university 
system to this task. For better or sometimes for worse, 
our universities have become in large measure the mam- 
springs of change and the clinics for the illnesses of society. 

The growth of diversity. increasingly remote from 
traditional academie preoccupations, continued through 
the nineteen fifties. In the sixties two other features 
quickened this development: the growing awareness of 
great domestic problems the solutions of which mi ght he 
in techniques of research, and the increase in both federal 
and private funds that could be invested in such studies. 

And so a new crop of institutes and centres were built 
on university campuses: institutes for auto safety, 
housing design, race relations, urban affairs, population 
studies, sexual behaviour and, most recently, the study 
of violence itself. This period clearly favoured academic 
entrepreneurship. Those attracted to university positions 
in these circumstances were likely not to have given 
serious thought or commitment to traditional university 
goals. And if teaching was required, it was more often an 
advanced seminar than undergraduate teaching. Often 
this commitment to greater diversity was a cloak for 
those ill equipped or unwilling to share the communal 
tasks of teaching. Understandably, such specialists were 
not well tuned to the first signs of student discontent. 

By the mid-sixties, the result of these developments 
was clearly an overloading of the university system as a 
“multiversity’’, to use the word of one of its first victims, 
Clark Kerr. At the same time, expansion of the student 
body continued. On top of this there were severe problems 
of funding. Although the federal contribution was 
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growing rapidly, it was reaching the universities through 
relatively few channels which did not allow for balanced 
growth. The remarkable feature of this period is that the 
universities were able to retain as much balanced growth 
as they did. But it could not last long. 

Reports published early this year by the National 
Science Board and the Carnegie Commission on Higher 
Education recommended that, during the se venties, 
graduate education should become a federal responsibility 
apart from that usually supported by the states. The 
overworked system of current financing—the independent 
funding of specific research proposals—is to be reserved 
for its primary purposes. and several other mechanisms~~ 
sustaining grants, development grants and facilities 
grants—are to be added so that the entire financing of 
higher education is covered, not just the research grants 
and graduate fellowships that have carried so much of 
the load so far. 

Thus American universities are poised for a new kind of 
development and growth. Whether we shall have it or 
net hangs in the balance and obviously depends very 
much on the resolution of the present crisis. To indicate 
what could possibly be in store, consider what the con- 
sequences would be in 1980 if the growth rate of the 
sixties continued. Then, in 1980, we would be providing 
complete college (as university undergraduate) education 
to half of American youth and the working force of 
PhDs would have increased from 170,000 at present to 
500,000. Of course, there are many reasons why this 
may not happen and some reasons why it should not 
happen. But it can be strongly argued that the vitality 
and diversity of American society would be vastly greater 
in the 1980s if this large section of its youth were aided 
in reaching the limit of its educational capacity rather than 
left well behind. The state of American universities in 
the late sixties makes more understandable the inevita- 
bility of conflict. The students had become a really new 
generation. Those on the left actively reject conventional 
learning, believe all social function can be reduced to 
interpersonal relations and power and are in varying 
degrees ready to destroy the universities as we have known 
them. The administrators and faculties had a different, 
more conventional attitude. The university system had 
served fairly well the basic educational purpose, it re- 
sponded to the extraordinary needs for expansion, It 
provided pleasant shelter, libraries and laboratories for 
most of the nation’s intellectuals, it gathered its resources 
to study the problems of the state and the society of 
which it had become so much a part. But the radicalism 
of the students put all this at risk. Suddenly there was 
no consensus on the “nature of things”, on the faith that 
holds a society together or on the goals it should aim for. 


Discourse, not Disruption 

Each campus reacted as if to a revelation, whether 
disruption and violence were involved or not. No matter 
how much one heard of what had happened elsewhere, 
the experience on one’s own campus was quite new. The 
discourse which followed and still goes on has deeply 
transformed university communities. The disappearance 
of consensus opened everything to question: teaching 
methods, what was taught, discipline, faculty power, 
administrative power, government and industrial re- 
eruiting on the campus, relationship between the uni- 
versities and industry and the armed forces, decision 
making, the place of research, the problems that were 
researched, the role of the university in the community, 
the legitimacy of relations between university and 
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government, the goals of the university and even academic 
freedom itself, 

Looking carefully, one could often distinguish the 
discourse in progress at two different levels. There was 
the external discourse, in which student demands 
and criticism were taken fairly literally and judged to 
deserve response, And there was the inner discourse, 
within the faculty and administration, which was devoted 
largely to self scrutiny in response to the general atmo- 
sphere. On campuses that avoided disruption and 
violence, the external discourse often evolved into a kind 
of communication from which desired changes began to 
follow-—-for example, the winning by the students of the 
right to control their own social life. But when radi- 
calization won, communication ceased, student complaints 


became standardized and no faculty response was 
sufficient. 


At Berkeley in 1964-65, a study of student opinion 
showed that more than 70 per cent thought that the 
faculty and administration were concerned with students 
and that Berkeley was a good place to be educated. Four 
vears later, after considerable efforts at educational 
innovation, courses sponsored by students, the intro- 
duction of many socially “relevant” courses, the creation of 
many small classes and undergraduate seminars, a similar 
study of Berkeley student opinion showed that only 30 
per cent thought that faculty and administration were 
concerned with students, most now said Berkeley was 
not a good place to be educated. Clearly Berkeley had 
not become that much worse in the four years; what had 
changed was the ideological mood of the students. By 
1968-69, the proper answer was to say that the faculty 
and the university were bad. Faculty members who 
insisted for the longest time on the meaningfulness of this 
kind of discourse are now often the most embittered. 
Naturally the gap between those who tried and failed and 
those who rejected extreme demands from the onset 
became unbridgable. The divided faculty that results is 
perhaps the greatest wound that can be inflicted on a 
great university. 

The inner discourse, concerned with stocktaking and 
conscientious accommodation, can also have two out- 
comes. If it anticipates its needs and has time for judici- 
ous deliberate action, the outeome ean relieve pressure 
and rekindle the sense of community. The combination 
of relatively quiet, non-urban campuses that do not 
attract the most politically motivated students and wise 
leadership that can anticipate such needs has the option 
of responding in this way. Yale and Princeton fall into 
this category. 

The other outcome is, of course, the hurried self 
examination in the heat of rising protest. Here student 
demands often overlap what in quieter times would be 
in the interest of the university. But to respond hurriedly 
and in a way that can be interpreted as the giving in to 
student demands obviously risks a great deal. Here, too, 
the faculty can be divided over its interpretation of the 
motive behind reform and outsiders will almost surely 
decide that the faculty or administration has collapsed. 

The situation at Harvard serves as an example. 
From 1963 to 1965, I chaired a committee to re-evaluate 
the programme of general education, which for twenty 
years had attempted to provide courses in the central 
features of western thought for all students regardless of 
their area of specialization. Such work constituted 
almost a quarter of the four years of undergraduate work. 
In retrospect this study was an example of an administra- 
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tion anticipating trouble and making with a mach needed 
self examination. But the results were mixed at best. 
Although we consulted students, there were none on the 
committee and so we failed to recognize the coming wave 
of disenchantment with history, the shift to social studies 
and the new criteria of relevance. And our major 
structural reform failed to win faculty approval. This 
was primarily because we underestimated the growth of 
diversity, the loss of unity and the consequent mability 
of such a faculty to agree on its goals. 

For the other instance we can move to early 1968. 
Moderate and reform students were becoming increasingly 
opposed to the training of reserve military officers (ROTC) 
as part of the normal curriculum. a practice dating from 
the First World War and supplying nearly 80 per cent 
of junior officers. These training programmes had become 
a symbol of the Vietnam war and an obvious target for 
anti-war feelings. A prompt and unbiased examination 
at that time might have shown that, despite the war, this 
was no longer an appropriate activity in a traditional 
university. The educational content of the courses was 
small, the staff was not recruited and appointed in the 
usual way and inquiry showed that the cost of producing an 
officer in this way was several times greater than if he 
went to officers’ candidate schools in the summer. 

But a slower, more painful and more decisive course 
unfolded. It is worth retracing its main features, for it 
is a lesson in how an inadequate system of governance can 
become overloaded, how easily communications fail and 
divisions mount, and how ambivalent a final decision can 
be. During the autumn and winter of 1968, the appro- 
priate faculty committee heard testimonies, the best 
already studied the problem. Opposing views emphasized 
the rights of students to take such courses, the beneficial 
effects of injecting liberal arts graduates into the military 
command and the financial aid which accrued to those 
students who were in need. 


decisions on course credit to appropriate departments 
and postponed other issues. The faculty meeting was 
faced with this and three other motions. Clearly the 
lethargic faculty meeting of the past was gone but its 
archaic procedures could not produce a rational choice 
for its members. In the ensuing vote the faculty com- 
mittee recommendation was defeated. 


Military Training to End 

The president appointed a committee to renegotiate 
the agreement with the armed forces but did not include 
in it anyone who had supported the winning motion. 
In March, the president said everything possible was 
being done to keep ROTC, thereby moving further from 
the general consensus. In April, disruption and violence 
came to Harvard. “ROTC must go” was one of the 


the administrations insistence that its view, not the 
faculty's, should be controlling. In the ensuing crisis the 
faculty voted that ROTC should exist only as an extra- 
curricular activity. The president's committee 
enlarged to make it more representative. Its principal 
finding was that the armed forces refused to accept the 
extracurricular status, insisting that the university be a 
partner. By early June, the committee recommended and 
the faculty confirmed that training must end in two Years, 

What is the meaning of this rather sorry tale? As a 


Was 
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member of the president’s committee, the experience 
convinced me that the best solution was reached. Further- 
more, I believe that a similar committee could have 
reached the same solution by quiet deliberation in the 
early sixties before student protest began. But it would 
have been an academic exercise. It was the climate of 
change, and not the student demands at a time of crisis, 
that made its enactment possible. 

Perhaps the role of this issue in preventing a split 
within the faculty will turn out to be itg most important 
feature. Despite charters and governing boards, and 
even students, the soul of the university must be its 
faculty. If it divides, chaos lies ahead as we have seen at 
Columbia and Berkeley. It is interesting to note that the 
cleavage plane on which a split may develop is not only 
right versus left or radical versus liberal versus con- 
servative, but includes age and even academic interests. 
The younger scientists on the faculty at Harvard joined 
the most radical groups. A very liberal social scientist 
remarked, “These young scientists think restructuring the 
university is like doing an experiment. If it doesn’t work, 
wash out the test tube and do it again”. 

How then is the university to save itself? Only 
by restructuring its government so that a division of 
labour allows it to take on much more work and do it so 
as to preserve the faculty’s confidence in its procedures, 
maintain its authority and build links with the students. 

In most of the important universities in the United 
States, committees have been at work during the past 
year or two, or are now being set up, to plan systems 
that will make clear who is responsible for what, and how 
decisions will be reached to this end. 

The students’ concern has been to run their own social 
life, a goal largely achieved, and to have an effect on the 
quality of their education and to share in decision making 
at various levels. Disciplinary procedures had to be 
overhauled because they had been designed to deal 
with individual misbehaviour. But now communal be- 
haviour had to be judged. In general, it has been agreed 
that peaceful sit-ins that do not disrupt normal functions 
and even brief intrusions that do are permitted. But 
whole codes dealing with more extreme actions are now 
agreed, and student representation is substantial. 

Beyond these matters a pattern is developing that 

maximizes student involvement where their interests are 
directly involved, but minimizes it in the academic realm 
of appointments, degree requirements and curricula. 
This does not satisfy the more fervent advocates of 
student power who insist that the democratic model be 
applied to university government. To them this argu- 
ment is put in a Harvard report just released : 
“we reject the analogy between the electoral practices of a 
democratic state and university governance and believe that 
an uncritical application of egalitarian theory in the uni- 
versities is likely to damage the interests of students as well 
as the university of which they are a part. It is a shallow 
view of democracy to assume that every person has a right to 
participate equally in every decision that affects his hfe. To 
argue otherwise is to assert that there is no place in a demo- 
eratic society for the authority derived from professionalized 
training, knowledge, and experience.” 

How are students to influence faculty in matters that 
directly affect their education and their lives as members 
of the university ? Rather than a token representation 
on faculty committee and in faculty meetings it is pro- 
posed that the principal committee of the faculty be 
subdivided into four subcommittees concerned with 
liaison between students and faculty, undergraduate 
education, graduate education and community affairs. 
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These subcommittees would be joined by an equal number 
of elected students. The chief positions would be ham- 
mered out at this working level and then carried to the 
faculty committee and then to the faculty, where students 
would sit as observers. 

It remains to be seen how this will work, but it offers 
considerable promise. The faculty’s problem in recasting 
its system of governance is to maintain the legality of 
the whole faculty as the ultimate decision maker of 
academic policy, while delegating such authority broadly 
enough that the greatly increased flux of work can be 
carried out efficiently. The measure of effective govern- 
ment is not the number of committees or the time they 
consume, but rather the extent to which it liberates the 
faculty’s energy for teaching, scholarship, research, and, 
T must now emphasize, genuine contact with students. 

Opinion has become sharply divided as to whether or 
not faculty should elect its dean and the members of the 
council and other faculty committees. With participation 
a more evident virtue and with presidents often making 
their appointments from the more conservative sector of 
the faculty, the argument for election is making headway 
on many campuses. The outcome is not predictable. 
The risk of creating and maintaining political factions is 
abhorrent to many. And the ease with which the purpose 
of an election can be defeated when the attention of the 
faculty is not aroused must be assessed. But at many 
universities the decisions will be made the coming year. 

The president and the highest members of the admini- 
stration have had the most difficult times of all in the 
recent crises. The presidents have been the chief victims, 
having been foreed out of office whenever the disruption 
has become extreme. The quality of their performance 
under fire has been important and those with the right 
combinations of leadership, courage, steadfastness and 
compassion have kept many an institution on a steady 
keel. Even so, it has not been an enviable job and many 
are tiring. 

Traditionally, presidents have been appointed by the 
trustees, and because this is usually a legal requirement it 
is unlikely to change. But one can easily predict change 
within this framework. Undoubtedly the advice of 
faculty, students and alumni will be sought. And 
potential presidents, recognizing their indispensability, 
will surely hold out for assurances of sufficient staff of 
high quality to make their jobs workable and relief from 
other responsibilities that will enable them to maintain 
meaningful relations with students and faculty. And, 
finally, lifelong tenure will probably be ended so that 
presidents highly qualified in one era will not become 
obsolescent in another. 


Watching Over Governing Boards 


The institution of trustees or governing boards will 
also be subjected to the scrutiny of the new “protestan- 
tism’’, but, being embedded in legal structure, they will 
not change quickly. But the conflict will be sharp. On 
the one hand, many such boards have a tradition of selfless 
service and by resisting political pressures have pro- 
vided indispensable protection to academic freedom. 
On the other hand, it is clearly questionable if such bodies, 
chosen from a narrow but highly successful class of 
business and law, should be the shapers of the univer- 
sities’ future. This is particularly questionable when as 
‘absentee landlords” they spend only a day or two per 
month at this task. 

This difficulty could be best resolved, it would seem, 
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if the new generation of presidents formed a closer bond 
with the faculty using the new structures that should 
make such a working relationship possible. The long 
term planning and shaping of the university could then 
be done within this union. And the trustees and governing 
boards could then more properly assume the posture of 
overseers rather than managers. 

In the 1960s, the American universities were busy 
expanding, offering a broader, more varied college or 
university education, increasing even faster graduate 
education, supporting more research, both pure and 
applied, addressing the mounting number of social 
problems-—all in the assumption that they were playing 
their part rather well within a liberal consensus of what a 
modern university should be. Hence their shock to 
suddenly find much of the student body radically changed, 
unsympathetic to their labours, and insistent on, at the 
least, reform, at the most, a taking over. 

The more actionist of these students tended to cluster 
at leading universities, particularly those in cities. The 
initial confrontations and conflicts were ragged, unpredict- 
able, time-consuming, and at the least disrupted learning 
and scholarship. The students pressed unfair advantages 
on easy and vulnerable targets: the administrations often 
radicalized reformist and moderate students by harsh, 
badly timed, or ambivalent responses and lost the con- 
fidence of the faculty: the faculty unfamiliar with such 
mass rejection of authority often split with a part tending 
to support the students. As a result the academic condi- 
tion became one of disarray at about 10 per cent of our 
universities last year and threatens to spread. 


Violence Subsiding 


The fundamental conflicts have not been resolved but, 
meanwhile, certain changes suggest that the period of 
violent confrontation may have reached its peak. Student 
diversity is emerging from being hidden behind a tem- 
porary coalescence behind a common front. Some 
sectors of the student body have been quick to return to 
normal work after disruptions. This applied particularly 
to those in science, pre-professional studies, economics and 
the like where steady, accumulative effort is required. 

Facultics were responding by improving their own 
communications and structure of government and 
relationship to the administration. And they were 
working out a more unified, enforceable position against 
serious disruption, while becoming more genuinely 
attentive to student interests and more assertive of their 
fundamental commitment to learning and scholarship. 

Out of this turmoil a new collegiate community will be 
fashioned. There is too much resiliency in the university 
system, too much need for it, to expect other than some 
accommodation with these new social forces. A decade 
hence I believe we will find a new social contract in 
existence. I would like to take up the three features 
that seem to me most likely to determine the nature of 
that new social contract. To limit this device to three 
means that others have had to be discarded. I have 
indeed discarded four issues that are commonly thought 
to underly student protest in America. These are: the 
Vietnam War, the social and cultural exclusion of univer- 
sity groups, the inequitable distribution of wealth, power 
and prestige and the alleged educational irrelevance of 
much of today’s teaching offered to undergraduates. 

Why are these ruled out? The Vietnam War because 
it will be over and the shock of this experience will 
almost certainly prohibit any similar adventures. The 
social and cultural integration of negroes and other dis- 
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advantages will no longer be blocked by an unwillingness 
to accommodate at the university level; there will be 
difficulties, to be sure, but they will be complex and will 
not lend themselves to the advocates of protest and 
disruption. The inequitable distribution of wealth and 
power can only change very slowly. Relatively it has 
hardly changed at all in the last 20 years. While changing 
student attitudes may have some effect, the lag will be 


such that it is unlikely that this can remain a continuing 


issue when, in the short term at least, it is so stubborn. 
Finally, the dissatisfaction with current teaching will be. 
defused largely because this is a campus issue that can 
and will be dealt with there. 

If we can therefore accept the assumption that these 


seventies, what issues will prove more permanent in 
deciding the long term outcome of our present crises and 
the future of the university ? The three that I would 
suggest are: 

l. The availability of increasing government funding 
for higher education. 

2. The extension of various qualities of the student 
movement, such as giving a high priority to 
participation, into polities and the professions. 

3. The response that is made to the charge that modern 
technological society dchumanizes. 

Let me conclude by considering each of these in turn. 

On the average, American higher education is supported 

in roughly equal amounts from four sources: student 
fees, state government, federal research and felowship- 
support and a fourth sector composed of endowment and 
gifts. Inasmuch as the student fees come largely from 
parents it is clear that all four sectors of this support are 
outside the direct control of students. Therefore, the 
willingness of these sectors to bear the costs of higher 
education and its continual growth can be decisive. 

The extent to which this willingness is being under- 

mined by the present conflicts on campus is difficult to 
assess. For example, many parents who would consider 
withholding financial support are restrained because 
their son would lose his draft deferment upon leaving 
college. Support from state governments is falling in 
only a few states, particularly California. Federal support 
in the form of research grants and fellowships is a cause 
for particular concern and deserves some comment. 

Government support of research at universities ceased 

rising and levelled off three years ago. And this is causing 
considerable hardship, especiaily in removal of ending the 
expansion that would have accommodated younger staff 
and supported their research. Then came the particular 
effects associated with the tradition begun after the second 
World War whereby the Department of Defense supported 
a very substantial portion of the research done at uni- 
versities. This is now diminishing rapidly because of the 
continuing demands of the Vietnam War and the Nixon 
administration’s insistence on cutting the defence budget. 
But to this a further momentum is being added. Con- 
gressional attitudes toward research support have been 
hardening for some time, with insistence on applied 
research and accountability rising. This is reaching its 
peak in a Mansfield amendment to the current appropria- 
tion bills that would require each project to be justified 
by spelling out its relatedness to a military mission. 
Since previous legislation was broad enough to cover any 
project that improved the nation’s health or intellectual 
and scientific resourees and capabilities, it is evident that 
the crunch is at hand since many universities could not 
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accept the new criteria. Still other pending amendments 
threaten the withholding of Defense Department funds 
from universities that do not maintain reserve officer 
training or allow military recruitment. 

Of course, 1f the defence support for research could be 
transferred to other agencies such as the National Science 
Foundation, there would be general rejoicing. But that 
is quite impossible. There will be a long lag indeed before 
these funds can flow through other channels. Hence a 
period of declining research support and its depressing 
effects on graduate education 1s clearly on the cards. 

Despite these setbacks, the greater concern must be 
with the total federal financing of higher education. In 
1953 this was exclusively im research support and 
accounted for 15 per cent of the total budget. Ten years 
later it was 30 per cent and now it is close to 50 per cent. 
If this period of budgetary stringency is passed and if the 
university system can maintain or regain its wide public 
constituency, and justify further expansion, the growth of 
federal support may continue. Certainly this would 
require a move toward a constructive resolution of the 
present university crisis. Without such a resolution the 
universities will experience the decrease in vigour that 
financial strangulation will inexorably impose. 

Much the same can be said for the support from the 
endowment and private foundation sector. Disenchant- 
ment with university performance will surely diminish 
private giving and endowment, which even at the most 
favoured universities is sufficient only if it grows in 
balance with the other sectors of support. 

But there is a second possibility for current crisis 
producing a rather permanent effect. It hes in the 
infusion of certain ideas from the student movement into 
the mainstreams of contemporary life. It is quite natural 
that well up from student protest and unrest will not be 
durable. Otherwise the arguments of those of us old 
enough to justify the importance of our opinions by the 
length of our experience would collapse ! But there are 
testing grounds for these ideas well beyond the campus. 
One is in politics and the other is in the professional life 
into which many students are passing. 

With regard to politics the impact is impressive and 
the victories are coming. No American Democratic 
Presidential Convention was like the one of 1968. On the 
Vietnam resolution which narrowly lost there was not a 
defeat even if Senator McCarthy never had a chance. 
Despite the hue and ery the present administration 1s set 
on a course more dovish than that resolution and the 
organized pressure of the youth in politics is most re- 
sponsible. 

Young people have returned from the depression of their 
defeat last year and have been clearly influential in several 
recent by-elections. And it is plain that those hoping for 
nomination in 1972 take this new constituency very 
seriously. The number of people between 21 and 24 
will nearly have doubled by that time compared with any 
period before 1960 and a greater percentage is going to 
vote than ever before. 

But this change in mood is making itself felt m pro- 
fessional life, as one can easily see in the American scene. 
In nearly every professional society the ritualistic and 
rather boring annual meeting has become transformed 
into a spirited contest with the younger members leading 
the attack against established orthodoxy. Across the 
board from modern language teaching to psychiatry, 


from political science to chemistry the insistence of 


reform is at hand. And one can sense the changes in the 
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professions as well. The new breed of lawyers no longer 
wait dutifully for junior places im the firms of major 
partners. They are more interested in finding action 
in the ghetto or in the political arena. And the young 
doctors have upset their profession with their headlong 
plunge into patient care and community service with 


This infusion of hfe into the traditional professions is 
surely healthy and makes a strong case for extracting 
from the confusing eruptions of the young those new 
traits--such as participation and personal involvement- 
which can be beneficially transmuted into the adult 
world, 

Finally, there is what I am persuaded is the most 
fundamental issue of all. The students put it in the form 
of their being dehumanized by modern technological 
society. The basic faith that science and technology can 
protect us from the capriciousness of nature—from 
famine and disease, solve all problems of production and 
in the end produce an abundant hfe-—is threatened. 
Contemporary conditions of hfe have depri ved people, 
and especially young people. of a meaningful world in 
which they can act and find themselves. Rationality 
itself is discredited. The escape to astrology, psychedelic 
drugs and withdrawal from the actual world lures many. 

It is here that we can see a society-wide disenchant- 
ment with the old goals and what technological society 1s 
doing to us. Of course, technolog 
machine, has had an unending line of critics. What 
makes this era different is the increasing persuasion that 
technology is running man, not the other way around; 
that man has less to say about how it is used than at the 
height of the harsbness of the industrial revolution; that 
technology has become an end in itself, subject to no 
control by the cornmon man. 

Surely this is mistaken. The central danger facing 
mankind is not the autonomy of technology nor the 
triumph of technological values but the subordination 
of technology to the values of earlier times and its ex- 
ploitation by those who retain power from the social and 
political structures of the past. 

If this be true, then the problem is how to assert control 
of technology, turn it to the elimination of poverty, the 
depollution of our environment, the building of a world 
in which man can feel at home. And to achieve this 
would be only a beginning. The more pervasive question 
is what values is the technology to serve, what new 
purpose will become the directive force in society. We 
cannot answer these here and now. It may take all of 
the seventies to fashion the answer. But we know that 
civilizations are the expression of the mteraction of values 
and technology. If the well-spring of discontent that 
student protest reveals is to have a permanent conse- 
quence, it will probably be in hastening the end of this 
era of values and technology which has been with us for so 
long. But this can come to pass only with the informed 
involvement of students who are not content to be the 
spiritual descendants of Wiliam Cobbett and William 
Morris, living in self imposed semi-poverty making 
ceramic jewellery and psychedelie posters, who do not 
retreat from the more demanding preparation an in- 
creasingly complex technological society requires. And, 
on the other hand, by the commitment of their teachers 
to a new contract that accepts them as junior colleagues 
in a common purpose, commonly arrived at. Despite 
the gloom of the present, it is my hope that the university 
crises of this time can be the forerunner, a decade hence, 
of such a reordering of both our spirit and our technology. 
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POLYOMA virus and SV40 are small DNA viruses that 
induce tumours in rodents and alter the growth properties 
of mammahan cells in tissue culture. Heritable alteration 
of the growth properties of cells is called transformation. 
Transformed cells usually form tumours in animals but. 
because tumour formation involves complex interactions 
with the immunological svstem of the host animal, trans- 
formation in culture is not an infallible indicator of 
malignancy in vivo. Transformation permits the study of 
early events required for the development of malignant 
potential by infected cells, and opens up the possibility 
of studying the acquisition of new genetic material by 
mammalian cells. 

Several reviews of oncogenic DNA viruses have been 
published recently’-4, and I shall concentrate on three 
questions that seem especially pertinent. First, what 
viral gene products are responsible for the changes that 
occur in cells after infection ? Second, what is the relation 
between viral genes in transformed cells and the altered 
growth characteristics of the transformed cells? And, 
third, how is viral gene expression regulated in trans- 
formed cells ? 


Genetic and Biochemical Studies 


Coordinated genetic and biochemical analysis is provid- 
ing precise descriptions of control mechanisms that operate 


in basie biological processes such as the synthesis of 


macromolecules and the expression of genetic information. 
Polyoma and SV40 are particularly well suited to genetic 
and biochemical analysis because they have small genomes, 
sufficient to code for the synthesis of only five to ten 
proteins of average size. This small number of proteins 
makes it feasible to try to identify the proteins responsible 
for changes that occur in cells after infection, meluding 
the changes that lead to transformation. 

Cells can respond in two different ways to infection by 
polyoma or 8V40. Depending on the type of cell infected. 
the virus may multiply and produce infectious progeny, 
ultimately killing the cell (this is called productive infec- 
tion), or the virus may enter the cell and cause the 
synthesis of seme virus-specific products without multiply- 
ing (this is called abortive infection). Whether the response 
of an infected cell will be productive or abortive is 
mediated at some stage of the intracellular growth cycle 
of the virus. Table 1 shows the responses of some cell 
types to infection by polyoma or SV40, 

A variable fraction of abortively infected cells is trans- 


Table 1. RESPONSES OF CELLS TO INFECTION RY POLYOMA OR SV40 
Virus Cell response 
Productive Abortive 
Polyoma Mouse Hamster 
Rat 
SV40 Monkey Mouse 
Human Hamster 
Rat 
Rabbit 


lead to malignancy, and consequently are attracting a great deal of 
attention. This review brings the story up to date and poses some 
questions for the future. 


formed. Cells which are subject to productive infection 
can be transformed occasionally. Transformation is de- 
tected by the altered growth characteristics of transformed 
cells: altered morphology. saturation density, or ability 
to grow in soft agar. 

After infection of resting (not growing) cells by polyoma 
or SV40 there is a stimulation of the svnthesis of host cell 
DNA and of enzymes involved in nucleic acid metabolism. 
This stimulation may be part of a general stimulation of 
host cell activities brought about by virus infection. 
The action of a viral gene is probably involved in bringing 
about stimulation of host cell DNA synthesis, because 


the stimulation can be prevented by treatments that 
inactivate viral DNA. Stimulation of cellular DNA 





Two new antigens appear in cells infected by polyorme. 
or SV40. One is confined to the nucleus, and is called 
T antigen; the other is present in the cell surface, and is 
called transplantation antigen. Both T antigens and 
transplantation antigens are virus specific. 

T antigens are present in all turnours induced by 
polyoma and SV40. When 3713 cells (a continuons line 
of mouse fibroblasts) are infected by SV40, a large pro- 
portion of the cell population synthesizes T ant igen. 
During subsequent growth, cells that are not transformed 
lose T antigen, and only the transformed cells of the 
population continue to synthesize T antigens. These 
observations suggest that T antigen is important for 
transformation. T antigen is not required in order to 
maintain the transformed state of the cell, however, 
because at least certain lines of polyoma-transformed cells 
can lose T antigen and remain transformed (personal 
communication from M. Vogt). 

Some of the properties characteristic of transformed 
cells may be determined by alterations in the cell surface. 
Transplantation antigens are one specific alteration that 
can be detected. Recently transformed cells have been 
shown to have altered surface properties detectable by 
the binding of chemicals’). 

SV40 is able to exert a “helper function” for the growth 
of adenovirus! DNA of this virus replicates after 
infection of African green monkey kidney cells (AGME), 
but no adenovirus capsid protein is made and no adeno- 
virus particles are produced. If SV40 infects AGMK 
simultaneously with adenovirus, the adenovirus capsid 
protein is made and adenovirus particles are produced. 
Apparently SV40 infection allows the expression of 
adenovirus genes that cannot be expressed during infection 
of AGMK by adenovirus alone. Table 2 summarizes the 
functions in cells infected by pol yoma or SV40 that 
require the expression of viral genes. 
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Table 2. 


(1) Stimulation of cellular DNA synthesis and cellular enzyme synthesis 


GENE FUNCTIONS OF POLYOMA AND SV40 


(2) T antigen 

(3) Transplantation antigen 

(4) Viral DNA synthesis 

(5) Viral capsid protein synthesis 

(6) “Helper function” for adenovirus replication 
(7) Cell transformation 


The most direct way of relating viral gene functions to 
biochemical changes in infected cells 1s to study conditional 
lethal mutants of the virus. A conditional lethal mutant 
is one that produces an altered gene product (protein) 
that is functional in one condition but not functional 
in another, for example, at different temperatures. By 
asking whether a given biochemical change occurs after 
infection by a conditional lethal virus mutant in conditions 
where the mutated viral gene product is not functional, it 
can be established whether the viral gene product is 
required for the biochemical change to occur. 

Temperature-sensitive mutants have been used to 
study polyoma virus. (Suppressor-sensitive mutants of 
the types that have been useful in bacteriophage and 
bacterial genetics have not been identified in animal cells.) 
So far three or four viral genes have been identified)". 
This is about half the number that would be expected 
for the whole genome. Only one of the genes identified 
so far is required for transformation. The function of this 
gene is also required for the synthesis of viral DNA during 
productive infection. The function is required in order 
for transformation to become established, but is not 
required in order for transformation to be maintained. 
Mutants defective in this function at high temperature 
are also defective in T antigen synthesis (unpublished 
results of M. Oxman, myself and K. Takemoto), but are 
able to stimulate the synthesis of cellular DNA and the 
transient cell division of abortively infected cells (ref. 13 
and personal communication from M. Fried). 


Viral DNA and the Transformed Phenotype 


Two observations have encouraged the idea that viral 
DNA is required for the transformed state of the cell 
to be maintained. First, viral DNA is present in trans- 
formed cells in close association with chromosomes''® 
and, second, loss of genetic material from transformed 
cells can lead to a loss of the transformed phenotype. 

Viral DNA has been detected in transformed cells by 
virtue of its ability to hybridize specifically with RNA 
made in vitro using purified viral DNA as template’. 
The physical state of viral DNA in transformed cells is 
not known precisely, but viral DNA in transformed cells 
sediments together with chromosomal DNA in alkaline 
sucrose gradients, suggesting that it is closely associated 
with chromosomes’. 

Marin and Littlefield have studied the loss of the 
transformed phenotype by cells that lose genetic material’. 
This was done in the folowing way. A tetraploid BHK 
cell was selected from two genetically different diploid 
parental BHK cells (which are a continuous line of 
hamster fibroblasts). In this case one parental cell lacks 
the enzyme thymidine kinase; the other parental cell 
lacks inosinie acid pyrophosphorylase. The tetraploid 
BHK cells were transformed by polyoma. Loss 
of genetic material from the transformants was then 
promoted by selecting cells that had lost the ability to 
make inosinic acid pyrophosphorylase, and were therefore 
resistant to 6-thioguanine. Some of these resistant cells, 
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which had lost a variable number of chromosomes, were 
then phenotypically normal rather than transformed. 
They exhibited normal morphology, growth pattern, lack 
of oncogenic potential, and were no longer able to grow 
in soft agar. 

Similar experiments have been carried out by Weiss, 
Ephrussi and Sealetta, who studied the loss of T antigen 
synthesizing ability by somatic hybrid cells formed of 
transformed human cells and normal mouse cells'*. These 
human~mouse hybrid cells lose human chromosomes spon- 
taneously. It can be shown that nearly all human 
chromosomes must be lost from the hybrids before the 
hybrids lose the ability to synthesize T antigen. This 
implies that the genetic information required for the 
synthesis of T antigen 1s probably present on many 
chromosomes in the hybrid cell. (It cannot be excluded 
that the information is present on only a few chromosomes 
that are lost less readily than the others.) 

It is not known in either of these cases whether the loss 
of the transformed phenotype is caused by the loss of 
viral DNA from the transformed cell. This may be a 
difficult point to resolve, because present physical tech- 
niques are not sensitive enough to detect the equivalent 
of one viral DNA molecule per transformed cell. 

Cellular factors also play a part in the expression of the 
transformed phenotype. This is shown most clearly by 
the experiments of Pollack, Green and Todaro, who 
selected “flat” variants from a population of SV40- 
transformed 3T3 cells’. The variants are phenotypically 
normal, rather than transformed, with regard to mor- 
phology, saturation density, inability to grow on a mono- 
layer of 3T3 cells, and reduced tumorigenic ability. 
Even though the variants have this normal phenotype, 
they still contain T antigen, and infectious SV40 can be 
recovered from them, indicating that the viral genome 1s 
still present. Because these variants exhibit many charac- 
teristics of normal cells even though they contain viral 
genomes and T antigen, cellular factors must be able to 
modify the expression of characters usually associated 
with transformation. This conclusion is also reached from 
experiments of Rabinowitz and Sachs with polyoma- 
transformed cells?*. 

At present, it is not possible to reach a definite con- 
clusion about the role of the viral genome in determining 
the transformed phenotype of the cell. Even if the 
presence of viral DNA in a transformed cell is required 
for the transformed phenotype to be expressed, the ques- 
tion remains whether the viral DNA must function to 
synthesize a protein in order for the cell to remain trans- 
formed, or whether the mere presence of the viral DNA 
causes somatic mutations which result in the transforma- 
tion of the cell carrying the viral DNA. This question 
could be answered if a conditional lethal virus mutant 
could be isolated in a viral function required for the 
expression of transformation. It would be predicted that 
cells transformed by such a mutant would behave as 
transformed in permissive conditions where viral function 
was active, but would behave as normal in non-permissive 
conditions where viral function was mactive. 


Viral Gene Expression 

Cells transformed by SV40 typically contain viral 
DNA detectable by nucleic acid hybridization, but 
do not contain infectious virus particles. When cer- 
tain cells transformed by SV40 are cultivated with 
monkey cells that will support a productive infec- 
tion, infectious SV40 is produced in the culture. The 
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amount of virus produced can be increased greatly by 
fusing the two kinds of cells to form heterokaryons (cells 
whose cytoplasm contains nuclei derived from at least 
two different cells) using inactivated Sendai virus as fusing 
agent. Apparently monkey cells, which can support the 
growth of SV40, provide an environment in which com- 
plete viral genomes present in transformed cells can 
replicate and produce infectious particles. This could 
come about because the monkey cell provides some 
component of the transcription or translation systems 
required for synthesis of SV40 protems which is missing 
in the transformed cell, or because the new cellular 
environment produced in the heterokaryon allows viral 
DNA in the transformed cell to replicate in an unrestricted 
manner, thereby allowing it to escape from regulation 
imposed by the transformed cell. 

Viral messenger RNA (mRNA) has been studied in 
transformed cells to determine whether viral gene expres- 
sion is regulated at the level of transcription or translation. 
Transcription of viral genes is restricted in some trans- 
formed cells2%21, but it is not known whether this restric- 
tion is a primary effect of regulation or a secondary 
effect resulting from lack of synthesis of certain viral 
proteins. Different proportions of the viral genome have 
been reported to be transcribed into mRNA in different 
cell lines®?-?3, and further study is needed to determine 
whether regulation of viral gene expression can occur at 
the level of translation. 

Some polyoma-transformed cells can be superinfected. 
with polyoma at multiplicities of only one viral genome 
per cell (personal communication from T. L. Benjamin). 
This observation argues against the presence of a diffusible 
repressor of viral DNA replication or of viral gene function 
in polyoma-transformed cells such as are present in certain 
lysogenic bacteria. 

SV40-transformed cells can be divided into four classes 
on the basis of the type of cellular environment and the 
type of viral genome they contain. Cellular environments 
can be classified as permissive or non-permissive, that is, 
able to support virus growth or not. Viral genomes can 
be classified as defective or non-defective. Table 3 lists 
the types of transformed cells and examples of each. 
(1) Non-permissive cells containing non-defective viral 
genomes do not yield virus when superinfected, but can 
be induced to yield virus by fusion with sensitive (permis- 
sive) cells. (2) Non-permissive cells containing presumably 
defective viral genomes do not yield virus when super- 
infected, and cannot be induced to yield virus by fusion 
with sensitive cells. (3) Permissive cells containing pre- 
sumably defective viral genomes do yield virus when 
superinfected, but cannot be induced to yield virus by 
fusion with sensitive cells. (4) Permissive cells containing 
non-defective viral genomes do yield virus when super- 
infected, and can be induced to yield virus by fusion with 
sensitive cells. Infectious virus is not detectable in these 
cells unless they are fused with sensitive cells. 

It is apparent that the absence of infectious virus in 
cells of the first three classes can be explained either by 
the non-permissiveness of the cell or by the defectiveness 
of the transforming virus. The fourth class is difficult to 


Table 3. TYPES OF TRANSFORMED CELLS 


Cellular 
environment 


Non-permissive 


Viral genome Examples 
Non-defective SV40-transformed 3T3 


Non-permissive Defective Hamster tumour H50 

Some SV40-transformed mouse cells*4 
Permissive Defective — Some SV40-transformed monkey cells*-*¢ 
Permissive Non-defective Some SV40-transformed monkey cells**-*4 


Some SV40-transformed human cells 
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explain. Transformed cells of the fourth class carry corn- 
plete, non-defective viral genomes, but these viral genomes 
cannot produce infectious virus unless the transformed 
cells are fused with sensitive cells. A viral genome intro- 
duced by superinfection, however, is able to replicate to 
produce infectious virus in these cells. If the resident 
viral genome in the transformed cell is prevented from 
producing infectious progeny by some regulation of its 
expression imposed by the host cell, why is this regulation 


different for viral genomes introduced by superinfection T 


If the resident viral genome is prevented from producing 
infectious progeny by its physical state in the transformed 
cell, how is this physical state altered by fusion with a 
sensitive cell ? 

Bacterial DNA-dependent RNA polymerases have been 
shown to consist of several components, at least one of 
which can influence the specificity of transcription of the 
enzyme???8, Control of the specificity of transcription of 
viral DNA could account for the differences between 
productive and abortive infections, and for certain aspocts 
of the regulation of viral gene expression in transformed 
cells. To distinguish among the models that can be 
proposed to explain these phenomena it will be useful to 
develop experimental systems to study the process of 
transcription of viral DNA, and the association of viral 
DNA with cellular DNA, in isolated cell nuclei or in puri- 
fied enzyme preparations. 

The general picture of transformation by polyoma and 
SV40 that emerges at present is that viral DNA enters 
the infected cell, stimulates certain cellular activities, 
and makes at least one protein required for the initiation of 
transformation. Viral genetic material becomes part of the 
hereditary material of the transformed cell. As transforma- 
tion progresses, transformed cells develop the altered 
growth characteristics that distinguish them from normal 
cells. ‘To discover the details of the process of transforma- 
tion several questions will have to be investigated. Out- 
standing among them are whether the continuous presence 
and expression of viral DNA are required for transforma- 
tion, and what control mechanisms in the infected cell are 
affected by transformation. 
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Cenozoic Chronostratigraphy, Planktonic Foraminiferal 
Zonation and the Radiometric Time Scale 
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SEVERAL radiometric time scales have been proposed for 
the Cenozoic. A comparative scheme of these scales is 
shown in Table 1; they are based primarily on the dating 
of continental ash beds, and glaueconites which are associ- 
ated with terrestrial mammals. There are few dates 
from marine beds. Some dates have been made recently 


Table 1 











RELATIONSHIP BETWEEN CENOZOIC RADIOMETRIC DATES AND CHRONOSTRATIORAPHIC 






The relationships proposed earlier between these factors are 
revised as a result of new dates from Pacific Coast Miocene marine 


on submarine ash layers intercalated in deep sea cores. 

In the following discussion some terms of reference 
should be established for the sake of clarity and uniform- 
ity. For Cenozoic planktonic foraminiferal zones I have 
put together a composite scheme (Table 2)':? based on 
the standard zonations now in use*-*§. Thus forty-three 
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Table 2, CENOZOIC RADIOMETRIC TIME SCALE, CHRONOSTRATIGRAPHY, 
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PLANKTONIC FORAMINIFERAL ZONATION AND DATUM PLANES (LEVELS) 
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+ 


planktonic foraminiferal zones are recognized in the 
Cenozoie. 


Current Views 


Bandy’ attempted to relate Cenozoic planktonic fora- 
miniferal zones to the radiometric seale, using Kulp’s 
data®. Among his conclusions were: (1) The Palaeocene 
was about 5 m.y. (63 m.y.-58 m.y.). (2) The Eocene was 
about 22 m.y., divided in the following manner: Lower 
Eocene (Ypresian)--6 m.y. (58-52); Middle Eocene 
(Lutetian)-—7 m.y. (52-45); Upper Eocene (Priabonian)— 
9 m.y. (45-36). (3) Oligocene: 8 m.y. (36-28). (4) 
Base Miocene (Aquitanian): 28 m.v.; (Miocene interval: 
28-13 m.y.). (6) Base Pliocene-—13 m.y.; (Pliocene inter- 
val—13 m.y.-3-5 m.y.). 
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I revised the dates for the Early/Middle and Middle/Late 
Eocene boundaries in a later version of this- table?! 
Dates of about 2 m.y. for the Pliocene/Pleistecene bound- 
ary and about 6 m.y. for the Miocene/Pliocene boundary 
were based on data not available to Funnell. 


Changes from New Dates 


The main revisions which can be made now are within 
the Miocene. On the basis of a date of 20941-5 m.y.™ 
for the Obispo Tuff at the top of the Saucesian Stage of 
California, I suggested an age of 21-22 m.y. for the 
Globigerinita dissimilis Zone of Bolli (N6 of Banner and 
Blow). (Ref. 13 suggested that the Obispo Tuff could be 
correlated with a bentonite bed at the top of the Saucesian, 
immediately under Relizian strata that could be correlated 


Table 3. LATE PALAEGGENE-NEOGENE RADIOMETRIC TIME SCALE, CHRONOSTRATIGRAPHY, PLANKTONIC 
FORAMINIFERAL ZONATION AND DATUM-PLANES (LEVELS) 
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The relationship suggested by Bandy between bio- 
stratigraphic intervals and time-stratigraphic units was, 
however, wrong in some instances. I have discussed these 
correlations elsewhere’. 

T have also attempted! to relate Cenozoic planktonic 
foraminiferal zones and geological stage units to a radio- 
metric scale, from a comprehensive analysis and evalua- 
tion of the data on radiometric dating in Cenozoic marine 
and non-marine sections. Biostratigraphic correlation 
between marine and non-marine sections gave a table 
which purported to show suggested relations between a 
Cenozoic radiometric time scale, chronostratigraphic 
boundaries and planktonic foraminiferal zones. In general, 
the age determinations of major geological boundaries 
in the Cenozoic agreed with those suggested by Funnell’, 


CENOZOIC PLANKTONIC] EUROPEAN 
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with the Globorotaloides (or Globigerinita) stainfortht Lone.) 
I also followed the tacit assumption of most investigators 
that the 25-26 m.y. date used by vertebrate palaeontolo- 
gists to date the base of the Arikareean Stage, which they 
correlate with the Aquitanian Stage, did indeed represent 
a date at the base of the marine Aquitanian. The Com- 
mittee on Mediterranean Neogene Stratigraphy has 
recommended!! that the Oligocene/Miocene boundary 
should be drawn at the base of the stratotype Aquitanian, 
which corresponds to the first evolutionary appearance 
of the planktonic foraminiferal genus Globigerinoides. 
Accordingly I used a date of about 26 m.y. here. 

In an article dealing with the biostratigraphy of Miocene 
sediments on the East Pacific Rise, Burckle et al. estim- 
ated the age of the basement in core V20-80 at 22 m.y. 
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(based on magnetic anomalies). They showed that the 
fauna at the bottom of the core was slightly older than the 
Orbulina Datum (probably in zone N8) and suggested an 
age of 20 m.y. for the Orbulina Datum. I used this date 
for my original tablett, but changed it to 18-5 m.y. in a 
later version", 

Two lines of evidence now make possible a further 
refinement of these two dates in the Miocene. First, a 
series of radiometric measurements in the California 
Miocene!" has yielded boundary dates for Zemorrian/ 
Saucesian, 22-5 m.y.; Saucesian/Relizian, 153 m.y.; 
Relizian/Saucesian, 137-145 m.y.; and Lusian/Mohnian, 
<13 m.y. The significant facts here are that the Zemor- 
rian/Saucesian boundary corresponds to the base of the 
Globorotalia kugleri Zone of Bolli (Zone N4 of Banner and 
Blow’). This is the level of the first evolutionary appear- 
ance of Globigerinoides, which denotes the base of the 
Aquitanian Stage and the Oligocene/Miocene boundary. 
The revised dates of 15-16 m.y. on the Obispo Tuff" and 
the date of 15-3 m.y. for the Saucesian/Relizian boundary 
allow an estimate of about 15 m.y. for Zone N7 (see Table 
3). The Relizian/Luisian boundary approximates very 
closely to the first evolutionary appearance of Orbulina 
(base Zone N9) and provides for it an estimated date of 
l4 m.y. It is interesting that estimates based on the 
rates of sea-floor spreading in the North Atlantic suggest 
that the Orbulina Datum, which was cored in contact 
with basement on the second leg of the current JOIDES 
deep sea drilling programme, should be about 13-14 m.y. 
(J. D. Phillips, personal communication). 


Table 4. SUMMARY OF ESTIMATED AVERAGE DURATION OF CENOZOIC PLANK- 
TONIC FORAMINIFERAL ZONES IN RELATION TO CHRONOSTRATIGRAPHIC UNITS 


Estimated average 


Unit M.y. length of zones (m.y.) 
Cenozoic 65 1-51 
Palaeocene 11-5 2-3 
Eocene 17°35 16 
Early Eocene 4-3 1-1 
Middle Eocene 4 0-8 
Late Eocene 9 3-0 
Oligocene 13-5 27 
Miocene 17 i-i 
Eariy Miocene 8-5 17 
Middle Miocene 4 6-7 
Late Miocene 45 1-5 
Pliocene 3-5 1:2 
Neogene 22:5 1-12 
Palaeogene 42°5 1-93 


The second line of evidence comes from the results of 
leg 3 of the JOIDES deep sea drilling programme. Seven 
holes were drilled across the flanks of the Middle Atlantic 
Ridge in the South Atlantic at about 30° south latitude. 
When the distances from the ridge axis were plotted 
against the estimated age of sediment/basement contact 
the seven sites fell nearly on a straight line (personal 
communication from A. Maxwell and R. von Herzen). 
Site 15, in which Zone N5 was found in contact with 
basement, les on the line at about 20 m.y.; Site 18, in 
which the base of Zone N4 (Globigerinoides Datum) was 
found in contact with basement, also falls directly on the 
line at 22-5 m.y. Site 17, in which the lower part of Zone 
P21 was found in contact with basement, falls on the line 
at about 33 m.y. These data suggest that sea-floor spread- 
ing occurred at a uniform rate during the Oligocene— 
Miocene and that the dates discussed here are very close 
to the absolute dates for these biostratigraphic datum 
levels. 

Palaeomagnetic stratigraphy has proved useful in 
determining the ages of biostratigraphic levels and 
chronostratigraphic boundaries. Cox% has summarized 
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recent work on the palacomagnetic time scale for the past 
5 m.y., and Hays et al.?"\*? have discussed the relationships: 
between the palacomagnetic time scale and biostratigra- 
phic datums in the Pliocene and Pleistocene. ‘Their 
data, together with data obtained at the Woods Hole 
Oceanographic Institution®®**, have formed the basis 
for the construction above 5 m.y. in Table. 2. 


Effects of Revision 


Table 2 represents an attempt, based on current data, — 
to relate Cenozoic biostratigraphic levels, chronostrati- _ 
graphic Datum planes and geological boundaries to an ~ 
absolute time scale. Table 3 suggests a correlation of 





Late-Eocene—Pleistocene chronostratigraphie units with — 


the radiometric scale. Significantly, the vertebrate palac- 
ontologists’ correlation of the standard non-marine sections _ 
of California with the non-marine equivalents in Europe 
(right-hand column) does not correspond to the hmuits 
of the European marine stages. For example, the Arika- 
reean Stage in California is dated at about 21-26 m.y. 
and correlated with the Aquitanian and the lower part 
of the non-marine Burdigalian in Europe. A closer look 
at the time-stratigraphie limits of the marine Aquitanian 
Stage reveals, however, that the base of the Aquitanian 
is at about 22-5 m.y. (based on its correlation with the 
base of the Saucesian Stage in California) and that the 
top of the Aquitanian is at about 17 m.y. The Arikareean 
therefore corresponds largely to the late Chattian and 
earliest Aquitanian. Similar instances of inaccurate 
correlation may be seen by comparing columns 2 and 7 
with column 6. 

We can now construct a reliable radiometric time scale 
for the geological past, in particular the Cenozoic Era. 
It is possible to place within a time framework. biostrati- 
graphic Datums, first appearances and extinetions of fossils. 
species, and changes in coiling direction, as well as 
rates of organic evolution in various fossil groups. T 
transition from a purely descriptive to a more quantitat 








established. 
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Experimental Invalidation of the Principle of Competitive 


Exclusion 


by 
FRANCISCO J. AYALA 


Rockefeller University, 
New York 


Tue process of competition between two species living 
in the same microcosm has been investigated theoretically 
by Volterra!. He concludes that two species competing 
for the same limited food resource cannot coexist; one 
or the other species will gradually be eliminated. Vol- 
terra’s results have been widely used in the ecological 
literature as a mathematical argument in support of 
the so-called principle of competitive exclusion or Gause’s 
principle?4. Although Volterra considered explicitly 
only competition for food, his results apply to any com- 
petition between two species for a limiting resource, such 
as space, This article reports experiments designed to 
test directly Volterra’s equations using two species of 
Drosophila. 


$ * 
Volterra’s Equations 
According to Volterra, the instantaneous rate of growth 
of two species, S, and S,, competing for the same limiting 
resource can be deseribed by the differential equations 


daN N aN, 
o je N] ( la S fence J 
dit Ky, Kiz 
(1) 
dN, z Ne SNS 
rive Pie | ee ee a] 
dt _- ( K, K,/ 


where the subscripts 1 and 2 refer to the two species, 5, 
and S, respectively; ris the innate rate of increase of the 
organisms; N is the number (or mass) of individuals 
present at any given time; K is the maximum number 
(or mass) of individuals attainable at equilibrium when 
only one of the species is present and « and 6 are the 
coefficients of competition. æ measures the inhibitory 
effect of one individual (or unit mass) of S, on the growth 
of S,, and & the inhibitory effect of an individual (or unit 
mass) of S, on the growth of S, 

Like the logistic theory of population growth, the 
equations (1) assume that the rate of growth of one 
species is proportional to its Innate rate of increase and 
to the number of individuals present, and that for each 
individual added to the population the rate of growth 
decreases by a constant amount, 1/K. Moreover, the 
equations (1) assume that each individual of S, decreases 
the rate of growth of S; by «/K,, and that each individual 
of S, deereases the rate of growth of S, by B/Ka 

The system deseribed by equations (1) will be at 
equilibrium when 


aN, dN, 


dt dt 


If both 7, and r, are different from zero, the system will 
reach a stable equilibrium with both species coexisting 
(N, and N, greater than zero) only iff 


It is demonstrated that two species of Drosophila competing for 
limited resources of food and space can coexist. 
competitive exclusion, or ‘“Gause’s principle’, is thus rejected. 


The principle of 


Te nce ae: wa | 
Ce a ANB es (2) 
Ky Ky | 


These necessary conditions can also be expressed bs 


mee oo and = < (3) 
K, Ka Ka K, 


According to the definitions given earlier, the imeqvueli- 
ties (3) mean that an individual of any one species inhibits 
the growth of the other species less than it inhibits the 
growth of its own species. That is, a necessary condition 
for the coexistence of the two species is that individuals 


of each species compete more with each other than they 
compete with individuals of the other species, In compett- 


a 


tion for food this may occur if at least one of the species 
utilizes a food resource not exploited by the other species 
besides the food resource which they share. The principle 
of competitive exclusion follows from the necessary 


conditions (3)—two species cannot coexist if they compete 
for the same hmiting resources. 


The possibility of testing directly the equations (1) is 
handicapped by the difficulty of estimating some of the 
parameters. The difficulty is considerably less if one cen 
find an experimental ecosystem of two species coexisting 
at an equilibrium. From equations (1) we obtain 





(4) 
At equilibrium, 
and therefore 
A = BA rA x i " A eee Sane (5) 





One possible way of testing the equations (1) is to 
ascertain whether the necessary conditions (2) are satis- 


fied by the two coexisting species. The parameters N, 
and N, are estimated by the numbers (or mass) at equili- 
brium of S, and S, in the competition cultures. A, and 
K, are estimated by the numbers (or mass) of $, and Sy in 
single-species cultures. The parameters « and § estimated 
by equation (5) can then be compared respectively with 
K/K, and K,/K,. 


Competition in Cultures of Drosophila 
I have studied the competition in laboratory cultures 


ae 


of Drosophila serrata with D. pseudoobscura. At 25° C, 
D. serrata eliminates D. pseudoobscura in a few generations’. 


NATURE VOL. 224 DECEMBER 13 1969 


while at 19° C D. serrata is rapidly elimmated®. I shall 
now describe experiments performed at 23-5° C, at which 
temperature the two species can coexist, apparently at 
equilibrium, at frequencies dependent on the genetic 
composition of the particular strains involved of the two 

species. Eleven populations of two types were estab- 
lished. The same strain of D. serrata competed in five 
populations with a strain of D. pseudoobscura homo- 
karyotypic for the chromosomal arrangement CH; and 
in the other six populations with a strain homokaryotypic 
for the chromosomal arrangement AR (ref. 9). Each 
population was started with 300 adult flies of each species. 

The populations were maintained by serial transfer? as 
follows. The adult flies were introduced in one half-pint 
bottle with culture medium. Every seven days they 
were etherized, counted and transferred to a fresh bottle. 
When emergence began in the bottles where the adult 
flies had deposited eggs, the newly emerged flies are ether- 
ized, counted and added to the bottle with the adult flies. 
Each bottle was discarded after 5 weeks. The adult 
ovipositing flies were thus always in a single bottle while 
five other bottles for each population contained eggs, 
larvae, pupae and newly emerged adults. This technique 
allows measurement of two parameters, namely, ‘‘pro- 
ductivity”, or number of flies emerging per bottle, and 
“population size”, or number of flies in the bottle contain- 
ing the adult flies. Population size gives a measure of the 
carrying capacity of the environment when all components 
of the life cycle are considered; productivity is the result 
of larval competition for food, The cultures were kept 
in a constant-temperature incubator at 23-5° + 0-5° C and 
85 per cent relative humidity. 

The results of 40 weeks of competition (12-15 genera- 
tions) are given in Figs. l and 2. In 6 to 7 weeks, the two 
species reached relative proportions which remained 
nearly constant thereafter. The average frequencies of 
D. pseudoobscura were 5 to 15 per cent in the CH popula- 
tions, and 25 to 50 per cent in the AR populations. Around 
week 23, the populations had to be transferred to a differ- 
ent incubator at 23°+0-5° C. For the remainder of the 
experiment the frequency of D. pseudoobseura in every 
population was higher than before, but the two species 
seem to be at equilibrium also at this lower temperature. 
Table 1 gives the mean productivity and population size 
of each species with their standard errors from weeks 6 
to 40. 
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MEAN NUMBER OF FLIES OF D, serrata AND D, pseudoobscura IN 
THE COMPETITION" POPULATIONS 


Table 1. 
Population Species 

44 D. serrata 
D. pseudoobscura AR 

45 D. serrata 
D. pseudoobscura AR 

46 D. serrata 
D. pseudoobscura AR 

47 D. serrata 
D. peeudoobscura AR 

48 D, serrata 
D, pseudoobscura AR 

49 D. serrata 
D. pseudoobscura AR 

Average D. serrata 
D, pseudoobscura AR 

64 D. serrata 
D, preudoobscura CH 

66 D. serrata 
D. pseudoobscura CH 

67 ÜD. serrata 
D. pseudoobscura CH 

68 D. serraia 
D, pseudoobseura CH 

6 D. serrate 
D, pseudoobscura CH 

Average D. serrata 
D. pseudoobseura CH 


Productivity 


125 +14 
105+ 10 
HUES 
11948 
162+15 
92 t9 
18i+s 
1O8 +8 


129 +9 
107 £8 


245418 
78210 


269 + 20 
T4247 
248 +19 
S547 


254 +19 
49 +12 


Zp7-O + 18-5 


63°3 + 6-2 


Population 
sine 


ee tye 
S62 + 25 
255 + 24 


187 £11 
288 +17 


331 t 27 
207 + 20 


202 4 14 
279418 


280218 
B64 * 17 


304 t13 


H47 + 27 
129+ 15 
§39 + 33 
145417 
BSS + Fe 
L4G + 14. 
562 + 38 
126+ 18 
HOS + 26 
BUREE 
540-1 + 25:0 
181-:7412-4 


Size of population was measured after addition of the yomg flies. 


Flies of each species were sampled from every popula- 


tion after the equilibrium between the two spec 


been reached. 


three D. SA E CH and three AR popu ; wis a 
Each population was started 


With the F, progenies of thei { 


six D. serrata populations. 


with 600 adult flies and maintained at 23-5° 
weeks. 


20 


weeks) 







J for 14 


The mean produetivity and population size from 
weeks 6 to 14 with the standard errors are given in Table 2 
Individual D. pseudoobscura flies are considerably 
larger than D. serrata flies. 
species are perhaps more appropriate if biomass, or net 


30 


Results of the competition of Drosophila serrata with D. pseudoobscura AR in six experimental populations, 


Comparisons between the two 
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Fig. 2. Results of the competition of Drosophila serrata with D. pseudoobscura CH in five experimental populations. 


weight of the fles, rather than number is aloes 
Mean individual weights of flies are given in Table 3. 
Using the estimates of mean individual weight, the mean 
numbers of flies from Tables 1 and 2 have been trans- 
formed into mean biomass in Table 4. 

The mean numbers of flies and the mean biomasses 
can now be substituted in the equations (5) to estimate 
the coefficients of competition, « and 8. These parameters 
have been estimated for productivity and for population 
size (Table 5). The values of « and 8 estimated for biomass 
are different from those estimated for numbers; this is 
not surprising considering the difference in average 
individual weight between the two species (Table 3). For 
purposes of comparison the values of K,/K, and K,/K, 
are also given in the table. In all instances a is greater 
than the corresponding A,/K, and @ is greater than K/K.. 
Although the two species have reached a stable equilibrium 
the conditions (2) are not satisfied. The conclusion follows 
that the Volterra equations (1) do not give an adequate 
description of the competition between D, serrata and D. 
pseudoobscura. 


Rejection of Principle 


According to some ecologists the principle of competi- 
tive exclusion is one of the most important and 
fertile generalizations in ecological and evolutionary 


theory®112%13, Other authors think instead that the 
principle is either false or trivial depending on how it is 
formulated® 4.15, This long standing polemic stems in 
part from different people understanding the principle of 
competitive exclusion in different ways. Although 
there are differences of detail among the authors, it is 
perhaps not unfair to classify the proponents of the 
principle in two categories Sometimes the principle is 
taken to mean that two species cannot coexist in the same 
territory indefinitely if they compete for a resource 
available in short supply which is essential for their 
survival; one or the other species will be gradually 
eliminated from that territory?:!7-43:16-18, The corollary 
follows that if two species coexist more or less stably in 
the same territory they do not compete for the same 


Table 3. MEAN WEIGHT (ing) OF AN INDIVIDUAL FLY 


“Single-species” populations ‘Competition’ popu signs 

Newly emerged Old Newly emerged id 
0-544+0-017 0-61140-009 6-577+0-012 
0-762+0-029 O854+40-014 1-00140-041 


Species 
0-675 + 0-018 
1-065 + 0-025 


D. serrata 
D. peeudoobseura 
AR 


D. pseudoobscura 770 +0032 0-7 T7 +0001 P9000253 O-944+40-012 


ca 


Table 4, MEAN BIOMASS (mg) IN THE POPULATIONS 


Population 


Population Species Productivity sige 
Table 2. MEAN NUMBER OF FLIES IN THE “SINGLE-SPECIES’’ POPULATIONS D. serrata TET 170-6 
PREA 4449 D, pseudoobscura AR 160-0 246-6 
Population Total 1757 417 
Population Productivity size Ove ey Rha a 
D. pseudoobscura AR, 40 272 +13 8904 18 D. serrata 1483 3454 
D. pseudoobscura AR, 41 262 425 640 + 27 54-69 D. pseudoobseura CH 605 128-4 
D. nseudeobseura AR, 42 274 +17 662 +43 Total 208-8 473-9 
D, pseudoobscura AR, average 260-3 604-1 k 
’ BR 40-42, 60-62 D, serrata 2098 79 be 
BD. pseudoobscura CH, 60 208 + 32 450 £35 40-42 D., pseudoobscura A R 206:3 abe i 
i}, pseudoobscura CH, 61 281 + 32 654 + 60 50-62 D. pseudoobseura CH 201-6 478-0 
ii. pseudoobseura CH, 62 300 + 29 674 + 69 
D, pseudoobscura CH, average 263-2 602-7 
Table 5. COEFFICIENTS OF COMPETITION IN THE POPULATIONS 
I}, serrata, 40 508 + 46 at 63 eee : , 
D is a 566 + 51 235 £74 Productivity Population size 
Ü., serrata, 42 530 + 37 i. +93 Population a(K,/K;) ÖKK) a{Ky/ Ks) BUR. KY 
D, serrata, 60 524 + 40 1,213 + 49 : ene 
D., serrata, 6Y 530+ 76 1,351 + 104 AR, number 1-24 (0-50) - 86 (1-99) 1-49 (0-53) 3°86 (1-55) 
D. serrata, 62 563 + 42 1,2944101 AR, biomass 1-41 (0-67) 2-34 (1-50) 1:65 (0-67) 2°32 (1-30) 
D, serrata, average 536-8 1,2507 l . Ste, 
sci iia ps ; CH, number 0-78 (0-49) 4-42 (2-04) 86 (0-48) 533 (2-08) 
Size of population was measured after the addition of the young flies. CH, biomass 0-95 (0-65) 2-67 (1°54) 1-01 (0-60) 3-48 (1-66) 
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essential resource. The experiments reported here seem 
to warrant the rejection of the principle thus formulated. 
Two species competing for limited resources of food and 
space may, indeed, coexist. In the populations the 
larvae compete for yeasts and carbohydrates as food; 
the adults compete for living space and perhaps for places 
to lay eggs'!. The conditions that allow the competitive 
coexistence of D. serrata and D., pseudoobscura are investi- 
gated elsewhere®. There is direct evidence that D. serrata 
is superior in competitive fitness to D, pseudoobscura at 
the larval stage but inferior to it at the adult stage. 
There is indirect evidence also that the competitive 
fitness of each species may be frequency dependent, that 
is inversely related to its relative frequency. 

Two aspects may be distinguished in the process of 
competition which have been called the exploitation and 
the interference components of competition® 1. Exploita- 
tion refers to the effective use of a limited resource by the 
competing individuals. Interference between two types of 
organisms occurs if the resource is transformed into living 
matter less efficiently when the two types compete than 
when only one of them is present. Tables 1, 2 and 4 
give evidence that D. serrata and D. pseudoobscura inter- 
fere with each other. The total productivity of the com- 
petition populations is smaller than the weighted mean 
of the productivity of the single-species populations. 
Similarly, the population size of both species in the com- 
petition populations is smaller than the weighted mean of 
the single-species populations. 

Sometimes*:4, the principle of competitive exclusion is 
uncerstood to mean that two coexisting species must be 
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ecologically different. “If two species persist in a particu- 
lar region it can be taken as axiomatic that some ecological 
distinction must exist between them’’*. Thus formulated, 
the principle is true but trivial. Some ecological distine- 
tion exists between any two different species whether they 
coexist or not. 

This work was supported by a US Public Health Service 


career development award and by the US Atomie Energy =) 


Commission. 


Received August 28; revised October 20, 1969. 


! Volterra, V., Mem. R. Accad, Lincei, ser. 6, 2, 31 (1926) 

* Gause, ‘i E., The Struggle for Existence (Williams and Wilkins, Baltimore, 
1934). 

3 Slobodkin, L. B., Growth and Regulation of Animal Populations (Molt, 
Rinehart and Winston, New York, 1961). 

i Hutchinson, G. E., The Eeologieal Theater and the Evolutionary Play (Yale 
Univ. Press, New Haven, 1965). 

> Pearl, R., and Reed, L. J., Proc. US Nat. Acad. Sei. 6, 275 (1820), 

t Ayala, F. J., Essays in Evolution and Genetics (edit. by Hecht, M E., and 
Steere, W. C.} (Appleton-Century-Crofts, New York, in the press). 

* Ayala, FE. J., Genet. Res. Camb., 14 (1969). 

5 Ayala, F. J., Amer, Naturalist, 100, 81 (1966). 

* Dobzhansky, Th., Carnegie Inst. Wash. Publ., 554, 47 (1944). 

+ Ayala, F. J., Genetics, 51, 527 (1965). 

n Ayala, F. J., Amer. Naturalist, 100, 335 (1966). 

1: Hardin, G., Science, 191, 1292 (1968). 

13 DeBach, P., Ann. Ree. Entomol, 11, 183 (1966). 

1 Andrewartha, H, G., and Bireh, L. C., The Distribulion and Abundance af 
Animals (Univ. Chicago Press, 1954}. 

6 Cole, L. C., Science, 182, 348 (1960). 

18 Elton, C, 5., Animal Ecology (Sidgwick and Jackson, London, 1027). 

1? Lack, D., Jbis, 86, 260 (1944). 

18 Van Valen, L., Seience, 182, 1674 (1960). 

H Park, T., Physiol. Zool., 27, 177 (1954). 


Sedimentation Properties of RNA Species homologous to 
Mitochondrial DNA in HeLa Cells 


Most of the RNA homologous to mitochondrial DNA in HeLa cells 
by | is represented by species with sedimentation coefficients between 
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WHEN exponentially growing HeLa cells are exposed to 
a labelled RNA precursor, radioactivity is very rapidly 
incorporated into RNA associated with a crude mito- 
chondrial fraction’-°. After a short pulse of *H-uridine 
(up to 20-30 min), the labelled RNA is found in structures 
of the same size and buoyant density distribution as 
mitochondria (recognized from the cytochrome oxidase 
activity), and is inaccessible in situ to ribonuclease sug- 
gesting an intramitochondrial location; this RNA hybrid- 
izes with high efficiency with mitochondrial DNA (mit- 
DNA), which is therefore presumably its template. 
After longer pulses, labelled RNA accumulates in increas- 
ing amounts in elements of the rough endoplasmic 
reticulum contaminating the mitochondria; RNA-DNA 
hybridization studies indicate that at least a part of the 
messenger RNA (mRNA) of the polysomes bound to the 
endoplasmic reticulum has sequence homology with mit- 
DNA and very likely has been exported to the rough 
endoplasmic reticulum from mitochondria? *. The labelled 
RNA extracted from a crude mitochondrial fraction after 


9S and 15S—with a prominent 12S component—and by 45 RNA. 
No ribosomal RNA species hybridizable with mitochondrial DNA 
were detected: similarly, the 21S RNA present in crude mitochon- 
drial preparations had no appreciable sequence homology to mito- 
chondrial DNA. 


a short *H-uridine pulse is represented by components 
sedimenting between 48 and about 505 (refs. 1 and 3). 
The kinetics of labelling of the various molecules suggests 
that this RNA is synthesized in the form of very large 
molecules and then converted to smaller ones, which 
accumulate particularly in the 30S to 33S region of the 
gradient, between 12S and 22S, and in the 4S region. No 
evidence was obtained for the synthesis in mitochondna 
of ribosomal RNA (rRNA) components*. In our study, 
the sedimentation properties of most species of mato- 
chondrial RNA (mit-RNA) have been investigated after 
prolonged labelling with *H-uridine; hybridization with 
purified mit-DNA was used to determine the sedimenta- 
tion profile of the RNA species homologous to mit-DNA. 


RNA Species 

After long exposure of HeLa cells to a radioactive RNA 
precursor, most of the label in the crude mitochondrial 
fraction is in the rRNA of the contaminating rough 
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endoplasmic reticulum. As previously demonstrated for 1b); 
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Fig. 1. Sedimentation profiles of total RNA, and RNA hybridizable with mit-DNA (at a low 
RNA to DNA input ratio), from the EDTA-treated crude mitochondrial fraction of HeLa cells. 
a, The erude mitochondrial fraction was isolated by differential centrifugation, as previously 
described, from a homogenate of HeLa cells labelled for 44 h with 5-*H-uridine. The final 
pellet, resuspended in 0-25 M sucrose in 0-01 M Tris buffer (pH 7-1), 0-00015 M MgCl, was treated 
with 25 gg/ml, ribonuclease-fres pancreatic deoxyribonuclease (Worthington) for 30 min at 2° C. 
After addition of EDTA to 0-03 M, the suspension was centrifuged at 11,000g for 10 min, washed 
by centrifugation with 0-25 M sucrose in 0-61 M Tris (pH 7-1)--0-015 M EDTA, and then centri- 
fuged to equilibrium in the Spinco SIF 25-1 rotor at 25.000 r.p.m. for 20 h at 3° C in a 30 to 45 
per cent sucrose gradient in 6-01 M Tris buffer (pH 7-1). RNA was extracted by sodium dodecyl 
sulphate (SDS)~phenol from the mitochondrial band (which was contaminated with rough endo- 
plasmic reticulum elements) and then passed through a 5 to 20 per cent sucrose gradient in 0-01 M 
acetate buffer (pH 5-0)}-—0-1 M NaClin the Spinco SW 25-1 rotor at 22,000 r.p.m. for 15-5 h at 3° C, 
b, The components corresponding to 48 to 28S in the pattern of a (indicated by arrows) were pooled, 
precipitated with ethanol, centrifuged, redissolved in SDS buffer: 0-01 M Tris (pH 7-0)-—0-1 M 
Natl—0-001 M EDTA—0O-5 per cent SDS, and after addition of a small amount of “C-labelled 185 
RNA from free polysomes (... ), passed through a 15 to 30 per cent sucrose gradient in SDS buffer 
in the Spinco SW 25-3 rotor at 25.000 r.p.m. for 25 h at 26° C. Components in individual or pooled 


fractions were precipitated with ethanol, centrifuged, dissolved in 0-05 M Tris buffer (pH 7-1) 
0-025 M KCl-~ 0-0025 M MgCl, (TKM), treated with 25 ug/ml. ribonuclease-free pancreatic deoxy- 


ribonuclease for 60 min at room temperature, extracted with SDS-phenol, and passed through 
‘Sephadex @-100’ columns equilibrated with 0-15 M NaCl—0-015 M sodium citrate (SSC), The 
fractions of the eluate containing the peak of radioactivity from each column were pooled and used 
for hybridization experiments. Nitrocellulose membrane filters charged with 3 ug *C-thymidine 
labelled mit-DNA’ (purified as described in Fig. 2 and denatured at 2 yg/mi. in 0-1 x SSC by heating 
at 100° C for 20 min) were incubated in scintillation vials with 0-5 ug RNA from each fraction 
(specific activity = 7,620 ¢.p.m./ug) in 2 ml. 2x SSC at 67° C for 22 h, then washed with 2 x SSC 
at room temperature, treated with pancreatic ribonuclease (5 ug/ml, 60 min), and again washed 
with 2x 886. As a control for non-specific background, 0-5 eg RNA from each fraction was 
incubated with membrane filters loaded with 3 ug heat-denatured E. coli DNA, and the membranes 
were washed and treated with ribonuclease in the same conditions. The hybridization values 
obtained with mit-DNA were corrected for this non-specifie background (amounting to 1 to 10 
per cent depending on the portion of the gradient) and for recovery of DNA (about 90 per cent), 
and normalized for the differences in amount of RNA in various fractions of the gradient (Q-—~ ©). 
One set of hybridization experiments (@—@©) was performed with 0-25 ze RNA and 5 gg mito- 
chondrial or E. coli DNA. 


furthermore, a shoulder at about 24S, a fairly 


rat liver microsomes, however, one can remove from the 
rough endoplasmic reticulum elements almost all the small 
ribosomal subunits and about 70 per cent of the large 
subunits by EDTA treatment®. Fig. la shows the A geonm 
and radioactivity sedimentation profiles of the RNA 
extracted from the EDTA-treated crude mitochondrial 
fraction of HeLa cells labelled for 48 h with *H-uridine. 
One recognizes the peak of 285 RNA pertaining to the 
membrane-attached 50S subunits of contaminating endo- 
plasmic reticulum bound ribosomes", a broad band in the 
region 148 to 248 and slower sedimenting components m 
the region 48 to 138. After re-sedimenting the 45 to 288 
components for longer times, a peak sedimenting at about 
218 and another at about 18S appeared to be partially 
resolved over a background of heterogeneous RNA (Fig. 


pronounced peak at 128, and a prominent peak at 45 
could reproducibly be observed. The 18S peak presum- 
ably reflects the presence of a small amount of 30S sub- 
units not removed by the EDTA, possibly pertaining to 
intramitochondrial ribosomes. The 21S and 125 com- 
ponents have been previously recognized in the A ggo1m 
or long-term labelling profiles of RNA extracted from a 
crude mitochondrial fraction of HeLa cells*)®. 


Homology with Mitochondrial DNA 


In order to determine the distribution of components 
homologous to mit-DNA, hybridization experiments were 
carried out between individual fractions of the RNA 
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circular mit-DNA. The latter was isolated by two cycles 
of caesium chloride—ethidium bromide density gradient 
centrifugation® from the sodium dodecyl sulphate lysate 
of a crude mitochondrial fraction from cells labelled with 
MC-thymidine (Fig. 2). Fractions of the sucrose gradient 
pattern shown in Fig. 1b, after deoxyribonuclease diges- 
tion and ‘Sephadex’ chromatography, were annealed with 
mit-DNA, using an input ratio of RNA to DNA of I to 6. 
This ratio is much lower than that required to reach DNA 
saturation with the whole mit-RNA (see Fig. 4); there- 
fore, the hybrid levels obtained, after normalization for 
the differences in amount of RNA in various fractions of 
the gradient, should reflect roughly the distribution of 
RNA homologous to mit-DNA. The sedimentation profile 
of the components homologous to mit-DNA has a broad 
band between 9S and 155, with a peak at 12S, and a 
pronounced 4S peak (Fig. 1b); a small amount of faster 

sedimenting components hybridizable with mit-DNA can 
also be seen in the region 16S to 30S. No clear peaks of 
RNA hybridizable w vith mit-DNA are present m the 
regions where rRNA components are expected. Similarly, 
there is no peak of hybridizable RNA at 21S emerging 
over the low background of hybrids in the region 18S to 
308. The level of hybrid formed in the 215 region of the 
gradient corresponded to about 0-0035-0-0045 ug RNA 
bound per 3 pg mit-DNA. The amount of DNA pertaining 
to presumptive 21S sites in each hybridization assay. 
estimated under the assumption that each mit-DNA 
molecule (mol. wt. 107 daltons) contains one site for 218 
RNA (mol. wt. approx. 9x 10° daltons’), was equivalent 
to about 0-27 ug. Because at least 20 per cent of the 
mut-DNA molecules in these experiments were available 
for hybrid formation with RNA, one would have expected 
at least 0-05 ug RNA to be bound per 3 ug DNA at 
saturation. The absence of detectable hybridization of 
218 RNA with mit-DNA was therefore not due to lack of 
available DNA sites. In fact, RNA-DNA hybridization 
experiments carried out at a still lower RNA to DNA 
ratio (1 to 20) gave similar results (Fig. 1b; see also insert 
in Fig. 3). 

The possibility that the 21S RNA did not hybridize 
with mit-DNA because of a double stranded structure 
seemed also to be excluded. It was found that in mild 
conditions of ribonuclease digestion (0-15 M NaCl—0-015 
sodium citrate, 0-3 ug/ml. RNA, 0-03 ug/ml. pancreatic 
ribonuclease, 30 min at 37° C)—which leave the double 
stranded reovirus RNA completely intact!!—-the RNA 
from the 21S region was made 48 per cent acid-soluble, 
that is, to the same extent as the RNA from the other 
portions of the gradient. Furthermore, heating at 100° C 
for 3 min and rapid cooling did not increase the ribo- 
nuclease sensitivity of the components sedimenting at 
21S, nor did this treatment enhance their capacity to 
hybridize with mit-DNA. 

At the low ratio of input RNA to DNA used in the 
hybridization experiments described so far, an RNA 
species present in relatively low concentration might have 
been difficult to detect. It was reasoned that working at 
RNA to DNA ratios at or near saturation of the DNA 
sites could represent a more favourable situation for the 
detection of RNA species, which, although aes in 
relatively low amounts, were complementary to a fairly 
large portion of the mit-DNA—as conceivably could be 
the case for the large rRNA components. As shown in 
Fig. 3, however, even at a relatively high RNA to DNA 
input ratio (5:1) there is no evidence of peaks of RNA 
homologous to mit-DNA in the regions where rRNA 
components are expected; again in this experiment the 
21S RNA does not have any appreciable sequence homo- 
logy with mit-DNA. The distribution in the gradient of 
the RNA hybridized with mit-DNA at high RNA to 
DNA input ratio differs from the sedimentation profile 
of the RNA hybridizable at low RNA to DNA ratio 
(Fig. 1b) for the higher amounts of hybrids formed by 
components heavier than 15S and for the uniformly high 
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Fig. 2. Purification of HeLa closed circular mit-DNA by 
chioride-ethidium bromide density gradient centrifugation. H i 
labelled for 28 h with “C-thymidine were homogenized in U in 
buffer (pH 7-1}~0-01 M KCl--0-0001 M EDTA, and the crude mite 
chondrial fraction was separated by differential « centrifugation, Teus- 
pended in 0-01 M Tris (pH 7-4)}—0-01 M EDTA—-1-2 per cent SDR, and 
left at room temperature for 45 min. Caesium chloride was aided to give 
a final concentration of 1 M; the lysate was left in the cold for 30. Ai 
and then centrifuged at 15 ,800g for 15 min. Ethidiam bromide was 
added to the supernatant to 200 agimi, and the gae was adjusted 
to 1:55 g/ml. with caesium chloride and centrifuged i in the $ To SW 41 
rotor at 35,000 r.p.m. for 48 h at 20° ©, Fractions were collected drop 
wise from the bottom of the tube. After assay of radioactivity, the 
fractions corresponding to the smaller heavy band (desig ted by 
arrows in gj were pooled and re-centrifuged in the same conditions in a 
caesium chioride-cthidiuam bromide density gradient. Two almost 
equal bands were obtained. The fractions containing the heavier band 
(designated by arrows in b), which consisted exclusively of closed cirenlar 
mit-DNA**, were pooled and, after passage through a Dowex 5077-78 
column to remove the dye’, dialysed extensively against I = SSC, 
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level of hybridization between 48 and 158. In these 
conditions, one would expect that the contribution of 
various RNA species to the hybrids would tend to refleet 
more the fraction of DNA complementary to each species 
than the concentration of the latter. The relatively high 
level of hybridization occurring with 165 to 2898 com- 
ponents is therefore presumably to be attributed to the 
small amounts of heterogeneous RNA sedimenting in this 
region, detected also in the hybridization at a low RNA 
to DNA ratio (see Fig. 16 and insert in Pig. 3). Hybridiza- 
tion with heterogeneous components is probably also 
predominant in the region of 48 to 1458S at high RNA to 
DNA ratio, and tends to cover here the contribution to 
the hybrids by 12S and 4S RNA. 


Sites Available for Hybridization 


In order to estimate the proportion of mit-DNA mole- 
cules available for hybridization in these experiments, 
mit-DNA was annealed with increasing amounts of RNA 
from the EDTA-treated crude mitochondrial fraction of 
cells labelled with *H-uridine: at the highest input ratio 
of RNA to DNA used (15:1), about 10 per cent of the 
DNA was hybridized, this being still below the saturation 
level (Fig. 4). Because mit-DNA is transeribed from the 
heavy strand?!2, about 20 per cent of the in vivo transcrib- 
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Fig. 3. Hybridization at a high RNA to DNA input ratio between mit-DNA and different 
components of the sedimentation pattern of RNA from the EDTA-treated crude mito- 
chondrial fraction of HeLa cells. The RNA from the EDTA-treated mitochondrial fraction 
of HeLa celis labelled for 24 h with 5- H-uridine was run on a 5 to 20 per cent sucrose 
gradient in acetate-NaC] buffer as in Fig. la: the 48 to 28S components collected by 
ethanol precipitation and centrifugation, were re-centrifuged through a 15 to 30 per cent 
sucrose gradient in acetate-NaCl buffer in the Spinco SW 25-3 rotor at 25,000 r.p.m. for 
38 h at 3° C. Components in various fractions of the gradient (pooled in groups of 2 to 6, 
ag shown) were subjected to deoxyribonuclease digestion in 0-05 M Tris {pH 7-1)—0-025 M 
KCI—0-0025 M MgCl, and ‘Sephadex’ chromatography as indicated injFig. 1b. RNA from 
each sample (2:5 wg; specific activity = 4,890 ¢.p.m./ug) was incubated with 0-50 ug heat 
denatured 4U-thymidine labelled mit-DNA bound to a nitrocellulose membrane; con- 
ditions of incubation and treatment of the hybrids are described in Fig. 16 (ribonuclease 
digestion was at 10 zg/ml.). The hybridization values obtained with mit-DNA have been 
corrected for non-specific background (<5 per cent) determined in separate experiments 
utilizing E. coli DNA, and for recovery of DNA. Inset: Results of hybridization assays car- 
ried out with the 18S to 26S RNA components at a low RNA to DNA input ratio (0-3 gg 
RNA, 5 ag mit-RNA per incubation pear oh ones and normalized as in Fig. 1b, 
are plotted. 
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able DNA formed hybrids with RNA in this experiment. 
This is an underestimate of the proportion of mit-DNA 
molecules accessible for hybridization, for saturation of 
DNA was not reached. On the basis of a minimum pro- 
portion of 20 per cent of mit-DNA molecules being 
available for hybridization, and assuming one such site 
per mit-DNA molecule (from the sedimentation profile in 
Fig. 3, it appears that the 21.5 RNA was present in at 
least 50 times excess over the presumptive available 218 
sites; this excess, by analogy with the Escherichia coli 
rRNA system, should be saturating’), saturation of 218 
sites would involve binding of about 0-009 ug RNA per 
0-5 ug DNA (about 45 c.p.m. in the experiment of Fig. 3). 
No evidence of such a level of hybridization in the form 
of a peak or shoulder can be seen im the 218 region. 
Because the available information indicates a consider- 
able homogeneity of mit-DNA molecules in an animal cell 
population, our results are in agreement with those of 
hybridization experiments carried out at low RNA to 
DNA ratio in suggesting that the 2LS RNA is not syn- 
thesized on a mit-DNA template. 


Non-mitochondrial Site for rRNA Synthesis 


The results indicate that the bulk of the RNA homo- 
logous to mit-DNA in HeLa cells is represented by species 
sedimenting between 9S and 15S (with a prominent 125 
component), and by 4S RNA. It is not known whether 
the 9S to 15S components are all intramitochondrial, or 
whether, on the contrary, they include a fraction of mit- 
RNA “exported” to the rough endoplasmic reticulum (it 
is likely, in fact, that the mRNA of polysomes bound to 
the endoplasmic reticulum would not be completely 
removed by the EDTA treatment’). 


Our work suggests that the 12S component is homo- 
logous to mit-DNA and that it is therefore presumably 
synthesized on a mit-DNA template. In yeast mit-RNA 
the occurrence of a 1275S component has been previously 
described, and maximum hybridization with mit-DNA 
has been found to occur with 12-139S components. The 
apparent lack of homology between the 21S RNA and 
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Fig. 4. Hybridization of HeLa mit-DNA with increasing amounts of 
RNA (48 to 305 components with the exception of those in the 288 
region) from the EDTA-treated crude mitochondrial fraction of HeLa 
cella labelled for 48 h with 5-*H-uridine. Increasing amounts of RNA. 
isolated and subjected to deoxyribonuclease digestion and ‘Sephadex’ 
chromatography as described in Fig. 1b (specific activity = 6,840 opam.’ 
ug), were incubated in scintillation vials with 0-28 ug “C-labelled heat- 
denatured mit-DNA bound to nitrocellulose membranes. The hybridiza- 
tion values are corrected for non-specifie background determined with 
E. coli DNA, as explained in Fig. 19, and for recovery of DNA. 
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mit-DNA suggests a non-mitochondrial site of synthesis 
for this RNA species, but its origin and nature still have 
to be determined. The 4S RNA homologous to mit-DNA 
presumably contains at least some of the mitochondrial 
specific 2RNA species which have been deseribed in animal 
cells, including HeLa cells'®"*. Sequence homology 
between mitochondrial leucyl-tRNA from rat liver and 
mit-DNA has been recently reported’. 

The lack, in this work, of any mdication of rRNA 
components homologous to mit-DNA is in full agreement 
with previously reported observations concerning the 
absence in mit-RNA preparations (from cells pulse 
labelled with *H-uridine for 3 to 20 min) of homogeneous 
radioactive components identifiable as possible rRNA 
species or precursors!*. The lack of mitochondrial -specific 
rRNA components coded by mit-DNA in HeLa cells, and 
presumably in other animal cells, which is strongly sug- 
gested by the experiments reported here, contrasts with 
the well documented occurrence in Neurospora®?-** and 
yeast!425 of distinctive, bacterial-type rRNA species, 
which are capable of hybridizing with mit-DNA*:*5, These 
observations suggest that in the evolution of eukaryotic 
cells there has been a reduction in the informational 
content of mit-DNA. In agreement with this idea are the 
numerous observations which indicate that, whereas 
mit-DNA from animal cells consists of basic units in the 
form of circular molecules about 5 um in length and 10° 
daltons in molecular weight”, mit-DNA from plant cells, 
protozoa, Neurospora and (in part) also yeast, is in the 
form of structures longer than 5 um (refs. 24 and 26-29). 
The loss of information for the synthesis of rRNA in 
mit-DNA from animal cells would imply that in these 
cells ribosomes under nuclear control are utilized for the 
translation of mitochondrial messages. This could be 
accomplished by the import into the mitochondria of 
nuclear ribosomes. as suggested by the protein synthesiz- 
ing capacity of isolated animal cell mitochondria®*, and/or 
by the export of mitochondrial mRNA to the cytoplasmic 
translating machinery, as implied by the observations 
made in HeLa cells?-3, 
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THE nucleic acid of RNA-containing bacteriophages such 
as R17, Q8 and MS2 serves both as genome and as poly- 
cistronic messenger. The single RNA strand consists of 
about 3,600 nucleotides and comprises three}? or four? 
cistrons. Early studies of the nucleotide sequences of 
viral RNAs were limited to investigations of complete 
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The nucleotide sequence of the 5’ end of bacteriophage Qf RNA 
has been determined by a new method involving partial synthesis of 
the RNA in vitro. 1 
the initiation of protein synthesis (AUG and GUG) was found before 
position 62. The sequence required for the initiation of synthesis 
of the coat protein (PuUGGCN) is not within the first 300 nucleotides 
from the 5’ end. A very stable hydrogen-bonded loop seems to 
exist close to the 5’ end of the molecule. 


Neither of the codons commonly associated with 


T, or pancreatic ribonuclease digests. 2 
comprising the 5’ and 3’ terminal regions of these RNAs 
have been identified by their characteristic triphosphate 
and nucleoside end groups, respectively, and their 
nucleotide sequences have been determined*-"', 

More recently, large oligonucleotides resulting from 
partial enzymatic degradation of R17 RNA, which corre- 
spond to part of the coat cistron, have been isolated and 
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sequenced’*. A more direct approach was taken by 
both Argetsinger-Steitz'* and Hindley and Staples". 
Ribosomes were bound to phage RNA under conditions 
of protein cham initiation without permitting polypeptide 
synthesis to ensue, and the RNA segments protected 
against the action of pancreatic ribonuclease were iso- 
lated, sequenced and shown to correspond to the initiation 
regions of viral cistrons. These methods have not, so far, 
led to the systematic elucidation of a viral RNA structure. 

We report here a new approach, which permits the 
systematic sequence determination of QB RNA, and takes 
advantage of the fact that QS replicase is capable of 
utilizing minus strands as template for the formation of 
infectious QB RNA, RNA synthesis proceeds from the 
6’ terminal nucleotide at a rate of 35 nucleotides/second 
at 37° C (ref. 17). By means of synchronized, short-term 
reactions using «-**P-nucleoside triphosphates of very 
high specific activity as substrates, we have obtained 
quite homogeneous preparations of short, radioactive QB 
RNA segments, in any desired length from five to about 
300 nucleotides. The nucleotide sequence of a segment 
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175 nucleotides in length, corresponding to the 5’ terminal 
region of QB RNA, has been determined. It does not 
contain the beginning of the coat protein cistron. Pre- 
liminary reports on the methods used have been presented 
elsewhere!*:?°, 


Synthesis in vitro of the 5’ Terminus 

Q8 replicase, prepared as described by Eoyang and 
August?!, requires two host factors when QB RNA (plus 
strands) but not when minus strands are used as tem- 
plate**. It is thus possible to synthesize predominantly 
plus strands using denatured double-stranded QB RNA 
as template if the host factors are absent. Experi- 
mentally this is a great advantage, because purified minus 
strands*® are difficult to prepare in quantity. Svnchroniza- 
tion of synthesis was accomplished by preincubating 
enzyme, template, GTP and ATP at 37°C in order to 
permit initiation and synthesis up to the point where the 
first pyrimidine nucleotide was required (it had been 
reported earlier that the first six or seven nucleotides at 
the 5’ end of Q8 RNA are purine nucleotides"). The tem- 
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Fig. 1. Nucleotide sequence at the 5’ terminus of Q3 RNA synthesized in vitro. 

and pancreatic ribonuclease, respectively, are designated by T anu f owes by. ni 

with IT, ribonuclease, by a T and a roman numeral. e numbers written immediately OT DDIG i 

mat a pearance (see text). Sequences in square brackets are still ambiguous, inasmuch as the groups in round parentheses 
x The wavy line indicates a region which, because of its position at the growing end, is not completely certain, 


the standard time of z 
tay be permute 


The oligonucleotides isolated after total digestion with T, 
an arabic numeral; those resulting from partial digestion 
above or below the oligonucleotide designation give 
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perature was then lowered to 20°C and UTP and CTP 
were added, allowing chain elongation to resume. Under 
the conditions used, polymerization proceeded at a rate of 
five to six nucleotides per second. After 5-60 s of incuba- 
tion the product was purified, freed of any contaminating 
minus strands by annealing procedures and characterized 
by sucrose gradient centrifugation®*. For the first stage 
of this work a series of 30 s products was prepared, labelled 
with only one «-3?P-nucleoside triphosphate at a time, or 
with all four simultaneously. 


Table 1, NUCLEOTIDE SEQUENCE OF FRAGMENT T16 
Information Deduction 
Labelled Product of 
substrate Alkaline Pancreatic 
hydrolysis ribonuclease 
Į ppp*U , errs ne 
1. poptA 2:7 Up*,1-0Ap* Ap*Gp*, Up*, Cp* (U,C,)p*Ap*Gp 
‘" ppp*G 1-8 Cp*, 1-0 Gp* EOE 
| ppp*G 
2. pppřA 1:2Cp*,1-0Gp* ApGp*, Cp* (U,C)pCp*ApGp* {A} 
3. ppp*U Up* Up* Up*Up*UpCpCpaApGp [A] 
4. ppp*C 10Up*,1-0Cp* Up*, Ch* UpUpUp*Cp*CpApGp [A] 
5. ppp Ap* Ap*Gp UpUpw pCpCpap*Gp [A] 


Five products were synthesized by 30 s incubation under the conditions 
outiined in the text, using the labelled substrates shown in the first column. 
All substrates had the same specife radioactivity. The products were 
digested with T, ribonuclease and separated by two-dimensional electro- 
phoresis. The radioactive oligonucleotides were eluted, hydrolysed by 
alkali or pancreatic ribonuclease, and the resulting nucleotides were sepa- 
rated and quantified. In the analysis of fragment T16, the values are normal- 
ized to G=1 in the first and second product, and C = 1 in the fourth product. 
The underlined section of the sequence is that deduced from the data given 
in the corresponding row. The asterisk (*) identifies the phosphate group 
which was labelled in each experiment. The square bracketa indicate the 3’ 
nearest neighbour of the G. Row 1: alkaline hydrolysis gives the overall 
base composition; pancreatic ribonuclease vields a dinucleotide which must 
be 3’ terminal since it bears a G at the end. Row 2: “P-ATP labels a C 
andan AG; the C thus precedes the fragment AG, and the G has been labelled 
by an A situated at the 5’ terminus of the subsequent T, oligonucleotide. 
Row 3: “P-UTP labels only U; therefore all U’s follow successively and are 
situated at the 5’ terminus. The complete sequence can be deduced at this 
point and is confirmed by the data of rows 4 and 5. 


Table 2, T, RIBONUCLEASE PRODUCTS OF 30 8 PRODUCT 


Moles Standard time 
Spot (at 308) of appearance (5) Sequence 
la 3-6 3 G [G] 
ib 3-4 Early, late G {Al 
le 2-8 Late G [TC] 
2 2 13, 18 CG [VU] 
3 1 23 CCG [A] 
4 1 9 CAG [U] 
5a 1-2 12 AG [G] 
Sb 2 23, 8 or 22 AG [Cj 
he 1 8 or 23 AG [JU] 
7 <ł >30 ACACG [C] 
8 1-3 17, >30 UG [G] 
9 <7 > 30 CAUCCE {U} 
10 1 21 UCUG [C} 
li 1 24 CUCUG [G} 
12 1 24 AUAAUG [A] 
18 1 13 VAUAAG [A] 
14 1 15 ACAUAVUG [C] 
15 1 9 UCAC [(ACKACKHCUC)] AG IC] 
16 I 24 UUUCCAG [A] 
17 1 27 AAUCU UCCG [A] 
18 1 15 CCUAAAUUACCG [C] 
21 1 23 UUUCG [G] 
22 i 23 AUUUUCAG [G] 
23 1 23 AAAUUCUUAAUG [A] 
24A H 11 UACUUCACUG [A] 
24B 1 ~ 25 ACCU KUXEXOI UAUCG [A] 
25 1 3 ACCOCOCCUUUAG [G] 
26 1 2 pppGp [G} 


_ The synthesis and analysis of labelled product were carried out as outlined 
in the legend to Table 1. In some cases additional analyses using ribo- 
nuclease Us, bovine spleen acid ribonuclease or snake venom phosphadi- 
esterase were necessary. Standard times of appearance were interpolated 
from the data of the experiment. described in the text. The relative position 
of partial sequences in brackets is as yet uncertain. The termina! nucleotide 
in square brackets is deduced from nearest neighbour data and is not part of 
the oligonucleotide. 
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Table 3. PANCREATIC RIBONUCLEASE PRODUCTS OF 30 6 PREDICT 
Standard time 


Spot Moles of appearance (8) Sequence 
la 1-2 5-10 Viel 
ib GiGi 
ie UAI 
1d UU] 
2a i 10-15 CIG] 
2b CT 
2¢ GIAJ 
24 GIG} 
4a 1 28 At iG] 
4b AC iG} 
4c AC{A] 
4d 2 AC (VU) 
5a 2-3 13, 22 GCIS] 
5b 1 GC {C] 
6a ł 13 AU IG) 
6b 1 AU pC] 
6c 2 AULA] 
7 1 3 Ate [AY 
8 2 21, 28 AAU [G] 
9a ‘ 15, 30 GU IG] 
9b 1 GU PO} 
10 <1 26 AGAC [C] 
1l 1 AAAU [U} 
12a 1 GAY TA} 
12b 1 GAU TU] 
13 1 5-10 AGUA} 
ida 1-2 : GGU (Cc) 
14b 1 j edie GGU [u] 
15 i $ GAG TAI 
16 <1 GAA [C] 
17 1 GAAAUD PU) 
18 1 23 GGAGE IC} 
19 <i 24 AGGAGE IU] 
20 i 12 AAGAGGAC IAI 
21 1 <5 pppuGga(G) Al [Cj 
22 1 ~i AGGGGGU; ] 


The synthesis and analysis of labelled product were in principle as deserihed. — 


in the legend to Table 1, bat the products were degraded with pancreatic — © 


ribonuclease. Because the time of appearance was studied only on prodaeis 


formed in the presence of *P-GTP this n neter is Knewn only for ihe - 


oligonucleotides which are labelled by GTP. (See legend to Table 3 for 


explanation of the notation.) 


Analysis of the Labelled Product 


After digestion with T, ribonuclease and pancreatic 
ribonuclease respectively, oligonucleotides were separated 
by two-dimensional electrophoresis and recovered for 
further analysis**. In a large number of cases the sequence 
of the end-products could be definitively determined by 
hydrolysis with alkali and pancreatic ribonuclease (in the 
case of T, oligonucleotides) or ribonuclease Th (in the case 
of pancreatic oligonucleotides). This was possible because 
of nearest-neighbour information obtained from the 
products labelled with one nucleotide at a time, and the 
total base composition determined from the product 
labelled with all four nucleotides. The same principle was 
employed by Bishop et al.’ in their analysis of the terminal 
sequence of a variant of Q8 RNA. An example of the 
elucidation of an oligonucleotide sequence obtained by 
T, ribonuclease digestion of the 30 s product is shown in 
Table 1: the conclusion from this analysis is [(G]UUU- 
CCAG[A]. Certain T, products required further analysis 
involving the use of U, ribonuclease*®, snake venom 
phosphodiesterase** or bovine spleen. acid ribonuclease”, 
Tables 2 and 3 show the structure of the T, and pancreatic 
oligonucleotides obtained from the 30 s product. 

Lo determine the relative positions of these oligomu- 
cleotides, several procedures were employed, (a) Direct 
sequence overlaps between pancreatic and T, oligo- 
nucleotides. (b) Use of nearest neighbour data. The source 
of the phosphate attached at the 3’ end of an oligo- 
nucleotide identifies the 5’ terminal nucleotide of the 
subsequent oligonucleotide. For instance, if alkaline 











1086 

hydrolysis of a T, oligonucleotide derived from an a-3?P- 
ATP labelled product yields labelled Gp, the T, oligo- 
nucleotide following this must begin with an A. 
(c) Labelling over short time periods. Products labelled 


with g-P-GTP resulting from 5, 10, 15, 20, 25 and 30 s 


meubation were isolated and digested with pancreatic and 
T, ribonuclease, respectively. The sequential appearance 
of the oligonucleotides could be quantitatively followed. 
for each contains a known number of P atoms. A “time 
of appearance”, at which half a mole of the oligonucleotide 
is present, was interpolated. These values are given for 
all labelled oligonucleotides in Tables 2 and 3. (d) Analysis 
of the products of partial digestion with ribonuclease T,. 

Using the first three procedures the nucleotide sequence 
of the 30 s product could be deduced, with the exception 
of one ambiguity (the relative order of T12 and T23): 
this was resolved by isolating an appropriate partial 
digestion product (TIT, compare Fig. 1). The sequence of 


Ea 


the first 175 nucleotides of the 5’ terminal region of the 
Q8 RNA synthesized in vitro is presented in Fig. 1. 


Primary and Secondary Structures 


It has been reported that digestion of Q8 RNA with 
pancreatic ribonuclease yields two fragments comprising 
the 5’ terminal pppGp, pppGGGGAAC and pppGGGGG- 
AAC, in about equal amounts®. It was suggested that the 
variation in the number of Gs is an inherent feature of 
Qe RNA, possibly resulting from slippage during RNA 
replication. We have not expressly looked for a simular 
not having detected it. A discrepancy between our results 
and those of de Wachter and Fiers occurs with regard to 
the A-containing region in which we find only one A 
(pppGGGGAC ...) rather than two. We have detected 
only 0-05 moles of AAC in the 5’ terminal region. It seems 
that RNA synthesized in vitro does not differ significantly 
fram that formed in vivo, for reasons discussed in detail 
elsewhere?®, One argument in favour of this conclusion is 
that in vitro synthesized QB RNA has a specific infectivity 
similar to that of authentic viral RNA; analysis of the 
former by Spiegelman and his collaborators also revealed 
the sequence pppGGGGAC... at the 5’ terminus (per- 
sonal communication). 


t 


pppGGGG...CACACACCUGA 





Fig, 2. Secondary structure at the 5’ terminal region of Q2 RNA syn- 
thesized in vitro. The structure indicated is supported by the fact that 
even after relatively vigorous digestion of the 30 s product with T, 
ribonuclease the large oligonucleotide TXIX is obtained in good yield. 


At least one part of the RNA segment we have analysed 
has a well defined secondary structure. The region com- 
prising the oligonucleotides T15 and T25, connected by 
P22, at the 5’ terminus of the RNA (positions 5 to 33) is 
resistant to T, ribonuclease even under conditions of 
vigorous digestion. It would appear that a strongly 
hydrogen-bonded loop exists (Fig. 2). It is possible to 
construct further hydrogen-bonded structures along the 
strand, but there is little experimental justification for 
doing so at present. 


NATURE VOL. 224 DECEMBER 13 1969 


Location of Initiation Sequence 


The sequence PuUGGCN .. . which corresponds to 
fMet-ala ..., the amino terminal sequence of the coat 
protein of QB (Lodish, personal communication), is not 
within the first 175 nucleotides of the 30 s product; nor 
does the sequence GGC occur in the total pancreatic 
digest of the next segment of 150 nucleotides. We thus 
conclude that the coat protein cistron is not located within 
the first three hundred nucleotides. We will show else- 
where that the beginning of the coat cistron, in fact, is 
located between 800 and 1,600 nucleotides from the 5’ 
terminus. It should be noted that no known initiation 
signal occurs before the AUG in position 62-64. This 
may mean that at least the first sixty nucleotides are not 
required for protein synthesis; perhaps the complemen- 
tary region on the minus strand is required for recognition 
by Q6 replicase. 

It has proved possible to continue the sequence analysis 
of QB RNA in a fashion similar to that described above: 
RNA has been synthesized with unlabelled nucleoside 
triphosphates for the first 30 s and with radioactive 
substrates for the subsequent 30s. This yielded a product 
in which only the second segment of about 150 nucleotides 
was labelled. Whether or not further sections can be 
studied in this fashion will depend on whether synchrony 
of synthesis can be further maintained to an adequate 
degree. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Radio Emission from Flare Stars near 
the Orion Nebula 


Tue classical flare stars near the Sun sometimes emit 
large amounts of non-thermal radio energy during bright 
optical flares!-*. The most distant red dwarf star of this 
kind detected? so far is the variable V371 Orionis at a 
distance of ~ 15 pe. We now report the probable detection 
of radio emission from a number of flare stars near the 
Orion Nebula at a distance of ~400 pe. Compared with 
the flare stars in the solar neighbourhood, there is a 
dilution factor of ~ 10° in intensity on account of the 
greater distances, but this, we believe, is largely compen- 
sated for by the much greater amounts of energy released 
during flares on these stars. The radio emission cannot 
be derived from the incoherent synchrotron mechanism 
but may be explained in terms of coherent plasma oscilla- 
tions or amplified gyro or synchrotron emission. 

Simultaneous optical and radio observations of the 
Orion Nebula flare stars were conducted in Australia 
during December 1963 and November 1968. The optical 
observations were made with the 50/65/175 em Schmidt 
telescope of the Uppsala Southern Station at Mount 
Stromlo, and concurrent radio observations were con- 
ducted at Parkes, NSW, with the 64 m reflector of the 
Division of Radiophysics, CSIRO. 

Optical results from the first cooperative programme, 
giving full details of the observing method and the flares 
detected, are in the course of publication’ by one of us 
(C. R.). Similar procedures were adopted during the 
second cooperative programme in November 1968. 
Briefly, multiple exposures each of ~8 min duration 
were made on blue sensitive Kodak 103a-0 plates behind 
a 2 mm Schott GG13 filter. On nights of good “seeing” 
and high atmospheric transparency, the optical system 
was able to record stars of apparent photographie magni- 
tude 17:0. The main body of the flare stars in the Orion 
aggregate should therefore have been reached. 

In reducing the plates, a circular field centred on R.A. 
05 h 34 m and dee. — 5° 12’ (1950) and covering an area of 
10 square degrees was searched for flares. This was done 
by moving the plate under a microscope in parallel strips, 
a procedure which enabled the certain detection of flares 
with an amplitude > 1 magnitude. 
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“The radio observations were made simultaneously at 
two frequencies, one a comparatively low frequency - 

(136 MHz in 1963, 150 MHz in 1968) and the other 

408 MHz. This choice was determined largely by the 


need to have radio beams wide enough to monitor a 


significant fraction of the area occupied by the known 
flare stars? in the Orion aggregate. Beamwidths of 
2%5 at 136 MHz and 0°8 at 408 MHz allowed us to 
monitor 5 square degrees and 0-5 square degrees respec —— = 
tively to half-power levels. Thus the probability thata 
particular flare would be covered at both frequencies wa 
only ~0-1. Both receivers accepted linearly polarized 
waves, and the detector outputs were recorded on charts = 
using integration times of 2 s. The i.f. bandwidths at 136/ — 
150 MHz and 408 MHz were 1 MHz and 8 MHz re- 
spectively. 

The radio charts were closely examined near the times 
of occurrence of optical flares. For an interval of about 
80 min centred on the time of maximum brightness 
in the optical continuum, the positions of the recorder: 
pen above an arbitrary zero level were read off at intervals 
of 15 s. These and the photographic determinations of 
magnitude were then plotted to the same time scale. The 












events are shown in Figs. 1 and 2. Fig. 1 shows a strong- 
fe 



















Fig. 2 shows the light and radio curves during a particu- 
larly bright flare on December 21, 1963. Fortunately the 
star was in both the 136 MHz and 408 MHz beams and. 
radio emission seems to have been detected at both 
frequencies. The radio curves show a smooth rapid 
increase and a much more prolonged decay, very similar 
to the shape of the light curve. Near the peak of the flari 
the ratio of flux densities at 186 MHz and 408 MHz was 
6/1, which is consistent with a power-law spectrum of the 
form: flux densitycfrequency-'**, Many of the faster 
fluctuations of intensity appearing on both radio curves 
are probably scintillations impressed on the Orion HIT 





Table 1, DETAILS OF OPTICAL AND RADIO EMISSION Ne 
_ Optical Radio ; 
Time of . Time of maximum Duration of radio Peak flux density$ In tegrated Hux density 
maximum Duration AR of flare radio emission (UT) emission (min) (W m Hz (3 m Hy x 10-38 
Date brightness of flare (magnitude) 136/150 136/150 136/150 136/150 
(UT) {min} MHz + 408 MHz MHz? 408 MHz MHzt 408 MHz MHz 408 Mitz 
1963 
Dec. 19 15h 45 m 240 >07 aaa sh 30m _~ 1:5? <4 46 aon 13 
20 13h 08m >30 > 0-6} ih itm? a ae a E 
On ih 08m 40 >1-0 f 1 17m p == şi o — =_= 230 am MPG renee 
20 14h 18m 70 22-0 14h 37 m — 37 Fj. ee 18-4 “sn 
20 16h 12m 40 20-8 1h 19m ~— 50 en 10 me 19-7 == 
21 i2 h 45m 55 222 12 h 46m — 4 --— 60 - T 
24 ih 56m 250 >1°5 _ e = me <12 ma m 
ake 21 16h 28m 250 > 2-9 lh 31m 16h 31m 36 25 1s 3 24-8 p3 
Nov. 25 Wh 46m 22 21-2 13h 42m —— 26 — 25 man Ta m 


* The strong burst at 15 h 30 m was followed by many fast fluctuations of lower amplitude which lasted for the duration of the optical fare. 
t The lower frequency observations were made at 136 MHz in 1963 and 150 MHz in 1968. 

iThe radio observations are unable to resolve the contributions from these two flares, which occurred simultaneously. 

§ Flux densities have been corrected for the relative positions of flare star and radio beam centre. 7 
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source by a weak diffracting layer. 
ionosphere. 

The essential data from all flares recorded during: th 
joint observing programmes are listed in Table 1. p 


lonr system) are lower limits for most of the flares. 
d in Table i. In all cases the brightness increases 
afe averaged over the exposure times of 8 minutes, so that 

the peak values of brightness may be significantly higher. |, 


In the terrest 











increases in optical brightness (AB in the standard UBY® For four of the flares listed in Table 1 the quiescent star was DE. 
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Fig. 1. The light and radio curves for two flares in progress simultaneously on different stars in the Orion aggregate. 

Photographic exposures are marked by short vertical lines and the excess brightness during flares by the stippled 

areas. The break in the optical observations is due to a plate change and the dashed line in flare “a” indicates 

the plate limit. The variability which precedes the strong burst at 136 MHz is due to ionospheric scintillations 

impressed on the thermal source in the Orion N Spee’ oy pate line through the radio observations is our estimate 
of the base line level. 
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Fig. 2. The light and radio curves for the brightest optical flare recorded in the experiment. Photographic exposures 
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Bright End of the Galaxy Luminosity 
Function in Clusters 


Pracu! has presented an important new set of values of 
M,, the absolute magnitude of the first brightest member 
of a rich cluster of galaxies, derived from unpublished data 
of Sandage. The results show again the small spread 
found by Humason, Mayall and Sandage*, but Peach 
finds that the standard deviation of the new M, values is 
smaller by a factor of 27 than the standard deviation 
computed from a statistical model? based in part on the 
older data of ref. 2. Peach concludes that the statistical 
model is inadequate, that perhaps the magnitude of the 
brightest cluster member is fixed and given (within 
standard deviation 0-27 mag.) ‘independent of cluster 
richness or the luminosity function governing the fainter 
members’), 


Table 1, BRIGHT END OF THE LUMINOSITY FUNCTION 


ly 

Standard deviation of M, =0267 +0031 4-79+0-56 
< MHH, > /2=0-252 +0033 2097+039 

< MM, > /2=0-16240-:027 18580+4030 

< MiM, > /5=0-08640-013 17428 


In arriving at this or any other interpretation of the 
very remarkable constaney of M,, I believe that one should 
bear in mind some additional evidence*. In Table 1 I 
list some apparent properties of the bright end of the 
luminosity function for the great clusters. The first line 
shows the standard deviation of M, based on Peach's 
computations. The second line gives the mean difference 
of the magnitude of the third and first ranked members, 
divided by two (in order to give some measure of the 
magnitude difference between successively ranked mem- 
bers), and similarly for the third and fourth lings. The 
latter three numbers are derived from the data of ref. 2. 
and the quoted errors are standard deviations of the 
means. The quoted error in the first line is the expected 
standard deviation of the standard deviation, assuming 
the M, values are chosen from a Gaussian distribution. 

The first column of numbers in the table suggests to me 
a continuity at M,, not a discontinuity. If Peach's tenta- 
tive conclusion were adopted one would have to accept 
two coincidences, that beth the dispersion and the mean 
value of M, exhibit a rough continuity with an extrapola- 
tion from the fainter cluster members. 
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In the statistical model the probability that there is a 
ster member with magnitude M in the range dM is 
ipposed to be given by the expression 

. dP = ®(MjdM (1) 


re (M) is a universal function for clusters, with nearly 


xa constant normalization (near! y constant mass; otherwise 


the dispersion of cluster mass would contribute to the 
dispersion of M,). I adopted the simple formula 


D(M) = xe M-Me), q= 1-80 (2) 
with M, a constant. Peach has now convincingly shown 


“that to fit the observed dispersion of M, the curve OM) > a 
would have to be steeper than is implied by equation (2) o0 


by a factor ~2-3. This does not immediately rule out 
the model, for one must ask whether the form of ®(A4) 
could be adjusted, and in so doing one should bear in 
mind that, although equation (2) does give a good fit to 
the 200 brightest: members of the Corna cluster’, the fit 
to the Coma cluster data near M, necessarily depends on - 
only one point. Information of greater statistical weight 
is provided by the four numbers in the table. For each 
number we can derive a value of x on the assumption — 
that equation (2) is valid, and we can regard these values a 





as approximate measures of the logarithmic derivative td 


of P(M) evaluated at successively dimmer parts of the 

curve as we go down the table. When equation (2) is 

valid the standard deviation of M, is 
<(M,— <M,>)*>/?=1-282/e 


and the mean magnitude differences < Ma--Mm> are 
given by equation (7) in ref. 3. The values of « thus 
derived are shown in the last column in the table. Within 
the very limited statistical accuracy this parameter could 
be smoothly varying. that is, the function ® near M, 
simply could have grown steeper than I had assumed by a 
factor of about 2-7. 

This discussion unhappily depends on very limited data. 
It would be most useful to have data comparable with 
those now available for M, on the absolute magnitude of 
the second ranked member, the third ranked member. and 
soon. One could then ask whether it is possible to find a 
probability function ®(M) which fits the mean values and 
the standard deviations of the Mhn. 

Peach also considered the expected correlation of M ý 
and cluster richness classification. In the statistical 
model one must now assume that the slope of log (M) 
has increased by a factor ~2 on going from <M,> to 
<M,>. This would make the expected variation of 
<M,> with richness smaller than the estimate of Peach 
by a factor ~2, We would have a more accurate test if Wwe, 
could directly compare M, with Abell’s richness measure. 


Better still, we know the distances of these clusters, o 


so one could now count galaxies to a fixed absolute 
magnitude in each cluster, and establish thereby how mug 
the cluster mass varies. ; o 

I conclude that there still is not a direct objective case 
for a discontinuity of properties at the first-ranked cluster 
member. It seems that such an effect could be most 
directly established from more complete data on the - 
luminosities Ma of the brighter cluster members. i 
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Local Theory for Quasars 


Tar concentration of absorption and emission redshifts 
of quasars around a value of 1-95 (ref. 1), and a possible 
periodicity in the redshifts of quasars and other emission- . 


line objects?, have raised doubts about the cosmological. 
origin of the redshifts. An alternative explanation is 






that they are comparatively local objects*®, though extra“ 


galactic’, and that their redshifts arise mainly from some 
intrinsic property; gravitational, for example’. 

Provided that the redshift is independent of the distance 
of a source, it is possible to investigate the distribution in 
depth of a set of sources complete (or representative) 
down to some limiting flux-level. 

Let the distance of a source of luminosity P be D<e te, 
where tẹ is the Hubble time, and let the observed flux- 
density be S. The inverse square law gives 


Cia x= () 


where J(z) takes account of the shift of the emitted 
spectrum across the waveband of the observer, and any 
other dimming caused by the redshift. 

Now the r.h.s. of equation (1) depends only on intrinsic 
properties of the source, and so is constant for any particu- 
lar class of source (of given P and z). This applies even 
if the luminosity is a function of redshift, as suggested 
by Hoyle and Burbidge®. 

Thus if Smin is the limiting flux-level, down to which 
we have a complete sample of sources, then the maximum 
distance at which this class of source is observable, D max, 
is given by 


SD Pes S mi nD > MX ( 2 ) 


If the distribution of the sources is uniform in space, the 
probability of finding a source at any particular distance is 
found by considering the corresponding volume of space, 


V (D) (ref. 7). If we define 


z= VD VD max) (3) 


for any particular class of source, then « should be 
uniformly distributed in (0,1), with standard deviation 


1/12. 


E Smi j 
ii Ca S l ) 


from equations (2) and (3). Because quasars are affected 
by both radio and optical selection, the quantity which 
should be uniformly distributed in (0,1) for quasars is in 
fact 


T=maAxX {Urad opt} 


{ É mina’ /Š min 3/2) 
= MAaXs{ my Ea > 
re 


i 
rad \ S opt) 


and we compare 4/12N (%—0-5) with Student's ¢ distribu- 
tion. 

We apply this to fifty-four quasars identified with 3C 
sources’, for which Smin=9 flux units, and take 


with Vum= 19-5 (0-5) 17-5. Table 1 gives N, 7, t and the 
corresponding probability for the different values of Fim- 
With a high degree of confidence we can assert that the 
quasars are not uniformly distributed locally. For each 
value of Vum, Z is significantly greater than 0-5. 


If we take Va S-a instead of S-°"?, then 


1 2a 
g= f -a Bdr = 
0 3 





2a +3 
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he identifications are probably complete down to V= 
18-5, so u=0-6 and a=2-25. Thus even if the quasars are 


“local”, they show a strong departure from a uniform 


distribution in space, resembling the radio-galaxies’ in 
this respect. 

Because the number of sources is not very large it is not 
possible to test in detail to what extent this effect depends 
on direction in the sky. But when the area of sky covered 
by the 3C catalogue is divided into two ranges of declina- 
tion, and two ranges of hour angle, the values of & are 
> 0-5 for each portion of the sky, as shown in Table 1. 


Table 1. LOCAL THEORY FOR QUASARS 

Fim 195 19 18-5 18 Iro 
Number of quasars 54 5i 48 35 25 

T 0-58 O57 0-61 él 0-70 
t 30 25 37 2-6 a°5 
Probability (per cent} 0-5 15 4 i (2 
a {guch that Y a S-va) 2 2 25 2°5 3 
R.A. «ilh. = 0-56 0-62 0-60 O80 
R.A. 21ih i= 0-58 059 tgi 082 
Dec. 230° eo 0-54 0-59 0-56 0-60 
Dee. < 30° = 0-60 062 0-64 0-77 


If we are in a “local” cluster of quasars, then we are in a 
special position, at the bottom of a density-well. The more 
natural inference is that the number-density or luminosity 
of these objects was greater in the past, ruling out the 
steady-state cosmology. 

The discovery that the 0-095 redshift of B264 is alinost 
certainly cosmological? does not settle the question 
whether the very large redshifts in many quasars are 
also cosmological. 
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Variations of Small Quasar 
Components at 2,300 MHz 


IN a previous article! we reported long-baseline mter- 
ferometer measurements of several quasi-stellar radio 
sources using stations of the NASA/JPL Deep Space 
Network in Australia and California. Comparison of 
three sets of similar observations now shows evidence for 
secular variations in the apparent intensities of small- 
diameter components in several of these objects. The 
results are compatible with the theory of expanding 
synchrotron sources, but an apparent expansion velocity 
greater than that of light seems to be required for the 
recent outburst in 3C 273. 

In our earlier article! we described our instrumental 
techniques and discussed a set of observations made in 
May 1968, using stations DSS 42 at Tidbinbilla, ACT, and 
DSS 14 at Goldstone, California, when we first found 
fringes over the trans-Pacific baseline of about 8x 10? 
wavelengths. The observing frequency is 2,298 MHz, or 
a wavelength of 13-1 em. We mentioned that a previous 
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set of observations, made in November 1967, between | 


DSS 41 at Island Lagoon, South Australia, and DSS 14 
showed fringes of different amplitude for several sources. 
Since then we have obtained a third set of observations, 
in June 1969, using DSS 42 and DSS 14. This last set 
confirms the observation of fringe amplitude changes in 
several sources, and in this article we discuss the history 
of these changes in three sources, 3C 273, 3C 279 and 
P1510-08. 


tinuing programme of monitoring radio intensity varia- 
tions. It is evident that the fringe amplitudes of 3C 279 
and P1510-08 have increased while that of 3C 273 has 
remained nearly constant. At the same time the flux 
density of each source has changed, 3C 279 increasing 
and 3C 273 and P1510-08 decreasing. 


30 279 3C 273 P1510-08 
5 t5 
44 
42 
~ Ww 40 10 
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É 38 
2 
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£ 
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l j? 
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Nov. May June Nov. May June Nov. May June 
"67 «6°68 69 "67 "B8 HO 6T 768 69 
Fig. 1. Comparison of the histories of the total intensities of 


three sources and the intensity of their unresolved components at 80 x 10° 
wavelengths, ©, Total intensity: @, component intensity. 


The interpretation seems most clear in the case of 
3C 279. The increase in fringe intensity of 3-3 flux units is 
somewhat greater than the increase in the flux density 
from the source over the same interval in time. Observa- 
tions of the intensity variations in this source at various 
wavelengths (reviewed by Kellermann and Pauliny- 
Toth?) show at 11 em wavelength a slow decrease from 
1964 to 1967, followed by a rise beginning about 1967-0. 
This rise seems to be the first appearance at this wave- 
length of an expanding component which was initially 
seen in a sharp outburst at 2 em in early 1966. On the 
basis of these spectral changes and interferometry at 
shorter baselines, Kellermann et al.3 have proposed that 
3C 279 has four components, three of size X 0-002 are s 
and one, component D, of smaller size. This last com- 
ponent they associate with the 1966 outburst at 2 em, 
and it must be this component which contributes almost 
all our observed fringe intensity at 8 x 10? wavelengths 
spacing. The increase in the total intensity at 13 em is 
somewhat less than the increase in the fringe intensity 
because the 13 cm emission from components B and C is 
still decreasing. 

These results are completely in accord with the generally 
accepted theory of expanding synchrotron sources. It 
will be interesting to follow the subsequent changes in 
the fringe amplitude at this spacing, because the com- 
ponent we are observing should soon become optically 
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thin at 13 cm, after which its intensity should i Trop. 
The calculated angular size of the source when it first 
becomes optically thin at this wavelength will depend on 
the magnetic field in the source, but for fields ~ 10-4 g, as 
found in other objects*, the angular size should be a0-001 
ares. ‘Thus after the intensity starts to decrease we might 
also expect to see the effects of resolution. 

: In the case of 3C 273 the change in the total intensi 
not reflected in the fringe amplitude. In this source 
was also an outburst at short wavelengths in early 1 
(ref. 2), and the decrease in the 13 cm flux density probably 
means that this expanding component is now optically 
thin at this wavelength. It must also be fully resolved by 
our interferometer, indicating that its angular size, even 
m November 1967, was >0-002 are s. This would be 
component C of Kellermann et al.*, for which they caleu- 
lated an angular size in early 1968 of 0-0025+0-00) 
are s. If we suppose that 3C 273 is at the cosmological 
distance indicated by its redshift, then the radius of this 
component in November 1967 must have been > 2-5 pe. 
Because the outburst was then about two years old?, the 
apparent rate of expansion would have been at least three 
times the velocity of light. Rees‘ has shown that apparent 
expansion velocities greater than c are the consequence of 
relativistic expansion, and we conclude that this outburst: 
in 3C 273 probably has a Lorentz factor y>3. This is 
the first direct evidence that the expansion in variable 
sources may take place at relativistic velocities, 

For P1510-08 we cannot make a simple interpretation 
because intensity variations have been observed in this 
source with very short characteristic times and with a 
wavelength dependence which does not fit the expanding 
source model’. The nature of these variations is still 
uncertain, and frequent observations with long interfero- 
meter baselines would be of considerable help in deciding 
among several possible explanations. 

We thank the staffs of all the stations for their help. 
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Origin of the Term lonosphere 


In recent vears, references! have been made to an un- 
published letter (ref. No. 4386, to the secretary of the Radio 
Research Board, November 8, 1926) by R. A. Watson- 
Watt, in which he proposed the use of the term “iono- 
sphere” in 1926. The text of this has never been quoted, 
and the relevant passage may be of interest. 

The letter, a file copy, was discovered during building 
alterations at the Radio and Space Research Station, 
Slough; it is addressed to the secretary, Radio Research 
Board, and, referring to discussions on the nomenclature 
of the “upper conduction layer”, advocates the use of the 
term in the following way. 


“We have in quite recent years seen the universal 
adoption of the term ‘stratosphere’ in heu of a previ- 
ously well established misnomer ‘isothermal layer’, and 
the adoption of the companion term ‘troposphere’ for 
the ‘convective layer’. 

“The term ‘ionosphere’, for the region in which the 
main characteristic is large scale ionisation with con- 
siderable mean free paths, appears appropriate as an 
addition to this series. The objection that ionisation 
occurs throughout the atmosphere is no more adequate 
against the proposed term that [sic] is the fact that 
stratification oecurs locally in the troposphere, the 
systematic name should be characteristic of the maim 
‘grand scale’ phenomena without reference to minor 
and local phenomena.” 


In spite of this, it was not until some 3 years later, in 
1929 (ref. 3), that Watson-Watt first used the term in a 
publication, 
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Inter-hemispheric Transfer of Fresh 
Debris from French Nuclear Tests 
in 1968 


Neuciear debris particles from the recent Chinese nuclear 
explosions provided a suitable medium for studying the 
global atmospheric circulation of airborne material in 
the northern hemisphere'-*, We have investigated the 
inter-hemispheric transfer of airborne material by measur- 
ing the radioactivities in Japan of short-lived fission 
products resulting from the recent French nuclear tests 
in the South Pacific in 1968. 

Large amounts of rain water (20-185 1.) were collected 
by a sampling system installed on the campus of the 
University of Niigata. The radioactivities were measured, 
using an Nal(Tl), 3 inchx3 inch scintillation detector 
with a 200-channel pulse-height analyser. The “°Ba- 
activities were determined by measuring the areas of the 
photopeaks at 1-6 MeV for La. The intensity measure- 
ment of y-ray at 365 KeV for 1 was made on a purified 
silver iodide precipitate. The results obtained are sum- 
marized in Table 1; the activity values for rain samples 
between August and September are corrected for decay to 
September 1, and the ones for October to October 1. 

According to y-spectrometric examinations, rain samples 
collected on August 5, 12 and 21 consisted chiefly of long- 
lived stratospheric radionuclides, %Zr—=Nb, !°*Ru-'eRh, 
27g and “4Ce, resulting from the recent Chinese nuclear 
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Table 1. THE SHORT-LIVED FISSION PRODUCTS IN RAIN SAMPLES BETWEEN 
AUGUST AND OCTOBER 1965 
Period of Sample Ba-140 T-131* 
collection volume (1) (pCifh.) (pEi) 
Aug. 24-26 53 G11 
28-29 64 14 
30-31 46 0:75 
7 64 O20; sae 
10-11 128 0-18 9 
Oct. G= 8 185 0-150 %4 
10-11 122 Q22 | ri 
l4 74 O17: al 
15 58 0-155 a 


* A rain sample was evaporated to less than one litre and the sample 
solution was then filtered. lodine-131 in the filtrate was analysed by a 
liquid-liquid extraction method, followed by precipitation of silver iodide. 


explosions on June 17 and December 28, 1967, and earlier 
nuclear events. No short-lived fission products, such as 
wI and 14°Ba, were detected. These findings suggest 
that there was no fresh nuclear debris in the upper atmo- 
sphere over Niigata by mid-August. Some 149Ba, however, 
was found in a rain sample on August 24-26, which sug- 
gests that fresh nuclear clouds arrived over Japan which 
were washed out in rain during late August (Table 1). 
A new source of this fresh debris had therefore to be found. 
One of the underground tests conducted by the USA or 
the Soviet Union could have been the cause, though we 
knew of no explosion date. We detected no fresh nuclear 
debris attributable to an underground test im any rain 
sample, however, with the exception of the January 15, 
1965, Soviet underground test‘, and so this idea had to be 
discarded. 

France conducted a series of nuclear explosions at her 
testing ground in the South Pacifie. They involved three 
atomic bombs (July 8 and 16, and August 4) and two 
hydrogen bombs (August 25 and September 9). Fresh 
debris produced by these nuclear events would most 
probably cause the radioactive contamination of the rain 
samples in question. As can be seen from Table 1, we 
found two sets of continued “*Ba-activity lasting 1 to 2 
weeks between August 24 and October 15. Tfitis assumed 
that the first set (August 24-September 11) resulted 
from two atomic bomb tests on July 8 and 16 and that the 
second one (October 6-15) from a hydrogen bomb test on 
August 25, the time required for the airborne fresh debris 
to reach Niigata (39° N; 138° E) from the French testing 
ground (20° S; 140° W) was estimated to be 463 days. 

The activity measurements of Ce and *"Ce were made 
on purified radiocerium samples prepared from some 
combined rain samples (170-440 1.), using a Ge(Li), 
10x4 mm?, detector; the activity values were all cor- 
Fig. 1 shows 


September 11 and October 31. From this figure, the radio- 
activities found in a rain sample on September 21-26 


ated to be about 50 days. 

The French testing ground is about 10,000 km south of 
Japan. If we make the reasonable assumption that the 
French nuclear clouds transferred in the troposphere first 
travelled from the testing ground north-west across the 
equator and that they were then carried across south-east 
Asia in the south-west monsoon, their travelling distance 
would be about 13,000 km. This assumption seems to 
be supported by the fact that the two high “°Ba-activity 
concentrations were found in rain-water samples associated 
with the hits of typhoons Nos. 10 and 13 on Japan in 
late August and early September respectively (Table 1), 
and that typhoons are in general carried to Japan in the 
south-west monsoon. As a result, if can be said that the 
French debris reached Japan from its origin at an average 
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Fig. 1. Cerium-141 : 144 activity ratios in rain sam ples between Septem- 
ber and October 1968. Points © give the MCef4Ce ratio. Broken 
lines show the curves expected from the characteristic decays of the 
two cerium isotopes. The solid line (—@—) is drawn on the ASSUMP- 
tion that the two cerium isotopes with the same fission yield of 6-0 origin- 
ated only from the latest Chinese nuclear test on December 28, 1967. 
Figures in parentheses indicate a sample volume (J) of each combined 
rain sample, 


speed of ~12 km/h. This is comparable with the mean 
speed of those typhoons which visited Japan between 
August and September. The present observations on the 
interhemispheric transfer of radioactivities through the 
troposphere suggest that airberne material can travel 
from the southern to the northern hemispheres at a speed 
of several meters per second between late summer and 
early autumn. 
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TOSHIO SUZUKI 
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University of Niigata, 
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Sodium Distribution in the 
Terrestrial Upper Atmosphere 


OBSERVATIONS! of the twilight glow and dayglow have 
shown that there is a thin layer of free sodium atoms at a 
height of about 90 km. There i; usually a daytime en- 
hancement of the sodium abundance compared with the 
abundance at twilight; the daytime layer seems to be 
at the same height or a few kilometres higher than the 
twilight layer. Furthermore, the scale heights on the 
topside (and on the bottomside) of the daytime layer are 
unexpectedly small, ranging from 2-5 km (ref. 2) through 
3 km (ref. 1) to 4:5 km (ref. 3), whereas the atmospheric 
secale height is about 6 km. 

These observations have led Donahue? and Hunten and 
Wallace! to suggest that the chemical theory alone is not 
adequate. The chemical theory, as developed, for 
example, by Blamont and Donahue’, predicts the sodium 
abundance to be determined by a balance between the 
oxidation reaction 


Na+0,->NaQ +0, (1) 
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and the reduction reaction 
NaO +O-+Na +0, (23) 


Blamont and Donahue’ estimate that the ratio of the 
number densities of Na and NaO is 


n(Na) A(O) ‘ 
AAS OL = § emia 3). 
n(NaQ) z n(O) 


Calculations of the atomic oxygen concentration’ anc 






determinations of the ozone concentration? show that. an 


daytime n(O)/a(O,) is of the order of 10° in the 85-95 ii n 
region. Relation (3) would then predict that n{NaO} is 
negligibly small in this region. 





Several workers!*49 have suggested that release of 
atoms from dust particles or ablation of atoms from small 
meteors provides a thinly layered source of sodium around 
90 km, but Gadsden’ finds that sufficient data do not 
exist to decide between these hypotheses. By solution of 
the steady-state continuity and momentum equations for 
sodium atoms and ions (details of which will be presented 
elsewhere) I have shown that the small, negative scale 
height on the bottomside of the layer is a consequence of 
the dust or meteoric source together with downward 
transport of sodium to the region of oxidation. The 
calculations give a maximum sodium concentration of 
about 3x 104 atoms ecm when the source function has 
a maximum production rate of about 1 atom cm? gè and 
a half-width of 2 km. With no sink for total sodium 
(atoms plus ions) above 90 km and nf{Na*) of order 
10 per cent of n(Na), this sodium production funetion 
requires a downward flux of sodium of about 4 105 


atoms cm-? s-t through the bottom of the layer. The 
flux o(Na) due to eddy transport is® 
I l 
(Na) = Dn(Na)(~ = =) 
ee Sea E (4) 


where D is the eddy diffusion coefficient, H 9 is the atmo- 
spheric scale height and 


me! dn(Na); -1 
= eo Sid apc e : ) 
in(Na) dz | (5) 


where z is altitude. With H,=6 km and taking H as the 
measured! —3 km we find that 


Dn(Na) <= 8 x 10" emt g- (6) 


This value for the product Dn(Na) is reasonable. For 

example, if n(Na) is 104 or 2x 104 em, D is about 8 x 109 

or 4x 10% em? s- These D values are within the range 

deduced from oxygen transport calculations’ and in- 

vestigation of instabilities in internal gravity waves". 
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Measurements Separating the Gaseous 
and Aerosol Components of Laser 
Atmospheric Backscatter 


Tars article describes preliminary results of laser atmo- 
spheric backscatter measurements which use both the 
frequency shifted Raman scatter and unshifted Rayleigh 
components of the returns to separate the returns due to 
gaseous constituents from those due to aerosol constitu- 
ents of the atmosphere. 

Observations of the frequency shifted (Raman com- 
ponent) of laser atmospheric backscatter off the vibrational 
levels of N, have already been reported’. By preferen- 
tially rejecting the backscatter return at 6943 A in the 
vicinity of the Rayleigh line, the return of the Raman 
component from N, due to the band centred at $283 A 
can be monitored quite easily even though the Rayleigh/ 
Raman cross-section ratio is ~500. The intensity of the 
backscatter at 8283 A depends only on the local density 
of nitrogen molecules (except for transmission losses) 
whereas the return at 6943 A contains both the gaseous 
and aerosol backscatter in ambiguous proportion, In 
conditions of poor visibility the ambiguity in the return 
signal ean be relatively small due to the preponderance 
of the aerosol return, but during good visibility the 
ambiguity is large. With essentially simultancous back- 
scatter returns at both 6943 A and 8283 A, a simple sub- 
traction permits the identification of that fraction of the 
6943 A return due to aerosol seatter. 

When monitoring the Raman component at 5283 A, 
rejection of the 6943 A light by a factor of 108 is provided 
by a combination of optical pass band and rejection filters. 
A neutral density filter with a transmission of 3 x 10-4 at 
6943 A is interposed in the optical path of the receiver 
when monitoring the 6943 A backseatter in order to reduce 
the system output to that which occurs when monitoring 
tho Raman signal. Calibration of the receiver system 
showed that the 6943 A returns have to be reduced by 
0-72 for quantitative comparisons with the 8283 A 
returns. 

The results of the combined 6943-8283 A data fall into 
two general categories: (1) no pronounced scatter discon- 
tinuity, shown by the relative smoothness of the 6945 A 
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Fig. 1. Normalized cross-section of aerosol backscatter. 
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returns and substantiated by the 8283 A returns; (2) a 
pronounced scatter discontinuity on the 6943 A return 
accompanied by a complete absence of a similar effect 
on the 8283 A returns. 

One hundred and sixty oscilloscope traces were recorded 
of the roughly three hundred observations. A typical 
category l result is shown in Fig. 1 where the aerosol to 
gaseous backscatter ratio is plotted. Although low back- 
scatter ratios such as in Fig. 1 have been measured 
before, Fig. 1 is none the less surprising in terms of the 
usual aerosol models (the Junge size distribution, for 
example). For a Junge distribution with exponent 
y223°5, the average differential scatter to backscatter 
ratio is about 5:0. Thus even with a 20 km visibility 
parameter, one expects a factor of about 6-0 for the aerosol 
to gas backscatter ratio. A factor of 4-0 is the upper limit 
on the present measurements. A 20 km visibility para- 
meter corresponds to a very clear day for the eastern US 
seaboard and is not at all typical. Hazier weather would 
yield ratios larger than 6-0. These data suggest a larger 
anisotropy corresponding to a significant variation from 
the models. We are reducing the size of the absolute error 
to discover the nature of the discrepancy between the 
measurements and aerosol models. 

The absolute value of the ratio can be in error by no 
more than a factor of about two. This is due primarily 
to the uncertainty in the Raman/Rayleigh cross-section 
ratio. The relative error (shot-to-shot system response) 
is less than 5 per cent, based on the repeatability of the 
N, return. This repeatability implies a relatively high 
accuracy for the vertical gradients in the backscatter 
return. 

Fig. 2—a direct copy of a Polaroid film—gives a typical 
result from the second category of data. The dotted 
curve clearly shows the discontinuity in the 6945 A 
return, while the Raman return (solid curve), taken at 
~ 308 later, shows no evidence of the discontinuity. The 
discontinuity was a return from a somewhat localized 
sermnitransparent cloudlike layer, and by orienting the 
optic axis of the system out of the line of sight of the 
layer, 6943 A returns were obtained in which there was 
no discontinuity. This shows very clearly that the N, 
Raman returns are quite insensitive to the presence of 
aerosols and so provide a useful means of deducing the 
amount of aerosol contribution to the backscattcr in 
Rayleigh returns. On some of the N, returns there was 
an indication of a small discontinuity at the same altitude 
as the pronounced discontinuity on the 6943 A returns, 
but these discontinuities have not been statistically 
validated. 

The altitude range of the system is limited by the 
Raman return to ~ 5-6 km depending on acceptable signal/ 
noise ratios. In the data shown here the transmitter and 
receiver axes were oriented to provide larger signals for 
the altitude range <1 km, which was thought to be more 
interesting. Because of the present method of ‘“normalz- 
ing out” the gaseous backscatter, the error due to assuming 
an exact 1/r? divergence loss is eliminated. 

We also carried out measurements involving the so- 
called on-off line measurements, to check on the spectral 
purity of the Raman return. Filters with centre frequency 
slightly removed from the centre of the Raman band were 
inserted in the receiver and the experimental data com- 
pared with theory. Because the on-off line intensity 
ratios are well established by theory, the experiments 
could verify the presence of spurious components (such as 
light leaks) on the Raman signals. Briefly, the results show 
that leaks of 6943 A light on the 8283 A return, causing 
an undesirable enhancement of the 8283 A signal, range 
from 0-71 per cent to 5-9 per cent. But the leaks can be 
ignored because of the larger error associated with the 
uncertainty in the Raman/Rayleigh cross-section ratio. 

By using ground measurements of pressure and tempera- 
ture plus assumed lapse rates, it might be possible to 
extract from the 6943 A return alone, simply by calcula- 
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tion, that part of the backscatter return due to the gaseous 
component of the atmosphere, and probably with greater 
accuracy because Rayleigh scatter can be calculated 
precisely. This assumes the constancy of the anisotropy 
of the volume aerosol scatter as a function of altitude. 
On the other hand, with both Raman and Rayleigh 
scatter it is seen that both aerosol backscatter and attenua. 
tion coefficients can be measured. 

Irrelevant factors aside, the non-frequency shifted 
return at 0-7 um is 


i 
ath’) = (Ba +Br) exp [— 2 Jao- (h)dh] (1) 


where Ba is the aerosol backscatter coefficient at altitude 
h’, Be is the Rayleigh backscatter coefficient at altitude 
h’ and a ., is the attenuation coefficient at 0-7 um at 
altitude h. Although ßr can be calculated with good aceur- 
acy, additional information is needed to separate 8, and 
Lares 


The frequency shifted return at 0-83 um is 
k K 
b'(h’) = Bram exp [— J dg-2(h)dh] exp [— Í aorss(h)dh] (2a) 


&o sa 18 the attenuation coefficient at 0-83 um at altitude h 
and Brau is the Raman backscatter coefficient ath’. Now 


K Bram =8r 


anc 
Kb'(h’) =b(h’) 
where K is GRAY (8943) S(6943) 


ORAM(g283) S(8283) 


K converts the Raman signal at 8283 A to an equivalent 
Rayleigh signal at 6943 A. The ratio of the ss is the ratio 
of the Rayleigh to Raman cross-sections. The ratio of the 
Ss is the relative receiver system response. Thus 


i’ k 
b(h’) = Br exp [ — l xo: 7(A)dh] exp [ ~ J Xo-salh)dh] (2b) 
Now to within the approximation. Xgsy = Qorga: 
de 


Ta (3) 





+ 







(Note that equation (3) eliminates the need of abso u 
system calibrations.) E 
We now have a measured value of the aerosol | 


scatter ratio from which the calculated values’ of Br 
provide Ba separately. Furthermore, from (2) and let: 3 
b(h') L/h’? =b’(h’), where L is a system constant, 


bh’. h’ 
Inf ~} =—2 f afh)dh 
Br ) l #ğ af 
so that x 
lB d b^ o = a 
(~) ðo (A) = sier We : a : 


26° dh’ Y, 


The difference ao., — Xosa x007 %.. and this is actually - 
less than Rayleigh attenuation for an Elterman model 
atmosphere (unpublished report of L. Elterman). Further- 
more, with the use of Raman rotational scatter the differ- 
ences in attenuation will be completely negligible as the 
wavelength separations will be of the order of 26 A. 

None the less, the present method involving the use of the 

N, vibrational scatter with a wavelength difference of 

the order of 1300 A already reduces the uncertainty due oz 
to transmission losses to a very modest level. Thus for fe 
5 km visibility parameter, whereas the two way transmis: = 
sion losses per km (at ground level) reduce the signal by a ` 
factor of about 5-0, the inexactness in the backscatter 
ratio brought about by ASSUMING Xpy = tpg amounts to 
slightly less than 6 per cent. 

This technique is somewhat limited by system calibra- 
tion accuracies (although the present method only re- 
quires a knowledge of the relative 6943/8283 system a 
response), which is why the users of laser probes are 0 
developing calibration standards. In addition there je. 
an error of 100-200 per cent in the value of the R amany EE 
Rayleigh cross-section. This uncertainty will undoubtedly 
be reduced to about 10 per cent, however. l o ty 

In summary, we have described a technique of normaliza 
ing the data which avoids the problem of an absolute 
calibration, as well as establishing a method to provide 
measurements of both attenuation and backscatter 
anisotropy. 

It is hoped that it will soon be possible to use Raman 
rotational scatter as well as the vibrational-rotational 
scatter. This would provide a backscatter profile inter- 
mediate in intensity between the Rayleigh and the present 
Raman vibrational profile (at least for N, and O,) and in 
addition provide more precise data on attenuation. 

The continuously tuned, high powered dye laser has 
made in situ spectroscopy of the atmosphere constituents 
a practical possibility, and such things as resonant Ray- 
leigh and Raman scattering as well as resonant absorption 
will improve the laser probe data significantly. A modest 
increase of 200-300 in the Raman cross-section would 
allow our method to be used on the 20 km aerosol layer. 
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Airborne Magnetic Data across 
the Tasman Sea 


THis communication describes a search for linear magnetic 
anomalies! in the Tasman Sea which might indicate 
present or previous episodes of seafloor spreading. The 
Tasman Sea lies between eastern Australia and New 
Zealand, and in this study its boundaries are defined as 
20° and 45° S latitude, 145° and 175° E longitude 
(Fig. 1). | 

Principal physiographic features in this region include 
the Tasman Basin, Lord Howe Rise, New Caledonia Basin 
and Norfolk Ridge. Seamounts and guyots trend in a 
north-south direction along the meridian 155° E through 
the 5 km deep Tasman Basin. Starting from the western 
edge of the New Zealand plateau the Lord Howe Rise 
extends north-westerly across the Tasman Sea, as outlined 
by the 2 km contour in Fig. 1. Along its 2,200 km length 
the rise is generally smooth, with a relief of the order of 
1,500-2.500 m. Sharp slopes mark its border with the 
Tasman Basin?. In contrast the Norfolk Ridge, lying 
between the Lord Howe Rise and the North Island of 
New Zealand, has a locally rough surface, with relief 
ranging up to 3,000 m above the New Caledonian Basin’. 
Aecording to the crustal plate theory of Morgan! and 
others, this region should be part of the stable Austrahan 
erustal block. 

Hochstein? and Van der Linden? have presented and 
discussed some magnetic data over the eastern Tasman 
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Fig. 1. Location of aeromagnetic profiles across the 





Tasman Sea. Stippling represents areas less than 2 km deep. 
profiles correspond to the data in Fig. 2. 
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Sea, including the Norfolk Ridge and the south-eastern 
end of the Lord Howe Rise. Their data covered only 
a fraction of the Tasman Sea and therefore were not 
sufficient to test the idea of seafloor spreading in this 
region. 

Officer®, using surface wave dispersion data, found that 
the crust under the Lord Howe Rise was 20 km thick. 
As a result of seismic refraction studies Shor et al? found a 
continental-like crustal structure under the Lord Howe 
Rise. Solomon and Biehler* combined these refraction 
data with gravity measurem:nts and computed & maxi- 
mum mantle depth of 25 km beneath the Lord Howe Rise. 
High heat-flow from the Lord Howe Rise and normal 
heat-flow from the Tasman Basin have been reported by 
Grim’. 

Between 1955 and 1968. the Magnetics Division of the 
US Naval Oceanographic Office, under Project MAGN ET, 
flew a total of eleven east-west magnetic profiles across the 
Tasman Sea, These profiles are spaced less than 200 km 
apart and extend across the entire Tasman Sea, traversing 
perpendicularly the major bathymetric features of this 
Over 18,000 line km of total intensity 


Whenever possible, flights over magnetic observatories 
were conducted in order to calibrate the magnetometer t 
confirm the aireraft’s magnetic compensation. During 


the over-water flights navigational data were obtained 
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Aeromagnetic profile data across the Tasman Sea. The 0 at the left end margin refers to the 


zero reference line as determined from the Internationa! Geomagnetic Reference Field. Small vertical 
bars indicate where these profiles cross the 2 km isobath as defined in Fig. 1. Flight elevation in kilometres 


and the year flights were made are given beside each profile. 


These profiles have been projected along 


parallels, the parallel being indicated at the left-hand end of the profile, 


from electronic aids whenever possible; elsewhere 
celestial navigation and dead reckoning were used. 
From profile intersections, the overall accuracy is con- 
sidered to be approximately 50 gammas; a given profile 
crossing could show a variation of 0 to +100 gammas, 
however. 

Fig. 1 indicates the track locations of the aeromagnetic 
profiles, shown in Fig. 2. These profiles (Fig. 2) represent 
residual magnetic data obtained by removing the Inter- 
national Geomagnetic Reference Field from the total 
intensity data. These data have been presented so as to 
facilitate the search for correlations between adjacent 
profiles. 

Within each profile, symmetry is not obvious and there 
seems to be no convincing correlation of anomalies in the 
north-south direction; that is, between adjacent profiles. 
Because the flight lines were generally at right angles to 
the trend of the Lord Howe Rise and Norfolk Ridge, their 
orientation was the most opportune for detection of a 
linear north-south magnetic pattern over the structures. 
While the lack of correlated north-south anomalies 
cannot be proved conclusively from our data, if such 
correlation does exist it is not apparent. Differences in 


flight elevation have not affected anomaly shapes. The 
lack of anomaly correlation cannot therefore be related 
to the varying flight elevations. For example, lines B and 
C were both flown at 2-4 km and these adjacent profiles 
fail to indicate any correlation. 

The magnetic data do show that the residual field over 
the Tasman Sea is quite irregular with several large 
anomalies. The largest amplitude anomaly (measured 
from peak to trough) is over 1,000 gammas (line F of 
Fig. 2). Most of the anomalies, however, are 400 gammas 
or less. 

The aseismic nature of the Lord Howe Rise and 
Norfolk Ridge”, and the lack of symmetry within the 
profiles or correlation between profiles, argue against 
the idea that these anomalies were produced by an episode 
of seafloor spreading which is still active. But the fact 
that the individually widely spaced magnetic profiles 
resemble magnetic profiles produced by the process of 
seafloor spreading? means that the possibility that these 
magnetic anomalies were produced by an earlier episode 
of seafloor spreading cannot be excluded. This earlier 
period of seafloor spreading could have been complex, 
requiring a closely spaced survey to detect its presence. 
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In addition, subsequent tectonic activity could have 
destroyed the characteristic spreading pattern. 

Alternatively, a case can be made against the idea that 
the proeess of seafloor spreading has ever been operative 
in the Tasman Sea. Historical geological studies of 
this region“ indicate that from the middle Palaeozoic 
through the Mesozoic the Lord Howe Rise and Norfolk 
Ridge were subaerial regions called ‘Tasmantis’’™. 
Because a geosynclinal sedimentary environment existed 
throughout New Zealand and New Caledonia, this land 
mass has been proposed in order to provide a source of the 
geosynclinal sediments'?, The idea that the Lord Howe 
Rise was formerly a positive land area, which has since 
subsided, would account for its nearly continental erust™ ë 
and apparent lack of Vine~Matthews linear magnetic 
anomalies. The high heat flow observed by Grim? could 
have resulted from recent voleanie activity. Seismic 
profiler data? show where outpourings of voleanics have 
oceurred along the Lord Howe Rise. A more detailed 
survey should be conducted to resolve these two contra- 
dictory ideas concerning the source of the anomalous 
magnetic pattern found in the Tasman Sea. 

Members of the Magnetics Division (US Naval Oceano- 
graphic Office) helped to gather the data. Dr P. R. Vogt 
reviewed the manuscript and made several constructive 
criticisms. 

Patrick T. TAYLOR 
James A. BRENNAN 
US Naval Oceanographie Office, 
Washington DC 203900. 
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Cosmology and Quantum 
Electrodynamics 


SEVERAL attempts have been made to develop a quantum 
theory of the Wheeler-Feynman direct interparticle 
action electrodynamics. We have developed an approach 
using an S-matrix perturbation expansion. The import- 
ance of the approach is two-fold. First, it provides a wel- 
come confirmation of the work of Hoyle and Narlikar?~*; 
and second, it possesses the following distinct advantages: 
(i) it uses a formalism which is familiar in the conventional 
treatment of quantum electrodynamics; (ii) particle wave 
functions are second quantized; with some effort the 
theory can be made fully relativistic; (iii) it is completely 
general; a separation allows the influence of the universe 
to be taken into account in an overall way, without dis- 
cussing the specific processes of the system under interest ; 
in this way, the complete equivalence of the conventional 
and new theories is established for all processes and all 
orders of the perturbation; (iv) the simplicity and 
familiarity of many of the expressions provide a ready 
comparison with the conventional theory. The approach 
thus provides a foundation on which an axiomatic formu- 
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lation of direct interparticle action quantum electro- 
dynamics may be constructed that is closely analogous to 
the conventional theory. In particular, the second 
quantization of the source particles allows the definition 
of operators analogous to the photon creation and destruc- 
tion operators, in a way similar to that used by Klein}, 
and later by Heisenberg®* in conventional quantum 
electrodynamics. 

The following is a brief outline of the S-matrix approach. 
The conventional perturbation expansion is modified in 
accordance with a suggestion made by Feynman’. The 
first term in the new expansion is examined. Contmbu- 
tions from all particles in the universe are included 
without reference to any particular model of the absorbing 
system (apart from the usual requirement of complete 


absorption). One immediately recovers a relation 
familiar from the conventional theory. 
£0}A p(x) Ay(@’) 0) =4D-(a—2') Buy (1) 


with suitably defined A’s. Equation (1) leads straight 
away to the usual spontaneous transition rate for atoms 
which has been obtained by Hoyle and Narlikar® using a 
similar theory. 

A second, more intuitive treatment then reproduces 
equation (1) using an explicit model of the absorber 
system. Using this approach, an examination of the 
second term in the perturbation expansion leads quickly 
to the important result 


COPLA p(x) A (210 = —iDe(v — 2") Sy (2) 


P is the Dyson chronological operator. 

The recovery of the Feynman propagator Dp enables 
the construction of Feynman graphs incorporating the 
analogues of internal photon lines. A simple generalization 
using results (1) and (2) allows the complete formal 
recovery of the usual S-matrix expansion and associated 
Feynman graphs, to all orders in the expansion. Equation 
(2) also leads in the usual fashion to the level shift formula 
for atomie energy levels which has been derived by Hoyle 
and Narlikar in their treatment’. Full details of this 
approach will be published shortly. 

P. ©. W. DAVIES 
Department of Physies, 
University College London. 
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Increased Luminance in the Direction 
of Reflex Reflexion—a Recently 
Observed Natural Phenomenon 


Laporatory studies and examination of aerial photo- 
graphs have indicated that increased luminance in the 
direction of the reflex reflexion is a widely recurring 
phenomenon, which should be of interest to workers In 
several disciplines. The term reflex reflexion is used in 
accordance with the definition of the International Com- 
mission of Illumination: reflexion in which the path of 
the returning light lies close to the direction of the incident 
light, whatever the angle of incidence at the reflecting 
surface. 

In 1962, Meacock et al. drew attention to the increased 
luminance of (smoked) magnesium oxide in the direction 
of reflex reflexion, when incident light is normal to the 
surface. A repeat of these experiments, in which the 





NATURE VOL. 224 DECEMBER 13 1969 


C3 
pews 
* © ht 
S Sam | 


To 
PRA 
Ca 


we 

-$a 

Dae 
o 


nee, 
La emerges owning tants ni 
j 
g nn” 
* * ` 


Luininaunece factor 





Degrees 


Luminance indicatrices of mature isobilateral leaves of E, regnans 


Fig. 1. 
(a), E. obligua (b) and E. gontocalyx (e). 


simple photo-multipher was replaced by a Pritchard 
direct viewing photometer, gave similar results and 
showed that a maximum luminance factor oceurs at 0°. 

The study has been extended to include 30°, 45° and 
60° angles of incidence. The luminance factors of magne- 
sium oxide in the general direction of the light source 
were found to be greater in the direction of reflex reflexion, 
including a maximum at 0°; the greatest rate of increase 
in luminance factors is between 2° and 0°, and the per- 
centage increase in the luminance factors between + 4° 
and 0° is greatest when the incident angle is 60° and least 
with normal incidence. The 0° observation angle is pro- 
vided by the line subtended from the centre of the image 
of the fully illuminated magnesium oxide to the centre of 
the viewing aperture of the photometer. 

The same apparatus was used to investigate leaves of 
four eucalypt species, E. goniocalyx, E. obliqua, E. radiata 
and Æ. regnans, at angles of incidence 0°, 45° and 60°. The 
results for single leaves of three of these species are shown 
in Fig. 1 (45° incidence), and similar results were obtained 
for other leaves of each species. Clearly, the luminance 
factors have increased by approximately the same per- 
centage between 4° and 0° viewing angles. For each leaf, 
the luminance factor starts increasing between 3° and 2°, 
then increases rapidly below 1°/1-5° and attains a maximum 
at 0°. The percentage increase in the luminance factors 
between 4° and 0° was greatest at 60° incidence and least 
at normal incidence. From Fig. 1, the arithmetic mean 
percentage increase between 2° and 0° is approximately 
25 per cent, which is much greater than the percentage 
increase in the general direction of the light source at 
wider angles (for example, + 15° to +5°). Similar results 
were obtained for widely differing surfaces, including 
fascicles of pine needles (Pinus radiata) and tufted 
carpet. 

These observations have implications in the fields of 
reflectance spectrophotometry and aerial photo-interpre- 
tation. An instrument having an Ulbricht integrating 
sphere will always have a small but important minor 
component of reflex reflexion back towards the light 
source, which is greater than previously assumed. For 
precise calculations, it therefore seems desirable to take 
this component into consideration. In aerial photo- 
interpretation, the direction of the component of reflex 
reflexion recorded for the leaves of eucalypt species 
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coincides with the central area of the frequently observed 
no-shadow zone on aerial photographs. This overail 
zone has been referred to as the “hot spot”, “no-shadow 
point”, “shadow point”, ‘‘flare-point’’, ‘‘back-scatter’’. 
and Broécken bows. n 
from the solar disk through the camera lens to the gron 
and is recorded on the photograph when the angu 







field of the camera covers a ground area beyond the point = — 


at which the line intersects the ground. 

Although these terms are not entirely synonymous, the | 
recorded zone has been attributed either to no-shadow on. 
the ground or to back-scattering in the atmosphere. The. 


present study, together with an extensive examination ` 
of appropriate aerial photographs, has indicated that asto o = 


least the inner area of the zone, in conditions favouring — 
high quality aerial photography, is primarily caused by — 
increased luminance in the direction of reflex reflexion 
from diffuse surfaces. Thus a more appropriate tern 
would be “reflex reflexion zone”. The zone is absent on 
photographs covering water surfaces, but present over 
various crops, soul, rock types and plant communities in 
the same flight line; and very large-scale photographs 
(for example, 1/3,500) of forest. contained an ner annon 
less area within a larger ; 
shadows. The subtense ae of ‘the paid re a iam 
zone was commonly observed in the range of 125° to 
2-5° over a wide range of photographic scales (173,500 to 
1/80,000).. The phenomenon of increased luminance in 
the direction of reflex reflexion seems to be associated 
with all naturally oceurring diffuse surfaces. 

Further investigations on the lummance of eucalypt 
leaves are being made. I thank Mr B. Cole and Mr A. 
Klein for helpful discussions and Mr Cole for the facilities 
provided. 
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Wet Bulb Equilibrium in a 
Finite Process 


Wet bulb equilibrium between a liquid layer and a stream 
of air is established, in the absence of radiation, when the 
enthalpy of evaporation is entirely provided by heat 
transfer from the air stream. It is therefore possible 
to define an adiabatic surface, called here the /-surface, 
close to the interface and on the liquid side of it. For a 
control space bounded by an element of the l-surface, 
two cross-sectional planes normal to the air flow, ans 
another adiabatic surface which may be the wall of s 
containing duct, the application of the steady flow a 
equation and the liquid and vapour mass balance gives: 

' t 

de 
where h’ is the enthalpy of the humid air in the bulk 
stream per mass of dry air, x is the mass ratio in the bulk 
stream (mass of vapour per mass of dry air) and fy,» 18 
the specific enthalpy of liquid at the l-surface. 

Another surface, the ¢-surface, close to the interface 
but on the air side, is not adiabatic. Application of the 
energy and mass equations to a similar control space 
bounded by the 7-surface gives 


ep(ti—t) 


+ hast (2) 


where ¢ is the temperature of the bulk air stream, f; is 
the temperature at the ¢-surface, x; is the mass ratio at 


It lies along a straight line subtended 
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the i-surface, ky, is the specific enthalpy of vapour at 
. a f a : . > 
the i-surface and cp is the heat capacity at constant 
` F ~ > 
pressure of the mixture per mass of dry air. The dimen- 
sionless group 4 is defined by 
a 


k e (3) 
b ep 


where a is the heat transfer coefficient from the bulk air 
to the i-surface and b is the corresponding mass transfer 
coefficient defined in terms of the potential (7:—~). 

Equation (1) applies only at wet bulb equilibrium. 
Equation (2) does not contain the condition of zero heat 
transfer over the /-surface, however, and is true for any 
temperature of the surface element, ti. It specifies for 
any t; a direction for the change of the air state on & 
psvehrometrie diagram having coordinates A and w. 
Bošnjaković? has shown that the construction given in 
Fig. 1 satisfies equation (2). Any (instantaneous) bulk 
air state is represented by point A (W, x), and the state 
at the i-surface by the point Z on the saturation line. 
Point O is the intersection of æ = constant and the isotherm 
t=t;. Point P on OJ, produced if necessary, is such that 
O1/OP =. Then the straight line joming A to P satisfies 
equation (2). 

Consider first A= 1, usually called the Lewis relation?”. 
Point P then coincides with point J on the saturation 
line, and for any surface temperature & the air state 
moves along the straight line AJ. There is one surface 
temperature, however, twp say, at which equation (1) 
defining wet bulb equilibrium is satisfied. This condition 
is shown in Fig. 2. The line Al wp is both a line of constant 
wet bulb temperature and the path of the air state. 
Hence the air is in wet bulb equilibrium with every 
successive element of an isothermal surface, at temperature 
tap, along which it flows. The air is brought to saturation 
with zero heat transfer across the /[-surface, and this 
temperature therefore coincides with the ‘thermo- 
dynamic wet bulb temperature’, t* say (as defined in 
Resolution 166, IMO Conference of Directors, Washington, 
1947). 
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The condition à= 1 is known to be approximately true 
for air and water vapour mixtures flowing across wet 
bulbs of a few millimetres diameter when the speed 1s 
greater than about 3 m/s. In general the value of à 
depends on the air speed, the size and configuration of the 
surface and on the ratio of the diffusivities for heat and 
vapour transfer of the mixture. When 41, it is not 
possible for the air to be in wet bulb equilibrium with 
suecessive elements of an isothermal liquid surface along 
which it flows. Equation (2) then defines a curve whose 
form can be deduced from the construction of Fig. L 
This is shown in Fig. 3 for the case <1. With any 
fixed surface temperature t, the air state follows a path 
A, A’, A” and so on, always directed at the instantaneous 
position P, Ph, P” and so on. As x increases, P moves 
down the isotherm t; to preserve the constancy of the 
ratio O1/OP =>. It is not now possible to find a value of 
t; at which equation (1) is satisfied at every point of the 
curve Ad. 

At any instantaneous air state B (Fig. 4) it is possible 
to find a unique temperature tws at which, for a given 2, 
equation (1) is satisfied. At all other points along a 
surface at constant temperature tw», equation (1) is not 
satisfied and there is no wet bulb equilibrium. The 
temperature tx» is thus a wet bulb temperature only for 
an infinitesimal change of air state at B. 

A finite process is possible, however, in which the net 
heat transfer across the U-surface is zero. The process CD 
in Fig. 4, between points where the curve is cut by a 
straight line satisfying equation (1), would satisfy the 
condition. The temperature ft,» is then the temperature 
at which a finite liquid surface would be in net wet bulb 
equilibrium with air entering at state C and leaving at 
state D. The air would not be in wet bulb equilibrium 
with every element of the surface, but there would be no 
net heat transfer from the liquid across the [-surface. 
Such a process could be realized physically by arranging 
heat transfer within the liquid parallel to the surface; by 
vigorous stirring, for example. It occurs in industrial 
plant in which liquid is sprayed through an air stream, 
mixed and recirculated. In an adiabatic apparatus of this 
kind, the temperature assumed by the liquid is a wet 
bulb temperature for the finite change of air state from 
C to D of Fig. 4. Unlike that for the infinitesimal process, 
the wet bulb temperature for the finite process is not 
unique for a given entering air state except in the special 
ease of A= I. 

The temperature twp for A 1 is not equal to ¢* for any 
of the states B, C or D. For example, the value of t* for 
state B is given, as shown in Fig. 4, by the condition that 
the straight line satisfying 


dh’ 
dr 





= Pte sB (4) 


must cut the saturation line at temperature i, with 
analogous relations for t and tj. The values of t and tp 
are nob equal, except in the limit when state D lies on the 
saturation curve. They are then equal and also equal to 
the temperature for net web bulb equilibrium in the 
finite process C to D. Thus, when air is brougbt to 
saturation in an apparatus of the type mentioned above, 
the equilibrium temperature attained by the liquid is 
equal to the thermodynamic wet bulb temperature of the 
entering air, irrespective of the value of à. 
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BIOLOGICAL SCIENCES 


Transcription of the Bacteriophage T4 
Template: Strand Selection by E. coli 
RNA Polymerase in vitro 


THE prereplicative viral messenger RNA that is made in 
bacteriophage T4 infected E. coli during the first 5 min of 
infection (at 30° C) hybridizes almost exclusively with the 
l strand of its DNA!*. This strand selection results 
solely from the interaction of the bacterial RNA syn- 
thesizing machinery and the infecting phage DNA; at 
least it does not require any protein programmed by the 
virus, for it takes place even when the infection is carried 
out in the presence of chloramphenicol. At later times of 
the normal viral development, several new RNA species, 
some of which are transeribed off the viral r strand, 
appear (refs. 1, 2 and results of A. G. W. Salser, Bolle, W. 
Epstein, Pulitzer, E. P. G. and W. S., to be published). 
In this communication we report that the in vitro tran- 
scription of the mature T4 viral DNA template by 
purified Æ. coli RNA polymerase is restricted almost 
absolutely to the J strand of the DNA. 

For the experiments reported here, RNA was synthe- 
sized for varying periods of time, with limiting quantities 
of enzyme (legend of Table 1). In some of the experi- 
ments, rifampicin has been used to limit initiation to a 
brief mterval (1 or 2 min). In all circumstances, the 
synthesized RNA hybridizes exclusively or almost 
exclusively with the / strand of the DNA (Table 1). 
Rifampicin added 1 min after the start of synthesis (Table 
1, columns 6 and 7) permits further increase in UTP 
incorporation by a factor of 8-6 between the second and 
sixtieth minute of synthesis and some RNA chains 
elongate more than ten-fold durmg this time (data not 
shown; O. G. and E. P. G., to be published). Clearly 
there is no reversal of polarity of transcription during this 
time, no switch of RNA polymerase from one template 
strand to its complement during synthesis (Table 1). 

The almost complete selection of only one DNA strand 
for in vitro transcription results solely from the specific 
interactions of the host polymerase and mature viral 
DNA in the reaction medium. The T4 r strand tran- 
scription, which is particularly important late in infection 
and depends on protein synthesis in the infected cell, is 
practically non-existent during in vitro RNA synthesis 
with host RNA polymerase. 

It seems plausible to believe that the selection processes 
of the template strand in vitro and during early transcrip- 
tion in vivo rely on the same mechanisms and specificities of 
interaction, In this connexion, it has been suggested 
that pyrimidine-rich clusters may act as binding and/or 
initiation sites of transcription®-*. The particular relation- 
ship of T4 in vitro transcription to the DNA pyrimidine 
cluster distribution sheds further light on this question. 
In T4 DNA nucleotide clusters rich in T and C can be 
identified in the DNA / strand, on the basis of poly U and 
poly (U,G) binding, but only T-rich nucleotide clusters 
can be found in the r strand!. It is known that T4 RNA 
chains are initiated with A and G in vitro®7, This initiation 
with both purine nucleotides applied not only to in vitro 
transcription off both helical DNA strands that was 
presumably not perfectly selective and not completely 
asymmetric (U. Maitra and A. G., as cited in ref. 5)’; 
it also applies in the conditions of the experiments re- 
ported here (O. G. and E. P. G., to be published). The 
correlation of relative A and G initiation and T and C 
cluster frequency in DNA has been noted and postulated 
to involve A initiation at or near T-rich sequences and G 
initiation at or near C-rich sequences®. 

The results reported here for T4 transcription in vitro 
suggest the following possibilities: (a) the pyrimidine 
sequences determine enzyme binding and initiation; the 
host enzyme only binds to dC-rich-dG-rich clusters; this 
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Table 1. F4 RNA SYNTHESIS AND STRAND SELECTION 









Period Restricted initiation 
of RNA Continuous Rifampicin added tifampicin added 
synthesis initiation at 2 min af | min 
(min) Hybrid- Hybrid- Hy brid- 
CFP ization CTP ization ELT ization 
(pmioles/ ratio (pmaoles/ ratio (pineles/ ratio 
mil, je r:i* mija piir mL pidt 
2 1.850 Os: 90-2 
3 2.723 0-3: 96-7 
9 4,074 OB: 908 
10 6,040 0-7: 993 3,120 15:9885 TA72 G2: OO 
60 24,280 1:5:98-5 7,000 OF : 903 14,708 Go: TRI 
The reaction mixture for RNA synthesis contained (per mij: ‘Tris-FRCL 
(pH 7-5), 100 moles; three unlabelled ribonucleoside triphosphates, i pn 


each. and (a) a-*P-CTP, 0-35 umoles, or (b) SH-UTP, 0-1 smole; T4 DNA, 
50 ug) and 0 units Æ. coli B RNA polymerase (assayed at calf thymus DSA 


excess) prepared according to the method of Chamberlin and Berg (19625 
with minor modifications suggested by P. Berg (personal communication). 
Different enzyme preparations were used for (a) and (H). The reaction was 
stopped with sodium dodecyl sulphate (final concentration 1 per cent) and 
EDTA (final concentration 0-01 M) The reactions were carried out at 30° C 
for th: times indicated. RNA was extracted 3 or 4 times from G4 M sodium 
acetate (pH 5-2) with phenol at 60°-65° C, dialysed against |} M Natl, 0-01 M 
Tris-HCI (pH 7-5) and then extensively against OOL M Tris-~HC1 ( RH TAR 
Hybridization in 0-4 mi. 0-3 M Nat€l-0-08 M sodium citrate (2 x SSC} for 
6 hat 60° C was with 2-5 ug/ml. of separated DNA strands! (DNA in excess 
over labelled RNA). Hybrids were filtered through nitrocellulose filters 
(Schleicher and Schuell B6 24 mm diameter), washed with 2 x SSC, digested 
with 2 ml. of a solution containing 20 #gimi. pancreatic ribonucicase and 
10 units/ml. TI ribonuclease for 30 min at 37° C. The filters were washed 
again with 2 x SSC, dried, and connted in a liquid scintillation spectrometer 
with PPO-POPOP-toluene scintillation fluid. 

* in these hybridization assays, the ratio of radioactivity bound to f 
strand to total input trichloroacetic acid precipitable radioactivity ia 0-17~ 
33, 

+ In these assays, the ratio of radioactivity bound to [ strand to total 
input trichloroacetic acid precipitable radioactivity is 0-60 or greater. 


establishes strand selection whereas RNA chain initiation 
at these sites may start with A or with G; (b) the dPu-dPy 
sequences are only one part of the binding site: they 
supply only a fraction of the affinity of a binding site for 
enzyme. The discriminative part of binding and also of 
initiation is determined by the interaction of as yet 
unrecognized nucleotide sequences with RNA poly- 
merase®?; (c) the bacterial RNA polymerase ignores 
these dPu'dPy sequences for binding-initiation, 
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Helicoidal Structure of Paramyosin 


THE contractile apparatus of unstriated museles in 
certain molluses has thick filaments whose diameter may 
be as great as 1600 A and whose lengths may be many 
microns. These very large filaments contain the protein 
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paramyosin'. When stained positively or negatively in 
certain conditions, the filament surface shows a two- 
dimensional net pattern’. A similar arrangement may 
be deduced from small-angle X-ray diffraction of whole 
paramyosin-containing muscles‘, The pattern can be 
indexed on two indices: it is therefore difficult to decide 
whether the paramyosin structure is composed of planar 
nets or of helical elements. This problem has been 
discussed in detail by G. F. Elliott®.* who, like Bear and 
Selby‘, favoured a planar net arrangement. Here we 
summarize evidence which points to a helicoidal struc- 
ture. 

Very suggestive information comes from electron 
microscopy. Fig. 1 shows a paramyosin filament which 
unfolds into a much wider thin ribbon. We infer that the 
filament is composed of material rolled up in thin layers. 
Fig. 3a shows the characteristic geometry of the para- 
myosin net as revealed by shadowing. Here the “‘seale- 
like” nature of the surface can also be seen. The “hand” 
of the net pattern is not the same on all filaments and this 
means that pseudo mirror image forms exist. 

We find that the filaments often have many bends (in 
some of which folding has occurred so that different 
aspects of the filament are seen on either side of the 
bend) and that the “hand” is preserved even after many 
bends in the same filament (Fig. 2). Hence the surface 
resembles a multi-stranded rope whose appearance is 
unchanged when it is rotated. These observations refer to 
filaments which, in our shadowed preparation, are about 
1000 A wide and usually flattened to the extent of being 
only approximately 250 A high. 

The above findings and our X-ray diffraction studies 
(to be published) strongly support a helicoidal arrange- 
ment in the structure of paramyosin. Detailed results 
will be published elsewhere, together with arguments as to 
why we believe the planar net structure to be wrong. 
We now wish to describe briefly our helicoidal model and 
summarize the main evidence for it. 





Fig. 1. Electron micrograph of a negatively stained and partly un- 

folded paramyosin-containing filament from the posterior adductor 

muscle of Mytilus edulis, The err we white bars in the intact filament 
are 144A apart. 
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Fig. 2. Electron micrograph of platinum-shadowed gorsun fila- 

ments prepared from the posterior adductor of Mytilus edulis. The 

diagonal markings in the metal-covered (dark) parts retain the same 
direction with respect to the filament after several bends, 


We suggest that the net is generated in a planar layer 
by assembling parallel paramyosin molecules (about 
1300 Å long) so that they are periodically displaced along 
the molecular axis. (This possibility is also referred to by 
Kendrick-Jones et al.?.) Addition of molecules in such a 
manner produces a structure unlimited in the layer plane 
but of limited extent in the direction normal to the 
plane. Such a structure, possessing many polar side 
chains, would not be stable and would be expected to roll 
up around the direction of the molecular axis. The energy 
difference between clockwise and anti-clockwise arrange- 
ments might be small, and both forms (apparently 
enantiomorphs) might exist in appreciable numbers. 
The resulting three-dimensional structure would be 
helicoidal in nature, but the appreciable thickness of the 
originally planar layer would result in distortion, for the 
outer parts must extend more than the inner parts when 
a layer is bent. It follows that the periodic spacing 
normal to the filament axis (the a spacing of the Bear and 
Selby net, ref. 4) would depend on the amount of distortion. 
This spacing should therefore be greater on the outer 
surface of a thin filament than on that of a thick filament, 
a relationship we have demonstrated by electron micro- 
scopy. 

Another point we wish to note is that in the end-on 
view of our model there is no intermolecular period greater 
than about 20 A. This is demanded by a feature of 
the X-ray diffraction patterns, namely an absence of 
equatorial reflexions of spacing more than 20 A. 

On the basis of these several considerations we have 
constructed a model made of thin laminae each represent- 
ing eight side-by-side molecules. The resulting ‘‘scale- 
like” pattern bears a very close resemblance to the 
surface appearance seen on negatively stained paramyosin 
filaments (see Fig. 3). The a spacing of the Bear—Selby 
net (ref. 4) measured from X-ray diffraction patterns 
given by dried adductor muscles of Venus mercenaria, 
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a, Electron micrograph of a platinum-shadowed param yosin 


Fig. 3. 
filament from Mytilus edulis adductor muscle showing a two-dimensional 


pattern. b, A rubbing from a flat model for the paramyvosin structure. 
The dark areas represent depressions, e, Electron micrograph of a 
negatively stained paramyosin filament, Note that here the stain is dark. 


Crassostrea angulata and Mytilus edulis is 250 (ref. 4), 340 
(ref, 5) and about 440 A (this work), respectively. These 
figures are very nearly in the ratio 3: 4:5, which suggests 
that the number of molecules in the laminae referred to 
above should be 6, 8 and 10 respectively for the examples 
cited. 

It is now known that the two-dimensional paramyosin 
net pattern seen in electron micrographs appears only 
after extraction of myosin (J. Kendrick-Jones, Carolyn 
Cohen, A. G. Szent-Györgyi, private communication), 
We do not propose to discuss this, for we are here con- 
cerned only with the geometry of the underlying para- 
myosin structure. 
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Carotenoid Bilayer Lipid Membrane 
Model for the Visual Receptor 


INTEREST in black or bilayer membranes (BLM) of about 
bimolecular thickness separating two aqueous solutions 
has grown rapidly since the methods for their formation 
were discovered':*. Their attractiveness as a model 
system lies in the dimensional, electrical. permeability 
and “excitability” characteristics which they possess 
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and which correspond to those of biological membranes. 
BLM have been used as models for the plasma membrane, 
for nerve membrane and, more recently, for the mito- 
chondrial membrane*; and in a modified BLM system 
the active transport of ions seems to have been demon- 
strated’, Other interesting findings have been light- 
induced phenomena in reconstituted chloroplast BLM®. 
We now report a type of black lipid membranes containing 
carotenoid pigments (“carotenoid BLM”) which exhibit 
photoelectric responses not unlike those found in verte- 
brate retina‘. 

The solutions used in the formation of the carotenoid 
BLM contained various carotenoids, lecithin and oxidized 
cholesterol dissolved in liquid alkanes (C, and C,.). All 
carotenoid BLM studied were formed in 0-1 M KCI. 
Results of preliminary experiments are summarized in 
Table 1. The dark d.c. resistance of the membrane is 
ohmic, in the range 10° to 107 Q em-*—about 2-3 orders 
of magnitude lower than that of carotenoid-free BLM. 
The average dielectric breakdown voltage of the caroten- 
oid BLM is about 150 mV. Fig. 1 presents the results 
obtained for an all-trans retinal BLM. The photovoltaic 
action spectrum of the membrane is shown in Fig. 2. 


Table 1, ELECTRICAL PROPERTIES OF i A\ROTENOID BLM 
D.e, Capaci- Photo 
Carotenoid resistance tance e.1n.f, 
(4 em x 10%) (uF/em"*) (mV) 
All-trana-retinal 1-5 0-65 1+ 
9-cia-Retinal 5 - t8 
All-trans-retinol 4 -- 0-5 
-Carotene 7-40 0:5 0 
B-Carotene + 9-cis-retinal 5 0-6 1-2 
8-Carotene + all-trans-retinal 1-2 0-8-1-0 0-0-58 
-Carotene + all-trans-retinal + 9- 
cig retinal 3-5 — 0:5-2] 
#-Carotene + all-trans-retinal + 9- 
cis-retinal + all-trans-retinol l — 0-8 


We have found that by contrast to its magnitude, the 
sign of the photo e.m.f. of the BLM containing all-trans 
retinal and $-carotene was independent of the polarity 
of the applied potential. The ratio of i+/i— became 
larger with increasing field strength. This observation 
suggests that most charge carriers were holes. At high 
field strength (about 2-5 x 10° V/em) the sign of the photo 
e.m.f. can be reversed, Indeed, the photo-responses of 
these carotenoid BLM were found to be complex when 
the experimental conditions were altered. For example, 
the various modes of responses which have been observed 
in our experiments are illustrated in Fig. 3. Depending 
on the carotenoid pigments used in the BLM and external 
factors (for example, pH and applied potential), the 


60 mV (MEMSRANE) 





Fig. 1. D.c, dark and photoconductivity in a carotenoid BLM. 
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voltage/time curves can vary from a simple monophasic 
response to typical biphasic modes, as was observed first 
in the chloroplast BLM (refs. 5 and 7). 

Not only is the hydrophobic environment of pigment 
molecules of importance for the generation of photovoltaic 
effect and photoconductivity, but also the molecular 
arrangement within the lamellar structure of the black 
membrane. A particularly interesting observation 1s 
that $-carotene alone did not induce photo voltaic effect 
The 


structure at the membrane/solution interface. 
and retinol, unlike §-carotene, have hydrophilic groups 
and can penetrate into hydrophilic layers®-!° to fix their 
molecular orientation in the lamellar structure and to 
interact with water layer at the biface. 

The observed light induced changes may be explained 
in terms of the photovoltaic effect and photoconductivity 
of the pigments. Besides the direct involvement of 
eleetrons and holes in the conduction of the BLM, the 
cis-trans conformation changes induced by the absorption 
of photons may momentarily affect the resistance of the 
membrane, and result in an inerease of the conductivity 
coupled with redox systems!?,%, Electron microscopy 
as revealed that the outer segments of rods and cones 
are highly organized"; the structure of the outer segment 
membranes is believed to be similar to that of the unit 
membrane!®16, The present BLM system, incorporating 
retinals, is an ideal system for investigating not only the 
initial energy transduction mechanism from photons to 
electrons and holes, but also the triggering mechanism for 
ionic permeability across the BLM. Further experiments 
will, we hope, enlarge our understanding of the mechanism 
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Vig. 2. Photovoltaie action speetrum of an all-traus retinal BLM. 
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Fig, 3. 
The upward arrow indicates when the light came on; 
arrow when it was switched off. 


Curves of kinetics of photo e.m.f. observed in carotenoid BLM. 
the downward 


of excitation and energy transduction. The results may 
be useful in analysing the electroretinogram?. 
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Circular Dichroism of Long 
Wavelength Forms of Chlorophyll a 


Tue properties of chlorophyll ¢ (Chl) in a highly condensed 
state are relevant to an understanding of photosyn thesis. 
T here describe circular dichroism (CD) measurements of 
various Chi aggregates in vitro. Details of the preparation 
of Chi have been reported’. 


aoa ~ ee 
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The interaction of Chl with dioxane in Nu jol films, 
Nujol suspensions or hexane suspensions produces aggre- 
gates with visible absorption maxima at 674 nm, 683-684 
nm, 689 nm and 696-700 nm. When the 696-700 nm 
form is present, intense rotatory strength is observed with 
band splitting, 


When a small amount of a dilute dioxane solution of 


Chi is diluted with a large volume of water a colloidal form 
of Chl develops. Krasnovsky and Brin? reported a Chl- 
dioxane complex absorbing at 690 nm, and Love and 
Bannister? reported a form absorbing at 685 nm produced 
by this method. Sherman and Fujimori‘ have reported 
similar results obtained by exposure of a thin film of Chl in 
‘Nujol’ to dioxane vapours. This dioxane—water colloidal 
suspension has an absorption peak at 689 nm and exhibits 
CD with a positive band at 689 nm and a negative band 
at 674 nm. Signals were not detected for a dioxane solution 
of Chl at the highest sensitivity of the instrument. It has 
been reported that monomeric chlorophyll has very weak 
rotatory strength®:7. 

If a more concentrated film—or a suspension of Chl in 
‘Nujol’ or hexane—is exposed to dioxane, a longer wave- 
length form of Chl absorbing between 696-700 nm appears. 
The form of this peak has varied in different preparations 
from a slight shoulder to a very sharp peak of greater 
intensity than the 688-689 nm peak. When this new 
long wavelength peak develops, the 688 nm peak may not 
change; in some cases resolution develops with a third 
peak at 683-684 nm. When the 696-700 nm peak is 
present a characteristic double CD spectrum that reverses 
sign close to the centre of both the Soret and shorter 
wavelength red absorption band is observed (Figs. 1 and 
2). The CD spectra are enhanced about ten-fold compared 
with that of the dioxane-water colloid, with a strong 
negative band at wavelengths 3-4 nm shorter than the 
696-700 nm absorption peak and a strong positive band 
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A, Absorption of Chl—dioxane aggregate suspended in hexane 
{1 mm pathlength), =; 2... 

used for CD; --—-~, dioxane solution of Chl 
B, CD (0-1 mm pathlength); ~=, sensitivity increased five-fold, 


, Same sample (0-1 mm pathlength) 
(10 mm pathlength). 
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Fig. 2. A, Absorption of Chi-dioxane aggregate in a Naja’ film: 
B, CD of same film, thickness reduced to half the absorbance shown 


in A. 
at wavelengths 1-7 nm shorter than the 683-689 nm 


absorption peak. In the blue region the CD band is much 
less intense and shows zero-crossing close to the centre of 
the main Soret band. The symmetry and sign of the red 
and blue CD bands are always in agreement. Optical 
rotatory dispersion measurements have also been made 
and the spectra are completely consistent with the CD. 
In most spectra, except in cases of intense dichroisrn 
(Fig. 2B), the positive 689 nm band that is observed for 
the dioxane—water colloid can also be seen. The presence 
of the broad negative 674 nm band varies: im most 
suspensions it can be seen (Fig. 1B) but in some films it is 
totally absent or weak (Fig. 2B). A short wavelength 
shoulder at 666-670 nm sometimes seen in the absorption 
spectrum (which can arise from some Chi in solution or 
from the aggregated 672 nm form) does not seem to be 
related to the 674 nm CD band. The nature of this 674 nm 
CD band is not clear but it does seem to be related to the 
dioxane forms. 

In either a ‘Nujol’ or hexane suspension the negative 
693 nm CD band is always less intense than the positive 
682 nm band, and in a film this 693 nm band is always 
more intense, irrespective of the ratio of the 689 nm to 
696 nm absorption peaks. The CD spectra are most 
intense when the 696 nm absorption peak is small and the 
CD intensity decreases as the 696 nm absorption peak 
increases. If no shoulder is present at all at 696 nm, how- 
ever, no double CD bands are observed. 

Monomeric Chl in solution thus has extremely weak 
rotatory strength. Chl dimers which absorb at 667 nm 
in carbon tetrachloride! exhibit more intense dichroism 
with unsymmetrical double CD bands both at the red and 
blue band indicating some degenerate interaction in the 
dimer. Dry solid Chl suspended in ‘Nujol’, which absorbs 
at 672 nm, is an oligomer held together by magnesium—C9 
carbonyl interaction with partially overlapping, non- 
parallel porphyrin rings’. A rather weak positive CD 
band (about 0-01 the intensity observed for the 696 nm 
form) is observed at 675 nm for dry Chi suspended in 
‘Nujol’. A dilute, water-dioxane colloidal suspension of 
Chi absorbs at 689 nm and produces a positive CD band 
at 689 nm and a negative band at 674 nm which does not 
manifest splitting. In more concentrated suspensions an 
aggregate is formed in the presence of dioxane with a peak 
at 696-700 nm; this shows more intense dichroism with 
double CD bands which are quite symmetrical in some 
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cases, indicating exciton splitting. Such behaviour de- 
mands some oblique arrangement of the porphyrin rings*. 
Analysis of the CD band and absorption spectra indicates 
that the 696-700 nm trarisition is not itself optically 
active, although splitting of the 688 nm band is dependent 
on an arrangement indicated by the 700 nm transition. 
No carbonyl interaction is observed by infrared for the 
dioxane forms. The 740-745 nm forms of Chl are Chl- 
water aggregates with parallel overlap of the porphyrin 
rings? involving both magnesium and C9-carbonyl inter- 
actions with water. This form shows weak splitting by 
CD measurements’, 

Tt is interesting that the forms produced by dioxane 
interaction with Chl, 674 nm, 682-683 nm and 696-700 
nm, appear in vivo and that the presence of a weak 696- 
700 nm absorption band produces very strong dichroism, 
This observation may be relevant to the exciton theory for 
energy transfer in photosynthesis'*-™. Similar CD patterns 
have been observed for the chloroplast’. 

Dioxane may not be a unique requirement for producing 
these forms. Any interference with the C9-earbonyl— 
magnesium interactions, which are involved in the 672-675 
nm and 740-745 nm forms of Chl, may allow the 683-700 
nm forms to develop. There are many possibilities for 
this kind of directing influence on Chl arrangements in 
vivo. 

This work was supported by a grant from the National 
Institutes of Health, US Public Health Service. 
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Kidney Allograft Survival in the Dog 
predicted by Mixed Leucocyte 
Culture Tests 


Tur dog has been used more for kidney transplants than 
any other animal, but although white cell typing? and 
matching? tests have been developed in an attempt to 
predict histocompatibility in man, such tests have re- 
ceived little attention with respect to the dog. It is very 
important, however, to define the genetics of transplanta- 
tion in an outbred animal such as the dog, because this 
will provide an experimental animal which is suitable for 
surgery and yet more comparable in genetic diversity 
with man than the inbred mouse. 

The original mixed leucocyte culture test? measures the 
combined response of leucocytes of each of two test sub- 
jects to the stimulus provided by the other's cells. The 
test has been improved to make possible assay of one-way 
stimulation by treating the stimulating population of cells 
with mitomycin C which prevents the treated cells from 
responding but does not affect. their ability to stimulate’. 
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We have adapted this test for use in the dog. In man and 
the dog the observed response is presumed to be related 
to the ability of one population of cells to recognize an 
immunogenetic difference in the second population of cells. 

Litter mates from large pregnant mongrel bitches were 
weaned, de-wormed and immunized agaist distemper. 
When they weighed 10-15 kg, between one and four 
mixed leucocyte culture tests were performed on an entire 
litter. Litter mates that were non-reactive in all tests 
were paired and dogs that were most reactive within the 
litter were also paired. The dogs then underwent a uni- 
lateral nephrectomy together with splenectomy in pre- 
paration for the kidney transplant. Approximately 1 
month later, each of a pair of litter mates were anaesthet- 
ized simultaneously and their remaining kidneys were 
exchanged. The transplanted kidney was the only kidney 
in each of the dogs. After transplantation was completed, 
the dogs received 4 mg/kg of azathioprine for 4 days and 
then 3 mg/kg, unless leucopenia intervened, in which case 
dogs with white blood counts between 5,000 anc 10,000/ 
mm received 1 mg/kg and those with counts less than 5,000 
received no azathioprine. Prednisone was acrninistered 
in doses of 1 mg/kg for the first 4 days after transplanta- 
tion, and then 0-75 mg/kg for 4 days, and then 0:5 mg/kg 
Local X-ray therapy delivered 


we have just outlined. 


Table 1. HISTORY OF RECIPIENTS 
Mixed leucocyte culture non-reactive donors 


Litter Creatinine (ng per cent) 
No./ Days since At After Clinical 
dog transplant Rejection rejec- rejection At time condition 
NO, tion therapy of writing 
275 160 No — a 120 Excellent 
13 150 Yes, after Boo 11d 1-35 Excellent 
25 days 
11 150 No ~ oe j-i4 ~— 
3/2 120 Yes, after 2-75 2-01 1-99 Excellent 
21 days 
3! 120 No — = 1-02 Excellent 
4/2 97 No _ a 1:00 Excellent 
6/4 94 Yes, after 3-64 4:15 2.38 Excellent 
54 days 
Mixed leucocyte culture reactive donors 
3/3 134 NO —_ — LA Excellent 
3/1 Dead after Yes, after 3°13 2-08 9-05 at -= 
78 days 15 days death 
5/1 Dead after Yes, after 4-86 13-5 13-5 at — 
43 days 40 days death 
6/6 Dead after Yes after 484 12-7 12-7 at a 
48 days 40 days death 
5/6 Dead after Yes, affer 4 £9 3-10 6-3 at a 
49 days 16 days death 
5/5 Dead after Creatinine 2-7 3:54 8-42 at mee 
35 days 2-79 death 
fourth 


PO, Postoperative. 


day PO 


Table 1 summarizes the history of the recipients. All 
seven of the mixed leucocyte culture non-reactive animals 
were alive and healthy at the time this report was started 


(one has since been lost by 


a percutaneous kidney biopsy). 
ever, occurred in three of the seven (increased serum 
creatinine), but all of these episodes were easily reversed 
with steroids and the dogs at no time acted or appeared 


ill. Five of the six dogs judged to be 
leucocyte culture tests 
function had ceased. 


creatinine at the time of death. 


arterial trauma at the time of 


Signs of rejection, how- 


were killed 48 


reactive in mixed 
h after all renal 
They all had increasing serum 
All had patent vessels and 


NATURE VOL. 224 DECEMBER 13 1969 


ureteral anastomoses at post mortem, with a swollen 
kidney typical of rejection. Two of the five responded to 
steroids during the first stage of the rejection crisis, but 
the response was short lived. One of the reactive group is 
still alive; it is interesting that this dog was non-reactive 
with its donor in one mixed leucocyte culture test and 
reactive in the second test. A preliminary review of his 
biopsies reveals a kidney heavily damaged by a rejection 
process. But creatinine is still being excreted normally. 

These results leave little doubt that the reaction 
measured in the mixed leucocyte culture test is a useful 
measure of histocompatibility in the mongrel dog. 

We thank Mrs Dorothy McCarty and Miss Nancy 
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for creatine determination and Dr Oliver Smithies for 
reviewing the manuscript and for helpful suggestions. 
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Capacitation of Hamster Spermatozoa 
by Bovine Follicular Fluid 


Tue factors responsible for mammalian sperm capacita- 
tion’? are not known. Experiments have suggested that, 
at least in the golden hamster, the active secretions come 
not from the oviduct or uterus? but from the follicular 
fluid released into the genital tract at ovulation‘, 

We report here the capacitation of some sperm by 
incubation in tissue culture medium alone and a marked 
increase in the proportion of sperm capacitated when they 
were incubated in heated bovine follicular fluid devoid 
of cellular contents. The proportion of sperm capacitated 
does not seem to be necessarily a function of acrosome loss. 

The ability of bovine follicular fluid to capacitate ham- 
ster sperm was assessed on the basis of previous experi- 
ments, which showed that about 6 h are required for 
epididymal sperm to fertilize ovulated eggs in the presence 
of cumulus cells and oviduct secretions. When sperm are 
pretreated with these contents, however, fertilization will 
occur in 3-4 h (our unpublished results). The criterion 
for fertilization is finding two or more pronuclei, one or 
more sperm tails in the vitellus and two polar bodies when 
the eggs are examined under a phase contrast muecroscope. 

Sperm suspensions were prepared by placing a pair of 
turgid epididymides in an embryological watch glass, 
making several cuts in the cauda of each and then adding 
2 ml. of medium 199 (ref. 5), containing 3 mg sodium 
bicarbonate per ml. and supplemented with sodium 
pyruvate (30 ug/ml.) and crystalline bovine plasma 
albumin (3 mg/ml.). This medium was designated 199M. 
Sperm were extracted from the epididymides by lifting 
them up and down in the medium several times with 
forceps. Final dispersion of the sperm was achieved by 
gentle pipetting. The concentration of motile sperm was 
determined by haemocytometer count. Our procedure 
usually yielded suspensions containing 500-600 million 
sperm per ml., 5-6 per cent of which were motile. These 
were diluted in 199M to 1-5 million motile sperm per mi. 


. EE 
and a series of 20 ul. drops were placed in smali plastic 
Petri dishes (6 cm in diameter) under mineral oil, previ- 
ously equilibrated with the. same medium. An equal 
volume of the solutions to be tested for capacitating 
activity was then added. After 6 h at 37° C in a water- 


saturated atmosphere of 5 per cent CO, in air the eg ok 







were added. These were obtained by intraperite 
injection of golden hamsters (5-7 weeks old) with I 
(25 rU Ayerst, ‘A.P.L.’) followed 52 h later by a sir 
injection of HCG (20 iy Ayerst, ‘A.P.L.’). Twenty 
after this second injection, the animals were killec a 
individual oviducts were placed next to the drops of pre- 
treated sperm. A cut was then made in the oviduct to 
allow the eggs, enveloped in cumulus, to escape. The egg 
mass was then picked up by jeweller’s forceps and trans- 
ferred to the drop of sperm. 

After 4 h in water-saturated 5 per cent CO, in air the 
eggs were transferred by micropipette to glass slides, a 
coverglass with paraffin-treated edges was placed over 
them and examinations were made (under a phase-contrast 
microscope at a magnification of x 600) for the presence of 
two or more pronuclei, a sperm tail in the vitellus and two 
polar bodies. 

Table 1. CAPACITATION* OF EPIDIDYMAL SPERM BY VARIOUS 6 H PRETREAT- 
Percentage of 
motile sperm 

lacking acresomes + 


Proportion of 


Sperm pretreatment 
(per cent) 


None G O/114 (03 
199M . 2 2/90 (3) 
Oviduct fluid (20 h after HOG) 90 1/89 173 
Same + eggs in cumulus 73 14/86 {21} 
Hamster follicular fluid in 199M (1:1) 65 12/58 (21) 
Heated bovine follicular fluid (Lot A) v0 6/1 (12) 
Same (Lot B) 93 15/94 (16) 


* As measured by ability of sperm to fertilize eggs within 4 h, 
t Based on examination of 100 sperms, 


Table 1 shows that all the motile sperm collected directly 
from the epididymis possessed acrosomes and failed to fer- 
tilize ova within the 4-h incubation period. Incubation for 
6 h in medium 199 caused only a few sperm to lose their 
acrosomes and only a small proportion of eggs were 
fertilized by the resulting sperm population. Hamster 
follicular fluid (9-10 h post HCG), however, markedly 
increased both the proportion of sperm losing their acro- 
somes and the percentage of eggs fertilized. In both 
respects hamster follicular fluid was as effective as oviduct 
fluid, with or without eggs in cumulus. Bovine follicular 
fluid, pooled from several ovaries collected at the abattoir 
and from follicles ranging in diameter from 2 to 20 mm, 
consistently arrested sperm motility within a few minutes. 
But when this toxicity was removed by heating in a water- 
bath for 1 h at 60° C its acrosome removing and capacitat- 
ing effects were comparable with those of the hamster 
preparations (unpublished results of R. B. L. G., with 
R. E. Harman). 

The effect of diluting the bovine follicular finid on both 
acrosome removal and capacitation is shown in Table 2. 
Acrosome loss declined with increasing dilution, but there 
was no comparable decline in the capacitating activity 
of the sperm population as judged by the proportion of 
eggs which was fertilized. 

Table 2. TITRATION OF THE ACROSOME REMOVING AND CAPACERATING ACTIVITY 
OF HEATED BOVINE FOLLICULAR FLULD 


Percentage of 
motile sperm 
lacking acrosomes* 


Proportion of 
egas fertilized 
(per cent} 


Sperm pretreatment (6 h) 


ret bovine follicular fluid in 199M 

{1/2 

Same (1/8) 13 

Same (1/16) 1 
* Based on examination of 100 sperms. 


” 6/20 (30) 
W22 (41) 


These experiments demonstrate that detoxified bovine 
follicular fluid has the same capacitating effect as hamster 
ovarian and genital tract secretions on a population of 
hamster sperm. It is also apparent that this effect occurs 
at a dilution which has a barely detectable effect on 
acrosome removal. It thus seems unlikely that the sperm 
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which fertilize the ova within 4 h, that is, become func- 
tionally capacitated, are those which have lost their 
acrosomes. Rather, the capacitated sperm must be 
those in a stage earlier than this terminal state. Electron 
micrographs have shown that rabbit and hamster sperm 
in the female genital tract undergo a gradual swelling of 
the acrosomal cap, followed by a patchy vesiculation 
between the outer acrosomal membrane and the plasma 
membrane as the sperm enters the zona pellucida of the 
One or more such subtle changes, invisible 


capacitation. 

Some sperm were eapacitated in medium 199 alone, 
so that follicular factors do not seem to be absolutely 
essential for the capacitation process; although they may 
be required to accelerate it, or render it more efficient. 
We do not know whether this effect occurs by direct 
action on the sperm, or indirectly by provision of the 
appropriate environment for an endogenous process. We 
have observed that sperm collected directly from the 
epididymis exhibit fairly progressive movement. After 
6 h in medium 199, or in follicular fluid, this changes 
to a bobbing motion of the head. This type of movement 
is clearly suitable, and perhaps also critical, for zona 
penetration. Further studies are in progress to correlate 
this change with the capacitation process. 

R. B. L. GWATKIN 
O. F. ANDERSEN 
Merck Institute for Therapeutic Research, 
Rahway. New Jersey. 
Received August 26; revised October 13, 1969. 
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Gonadal Development and Reproductive 
Activity of the Cichlid Fish Tilapia 
leucosticta (Trewavas) in an Equatorial 
Lake 


THE most important external factors that influence 
gonadal development and reproductive activity are 
daylength and temperature'. In temperate zones both 
factors show dramatic changes in the annual cycle. In 
the tropics, daylength shows much less significant varia- 
tion than it does in the temperate zones and temperatures 
are generally quite high throughout the year. These 
variations are even less in the equatorial zone. The most 
prominent seasonally varying climatic feature is usually 
rainfall. Its influence on the reproductive activity of 
tropical fish has not been clearly determined. 

Previous studies on the g 
Tilapia have failed to clarify the role of external factors 
(particularly rainfall) in their reproduction®~? because of 
insufficient data. A study from January 1968 to Apri 
1969 on the gonadal and reproductive pattern of T. 
leucosticta in an equatorial lake (Lake Naivasha, Kenya) 
has revealed marked seasonal fluctuation of temperature 
and sunshine in addition to those of rainfall. July and 
August are cold months (occasionally temperatures are 
below 0° C), dry and with least sunshine (computed as 
mean h/day of maximum sunshine from traces made by a 
Casella bimetallic actinograph). No brooding females were 
recovered in these months and both mature males and 
females had uniformly retarded gonads. Gonadal 
development and slight breeding activity followed the 
temperature and sunshine rise in September, though 
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November (with rainfall and poor sunshine) had reduced 
reproduction. 

The period December to March is marked by high 
temperatures, no rainfall and a sustained rise in the mean 
hours of maximum sunshine. There is also a simultaneous 
rise of gonadal development uniformly in all the mature 
fish of both sexes. This culminates in a sharp annual 
peak of gonadal development in February and a sub- 
sequent one of breeding in late February to early March. 
Conditions of high temperature and practically no rainfall 
were repeated in 1968 and 1969, but the sunshine patterns 
were only available for 1969 in this period. From weather 
data obtained before and during the study, the period 
December 1967 to mid-February 1968 was particularly 
dry and had very high temperatures and almost certainly 
extended periods of maximum sunshine. This was 
reflected in a much higher peak of gonadal development 

jS than was seen m February 1969. 


March 1968, coincident with the 


but unusually poor rains resulted in a second peak of 


but can certainly proceed Thus 
Tilapia in equatorial ponds enjoying high intensities of 
both light and temperature have highly stimulated 
gonads? and reproduce continuously? without rainfall. 
This study supports the earlier suggestion that both light 
and temperature are critical in the gonadal development 
of Tilapia’. It nevertheless seems that in natural condi- 
tions (as against artificial pond conditions) the onset of 
the rains coincides with the onset of peak breeding where 
light and temperature had previously stim ulated gonadal 
development. The mechanism whereby the onset of the 
rainfall ean stimulate breeding in Tilapia or its adaptive 
significance remains unclear. 

This work was supported by the Nuffield and Munitalp 
Foundations. War on Want and the Wellcome Trust. 
I acknowledge the cooperation of the Chief Fisheries 
Officer, Republic of Kenya, an d thank Mr G. A. Oguta 
and Mrs A. Howard for technical assistance. 
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Experimental Model for Studying the 
Effect of Electric Current on Bone 
in vivo 
SEVERAL groups have shown?* that electromechanical 
effects in mineralized tissues are the consequences of a 
classical piezoelectric phenomenon, when both direct and 
converse effects are present. 

To correlate this biophysical phenomenon with physio- 
logical processes, many have tried to study the effects of 
electric current on bone in vivo. 
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Bassett, Pawluk and Becker? reported massive osteo- 
genesis at the cathode of a silicone-encapsulated battery- 
resistor pack with iridium-platinum electrodes plugged 
nto drill holes in the femur of ee so that the none of the 


The current did was LO | pA or 100 uA and was main- 
taimed for 2-3 weeks. 

This work was repeated by O'Connor et al.*, who stated 
that, although their results agreed i in general with those of 
Bassett et al., there were some differences. The cathode 
did not always have the most bone and, on occasion, it 
had the least. These workers emphasize “the need for 
caution in clinical applications insofar as there seems to be 
considerable biological variation in the response of bone to 
electric current, even within a single species”. 

Tt is important to point out that none of these workers 
has evaluated the experimental model itself which, in our 
opunon, could well explain the variations in the results 
reported. First, their reported bone regeneration was 
studied at the site of a foreign body, the electrode. This 
regeneration was certainly a consequence, in part, of 
foreign body reactions. Second, heating effects were not 
taken into account. Third, variations in current were not 
monitored during the experiment and so could not be 
known or controlled. 

We have developed a simple, easily reproducible experi- 
mental model which obviates these problems. The test 
site is a bony cortical defect of fixed size (made by a 2-78 
mm drill point). Drill holes are placed 15 mm apart 
for the electrodes, and the experimental defect is placed 
midway between them. The experimental power unit 
(Fig. 1) consists of a 1-4 V mercury cell connected 1 
series with a 174K resistor. The leads from the battery 
pack are copper wire fastened to platinum electrodes with 
silver epoxy cement. Alligator clips are placed in one of 
the leads for monitoring. The wire which goes into the 
bone is insulated with shrinkable rubber tubing which is 
foreed into the drill hole so as to minimize exposure of 
bare wire to body fluids. This insulation eliminates the 
initial drop in current noted by Bassett et al. with their 
battery pack. 

This experimental model can be varied easily as to the 
amount of current delivered by changing the battery 
and/or resistance. There is no forei gn body at the site of 
the experimental defect. Heating “effects in these con- 
ditions are negligible, as the following analysis shows. 

Assuming a current of 3 uA, the power dissipated i in the 
tissue between the electrodes is about 27 uW. If the 
volume of this tissue is taken to be about 0-1 em’, and 
to have a thermal capacity approximately equal to that 
of water, the rise in temperature would be about 0-02° C/h, 
which is easily compensated by the cooling effect of 
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Fig. 1. Diagram of the experimental power unit. 
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Fig. 2. Monitoring of power anit after insertion in experimental animal. 
normal body function. No significant heating effects 
would therefore be expected at the site of the experimental 
defect. 

Most important, the eurrent can be easily monitored at 
any time by inserting a micro-ammeter into the circuit, 
as Fig. 2 shows. 

This experimental model was used to study the effect 
of direct electric current on bone formation in 2- 3 kg. 
white, Dutch-pelted rabbits, killed at intervals of A, 
and 3 weeks. Gross and histological examination of a 
bony defect revealed, as reported in a preliminary study’, 
that after 2-3 weeks direct current varying from 2 to 3 


uA markedly enhances healing in experimental, com- 
pared with control, animals 
These experiments will be reported in detail later. 
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New Mechanism for Calcification 
of Skeletal Tissues 


BECAUSE adenosine triphosphate (ATP) has been found 
in cartilage and because this compound markedly influ- 
ences calcification, it has been suggested that ATP may 
be an important intermediate in calcification'!*. Further- 
more, it has been suggested? that mitochondria are in- 
volved in bone mineralization and that these organelles® 
ean concentrate caleium ions in a process dependent on 


ATP. 
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These findings have led us to consider a new mechanism 
of bone mineralization, cyclical in nature, and which can 
be deseribed by balanced chemical equations as follows 
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whether more ATP is manufactured by the cells or not. 
This behaviour offers an explanation for the report from 
Whitehead and Weidmann? that 2 h after intraperitoneal 


O O O O O O 
di ll |i I i i 
Ade—O-—P—O—P--O—P—-OH Ade—O—P—O-—-P-—-O-—P—OH (1) 
d | i -++ Ca*+—>+ b | | +2 Nat 
ONa ONa ONa ) ONa 
aed 
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O O QO 
bo | i 
Ade-—-O— P—-O— P-—-O— P—OH (2} 
| | | + 2H,O-——->Ade—OH + NaH,Po, 
O O ONa +CaH,P,O, 
oe 
Ca 
5 Cah, P,O, + 6H,O——-+Ca,(PO,),.OH + 7H,PO, (3) 
O O O 
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Body 
$ buffering 
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i | i 
Ade—-O—P—O-—P-—O—P--OH 
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Ade-—OH = Adenosine. 


In the mechanism we propose, ATP reacts with calcium 
ion to form a calcium complex which, on hydrolysis, first 
to pyrophosphate and then to hydroxyapatite, provides 
the materials for bone mineralization. Adenosine and 
orthophosphoriec acid are also formed which combine to 
regenerate ATP. 

Equation {1) indicates that ATP sequesters calcium. 
This reaction has been reported by Nanninga, who 
determined the formation constant for the Ca-ATP 
complex. In this laboratory, sequestration of Catt by 
ATP has been demonstrated by titrating ATP with Ca++ 
at pH 7-2 in the presence of phosphate ion to the first sign 
of turbidity. Our results indicated that Ca++ was quantita- 
tively complexed by ATP. 

In equation (2), the calcium complex is hydrolysed to 
form adenosine, calcium acid pyrophosphate and sodium 
dihydrogen phosphate. Consistent with this, Cartier’ 
found that pyrophosphate, first deposited in calcification, 
was quickly changed to orthophosphate. Perkins and 
Walker® also identified pyrophosphate in calcifying 
rachitic cartilage when ATP was present. Lowenstein’ 
and Krane and Glimcher! have shown that transphos- 
phorylation of ATP occurs in vitro and inorganic pyro- 
phosphate forms. Equation (2) also postulates the forma- 
tion of adenosine, and evidence that ATP can undergo 
such hydrolysis has been reported"'. Equation (3) shows 
the further hydrolysis of calcium acid pyrophosphate 
to hydroxyapatite and orthophosphorie acid. In the 
process, AdeOH and orthophosphoric acid are formed 
in the ratio of 1: 1-4, while regeneration of ATP is seen 
to require a molar ratio of 1:3. This indicates that 
phosphoric acid is consumed and the extent of the caleifi- 
cation reaction is influenced by the concentration of 
phosphoric acid. It is interesting that adenosine is not 
consumed in the reaction. Thus, as long as sufficient 
phosphoric acid is present to combine with AdeOH to 
regenerate ATP, the calcification reaction will continue 


injection of 2,4-dinitrophenol in kittens and puppies, the 
synthesis of cellular ATP was reduced 40 per cent, but 
not until 24 h later was a reduction in bone salt observed. 

The mechanism implies that the pH of the tissue medium 
where calcification is actively occurring may be acidic; 
for example, pH 6-2. This pH represents the midpoint 
on an inflexion portion of the pH—volume titration curve 
obtained by a sample of ATP in 0-1 N NaOH, and is a 
consequence of the formation of the trisodium salt of 
ATP, the starting material in the subject mechanism. 

The proposed process differs from previous mechanisms 
in the role assigned to ATP. In this case it is the hydro- 
lysis of ATP calcium complex itself which provides 
directly the ingredients required for calcification. Be- 
cause ATP is under cellular control, the cells not only 
control the rate of skeletal tissue mineralization but the 
amount as well by controlling the rate and quantity of 
production of ATP. 

Why calcification does not normally occur in non- 
calcifying tissue, such as muscle, remains a matter for 
conjecture. The subject mechanism suggests that sub- 
stances other than Ca++ should be sought which would 
complex more effectively with ATP and inhibit or alter the 
hydrolysis of the complex from the manner proposed. 

FRED LEONARD 
ROGER I. CULLIN 
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Walter Reed Army Medical Center, 
Washington DC 20012. 
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Effect of Alginate on the Absorption 
and Excretion of 23Pb in Rats fed 
Milk and Normal Diets 


ALGINATE has been shown to be an effective selective 
inhibitor of strontium absorption from the diet of man 
and animals'-*, Its use as a short term dietary additive 
to reduce the absorption of *Sr in contaminated environ- 
ments seems feasible and, because of this, interest has 
been shown in the effect of alginate on the absorption of 
other metals. 

Hodgkinson et al.* have reported a significant reduction 
in the apparent absorption of Ca, Mg, Zn, Cu and Fe in man 
and feel that dietary supplements of these elements might 
be necessary during prolonged alginate therapy. Carr 
and Harrison et al., however, report no effect on the 
absorption of Na, Mg, K or P in man and an increased 
absorption of Fe, Zn and P in the rat’. 

The experiment reported here shows the effect of algin- 
ate on the absorption and retention of 2°%Pb in the rat. 
Because the normal rat diet has a high cereal content, a 
high milk diet was included so that it would more closely 
resemble that of man, especially the infant. 

Four groups of five female albino rats, 7 to 8 weeks 
old, were placed in metabolism cages and fed 17 g/day of 
one of the following diets for six days: (a) standard 
laboratory diet plus 10 per cent cellulose powder; (b) 
standard laboratory diet plus 10 per cent sodium alginate 
(Alginate Industries Ltd, Manucol SS/LD2); (e) com- 
mercial low fat milk powder plus 20 per cent cellulose 
powder and 5 per cent sucrose; (d) commercial low fat 
milk powder plus 10 per cent sodium alginate, 10 per cent 
cellulose powder and 5 per cent sucrose. 

On the third and fourth days, each animal received 
approximately 10 uCi of carrier-free 2*Pb in 0-001 M 
nitric acid added to its diet (Pb supplied by MRC 
Cyclotron Unit, Hammersmith). The separate collection 
of urine and faeces was started with the first dose of 
isotope and continued until the sixth day. On the sixth 
day the animals were killed and the gut, carcass, urine 
and faeces separately digested in nitric acid for the meas- 
urement of Pb. The results are shown in Table 1. 

In the rat, 10 per cent alginate in the standard labora- 
tory diet increases the absorption of Pb by a factor of 
about 2-5, but with a milk diet. an approximately equal 
reduction is obtained. In the groups fed a milk diet, it was 
difficult to separate urine from faeces so that the figures 
given for the urine in these groups may be high. 


Table 1, THE BFFECT OF ALGINATE ON THE ABSORPTION AND EXCRETION 
OF Pp IN RATS 
uae Per cent intake of Ph 
Group Urine Faeces Carcass Absorption* 
Laboratory diet, 10 


ar cent cellulose 06-4 (0-4) 3° (0-4) 377 (0-4) 


Laboratory diet, 10 


0-15 (0-014) 


per cent alginate 0-29 (0-033) 91-0 (0-83 8:9 (0-9) 9-1 (1-0) 
Milk diet, 20 per cent 
cellulose 6-0 (2-4) 85-7 (1-6) 40 {1-05 10-9 (2:8) 


Milk diet, 10 per cent 
alginate, 10 per cent 
cellulose 2°15 (0-3) 96-0 (1-7) 18 (0-1) 

* Absorption is given as urinary excretion + carcass retention. 

AU figures are a mean of five animals. 

Figures in parentheses are standard errors of the mean. 


4-0 (0-3) 


These preliminary results indicate that the effect of 
alginate on the absorption of lead is small, and depends 
on dietary conditions. It does not seem therefore that 
alginate therapy would be complicated by any major 
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increase in lead absorption. In the young, who are most 
at risk’, some slight protection might be expected, 
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Effect of Alginate on the 
Absorption of Lead in Man 


EXPERIMENTS carried out in this laboratory have shown 
that adding an alginate derivative rich in guluronic acid 
to the diet of man, in the proportion of 10 g of alginate to 
1 g of dietary calcium, reduces the absorption of strontium, 
and therefore strontium-90, by a factor of four’. Indeed, 
for a milk diet, the corresponding decrease was about 
six-fold?, and, im these conditions, the absorption of 
calcium was decreased only by a few per cent. Ideally, 
an alginate supplement should suppress the absorption 
of strontium without affecting the absorption of essential 
elements, and it has been shown that there was no regue- 
tion in the absorption of Na, K, Ca, Mg, Fe or Zn or in 
the body retention of P (ref. 3) in rats fed for a vear on 
a commercial diet containing 10 per cent of commercial 
alginate (Manucol SS/LD/2, Alginate Industries, Ltd), 

The expected stability constants of other metal algin- 
ates indicate that such dietary supplements may suppress 
the absorption of certain heavy metals, many of which 
are regarded as toxic. In particular, the ionotropic series 
quoted by Haug‘ shows that lead is much more strongly 
bound to alginate than to strontium. If the absorption of 
lead could be reduced by alginate supplementation, this 
would be of considerable interest because lead accumulates 
slowly in body tissues and, although its acute toxicity is 
relatively low, there is evidence that appreciable body 
burdens of lead may be acquired by children’, 

A preliminary investigation of lead absorption in rats 
showed that when they were fed on a commercial nut diet 
the absorption of lead was slightly but significantly 
increased by alginate supplementation, but a slight 
decrease in absorption was produced in rats fed on a milk 
diet. These results stimulated the present experiments 
on man, 

Three volunteers from this unit each took 5 uCi of 
Ph (Th= 52h, Hy=0-28 MeV), in a slightly acid solu- 
tion of the chloride containing about 25 ug of lead carrier, 
near the end of two evening meals, 10 days apart. On the 
first oceasion, 5g of a purified guluronic rich alginate 
derivative® was taken in water by each subject about half- 
way through the meal, and 40 and 68 h later 20 ml. of 
venous blood was withdrawn. A similar routine was 
followed after the second dose of 2*Pb, this time without 
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alginate. Daily urine and faeces were collected for 5 days 
after each radioactive dose. Known dilutions from the 
solution of 2%Pb ingested were prepared and all results 
are expressed as percentages of the oral dose. The absorp- 
tion of lead is expressed as the bulked 5 day urinary 
excretion of 2°3Pb plus the observed body retention 5 days 
after the oral dose. | 

The body retention was measured directly by an 
external y-ray count of Pb 5 days after each ingestion. 
An additional measurement of the Pb content was made 
a few hours before the second ingestion to correct for the 
Ph remaining from the first dose. The correction was 
always less than 5 per cent. For comparison, body 
retention was also derived from the oral dose minus the 
excretion. 


Table 1. BLOOD LEVELS GF #8 Pb WITH AND WITHOUT AN ALGINATE ADDITIVE 


YO THE DYET 


cad Hours Per cent dose per litre . 

Subject after Supplement . Ph in blood 
and sex ingestion Alginate Nil (contro) Alginate : control 
TC (M) 40 057 0-61 0-94 


G8 0-60 0-66 7} 


AH (F) 40 2°34 is 1:10 


a4 

68 2°37 2:19 1-05 

EH (M) 40 2:00 LSI 1-44} 
88 1-82 1-8 


Mean 


Table 2, CALCULATED AND OBSERVED BODY RETENTIONS ð DAYS AFTER 
EACH ORAL DOSE OF WPD EXPRESSED AS PER CENT OF THE DOSE 


Caleuiated retention Ratio observed 


Subject Observed retention (dose-exeretion) retentions 


andsex Alginate Control Alginate Control alginate : control 
TC UM) 56 ae KO a0 0-98 
AH (F) 16-5 ES 6R 160 Ll 
EH (M) 17-4 7-4 ao 17-8 1-00 
Mean 1-03 40-10 


* Faeces for fourth and fifth day lost. 


Table 3, BULKED 5-DAY URINARY AND FAECAL EXCRETION OF PPD AND 
THE ABSORPTION EXPRESSED AS THE BULKED 5-DAY URINE PLUS THE BODY 
RETENTION 5 BAYS AFTER EACH DOSE 

Supplement FE AH EH 
ra. Bulked 5-day urine (per cent dose) 
Alginate (44 1-37 1:23 
Nil (hist 


1-37 1-16 


Bulked 5-day faeces 


Alginate g5 RLG TEAT 
NH 1-5 82-6 1-0 
Absorption 
Alginate 6-0 iF] 18-6 
Ni 6-2 16-2 18-6 
Absorption ratio, alginate ; control 


O97 1-06 1-00 


* Faeces for fourth and fifth days after first dose were lost. 


The results are presented in Tables 1-3. Unfortunately. 
the faecal samples for E. H. on days 4 and 5 were lost so 
that the calculated retention (dose minus excretion) 1s 
too large in this case. For each subject, the ratio of the 
blood concentrations of lead about 2 or 3 days after the 
respective oral dose of Pb (Table 1) is in excellent 
agreement with the ratio of absorptions given in Table 3. 
In faet, it was noted that the lysed fraction of red cells 
from blood taken 40 h after ingestion contamed more 
than 97 per cent of the whole blood content of *Pb. It 
is also noteworthy that the absorption of lead was 
markedly different in the three subjects, a result in 
agreement with the findings of Hursh and Suomela”. 

The conelusion from this limited human trial is that 
the absorption of lead is unchanged in adults by alginate 
supplementation. 
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Direct Recording of K and Na 
Current—Potential Characteristics of 
Squid Axon Membrane 


been to infer from the current-potentia] (J-V) relations 
the late steady state (Iss) and transient maxima (Zp) cur- 
rents, which usually give the potassium and sodium 
conductance characteristics. But this is an inefficient 


method. I have developed a method that is simpler, 
faster and more efficient. Approximations to each of 
these curves can be produced by single linearly rising 
sweeps (ramps) of potential which serve as commands to a 
Either the fast (sodium) or slow 


perfusion technique’. An ionic J-V curve was produced 
with a single 0-5 V/s ramp. The membrane capacitative 
current is a constant (product of capacitance and ramp 
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slope) and was removed from all J~V curves by displacing 
the cathode ray tube trace by the appropriate amount 
assuming a capacitance of 1 uF/em*. The internal 
perfusing solution was changed to another KF solution 
after 40 mM TEA was added. Slow ramp pulses were 
applied and J-V curves recorded at times of 10, 20, 30, 60 
and 90 seconds subsequent to the change of solutions. 
Although 40 mM TEA does not completely abolish the 
outward steady state potassium current (Fig. 24, 90 s 
curve), a drastic decrease of gx is apparent. The re- 


47 


duction of gx occurred without any significant change in 


JNa, as determined from J,~-V step clamp data before 


and after TEA. 

The initial and final curves show that the slow ramp 
produces essentially an J,-F relation as predicted in 
Fig. 1. Furthermore, Fig. 24 illustrates the use of the 
ramp method to obtain kinetic data. The action of TEA 


begins in less than 10 s, which is much too rapid to have ee 
been recorded by a series of step changes of potential, and: 


is complete in 60 s. In contrast, the recovery of the 
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Fig, 1. Tonic Z-V curves computed from the HH equations for a slow (0-5 V/s) and a fast (50 V/s) ramp change of membrane 

potential, The dashed curve in each graph represents the I-V relation {after removal of the constant capacitative current} whieh 

would be recorded directly from a cathode ray tube of an oscilloscope with these ramps as commands to a voltage clamp system. The 
abscissa in both graphs is deviation from the resting potential. 
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Fig. 2. Kinetic behaviour of squid axon ionic I-V characteristics recorded directly from the cathode 
ray tube of an oscilloscope with slow and fast ramps of membrane potential after the addition of 
TEA to the internal (4) or TTX to the external (B) medium. A, Upper curve is a control with the 
axon perfused externally with SW (sea water) and internally with a KF solution (500 mM KF +5 mM 
tris), Successive curves (downward) were recorded at the times indicated after the internal perfusing 
solution was changed to the KF solution with 40 mM TEA added. The dashed curves are superposed 
data from another axon. B, The lower curve is a control of an intact axon perfused externally with 
SW. Successive curves (upward) were recorded at the times indicated after the external solution was 
changed to SW +107 M TTX, 
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original J-V curve after returning to the KF solution 
without TEA required 5-5 min. 

Similarly Fig. 2B confirms the prediction that the fast 
ramp of Fig. 1 produces an Ina- V curve. A fast ramp 
I-V curve was produced with an axon in seawater. 
10-7 M TTX was added to the seawater and the kinetic 
alteration of the J-F relation recorded at the times 
indicated. Although the kineties of TTX are complicated 
by the chamber mixing time and the Schwann cell layers, 
the time (5 s) for a noticeable change in the J-V character- 
istic with the ramp is considerably less than the time that 
would be required to collect a complete set of step clamp 
data. This point again illustrates well the clear advantage 
of the ramp method when following the kinetics of rapid 
alterations in the state of the membrane. The I-V 
relation after 7 min in TTX confirms the predicted 
unaltered potassium component (Fig. 1) in the fast ramp 
production of an Iya- V curve. 

This ramp voltage clamp has several useful features 
in obtaining J-Y data in membranes. (1) The capacitative 
component of current is a constant, which can easily be 
removed. Consequently, potassium or sodium J-F 
curves are obtained directly without chemical separation 
or computer assistance. (2) Very fast ramps (> 100 V/s) 
can be used to measure membrane capacitance and leakage. 
(3) The fast ramp gives a measurement of a quasi-steady 
state negative conductance which is a physical state of 
the membrane, for time and potential are continuous and 
synchronous variables. (4) The speed of generating a 
complete ionic J~V relation allows observation of the 
kineties of fast or slow alterations in either potassium or 
sodium conductance. (5) It conveniently extends the 
measurement capability of pre-existing voltage clamp 
systems, for the only additional operation required is the 
integration of square pulses to obtain ramp commands. 

Several other potential functions of time have also been 
investigated. A step to a high potential immediately 
followed by a linearly falling ramp gives ionic I-V 
functions faster and with greater accuracy than the 
rising ramps and, in the sodium curve, a peak inward 
current which is 2-3 times larger. A rising exponential 
function did not give adequate separation of the potassium 
and sodium processes. A step to high potential im- 
mediately followed by a decaying exponential seems, how- 
ever, to produce an Iya- V curve which resembles a plot 
of I,~V from step clamp data except that the peak inward 
current is 2-3 times larger than (Jp)max in step clamp. 

I thank Dr K. 8. Cole for his interest and suggestions 
and Dr R. FitzHugh for assistance in the ramp com- 
putations. 
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Rheological Simulation of Synovial 

Fluid by a Synthetic Polymer Solution 
SynoviaL fluid has interesting rheological properties. 
In normal animal and human joints, synovial fluid is 
highly viscous and non-Newtonian in that its viscosity 
decreases with increasing shear rate. It is also elastic and 
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thixotropic, exhibiting a yield stress", and in joints 
affected by inflammatory disease, such as rheumatoid 
arthritis, these flow properties are markedly altered. The 
fluid becomes less viscous, more nearly Newtonian and 
both thixotropy and elasticity are lostt®4. While the 
exact significance of these changes in terms of joint 
lubrication, symptomatology and pathogenesis of disease 
is a matter of controversy, attempts to substitute a 
synthetic fluid are being made in the hope that symptoms 
might be alleviated and the progress of joint destruction 
arrested’, Doubts have been cast on these efforts by 
experiments which seem to show that the lubricating 
qualities of rheumatoid synovial fluid are not inferior 
to those of normal fluid’. These experiments, however, 
were based on measurements of the coefficients of friction 
in animal joints in vitro and did not take into account the 
lubricating potential of non-Newtonian elastic and thixo- 
tropic fluids under such conditions as shock loading. Our 
efforts to produce a synthetic synovial fluid substitute 
have been based on the premise that a potentially useful 
fluid should have, among other attributes, those rheo- 
logical properties exhibited by synovial fluid from normal 
joints. 




















HoC | 
HC c=0 
va 
| j 
nal CH3 S CHo | hos fr] 
N 
POLY VINYL— PYRROLIDONE | | 
[PvP] HC = CH 


A Weissenberg rheogoniometer type R16 was used to 
carry out the flow measurements’. The polymer chosen 
initially for this work was polyvinyl pyrrolidone (PVP) (I). 
This is water soluble and protein-like, in that it is a long 
chain molecule containing repeating amide groups. It 
is, furthermore, essentially a stable material which is 
physiologically compatible and free from toxicity. A 
10 per cent aqueous solution of the PVP with the highest 
molecular weight which is commercially available (K90-— 
General Aniline and Film Corporation, New York) has a 
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Fig. 1. Flow curves for a laboratory synthesized PVP before and after 

irradiation. A, Viscosity curve unirradiated PVP; @, viscosity curve 

PVP after irradiation (1-5 Mrad); ©, normal stress curve after irradia- 
tion (15 Mrad). 
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viscosity comparable with that of normal synovial fluid 
at low shear rates but is essentially Newtonian and non- 
elastic. Increasing the concentration increases the 
viscosity but only makes the solution slightly more non- 
Newtonian. In an attempt to produce a more non- 
Newtonian PVP, the polymer was synthesized in the 
laboratory in a high vacuum. Monomer was purified by 
distillation in vacuo; the solution was degassed and 
polymerized at 35° C, without addition of any initiator, 
under a vacuum of 10° mm Hg, over a period of one 
month. Residual monomer was removed by freeze 
drying an aqueous solution under a vacuum of 10-? mm Hg. 
The polymer had an average molecular weight of 260,000 
compared with 360.000 for the commercially available 
preparation. The flow curve for a 9-8 per cent aqueous 
solution of this PVP is shown in Fig. 1. Although not 
shown in this figure, normal stresses were encountered at 
shear rates above 112 s-1, but the solution did not show 
the same degree of non-Newtonian behaviour as normal 
fluid and there was no evidence of thixotropy. The 
introduction of side chains into a linear polymer molecule 
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Fig. 2. Flow curves from normal and rheumatoid synovial fluid, A, 


Viscosity curve rheumatoid synovial fluid; @, viscosity curve normal 
synovial fluid; ©, normal stress curve for normal synovial fluid. 


is, however, known to be accompanied by an increase in 
non-Newtonian flow behaviour and can be induced by 
ionizing radiation®. The laboratory synthesized PVP 
was irradiated in the solid state in the UTR 100 nuclear 
reactor’. The pneumatic small rabbit facility was used 
to transfer the samples into the reactor where they were 
exposed to neutrons (thermal, epithermal and fast) and 
y-rays for 0-05, 0-5 and 5 h at a reactor power of 100 kW. 
It has been estimated that these exposures would corre- 
spond to 0-15 Mrad, 1-5 Mrad and 15 Mrad, respectively”. 
A 10 per cent aqueous solution of the sample which 
received 0:15 Mrad was slightly more viscous and non- 
Newtonian than the original polymer solution and its 
molecular weight was 330,000. The 15 Mrad treated 
polymer was so cross-linked as to make it insoluble. The 
flow curves for a 10 per cent solution of the polymer 
subjected to 1-5 Mrad are shown in Fig. 1. Its flow 
behaviour closely resembles that of fluid from a normal 
knee taken post mortem (Fig. 2). Both are highly viscous 
at low shear rates, strongly non-Newtonian and show high 
normal stresses. Moreover, both were thixotropie in that 
they exhibited peak stresses at the start of steady shear 
flow over similar ranges of shear rate in both tangential 
and normal directions. The solution of irradiated PVP 
further resembled normal synovia in that it was gel-like 
in structure. This precluded molecular weight deter- 
mination by intrinsic viscosity measurements. 

This solution of PVP seems to satisfy the rheological 
criteria for a synthetic synovial fluid, and we are now 
testing its physical, chemical and biological stability and 
its effects in healthy and diseased animal joints. : 
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Non-injurious Ultrasonic Technique 
for observing Flow in the Human Aorta 


Is physiological research and clinical medicine there is a 
need for a readily usable, non-injurious method of observ- 
ing the pattern of blood ejection from the heart: frora it 
could be derived the acceleration during early systole, a 
good index of myocardial strength and coordination? 
and the integral under the flow/time curve, a measure of 
cardiac output and body perfusion. 

A technique developed here shows promise of largely 
fulfilling this requirement in man: using the Doppler 
ultrasonic blood velocity measurement principle, it 
allows the instantaneous blood velocity/time pattern in 
the ascending aorta to be observed through the intact 
chest wall. Although other vessels may often be included 
incidentally in the sensing beam, there is reason to 
believe that the method of signal analysis adopted allows 
systolic flow in the aorta to be distinguished from simul- 
taneous flow in other vessels. Because the orientation of 
the aortic arch is such that the beam can (at least in 
principle) be directed to be in line with the flow, absolute 
values of velocity v can be derived from the frequency 
shifts Af observed. 

Using a somewhat modified Foetal Heart Detector 
(Sonicaid 205 or Doptone), operating at J2 MHz, we 
found it possible to get adequate echoes on the majority 
of subjects by applying the transducer probe to an mter- 
costal space (commonly the third) and searching for that 
beam direction which results in the loudest output of the 
characteristic flow sounds. Because of the high absorption 
of the overlying tissues, the reflexions are audible above 
noise level only if a large volume of blood contributes to 
the scattering: it is likely that maximum sound corre- 
sponds to maximum path length of the beam in the vessel, 
The subject’s posture is important-—the small lateral and 
forward displacement of the aorta which results from 
examining the subject lying on his side often greatly 
improves the signal. A large contribution from reflexions 
in the pulmonary artery, which often also gives a strong 
return, can usually be avoided by aiming relatively high. 

Fig. 1 shows the results of running spectral analyses 
earried out on three-second samples of the Doppler wave 
forms obtained from four subjects by a sound spectro- 
graph®. The vertical extent of the dark area at any 


instant corresponds to the maximum Doppler shift 


frequency Afm present, which in turn corresponds to the 
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Fig. 1. Results obtained by analysis of the Doppler reflexions from blood flow 
in the aorta using a sound spectrograph. The upper limit of the dense area 
indicates instantaneous velocity but not direction of flow, The four records 
shown were obtained from: a, an 84 year old presumably normal subject; 
b, patient with Starr-Edwards aortic valve prosthesis, while exercising after 
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subjects that the aim of the beam is not 
critical and that results are reproducible 
(Fig. 2). It should be noted that this tech- 
nique gives instantaneous flow velocity 
rather than instantaneous volume flow rate. 
Because the pulsatile cross-sectional changes 
of the ascending aorta are usually relatively 
small, the difference between the respective 
waveforms is not great in practice. Calcula- 
tion of gross flow (cardiac output) requires, 
among other things, independent knowledge 
of the aortic cross-section, but changes in 
cardiac output of any particular subject can 
be estimated on the assumption that this 
remains constant (or varies in a known way 
with the subject’s blood pressure). 

During diastole, aortic flow velocities can 
be obtained only if the operator can be sure 
that none of the major veins is included 
in the beam. Otherwise, as the aortie v cos 
0 product is then not necessarily greater 
than that for venous flow, results during 
diastole must be disregarded. In some 
pathological conditions interpretations of 
the aortovelograms may call for care even 
during systole: for example, in the presence 
of abnormally high flow velocity in the 
innominate or pulmonary arteries, or a jet 
stream in a stenosed aorta. These should, 
however, become evident from abnormali- 
ties of the power density distribution of the 


injection of -adrenergic blocking drug; c, patient showin 
my contractions; d, a very fit 37 year old man, 
also illuminated by the 


and technique. 


existence of flow somewhere within the beam with a v cos 0 
‘ ’ À c s 
product given by the relationship v cos 0 = T Afm. During 


systole, the highest v cos 0 product will usually arise from 
the aorta, as flow there is normally faster than in other 
vessels and it also subtends a smaller angle 0 (ideally zero) 
with the beam. With some possible exceptions noted later, 
the outline of the dark area during systole should therefore 
correspond to the instantaneous aortic flow: more 
precisely, it should correspond to the maximum flow 
velocity existing anywhere within that part of the aortic 
cross-section which is illuminated by the beam. Because 
the velocity profile within the ascending aorta is usually 
remarkably flat over most of its cross-section’, reproduc- 
ible results should not critically depend on the aim of the 
beam if its direction is indeed approximately tangential to 
the course of the vessel. The permissible error is relatively 
large: because of the slow variation of cos 6 near 6=0, 
flow velocity can be caleulated from observed Doppler 
shifts with accuracy better than 10 per cent by the use of 
the approximation v= p Afm (equation 1), ifthe beam is 
within 25° of the direction of flow anywhere within the 
arch, 

Experimental support for this interpretation of the 
analysed reflexions is still incomplete: direct comparisons 
with other velocity-sensitive flow measurement methods 
have not yet been made because these are only reluctantly 
used in man, to whom—with the possible exception of 
other similarly flat-chested animals—the ultrasonic aorto- 
velography technique seems to be limited. The indirect 
evidence is encouraging: (1) The waveforms obtained for a 
range of normal and abnormal subjects are similar to those 
established by other techniques*-*. (2) Values of peak 
velocity and estimates of stroke volume (caleulated 
assuming likely values for the aortic cross-section and 
other factors) have fallen within the physiological range 
for normal subjects. (3) It has been established from a few 


incoordinate 
If other vessels are 
beam, flow there will show up only when aortic 
velocities are low or zero. This is shown particularly in the third record. It 
may prove possible to eliminate this shortcoming by improved instrumentation 
(Analysing bandwidths: record a, 280 Hz; others, 72 Hz.) 


higher Doppler frequencies’. 

Purpose-made instrumentation being de- 
veloped, including an on-line analyser and 
transducers giving improved signal/noise 
ratio, should reveal how readily these restric- 
tions can be overcome, and whether adequate reflexions 
ean be obtained from all subjects. Much remains to be 
explored and verified, but present indications are that its 
safety, speed and convenience of use will make the Doppler 
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Fig. 2. Measured peak systolic flow bangers, (calculated from equation 1), 

versus angle between beam and chest wall. Repeated measurements at 

v angles on one subject (seated, at rest) illustrate the expected 

insensitivity to variations In angle when incidence of beam is near-tan- 

gential, the degree of reproducibility of the measurement. Points 
represent the average of three successive heartbeats. 
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aortovelography technique valuable in the clinical assess- 
ment of the pumping capability of the heart and in 
haemodynamic research. 

I thank the many specialists from different fields who 
have helped me in this interdisciplinary project. 
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Mycoplasma-like Bodies associated 
with Sandal Spike Disease 


SPIKE disease of Sandal (Santalum album L.) is of consider- 
able importance to the sandal-wood industry of southern 
India'*. It has been considered for many years that this 
disease is caused by a virus* and its transmission by 
grafting’:*, by haustoria of sandal’, by the leafhopper 
Jassus indicus (Walk)? and by sap inoculation! has been 
reported. Sandal spike disease has several symptoms’ 
which resemble those of the “yellows” group of plant 
diseases: there is a reduction in leaf size, loss of apical 
dominance of the branches giving a ‘“‘witches-broom”’ 
condition and phyllody of the flowers. Because many 
of the “yellows” group of diseases are now attributed to 
infection by mycoplasma-like organisms*-!’, spike-infected 
sandal was examined for the presence of such bodies. 
This communication reports the presence of mycoplasma- 
like structures associated with sandal spike infection and 
compares their morphology with known mycoplasmas. 

Leaves were taken from 20 year old, healthy and spike- 
infected (rosette-type) sandal trees collected from two 
plantations near Bangalore. Sap from infected leaves 
which was examined in the electron microscope (Siemens 
Elmiskop IA calibrated with catalase crystals!*) using the 
crude preparation technique! contained a few irregular 
spheroid bodies but no recognizable virus-like particles; 
the spheroid bodies were not found in sap from healthy 
leaves. In thin sections? of infected leaves and stems 
numerous pleomorphic bodies (Fig. 1) were found in 
approximately 30 per cent of the sieve tube cells but not 
in the phloem parenchyma or companion cells. No such 
bodies were observed in sections from healthy material or 
in any other regions of infected plants, and nothing corre- 
sponding to the inclusion bodies reported in epidermal 
cells?! was found. 

The morphology of these bodies is indeed similar to that 
of bodies detected in plants infected with “yellows” 
diseases*-"? which have been likened to mycoplasmas 
isolated from diseased higher animals. The composition 
and morphology of mycoplasmas (pleuropneumonia-like 
organisms) from higher animals have been studied in both 
intracellular structures and in cultured organisms using 
light and electron microscopy together with biochemical 
methods**-**, Because attempts to culture the organisms 
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Fig. 1. Electron micrograph of thin section of phloem cell of spike 

infected sandal showing large numbers of mycoplasma-like bodies. 

Details shown are essentially similar to those found in typical strains 
of animal mycoplasma. Scale, 0-5 pm. 


associated with spike disease of sandal and several plant 
mycoplasma-like bodies have so far proved to be unsuc- 
cessful, a strict biochemical comparison with animal 
mycoplasma cannot be made, but the organisms associated 
with plants and animals can be compared on the basis of 
morphology as seen in the electron microscope. 

Eleetron micrographs of mycoplasma-like bodies associ- 
ated with sandal spike disease show that they have many 
structural features similar to those observed in animal 
mycoplasma grown on artificial media. The size of the 
sandal spike bodies ranged from 60-750 nm, the most 
commonly occurring type being an ellipsoid of about 
180-220 x 250-300 nm; some elongate bodies (up to 750x 
150 nm) were observed. The ribosomes in the sandal 
spike mycoplasma-like bodies were estimated to be about 
14-15 nm across and were smaller than those normally 
found in the cell cytoplasm; they occurred as random 
components or small aggregates without regular array. 
Their size is in agreement with their being of the bacterial- 
type ribosomes**:**, In many of the thin sections of sandal 
small electron dense particles were present which resembled 
the spherical components reported by Chu and Horne?’ 
in negatively stained preparations. Similar particles 
were also seen in thin sections of M. hominis®® and 
in European yellows-type organisms'?, The slender 
fibrillar-like material which was resolved in some 
of the sandal spike organisms is similar to the structures 
interpreted as being strands of DNA in M. gallisepti- 
cum*?.8, No evidence of a cell wall component was 
visible in any of the mycoplasma-like bodies from sandal. 
The outer envelope consisted of a smooth unit membrane 
measuring approximately 10-12 nm across under the 
fixation and staining methods we used. This is entirely 
consistent with the observations of animal myco- 
plasma?**:#4, 

Although many of the structural features recorded in 
our electron micrographs of mycoplasma-like bodies in 
sandal spike disease are similar to known mycoplasma, 
there are some differences. For instance, we have not 
observed any evidence of blebbing described by Maniloff 
et al. which was associated with elongated forms of 
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M. gallisepticum, nor was there any indication of ribosomal 
aggregates as regular arrays? Small aggregates were 
present within the cytoplasm, but they were devoid of any 
surrounding unit membrane which suggested early stages 
in the assembly of the mycoplasma-like bodies. Some of 
the structures as illustrated by Ploaie and Maramorosch"’, 
in their electron micrographs of European yellows-type 
disease, suggested the possibility of binary fission but 
interpretation of these features is difficult in the case of 
such highly pleomorphic bodies. Our observations on the 
possible assembly of the mycoplasma-lke bodies associ- 
ated with organelles within the cytoplasm of cells from 
tissues associated with sandal spike disease will be 
described in more detail elsewhere. 

Because antibioties of the tetracycline group can be used 
to prevent infection with animal mycoplasma in cell 
culture??38 and induce recovery of diseased plants?®™ 19, 
the possibility that they could be used to cure spike- 
infected sandal trees is being investigated. Preliminary 
results show that application of 1,000 p.p.m. of chlortetra- 
eycline hydrochloride on six 5 year old artificially infected 
seedlings, twice served to bring the new flush of leaves 
back to the normal form and size. The outer bark was 
scraped and 250 mg, 125 mg and 75 mg of antibiotic was 
applied as a paste in distilled water, on the exposed stem 
surface; the treated portion was wetted and covered with 
polythene. After two treatments, the spiked trees were 
pollarded. The fresh flush noted after 15 days was charac- 
terized by normal leaves; the internodal distance was 
also normal as in healthy trees without the witches-broom 
effect. The maximum effect was induced with 250 mg 
of antibiotics per tree in one or two doses; sprays of 
1,000 p.p.m. antibiotic were not as effective in the 20 
vear old trees as in 5 year old ones. 
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Microorganisms, Alive and Imprisoned 
in a Polymer Cage 


ACRYLAMIDE polymers have been used to immobilize a 
variety of biologically active substances of high molecular 
weight, including enzymes!-*, antigens’ and antibodies?. 
Here we report a non-toxic method of immobilizing 
microorganisms in acrylamide polymers. 

We used the protozoan Tetrahymena pyriformis and 
the bacterium Escherichia coli as representative examples 
of microorganisms. T. pyriformis were cultured at 25° C 
for two days, with shaking, in 500 ml. of a growth medium 
of 2 per cent proteose peptone and 0-1 per cent yeast 
extract, and the E. coli were cultured for one day, without 
shaking, in 500 ml. of 1-5 per cent tryptose phosphate 
broth. The microorganisms were collected by centrifuga- 
tion and suspended in 50 ml. of 0-1 M phosphate buffer 
(pH 7-4). In the immobilization procedure we used 
stock solutions of 50 per cent (weight/volume) acrylamide 
and 3-0 per cent (weight/volume) methylenebisacrylamide 
made up in the growth medium described above or in 
0-01 M phosphate buffer (pH 7-4). 

A rapid method of polmerization was devised, to mini- 
mize the exposure of microorganisms to the potential 
chemical toxicity and hypertonicity of the monomer. 
Three catalyst stock solutions were prepared: (1) 50 mg 
riboflavin suspended in 100 ml. of distilled water; 
(2) 10 ml. of N .N,N’.N’-tetramethethylenediamine 
(TEMED) diluted to 100 ml. with water; (3) 50 mg 
of sodium hydrosulphite dissolved in 0-1 M phosphate 
buffer (pH 7:4). The unstable sodium hydrosulphite 
solution was prepared daily and kept in a closed vial. 

For gelation, 3:0 ml. of acrylamide stock solution, 
12:0 ml. of the methylenebisacrylamide stock solution 
and one drop of the riboflavin suspension were mixed. 
Two drops of the TEMED solution were added and 
mixed. Then a 3-0 ml. suspension of either T. pyriformis 
or E. coli was added, along with 0:3 ml. of the sodium 
hydrosulphite solution. Photocatalytic polymerization 
of the gel was started with a number two photoflood 
lamp. During copolymerization the temperature was 
kept at about 20° C. In the specified conditions gelation 
was visible within 30 s and complete in four minutes. 
The gel formed was mechanically fragmented and wet 
sieved to give a uniform particle size between 20 and 
40 mesh. While these particles remained on the wire 
screen of the 40 mesh sieve, 4 1. of sterile growth medium 
was passed through the sieve to wash away any un- 
entrapped microorganisms. 

To determine the viability of the entrapped micro- 
organisms, we carried out several experiments. Particles 
were placed in a chromatographie column 30 cm long by 
0-6 em in diameter (Fig. 1). An oxygen electrode (Instru- 
mentation Laboratory model 17026) connected to a 
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flow through cuvette monitored the oxygen uptake at 
room temperature. Glucose utilization was simultaneously 
determined by the Technicon Auto-Analyzer micro- 
glucose ferricyanide method. With 0-1 M phosphate 
buffer solution, made 20 mg per 100 ml. with respect to 
glucose, we performed two types of experiment. The 
glucose solution was either perfused through the column 
at a steady state flow rate of about 0-5 ml./min, or in- 
cubated on the column for lengths of time up to 15 hours. 
The microorganisms took up glucose and oxygen in both 
eases (Fig. 2). The steady state decrease from baseline 


glucose concentration and oxygen tension ranged from 


4 to 12 per cent and 20 to 36 per cent respectively. Using 
entrapped T. pyriformis and incubation of the glucose 
solution on the column, we observed a decrease in glucose 
concentration of from 2 to 5 per cent per hour and a 
decrease in oxygen tension of from 3 to 11 per cent per 
hour. As a control, microorganisms were boiled and 
frozen before entrapment; they failed to show an uptake 
of glucose and oxygen. 

More evidence that the entrapment process had not 
killed the T. pyriformis came from the microscope. The 
organisms, lodged in gel particles, seemed to be struggling 
within their polymer cage. This motility, recorded by 
cinemicroscopy, persisted for up to five days in some 
preparations. Some T. pyriformis cultures did not show 
intra-gel motility, although the organisms still excluded 
0-1 per cent trypan blue dye and consumed oxygen and 
glucose after immobilization in the polyacrylamide gel 
matrix. Controls, inactivated by boiling and freezing, 
failed to exclude the dye when immobilized in the gel 
particles 

The entrapped E. coli’s movement was hard to dis- 
tinguish from Brownian movement and therefore another 
method was needed to check for viability as against mere 
enzyme activity. Æ. coli could be suspended for at least 
30 minutes in the unpolymerized gel recipe given above, 
and recultured without apparent loss of viability. Further, 
if Æ. coli could be shown to undergo reproduction after 
immobilization in the gel, viability would be proven. 

What we therefore did was to put eight to ten gel 
particles containing the F. coli in a miniature chromato- 
graphic column? and wash through 500 ml. of sterile 
growth medium. After nearly all the wash solution had 
passed through, a drop of effluent from the column was 
cultured on an EMB Petri plate, and was sterile every 
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Big. 2. Uptake of glucose and oxygen by entrapped microorganisme. 
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time. Then, using sterile technique, the washed particles 
were transferred to an autoclaved mortar and pestle and 
again a small aliquot was cultured. The particles were 
then ground for 5 min and a final culture was taken. 
The same procedure was followed for Æ. coli that had 
been boiled before entrapment. The colony counts 
in the cultures taken from the entrapped viable E. coli 
were increased at least four-fold over those from boiled 
E. coli. 

We therefore conclude that grinding freed the entrapped 
E. colt, which must have been alive because they re- 
produced. We note that microorganisms in a gel matrix 
can easily be introduced into a flowing stream configuration 
for biochemical studies. 
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Physiological and Genetic Implications 
of Selective Mutation by Light at 
320-400 nm 


WAVELENGTHS of light between 320 and 400 nm are 
lethal to many microorganisms}, especially to airborne 
cells held in a semi-dehydrated state?-*, In addition, this 
waveband of light produces a few drug? and phage® 
resistant cells when growing cultures are continuously 
irradiated, and its mutagenic action is enhanced by cell 
semi-dehydration in aerosols?4+, We report here results 
which suggest that the irradiation of semu-dehydrated 
airborne cells with 320-400 nm light produces specifie 
mutations. 

Cells of Escherichia coli B, B/R, HfrH, HfrC, K125, 
K12F+ (Met-), K12F- (LTB,-) and K3F- (LTB,~) were 
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grown at 37° C for 24 h in nutrient broth, washed in 
0-85 per cent NaCl (saline), resuspended to a concentration 
of 1 x 10" cells/ml. in distilled water and aerosolized into 
a stainless steel drum preset to a given level of relative 
humidity (RH)*. The airborne cells were irradiated with 
4-5x 10* erg/mm? of 323-400 nm light, delivered from 
four GE8T5 BLB bulbs fitted with plastic filters to remove 
the small quantity of 310-320 nm light emitted, collected 
from the aerosol and incubated for 6 h in nutrient broth. 
Cells were then washed in saline, resuspended to a con- 
centration of 5 x 10° cells/ml. in a minimal medium of salts 
and lactose, enriched where necessary with parental 
growth requirements (MM), and mutant cells concentrated 
by the penicillin method’. Following mutant concentra- 
tion the cells were diluted serially in distilled water and 
plated onto nutrient (NA), eosin—methylene blue (EMB) 
and MM agar plates. Colony counts on each medium were 
ascertained after 48 h of incubation at 37° C and then 
individual colonies were picked off the NA plates and 
suspended in 10 ml. of saline. Each of these cell suspen- 
sions was diluted by 10- in saline and spotted onto 
nutrient and MM agar. After 48 h at 37° C the number of 
isolated colonies unable to grow on MM agar but able to 
grow on nutrient agar was determined and the growth of 
each mutant on nutrient agar was reisolated into saline 
and diluted. To ascertain the nutritional requirements of 
the mutants, each of the diluted suspensions of mutant 
cells was spotted onto MM agar plates enriched with one 
or more metabolites. The loss of ability to utilize lactose 
(Lac-) was determined directly from the colonies developed 
on EMB agar. In later experiments the 24 h cells of the 
HfrH strain were washed in saline and either incubated at 
27° C for 8 h in fresh nutrient broth, or chilled to 4° C to 
synchronize the cells, and incubated at 37° C in fresh 
nutrient broth for set times before all procedures described 
were carried out. After synchronization by cold shock, 
the cells underwent their first division in a 5 min interval, 
52-57 min after the start of incubation. 

The greatest number of mutant cells of each strain of 
E. coli was obtained when the airborne cells were irradiated 
at 60 per cent relative humidity, but none was observed 
when the cells were held and irradiated below 40 per cent 
relative humidity (Table 1). With each strain, using 
stationary phase 24 h cells, only one type of mutant cell 
was obtained; the type, however, varied with the strain 
of organism (Table 2). When HfrH 8 h cells in the logarith- 
mic phase of growth were used, in each experiment a 
mixture of mutants requiring threonine, cysteine, serine, 
valine, methionine, histidine, tryptophan, isoleucine, 
leucine and arginine were obtained as well as lactose 
negative and drug resistant mutants. If, however, the 
cells were first svnchronized by cold shock and then 


EFFECT OF SEMI-DEHYDRATION IN AEROSOLS ON THE MUTAGENIC 


Table 1. 3 0! 
ACTION OF 320-400 NM LIGHT ON Escherichia. colt 





Un- Aerosol relative humidity 
irradiated -~ nee nt —| 
control” | 40 50 60 T9 ! 
f l f | | erns] Mo 
Strain A B á B A B A B A B 
B 416 9 411 1 461 42 516 416 486 8 
BR. 508 1 426 0 582 26 477 314 5OL 4 
Hr 621 0 488 0 496 53 483 426 498 3 
Hire 517 0 406 0 422 49 396 207 508 2 
KIS 634 0 499 1 488 27 424 216 611 5 
Ki2g¥+ hl4 1 461 0 496 34 896 201 506 2 
KizZk- 508 0 417 0 421 42 408 198 633 1 
K3 486 0 486 0 613 51 501 233 524 6 


* Unirradiated control held at 60 per cent relative humidity for 15 min. 


Washed 24 h cells were held in aerosols at various levels of relative humidity 
and irradiated with 4:5 x 10° erg/mm? of light. The cells were collected, 
meubated for 6 h at 37° C in nutrient broth and washed. Mutants concen- 
trated by the penicilin method, diluted and plated on to nutrient agar. 
After 24 h at 37° C. individual colonies were picked off the plates, and the 
cells were suspended in saline, diluted and spotted on to (1) nutrient agar, 
(2) minimal salts agar supplemented where necessary Wi th parental growth 
requirements (MM), (3) nutrient agar and MM containing 30 gg/ml. of 
streptomyvein. After 48 h at 37° C colonics which failed to grow on the 
parental MM were reisolated from the nutrient agar and the procedure was 
repeated, 

A. Number of colonies isolated from nutrient agar after penicillin treat- 
ment. B, number of isolated colonies unable to grow on the parental MM. 
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Table 2. EFFECT OF STAGE OF GROWTH ON THE TYPE OF MUTATION PRODUCED 
BY 320-400 NM LIGHT IN CELLS OF Escherichia coli HELD AT 60 PER CENT 
RELATIVE HUMIDITY 


No, of mutants 


, _ Age of No. of Growth with new 
Strain irradiated mutants requirement or requirement 
cells examined new character (1) or character 
as in (1) 
b 24h 308 Streptomycin dependent 308 
BIR 24 h 276 Thymine 276 
HFC 24h 31l Threonine Sii 
K125 24 h 206 Histidine 206 
K12F* 24h 196 Guanine-lysine 196 
K12F- 24h 214 Histidine 214 
K3 24 h 186 Tryptophan 186 
HfrH 24h 28% Threonine 283 
15 min 253 Histidine 253 
söi nn | aoe 292 
Erg i min t < Serine 9 
HfrH ‘ i oye teine 5 
: ewe i Lactose-negative 519 
| 60 min ve i Proline 3 


* In synchronized culture, the cells underwent their first division between 
52 and 57 min after the start of incubation. Airborne cells held at 60 per cent 
relative humidity were irradiated with 4-5 x 10* erg/mm? and the ce ls were 
collected. Mutants were concentrated by the penicillin method and isolated. 
The growth requirement of the isolated mutants was assessed by plating onto 
minimal medium supplemented with various single or groups of metabolites 
and EMB agar. The mutants examined were isolated from the survivors of 
not Jess than six independent runs with each strain. 


aerosolized and irradiated after various periods in the lag 
phase, one kind of mutant was predominant, depending 
on the incubation time before treatment (Table 2). 
320 and 400 nm. The type of action spectra obtained, as 
well as the inhibiting action of the light on some aerobic 
metabolic pathways, has suggested that the absorbing 
chromophore is one of the quinone, flavenoid or cyto- 
chrome pigments of the cytochrome chain**. Although 
bacteria do not contain mitochondria, there 1s mito- 
chondrial activity in the cytoplasmic membrane and, 
moreover, portions of the bacterial DNA are known to 
be in contact with this membrane!*. Presumably, semi- 
dehydration, which is known to change the structure o f 
the cytoplasmic membranet, alters the structure of the 
membrane-cytochrome-DNA complex so as to allow 
the radiant energy, absorbed by the components of the 
cytochrome chain, to be readily transferred to the DNA. 
It therefore seems that in resting stationary phase cells 
the light absorbing element of the membrane cytochrome 
chain is in intimate contact with a given region of the 
bacterial DNA. The results obtained with the synchron- 
ized cells in lag phase growth, moreover, suggest that, as 
the cell progresses through its life cycle, the energy 
producing eytochrome system is brought successively 
into contact with different regions of the DNA. If the 
division time of the cells is taken into account the par- 
ticular times of cell development at which individual 
HfrH genetic loci were found to be mutated by this wave- 
band of light are remarkably close to those at which the 
same loci are transferred to female cells during genetic 
crosses as well as the times at which they are read and 
expressed in the cell during its lifetime*-”. We suggest 
therefore that as the cell progresses through its life cycle 
its genes are brought sequentially in contact with com- 
ponents of the membrane, or mitochondrial, cytochrome 
chain and the sequence of contact follows the order in 
which the genes are placed along the cell DNA. This 
concept supplies a mechanism by which both the sequential 
expression of genes and the biosynthesis of macromolecules 
are biologically maintained. In addition, it will explain the 
rapid rates and specificity of energy transfer in living cells. 

We thank the National Research Council of Canada for 
financial support. 
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Localization of Variable Antigens in the 
Surface Coat of Trypanosoma brucei 

using Ferritin Conjugated Antibody 
AGGLUTINATION reactions have shown that in Trypanosoma 
brucei infections, each relapse population of trypanosomes 
in the blood has a different antigenic character from its pre- 
decessor. Trypanosomes in the bloodstream are believed 
to enhance their immunogenic properties by shedding their 
variable antigens into the host’s blood as ‘“‘exoantigen’’!-3, 
In the past these variable exoantigens have been inter- 
preted as metabolic by-products, possibly enzymes 
(isozymes), secreted by the trypanosomes and adhering 
to them**. More recently a structural view of the origin 
of exoantigen has been advanced as a result of studies on 
changes in the trypanosome surface during the course of 
its life cycle®. 

Electron micrographs of bloodstream trypanosomes 
show a surface coat, 15 nm thick, enveloping the entire 
plasma membrane of the body and flagellum. This coat 
is missing from developmental stages of the trypanosome 
in the tsetse fly, but it is regained as the flagellates trans- 
form into metacyclic trypanosomes in the flv’s salivary 
glands. The coat seems to be an adaptation to life in the 





osomes were treated with 
picture shows a transverse 


Fig. 1. 
anti-ETat 5 ferritin-conjugated globulin. 
section of part of body of Trypanosoma brucei with adjacent flagellum 


Homologous reaction; ETat 5 try 


and plasmanemes all with surface coat overlying the surface unit 

membrane, Particles of the ferritin conjugate can be seen (arrowed) 

adhering to the surface coat. (x 120,000.) f, Flagellum; pl, plasma- 

neme; pmt, pellicular miopiya; sc, surface coat; sm, surface unit 
membrane, 
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Fig. 2. ETat 3 trypanosomes treated with 
Particles are rare on the surface coat of body, 


(= 120,000.) Abbreviations as in Fig. 1. 


Heterologous reaction. 
anti-ETat 5 conjugate. 
flagellum and plasmaneme, 


bloodstream and it has been suggested’ that the coat as 
distinct from the plasma membrane contains the variable 
antigens. These antigens are known to be unconjugated 
proteins’ and the coat can be removed by pronase diges- 
tion’. Prolonged washing results not only in loss of 
surface coat but also in loss of susceptibility to agglutin- 
ation by specific antiserum—a fact which Weitz put 
down to loss of exoantigen. Exoantigen may therefore be 
discarded, and possibly solubilized, surface coat material. 
The demonstration, by negative staining, of long thread- 
like extensions of the surface membrane plus coat at both 
anterior and posterior ends of bloodstream trypanosomes 
after their removal from the host* has raised the possi- 
bility that these appendages represent antigenic surface 
material which is shed into the surrounding medium, that 
is, they are the source of exoantigen. 

We present here preliminary evidence that the variable 
antigens of T. brucei are located in the surface coat— 
including that of the trypanosome’s filiform appendages, 
here termed plasmanemes. 

Clones of two virulent antigenic variants, ETat 3 and 
ETat 5 (ref. 9), were derived from non-consecutive relapses 
of a single strain of T. brucei and stored as deep-frozen 
stabilates. Antisera to these clones were produced in 
rabbits by intravenous injection of 5x 10° trypanosomes 
followed by bleeding 6 days later to give maximum 
variant-specific antibody titre’, The agglutinating 
antibody titre of these sera was high (1/10240) in homo- 
logous reactions: heterologous agglutination occurred at 
low titre (1/80) only with ETat 3. From each antiserum 
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Ferritin conjugate particles 
are seen clustered around the plasmaneme which retains its surface coat, 
but are rare on the surface membranes of the trypanosome body and 


Fig. 3. Homologous reaction as in Fig. 1. 


flagellum which have lost their coat, (x 110,000.) far, Flagellum- 
associated granular reticulum; other abbreviations as in Fig. 1. 


a globulin fraction was precipitated using saturated 
ammonium sulphate solution in the cold, and the globulins 
were conjugated with ferritin (Calbiochem, grade B) 
using xylylene m-diisocyanate as coupling agent’. The 
conjugated globulin was freed of uncoupled ferritin by 
centrifugation at 100,000g in the MSE Superspeed 
refrigerated centrifuge for 4-5 h on three occasions, resus- 
pending in fresh 0-5 M phosphate buffer (pH 7-5) after 
each spin, and finally dispersing in 0-1 M phosphate buffer 
with 1 per cent sucrose before storing at —20° C. The 
conjugated globulins were tested for agglutinating activity 
with living trypanosomes and this time no cross-agglu- 
tination was found. 

For antigen, trypanosomes were collected from 3 day 
infections in mice and washed three times in glucose saline. 
The flagellates were fixed for 20 min at 4° C in 0-5 per cent 
formalin made up in 0-1 M phosphate-buffered 1 per cent 
sucrose solution, rinsed three times in buffered sucrose 
solution alone, and then immersed in homologous or 
heterologous conjugated antiserum (0-2 ml. packed cells in 
0-5 ml. of conjugate) for 2 h at 25° C. The trypanosomes 
were resuspended in phosphate-buffered sucrose and 
centrifuged to remove unattached globulin, This was 
repeated twice. After post-fixation in 1-5 per cent glutar- 
aldehyde, the pellets of packed cells were post-osmicated, 
and then processed for electron microscopy in the usual 
way’. 

The trypanosomes used in this experiment had been 
well washed so that the pellet at fixation contained (a) 
living trypanosomes with the surface coat intact and 
bearing plasmanemes; (b) moribund trypanosomes which 
had lost the surface coat, and (c) dead and disrupted 
trypanosomes. 

Sections of trypanosomes which had been treated with 
homologous conjugated antiserum had ferritin particles 
adhering to the surface coat of both body and flagellum. 
Plasmanemes, whether attached or free in the pellet, were 
also covered (Fig. 1). Ferritin conjugate was rarely 
observed on the surface membrane of trypanosomes which 
had lost the surface coat (Fig. 3). ‘Trypanosomes treated 
with heterologous conjugated globulin had only a 
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few surface-bound ferritin particles regardless of whether 
or not the surface coat was intact (Fig. 2). 

The results of these preliminary experiments suggest 
that the antibody produced by the rabbits was directed 
largely against the surface coat components, and that the 
coats were variant specific in their antigenic character. In 
other words, variant antigens are located in the surface 
coat of the trypanosome. 

We thank Mrs G. J. C. MeNeillage for isolating the 
clones, Professor B. Weitz and Dr R. Sinden for helpful 
discussion, and the Nuffield Foundation and the Ministry 
of Overseas Development for financial support. 
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Cyclical Transmission of Chesson Vivax 
Malaria in Subhuman Primates 


IMMUNOLOGICAL and chemotherapeutic studies of human 
malaria in primates have been hampered by an inability 
to establish a reliable sporozoite passage of parasites. 
Although sporozoite transmission of falciparum and 
vivax malaria has been achieved in Aotus trivirgatus™*, 
only a single mosquito—Aotus—-mosquito cycle of the 
Achiote (Panama) isolate of Plasmodium vivax has been 
reported*, Attempts to reinfect Aotus with this strain by 
mosquito bite failed, although a human volunteer was 
reinfected by this route. 

Investigations with the Chesson (New Guinea) strain 
of P. vivax have started with the objective of establishing 
a consecutive sporozoite passage of this parasite in sub- 
human primates. This is of special significance because 
the Chesson strain has been the standard vivax malaria 
strain used in the USA for the past 25 years to assess the 
efficacy of candidate antimalarial drugs‘. 

Initially, three splenectomized Aotus (Nos. 388, 395 
and 396) were inoculated intravenously and intraperiton- 
eally with 3-2x 10’ infected erythrocytes from a human 
volunteer infected with Chesson vivax malaria. In 
conducting the research described in this article, the 
investigators adhered to the Guide for Laboratory Animal 
Facilities and Care, as promulgated by the Committee 
on the Guide for Laboratory Animal Facilities and Care 
of the Institute of Laboratory Animal Resources, National 
Academy of Sciences—National Research Council. Tro- 
phozoites were observed 15, 9 and 2 days respectively, 
while the first gametocytes were seen 15, 14 and 9 days 
respectively following inoculation, Mosquitoes (Anopheles 
stephensi, A. quadrimaculatus and A. b. balabacensis) 
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were fed on Aotus when gametocytes were observed. All 
Aotus produced mature gametocytes which underwent the 
full sporogonous cycle in anopheline mosquitoes. Although 
oocyst counts were low, usually ranging from 1~12 per 
infected mosquito, oocysts were normal in size and 
resembled those of P. vivax from human origin. Two 
weeks after infection sporozoites were present in the 
mosquito salivary glands. Infected anophelines (ex 
Aotus No. 388) were fed on four splenectomized Aotus 
and one Pan troglodytes (No. 7--which had been splenec- 
tomized one year previously for a falciparum malaria 
experiment) to determine the susceptibility of both host 
systems to sporozoites after passage through a heterolo- 
gous host species. Pan was used in place of a human 
volunteer because of possible transfer of uncharacterized 
infectious agents of Aotus which might be transmitted 
through anopheline mosquitoes. Two of the four Aotus 
and the Pan became patent after a 12-24 day period. The 
remaining Aotus died of non-malarial causes 10 and 19 
days after mosquito exposure, a period possibly too brief 
for completion of an exoerythrocytic cycle. A second 
transmission cycle was established by feeding infected 
anophelines from Pan on Aotus Nos. 67 and 369. The 
third transmission to Aotus was brought about with 
mosquitoes from No. 369. 


Table 1. INFECTION OF SPLENECTOMIZED Aotus trivirgatus WITH Plas- 
modium vivax (CHESSON STRAIN) 
Route of infection 
Blood transfer Sporozoite transmission 
No. = 5) (No. = 4) 
Mean Range Mean Range 
Prepatent period (days) 9-0 2-15 25-8 12-42 
Day of peak parasitaemia 32:8 50 45-0 28-70 
Maximum parasitaemia/mm* 10,940 8,400-14,100 12,800 10,700-14,500 
Day of first gametocytes 16-0 Q— 40-3 28—64 
Day when first infectious 22:9 19-27 40-3 28-64 


A comparison of the infection of P. vivax in Aotus by 
blood transfer or sporozoite transmission is shown in 
Table 1. The prepatent period was considerably shorter 
in parasites inoculated from infected blood as compared 
with sporozoite passage. This in turn affected the day of 
peak parasitaemia, the first appearance of gametocytes 
and the time that mosquitoes were first infected on a host. 
Levels of greatest blood parasitaemia were approxim- 
ately the same in both Aotus groups. 

Gametocytes from sporozoite-induced infections were 
more infectious to anophelines than those from blood- 
passaged infections. In the former, 25/39 pools of mos- 
quitoes applied (64-1 per cent) were infected, while in the 
latter category 23/70 (32-9 per cent) were infected. Trans- 
missions have been made with all three vector species. 
A. b. balabacensis is the most efficient vector with three 
times the number of oocysts developing on the mosquito 
midgut as in the other two anophelines; that is, mean 
oocyst counts of 61 in the former species and 20 in the 
latter two anophelines. There are marked short term 
periodicities in the infectivity of gametocytes to mos- 
quitoes**, and so comparative vector efficiencies were 
determined by feeding cages of two to three anopheline 
species on the same Aotus between 1300 and 1400 h. 

Our observations show that a mosquito-passaged cycle 
of Chesson vivax malaria has been established in the 
Aotus system which seems to be comparable with that 
in man. 

We thank Dr D. F. Clyde for providing the parasite 
strain, L. H. Bell and D. E. Haves for technical assistance 
and Dr E. H. Sadun for the use of Pan No. 7. 
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Transmission of Cytoplasmic 
Determinants in Amoebae by 
Micro-injection of RNA-containing 
Fractions 


THE techniques of nuclear transfer and micro-injection of 
cytoplasm have been used in the study of cytoplasmic 
inheritance in the free-living amoebae Amoeba proteus 
and Amoeba discoides. It has been shown that certain 
cellular properties, such as sensitivity to streptomycin 
and to neomycin, and mean nuclear diameter are influenced 
by nuclear and self-replicating cytoplasmic hereditary 
determinants!*, A. proteus is more sensitive to strepto- 
mycin and neomycin and has a greater nuclear diameter 
than A. discoides. Micro-injection of small quantities of 
cytoplasm taken from whole A. discoides results in the 
transfer and expression of the determinant studied in a 
small fraction of the clones derived from A. proteus which 
survive the operation}. 

In order to investigate the molecular basis of these 
eytoplasmic determinants, cellular fractions and sub- 
fractions of A. discoides have been prepared and injected 
into cells of A. proteus. Large numbers of A. discoides 
(7,D) were used to prepare the fractions. They were 
grown as mass cultures in Chalkley’s medium and fed on 
Tetrahymena pyriformis using a method modified from 
that of Griffin?. Recipient A. proteus (7,P) were grown in 
“wheat grain” cultures on Colpidium species’. Approxi- 
mately 5 ml. of packed A. discoides were starved for 2 
days and left at 2° C overnight. They were washed in ice- 
cold modified Chalkley’s medium and then lightly homo- 
genized in a 0-24 M sucrose-TKM buffer (0-05 M tris 
HCl, 0-025 M KCI, 0-005 M MeCl,, pH 7-4). 

Cell fractions were obtained as follows: nuclear; 
mitochondrial; vesicular (a fraction consisting of mem- 
branes and vesicles obtained after 10 min at 27,000g aver- 
age (personal communication from J. Morgan}; heavy 
microsomal (10 min at 105,000g average); light miero- 
somal (2 h at 105,000g average) and the post-microsomal 
supernatant. These fractions were checked for contamin- 
ants by phase contrast microscopy. With the exception 
of the nuclear fraction, small volumes of each fraction 
were injected into A. proteus, using techniques described 
earlier!, The “injected” A. proteus were maintained as 
“singles’’* until they either formed flourishing clones or 
died without dividing. These clones were examined for 
the transfer of two characters, lowered sensitivity to 
streptomycin and to neomycin. The assay method 
described previously}? compares the growth in Chalkley’s 
medium containing food organisms and either 0-4 ug/ml. 
streptomycin sulphate (Glaxo) or 0-6 ug/ml. neomycin 
sulphate (Sigma) with the growth in Chalkley’s medium 
containing food organisms only. In these conditions 
A. proteus is more sensitive to both drugs than is A. 
discoides. The results of these experiments, given in 
Table 1, show that homogenization and fractionation 
procedures do not inactivate the cytoplasmic determinants 
involved in the two characters studied. These deterrnin- 
ants were located in both microsomal fractions and in the 
post-microsomal supernatant fraction of the donor A. 
discoides. 

The strain of A. discoides used in these experiments has 
been shown to possess DNA and RNA-containing bodies 
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Fig. 1. Optical density profiles of the light microsomal and post- 

microsomal supernatant fractions of 4. discoides (5-20 per cent sucrose 

TKM gradient; 6 h af 105,0007 average at 0° ¢). Light microsomal 

(G2); post-microsomal supernatant (G3). (Values were corrected for 
sucrose absorption.) 


in the cytoplasm which can be transferred during cyto- 
plasmic injection’. Their presence is not correlated 
with lower sensitivity to streptomycin or to neomycin’. 
To confirm this result, both the cellular fractions of A. 
discoides and the cells from the injected clones of A. 
proteus were examined for the presence of DNA and 
RNA-containing “bodies” by fluorescence microscopy 
using acridine orange and methods described previously’. 
Examination of the cell fractions showed that the “bodies” 
were spun down in the nuclear fraction and were not 


Table 1. TRANSMISSION OF CYTOPLASMIC DETERMINANTS BY THE INJECTION 
OF FRACTIONS OF A. discoides INTO A. proteus 


No, of No. of clones No, of clones 
Fraction injections No.of withchangein with change in 
(A. discoides) into clones streptomycin neomycin 

A. proteua obtained sensitivity* sensitivity f 
Mitochondrial 25 15 0 0 
Vesicular 25 16 0 Q 
Heavy microsomal 60 28 7ł oł 
Light microsomal 50 24 9§ 5§ 
Supernatant 50 13 5 


* Number of clones with decreased sensitivity to streptomycin, comparable 
with sensitivity of A. discotdes. 
Number of clones with decreased sensitivity to neomycin, comparable 
with sensitivity of A. discoides. is 
+ Includes five clones with decreased sensitivity to both antibiotics. 
§ Includes two clones with decreased sensitivity to both antibiotics. 
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present in the other fractions, neither were they found in 
whole injected cells. : 

Because RNA and ribonucleoproteins are major com- 
ponents of the microsomal and supernatant fractions, an 
attempt was made to determine whether RNA was 
necessary for the transference of the selected characters. 
Samples of both microsomal and the post-microsomal 
supernatant fractions were treated with ribonuclease 
(Lights, 5x cryst.) at I ug/ml. for 18 h at 17° C and the 
preparations examined for their absorbance at 260 nm 
using a Beckman DB-G spectrophotometer. After this 
treatment, the post-microsomal supernatant showed no 
absorbance, while the microsomal fractions showed a 
10 per cent reduction in absorbance. Absorbance dis- 
appeared after the treatment of these fractions with 0-1] 
mg/ml. ribonuclease at 37° C for 10 min. Cells of A. 
proteus were injected with these treated fractions and 
surviving clones examined for their sensitivity to strepto- 
mycin and to neomycin. The inactivity of these fractions 
(Table 2) indicated that either RNA or a ribonucleoprotein 
was required for the transmission of information. 


Table 2. EFFECT OF RIBONUCLEASE TREATMENT ON THE TRANSMISSION 
OF CYTOPLASMIC DETERMINANTS BY CELL FRACTIONS OF <A. diseoides 
No, of No. of 
clones clones 
, No, of No.of with with 
Fraction Ribonuclease injections clones changein change in 
(A. diseoides) treatment into ob- strepto- neomycin 
A. proteus tained mycin sen- sensi- 
| sitivity tivity 
Heavy microsomal 1 pg/ml. 18 h 
at 17° C 50 23 Q g 
Light microsomal i a 48 a7 9 9 
Supernatant z + 60 46 ü 
Heavy microsomal 0-1 mg/ml. 10 
min at 387°C 35 8 0 ğ 
Light microsomal o 5 44 Ti 0 9 


Further analysis of the biologically active fractions 
was attempted using sucrose density gradients. 38 ml. 
5-20 per cent linear sucrose-TKM gradients were prepared 
and layered with 0-2 ml. of the respective fraction. After 
centrifugation at 0° C for 6 h at 105,000g average (MSE 
3x 5ml. swing-out rotor at 35,000 r.p.m.), 0-2 ml. fractions 
were collected by hand and examined for their absorbance 
at 260 nm using a Beckman DB-G spectrophotometer and 
a microcell. The optical density profiles for the light 
microsomal and post-microsomal supernatant fractions 
are shown in Fig. 1. Both fractions showed several peaks 
of absorbance, but only material from the major peaks 
was injected into A. proteus in this instance. In the 
conditions of centrifugation used, the heavy microsomal 
fraction pelleted and the optical density profile is not 
given in Fig. 1. Only one series of injections was made 
from this fraction, from the pellet, G@1-1 in Table 3. Clones 
obtained from these experiments were assayed for their 
sensitivity to streptomycin and to neomycin, and the 


Table 3. SUCROSE DENSITY GRADIENTS OF FRACTIONS FROM A. discoides: 
INJECTION OF RNA-CONTAINING MATERIAL INTO A. proteus 


No. ofine No.of No, of clones No. of clones 


Fraction Peak jections clones with change in with change 
(A. discoidea) No.t into 4. ob- streptomycin in neomycin 
proteus tained  sensitivity* sensitivity T 
Heavy microsomal G@1-1 50 29 B§ 5$ 
Light microsomal 32-1 40 20 2 9 
G2-13 49 30 134 ge 
G2-20 20 12 2 t 
Supernatant G31 12 6 1 1 
G35 30 21 4 1 
3-16 40 23 5il ij 
G3 20 10 T 1 0 


* No. of clones with decreased sensitivity to streptomycin, comparable 
with sensitivity of A. discoides. . i 

+ No, of clones with decreased sensitivity to neomycin, comparable with 
sensitivity of A. diseoides. ; 

t Peaks of absorbance at 260 nm, see Fig. L. . 

g Includes one clone with decreased sensitivity to both antibiotics. 

© Includes four clones with decreased sensitivity to both antibiotics. 

i Includes two clones with decreased sensitivity to both antibiotics, 
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results are given in Table 3. No attempt was made to 
treat the fractions with sodium deoxycholate, because 
amoebae contain rather less endoplasmic reticulum than 
many animal cells’, and it was advantageous to reduce 
to a minimum the additional material injected into 
recipient cells. 

The results indicate that the biological activity with 
respect to the two characters studied was distributed 
through the gradient. In both the light microsomal and 
post-microsomal supernatant fractions, however, material 
sedimenting in the lighter regions of the gradient was 
considerably more active in terms of the number of clones 
showing a change in sensitivity. The presence of activity 
at the top of the gradient was probably due to residual 
material always obtained in the last fraction. 

The RNA species involved in the transmission of these 
determinants has not been identified. The RNA may 
exist freely in the eytoplasm (the number of known low 
molecular weight RNA species is increasing*®), or may 
be complexed with ribosomes or with other protein. 
Alternatively it may be part of a ribosome which has been 
detached during preparative procedures. Loening?’ has 
shown that the larger subunit RNA is unstable in Acanth- 
amoeba castellonit in certain conditions. If the latter 
occurs in the larger free-living amoebae, this instability 
does not lead to loss of biological activity. 

Results from these micro- -injection experiments show 
that the determinants involved in the transmission of the 
response to streptomycin and to neomycin in amoebae are 
located in the microsomal and post-microsomal supernatant 
fractions of donor A. discoides. After treatment of these 
fractions with ribonuclease. information can no longer be 
transferred by micro-injection. 

I thank Mrs L. R. Willis for her help in culturing the 
amoebae. This work was supported by a grant from the 
Science Research Council. 
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Retinal Images from Distant Objects: 
the Premises for an Interpretation 


WHILE agreeing in some measure with the conclusion of 
G. H. Fisher’ that the appearance of spatial distortion 
may be partly explained by a non-linear function relating 
retinal image size to object distance, we seriously question 
some of the premises on which this conclusion is based. 
The human eye is analogous to a camera in so far as 
both are compound optical systems to which thin-lens 
theory cannot be applied. Listing? showed that Gauss's 
theorem for homocentric systems of refracting surfaces 
was applicable to the eve, and since that time numerous 
authors have calculated the positions of the cardinal 
points in schematic, si implified or reduced eves to represent 
the optical system found in the normal emmetropic human 
eye. The Gullstrand No. 2 (Simplified) Eye is frequently 
used in ophthalmic calculations (see, for example, 
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Emsley?). In this eye the nodal points are’ virtually 
coincident with the posterior pole of the crystalline lens 
and no appreciable error results from taking the latter as 
the point through which rays incident on the system pass 
undeviated. It is this nodal point which essentially 
defines the angular subtense of the object and ite retinal 
image’, 

The axial length of the eyeball and the position of the 
posterior pole of the lens have been determined by one of 
us in the eyes of over 100 subjects by means of an ultra- 
sonographie technique capable of measuring to an 
accuracy of Ol mm. In a group of twenty-six young 
adults whose refractive errors lay within 0-50 dioptre of 
emmetropia, the mean axial length was 23-46 mm (8.2). 
0-54), and the distance from the posterior surface of the 
lens to the retina was 16-03 mm (S.D. 0-61). 

The values determined ultrasonographically closely 
resemble those of the Gullstrand No. 2 eve and therefore 
the dimensions of the latter have been used in the caleu- 
lations of the image sizes, tangential to the globe, which 
are shown in Table 1. These image sizes show a linear 
relation to object size and differ from those found by 
Fisher because of his inappropriate use of the Donders 
reduced eye, 


Table 1. IMAGE SIZES FOR VARIOUS OBFECTS AT 500 MM FROM THE CORNEAL 

VERTEX, CALCULATED FOR THE GULESTRAND NO. 2 BYE: (g) TANGENTIAL 

IMAGE USING AXIAL LENGTH OF 23-90 MM. (6) TANGENTIAL IMAGE USING 

NODAL POINT TO RETINA DISTANCE OF 16-69 MM. (0) CURVED IMAGE USING 
RADIUS OF RETINAL CURVATURE OF 10-00 MM 


Object Image size in mm 
Size Subtense at 

in mm corneal vertex {a} ih} fe} 
8-728 1° Oey’ 0-312 O-2872 0-287 1 
21-831 23% 30 con O-7IBS 07477 
43-745 5° 00’ 1-5595 14305 14478 
100-0 11° «19° 38-5506 32906 31860 
500-0 45° 0 14-9151 18:4530 10-7454 
1,000-6 63° 26° 21-5448 32-0060 18-4416 
1, "500- 0} 71° 34’ 24-1094 49-3500 14-7154 
2. 000-0 75° 58’ 25-2537 658129 ERE 


The position of the centre of curvature of the eyeball, 
of course, cannot be determined by ultrasonographic 
techniques, but we would point out that, because the 
curvatures of the sclera and cornea are not identical, a 
more realistic value for the radius of the posterior surface 
of the eye would me the 10-90 mm used by Gullstrand 
rather than the 12-75 mm assumed by Fisher. Column e of 
the table gives values for the size of the curved retinal 
image, calculated on this basis. These values are markedly 
different from those obtained by Fisher's method of 
calculation (column a), though it will be seen that the 
relation between object size and curved retinal image size 
is by no means linear—nor, on any Eiuclidian basis, 
would one expect it to be. It may be noted, however, 
that if the image falls within the macular area of 5° the 
difference altace crvad and tangential ar sizes 
(1° in extent) the diferente | is ' reduced essentially to Zero. 

Visual acuity is normally taken to be I’ of are for foveal 
fixation but is reduced by a factor of 0-04 at 45° from the 
fixation point’. Estimation of the size of an object sub- 
tending this angle in static vision would be imprecise, to 
say the least, and it would indeed be impossible to identify 
the extremities of an object subtending an angle much 
larger than this, because the visual field extends no 
farther than 60° in the vertical meridian. It is not 
meaningful to talk about retinal image size as a basis for 
estimates of actual object size without stipulating the 
conditions under which the object is viewed. In static 
eye conditions the image of a large object near at hand 
will be so blurred (if not partly invisible) as to render 
accurate definition of its size impossible. If the eve is 
allowed to move, factors of convergence, accommodation, 
attention and fixation alter the circumstances completely. 

To quote only one example, at a distance of 500 mm 
the eye will accommodate 2 dioptres to focus at the 
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bottom of an object, but to view the top of an object 
500 mm high it would have to exercise only 1-4 dioptres of 
accommodation. The camera analogy again holds, in 
that unless the aberrations of the system are minimized by 
using combinations of stops, aspherical surfaces and 
multiple lenses, the peripheral portions of the image will 
be out of focus and distorted. Although the optical 
system of the eye uses all these compensatory mechanisms 
to some extent, the final definition of the image is cerebral 
rather than retinal, and it would seem possible that the 
brain uses the clues of blur and distortion, in addition to 
that of physical size, in interpreting images falling on the 
retinal mosaic. 

E. J. NAYLOR 

A. TOMLINSON 
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Dre G. H. FisHer, who had the opportunity of seeing 
the preceding letter before publication, has sent this reply 
to the criticisms it contains: 


Several perceptual phenomena including size and shape 
constancy, geometrical illusions and figural after-effects 
reveal appreciable differences between the real and 
apparent attributes of spatial stimuli. A considerable 
volume of research has been devoted to attempts at 
explaining why such differences should arise. Theoretical 
discussions of perceptual phenomena usually include 
consideration of the mechanisms responsible for them and 
it is customary for experimental studies to be designed 
so as to distinguish between central and peripheral determ- 
inants. As Naylor and Tomlinson point out!, “the final 
definition of the image is cerebral [central] rather than 
retinal [peripheral]. It may therefore seem reasonable to 
conclude that departure of perceived from actual dimen- 
sions of spatial stimuli is to be explained in terms of 
mechanisms located in the higher levels of the visual 
projection system. 

Size constancy is perhaps the most notable example of 
a failure of perception to conform with reality. It arises 
in the tendency of apparent size to remain the same not- 
withstanding appreciable variation in distance. Thus, as 
a person walks into the distanee, the image cast by his 
figure on the retina of an observer’s eye decreases in 
size. He does not appear to become pygmy or dwarf-like, 
however, but remains remarkably similar in apparent size. 
Only from exceptionally great distances, such as from an 
aeroplane or a mountainside, do people, vehicles and 
buildings lose the impression of reality by becoming 
model or toy-like. It is usually supposed that images 
vary directly with the sizes of stimuli and inversely with 
their distances from the eye, so that it seems that size 
constancy cannot be aceounted for by retinal dimensions. 
Accordingly, Wohlwill? and many others have concluded 
that constancy along with “overconstancy is the result 
of a judgemental, cognitive-order mechanism, by which 
S§ in some sense compensates for the distortion of the size 
and distance relationships as projected on the retina”. 
In spite of the extensive research into size constancy, 
however, the nature of such a mechanism and its location 
remain to be established. Regrettably, psychologists have 
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largely neglected Allport’s advice? that “we must turn to 
the stimulus-object and its relation to the proximal pattern 
of receptor stimulation. We must ask what the organism 
has to work with in perceiving size, for example, at 
varying distances and how it uses such means as are 
afforded by the environment”. 

My original cornmunication’ was intended to provide a 
simplified account of image formation suitable for the 
non-specialist reader with a rudimentary understanding 
of the principles of physics and trigonometry. It showed 
that the camera analogy gives a misleading indication of 
retinal dimensions. The simplicity of Donders’s reduced- 
eye is clearly such as to require more sophisticated con- 
sideration by those concerned with absolute image dimen- 
sions. Psychologists will be grateful to Naylor and 
Tomlinson for having brought determination of these 
further into question, They show “that the relation 
between object size and curved retinal image size is by no 
means linear”. More importantly, their calculations indi- 
cate that this relationship is not described by a rectangular 
hyperbola. Hence they confirm the point which I intended 
to make most strongly. They also agree “that the appear- 
ance of spatial distortion may be partly explained by a 
non-linear function relating retinal image size to object 
distance”’-—-again echoing my original point. 

Where these authors and I remain divided, however, 1s 
over the relevance of our respective analyses to spatial 
judgments; to “interpreting images falling on the retinal 
mosaic”. Any means employed for determining the 


about the most simple possible and more complex versions 
of schematic eyes naturally give different results. Never- 
theless, in the absence of more direct techniques of 
measurement, Naylor and Tomlinson’s claim for my 
“inappropriate use of Donders’s reduced-eye’’ is as 
gratuitous as to claim that several features of their own 
technique and assumptions may also prove inappropriate. 
I take it that both parties are concerned with space 
perception and the determination of relationships between 
physical and perceptual attributes of visual stimul. 
Naylor and Tomlinson observe that “if the image falls 
within the macular area of 5° the difference between 
curved and tangential image sizes amounts to only 1-6 
per cent and if the image is foveal (1° in extent) the 
difference is reduced essentially to zero”, According to 
Davson', however, the limits of vision extend 60° upwards, 
75° downwards, 60° nasally and 100°* temporally. When 
considering commonplace spatial judgments, therefore, 
the differences become appreciably greater than suggested. 
It should be noted also that when the central part of a 
stimulus is fixated the differences are doubled, because the 
vertical meridian extends to about 135° rather than 60°. 
Moreover, although Naylor and Tomlinson seem to 
assume that my analysis refers solely to stimuli arranged 
vertically, it is equally applicable to the horizontal plane. 
A considerable body of experimental evidence illustrates 
how spatial judgments covary with stimulus-dimensions. 
I therefore suggest that we both apply our calculations to 
considering whether such phenomena as size constancy 
can be accounted for at retinal level. 


JERALD H. FISHER 
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Book Reviews 


TRANSPORT OMNIBUS 


British Transport 

An Economic Survey from the Seventeenth Century to 
the Twentieth. By H. J. Dyos and D. H. Alderoft. 
Pp. 473. (Leicester University Press: Leicester, Septem- 
ber 1969.) 72s. 


In covering the whole history of Britain’s transport from 
the seventeenth century packhorse to the twentieth 
century air liner, Dyos and Alderoft set themselves a most 
formidable task and the result runs to 471 closely printed 
pages. These include 25 maps, a number of revealing 
tables and a first class critical bibliography. This last, 
in my opinion, is likely to be of much greater value to the 
student than the formidable array of source references 
with which books of this kind are usually cluttered but 
which are here happily absent. One often suspects that 
such copious references are included to display the author’s 
erudition rather than to help others. 

This book is particularly praiseworthy because, in spite 
of its subtitle, it does not ignore those technical develop- 
ments which made the transport revolution possible. In 
this, it is a shining exception to the many economic 
studies of different aspects of the Industrial Revolution 
which have appeared in recent years. The reason for this 
prevalent one-sided emphasis on economie man rather 
than on Homo faber is that, whereas economic history is 
an accepted and currently popular academic discipline, 
here, unlike American universities, the study of the history 
of engineering and technology is not yet recognized as 
such. It is therefore very heartening to discover two 
economie historians who tacitly acknowledge the fact 
that the urge to invent is not necessarily triggered off by 
economic circumstances. The result is a more than 
usually well balanced survey. 

Occasionally they make questionable statements, such 
as that the engineering problems involved in the extension 
of river navigation “were in some respects more formid- 
able” than those posed by the making of purely artificial 
canals. There is, curiously, no mention of the economic 
effects of the unfortunate choice of different rail gauges 
at a time when it seemed that the railways were going 
to repeat, with far less excuse, the mistakes of their canal 
predecessors. But on the whole, in their study of trans- 
port down to the end of the nineteenth century, the effects 
of developing technology are fairly covered. The authors 
are particularly illuminating on the subject of coastal 
shipping and the influence of the wool industry on the 
transport pattern. 

It is in the period after 1900 that the book is most open 
to criticism for its technological omissions. In the section 
on public road transport between the wars, there is no 
mention of the advent of the high-speed oil engine from 
1930 onwards, although it revolutionized the economics 
of the heavy road haulage industry and made it a far more 
formidable competitor of railways. Again, we are told 
about the precarious finances of the early commercial 
airlines, but the airship is not mentioned at all, so that 
one is left speculating as to how much government faith 
in that ill-fated type of craft may have affected financial 
encouragement of the heavier-than-air machine on long 
distance routes. | 
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The study ends at 1939, and the advent of the jet engine 
is mentioned only in a brief epilogue although its effeet 
on the air transport industry has been as great as that of 
the oil engine on the ground. The influence of the serious 
limitations of the piston engine for air transport on the 
economies of the pre-war industry should surely have been 
stressed. So might the curious fact that until the last war, 
all land-based aircraft flew from grass runways, a factor 
so limiting and so easily remedied that its long persistence 
now seems quite inexplicable. 

In a field so wide as this, significant omissions become 
almost impossible to avoid and these minor criticisms are 
intended to be constructive offerings to what is un- 
doubtedly a major contribution to our knowledge of trans- 
port history. The University of Leicester already has a 
great reputation im this field and this book will add fresh 
lustre toit. There is a great need for more historical works 
of this kind which combine economics with technology for, 
to quote the authors’ concluding words, “it will be as neces- 
sary in the future to study the legacy of the past as it 
has been in the past to plan for the future”, 

L. T. C. Ror 


LAVISH BIOLOGY 


The Explosion of Science 
From Molecule to Man. Edited by J. Z. Young and Torn 
Margerison. Pp. 215 with 413 illustrations. (Thames 
and Hudson: London, April 1969.) 126s. 
AN ignorance of science is regarded less and less as a social 
grace and this book will no doubt make a handsome adorn- 
ment to many coffee tables. Although a somewhat 
expensive ornament, its attractive format and quite 
outstanding collection of colour and black-and-white 
plates make many art books appear insipid and dull by 
comparison. Stimulating though this book may be at 
coffee mornings, however, its editors’ declared aim is “to 
explain some of the background of scientific research in 
the biological sciences in a manner which we hope will 
prove understandable and interesting to the non-scientist’’. 

This book will certainly stimulate the mterest of non- 
scientists in biology and will go some way towards satisfy- 
ing that interest. The eight chapters are each written by 
a different contributor, very much as separate essays and 
with little cross-referencing. In spite of the limitations 
of a single volume, the authors have provided a balanced 
view of the subject. The first article, by Professor P. 
Alexander, diseusses the nature and role of the molecules 
involved in inheritance and growth. This leads naturally 
to the article by Professor G. Belyavin on the structure 
of the smallest living entities with particular reference to 
viruses, The organization and specialization of cells in 
multicellular organisms are described by Dr K. Backhouse. 
The article by Professor J. Z. Young on the origin of life 
and the phenomenon of natural selection provides a 
unifying link for the first three articles and prepares the 
way for two articles on behaviour. The first, by Dr W. 
Grey Walter, discusses the structure and function of the 
brain; and the second, by Dr J. D, Carthy, describes 
studies of animal behaviour. The final two chapters relate 
specifically to problems facing man: the first. by Dr $, 
Lock, on human disease and its treatment; and the second, 
by Professor J. H. Fremlin, on the expansion of the 
species and the population problem. 

The style is usually clear and the presentation is interest- 
ing. Attention is rightly focused on results rather than 
techniques used. 


much with matters of fact but with the approach and 
emphasis provided by the authors of chapters 1 and 2. 
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In view of the importance which precise determinations 
of three-dimensional structures of proteins, nucleic acids 
and viruses have had in these areas, I was rather dis- 
appointed by the discussion. of these structures. Certainly, 
it is difficult to convey the three-dimensional character 
of these structures in a diagram or photograph, but I 
had hoped to see more of the basic principles of their 
design stated. For example, there is no explicit statement 
that it is the amino-acid sequence in a protein which in 
a given environment determines its three-dimensional 
structure, and the basic principles of the construction of 
simple viruses from identical protein subunits is inade- 
quately presented. This is a great pity, because the 
elegance of these solutions to the problems of efficient 
design makes a ready appeal to the lay audience. 

My most serious criticism concerns the plates and 
figures. Magnificent though many of these are, a number 
of the figures suffer from minor errors which more careful 
supervision of the artist would have avoided. Also, it is 
not always clear which caption refers to which illustra- 
tion. 

I suppose the question this review has to answer is 
whether I would choose this book if I had six guineas to 
spend on a Christmas present book for a sixteen year old 
niece or nephew. I think the answer is yes; in spite of 
the fact that it is expensive and there are features which 
could be improved, it is an exciting and stimulating book 
covering a wide range of topies in medicine and biology. 

W. FULLER 


AMINES ACTIVE IN MAN 


Biologically Active Amines found in Man 

Their Biochemistry, Pharmacology and Pathophysiologi- 
cal Importance. By Franz Franzen and Kurt Eysell. 
Pp. vi+244. (Pergamon: Oxford, London and New 


York, October 1969.) 100s; $13.50. 


In 1951, when I was a research student, Guggenheim 
produced his book The Biogenic Amines which I read with 
interest and enjoyment. When I was asked to review 
this book, therefore, I looked forward to the task 
because I felt that an up-dating of Guggenheim was long 
overdue. Indeed, the authors refer to the considerable 


can be post-1964. 
phenylethylamine, which has been discussed many times 
by different workers, is that of Friedhoff and van Winkle 
(1962), who considered that “any conclusions based on 
this result (of DMPE in schizophrenic urine) would be 
premature’. The authors can be the only people so 
unaware of the current situation. 

The monoamine oxidases are very well reviewed up to 
about 1945, after which time an ever diminishing amount 
of work seems to have been done on them so that by 
about 1962 all work on the subject seems to have ceased. 
MAO inhibitors are not mentioned in the brief index but an 
italicized sentence in the text refers to ‘“‘ecompounds alien 
to the body which are able to inhibit the amine oxidases”. 
Again, it would be assumed from this book that all workers 
lost interest in these compounds in the early sixties as no 
work has been reported since. Of course, it could be 
claimed that these synthetic compounds are outside the 
scope of this book, but then, why quotesome forty historical 
references to the subject ? 

Of the 244 pages in the book, only 128 are devoted to a 
discussion of the subject and from this figure must be 
deducted some 37 pages devoted to one table. The book 
ean therefore be highly recommended to all those who 
want but a brief historical review. Ivor SMITH 
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WORKSHOP IN PRINT 


Metabolic Effects of Gonadal Hormones and Contra- 
ceptive Steroids 

Edited by Hilton A. Salhaniek, David M. Kipnis and 
Raymond L. Vande Wiele.. (Based on a Workshop held 
in Boston, Massachusetts, December 1-5, 1968.) Pp. 
xxix +762. (Plenum Press: New York and London, 
1969.) $27.50. 

WueEn I read a book like this I wonder whether people 
are starting to forget that journals exist. This book is 
typical of many that are now appearing. It consists of 
papers delivered at a workshop conference, allegedly 
edited, though as almost all of the discussions on the 
papers are not included, the editing presumably con- 
sisted largely of selecting the sequence of the papers and 
writing the not very enlightening preface. 

As a book, the volume is a very slow starter. The first 
twenty-nine pages are devoted to telling the reader several 
times that the contents are based on papers read at a 
Workshop meeting held in Boston, Massachusetts, 
December 1-5, 1968; a foreword, a preface, a contents, 
a list of participants, a list of observers, and an introdue- 
tory note. None of this is of any great interest and It 
consequently comes as something of a surprise to read on 
page 731 that the editors selected only very brief sections 
of diseussion to include on the grounds of economy of 
space. 

The great bulk of the book consists of fifty-two papers 
that the editors have (somewhat arbitrarily) divided 
into the following sections: liver and gastrointestinal 
tracts (eight papers), carbohydrate metabolism (six), 
lipid metabolism (six), protein and amino-acid metabolism 
(six), respiration (two), hypertension and electrolytes 
(seven), calcium and skeleton (five), vascular system 
(seven), central nervous system (five). The papers are a 
mixture of studies with oral contraceptives, and with 
individual sex hormones, both natural and synthetic. 
In my opinion, it would have been better to have separated 
these two topics and produced two volumes, one on the 
metabolic effects of oral contraceptives and the other on 
sex hormones. 

Both the standard of presentation and type of content 
of the various papers vary enormously. Some are written 
in the traditional journal style and present the results of 
original experiments, others recapitulate or enlarge on 
data published elsewhere. Still others are reviews of the 
literature. There is a quite considerable overlap of data 
between certain chapters. This would be unimportant 
if the papers were in a journal, but should have been 
edited out of the book. Many of the individual chapters, 
considered in isolation, are excellent. There is, for 
example, a good review by D. P. Rose of hormone effects 
on tryptophan metabolism, while R. H. Furman has ably 
presented the extremely complex problem of steroid 
effects on serum lipids. The inclusion of some papers in 
this volume seems rather curious. There are papers by 
R. Doll and M. Vessey and by D. G. Seigel and R. E. 
Markush on the epidemiology of vascular disorders. 
Both are good, interesting papers, but are not studies on 
metabolic effects and should not have been published 
in this book. 

The lay-out of the book is unusual and erratic. The 
type varies considerably and is that of standard type- 
writers so that the book looks more like a collection of 
manuscripts than a finished work. There is a subject 
index and a list of drugs cited in the text. In this list on 
page 741 the progestogen components of Norlestrin and 
Norlutate are wrongly given. 

I think that the editors of this book have missed a 
wonderful opportunity. They could have put together a 
series of tightly edited papers from leading workers im 
this field to produce a much-needed volume. Instead, 
they have produced a sloppy, rambling book that is diffi- 
cult to use and will soon be forgotten. M. H. BRIGGS 
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RARE MALIGNANCY 


Choriocarcinoma 
The Clinieal Biology of the Trophoblast and its Tumours. 
By K. D. Bagshawe. Pp. xii+360. (Arnold: London, 
July 1969.) 120s. 


THis monograph is a useful addition to the literature on 
choriocarcinoma and is probably the most complete review 
of the subject and its literature yet published. The author, 
who has had the valuable experience of building up a 
special unit for the study of this relatively rare disease, is 
well able to describe and discuss all the practical points in 
diagnosis and treatment. He has obviously read and 
digested the literature very fully and gives no fewer than 
1,200 references, which are wisely isolated in a chapter at 
the end. The book is fully illustrated with good reproduc- 
tions of X-ray negatives, microfilms and diagrams. 

In the introduction, the author rationalizes the approach 
to the treatment of choriocarcinoma and uses the parti- 
cular to discuss chemotherapy of malignant disease in 
general. The numbering of each separate sub-heading in 
each chapter and the frequent quotation of patients’ 
ease numbers, although there is no appendix containing a 
documentation of the cases, give the chapters a numerical 
appearance which can be a little irritating and seems to 
have little practical value. There are a few faulty captions 
to the many illustrations, and in the description of some 
cases the names of surgeons who performed routine 
operations are mentioned for no apparent reason. 

Apart from these minor shortcomings, the book is 
well planned and well written and produced. In the second 
half of the book, chapters eleven to sixteen inclusive, the 
principles and practice of cytotoxic therapy for tumours in 
general are discussed. This makes it of greater interest to 
clinicians, who may rarely have the opportunity to see 
eases of choriocarcinoma because this relatively uncom- 
mon form of malignancy should usually be treated in a 
specialized unit such as the one described by the author. 

This book, with its wide spread of interest, should there- 
fore be of value not only to the trained oncologist who will 
be treating choriocarcinoma but also to those concerned 
with the somewhat chequered advance of medicine in the 
treatment of malignant disease. 

P. E. Toompson Hancock 


PROBLEMS OF BLINDNESS 


Blindness Research 

The Expanding Frontiers. Edited by Maxwell H. 
Goldberg and John R. Swinton. (A Liberal Studies 
Perspective.) Pp. xvi+ 544. (Pennsylvania State Uni- 
versity Press: University Park, Pennsylvania, and 
London, September 1969.) $12.50; 119s. 

Tis book contains the formal papers and summaries of 
discussions of a conference held in 1967. The contributors 
were “practitioners”, administrators of services-to-the- 
blind agencies and academies, and the topic was that area 
of blindness research which is the domain of the “soft” 
rather than the “hard” sciences. The format of the 
conference was to ask an expert in a particular area, for 
example, motivation, to survey the present state of the 
art in general and against the widest possible background, 
and then to have more specialized experts deal with the 
same area as it relates to blindness. There are lots of 
things to criticize in this collection of papers; for example, 
the initial decision of the organizers of the meeting to 
exclude any papers relating to “hard” matters such as 
medical advances, reading devices, and the whole field 
of mobility; the repeated inability of speakers from 
outside the special area of blindness to refrain from 
speculating—quite unnecessarily—about the problems 
and the nature of blindness; the failure to bring out the 
inherent contradiction that the blind in order to be able 
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to cease to belong to an identifiable minority group must— 
in most cases—first be identified with that group; and the 
failure to explain the impossibility of solving the educa- 
tional problems of blind youngsters without also solving 
the occupational ones. 

But against this must be set the almost wholly suecessful 
attempt to have a forum of discussion in which many of 
the very real problems of blindness were discussed in s 
broadly based, rational and sympathetic manner. Here 
there was a true attempt to “relate the university-based 
research with the agency needs, and agency research to the 
knowledge of the total university”. 

One may of course disagree with that as a desirable 
aim. But those of us who think it desirable ean find 
plenty to ponder about in this book. There is the wealth 
of material presented in terms of bibliographies and 
discussed with critical appraisal by the authors of the 
various papers. There are outstanding chapters on 
adolescence and on job opportunities by Davis and 
Yoder respectively. And there is, right throughout the 
book, example after example of the difficulties inherent 
in bringing together those who view matters more 
theoretically and those who have to deal with the 
problems on an everyday basis. 

In the United States, almost everybody concerned with 
solving the problems of blindness is cornmitted to an 
approach expressed magnificently by a senior administra- 
tor: “If we can sensibly join the research skills of the 
university staff with the knowledge and research skills of 
the agency staff, then most assuredly we shall be in a 
strong position to develop applicable research and experi- 
mentation that will solve the problems with which we are 
now faced” (Yoder, page 442). Perhaps they do arrange 
matters rather better there in this respect. 

J. A. LEONARD 


REACTIONS OF SIMPLE MOLECULES 


Gas Kinetics 

By G. L. Pratt. Pp. ix+246. (Wiley: London and 
New York, August 1969.) 70s cloth; 45s paper, 

Tuis book is designed to meet the needs of chemistry 
undergraduates whose course on kinetics concentrates 
on the homogeneous, gas-phase reaction of simple mole- 
cules. Its contents are divided into four chief sections: 
basic kinetics, experimental methods, theories of elemen- 
tary reactions and chain processes. 

Some trouble is taken to clarify theoretical points 
which are often treated unsatisfactorily in standard 
physical chemistry textbooks, and, to take two examples, 
the quasi-equilibrium concept and the transmission 
coefficient in transition state theory are both clearly 
explained. A convincing account is also given of uni- 
molecular reaction rate theory, but, although Dr Pratt 
acknowledges the revival of interest in collision theory 
resulting from experimental studies of the molecular 
dynamics of reactions, I found the section deseribing the 
application of collision theory to bimolecular reactions 
less satisfying. The relationship between the ordinary 
specific rate constant and the reaction cross-section can 
be established using quite simple concepts and mathe- 
matics, and, in view of the growing importance of crossed 
molecular beam experiments, I believe that the “hard- 
sphere” versions of collision theory should now be fully 
explained in undergraduate texts. 

At one or two other points in the book, an understand- 
able desire to limit the length of the book has led to 
oversimplifications which the student may find puzzling. 
For instance, the combination of text and potential 
energy diagram seems to imply that either ground state 
(?Ps,2). or excited (?P,,,), iodine atoms can be produced 
exclusively when HI is photolysed. In fact, as a percep- 
tive student will realize, a mixture is always produced 
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when the wavelength is below the energy limit for the 
production of excited atoms, and the ratio of IPP, o): 
ICPa) at various wavelengths is not fully known. 
Apart from these relatively minor points, I can certamly 
welcome the book. It is clearly written, well indexed, and 
both the text and diagrams are well presented and almost 
entirely free of irritating, typesetting errors. The author 
has decided not to give references to the original literature, 
except where diagrams are directly reproduced, but he 
does supply Lists of review articles and suggestions for 
further reading at the end of each chapter. About fifty 
namerical problems are also set and the answers supplied, 
so that a student can test his understanding of the 
material which he has read. lan W. M. SMITH 


SPACE-TIMES 


Einstein Spaces 

By A. Z. Petrov. Translated by R. F. Kelleher. Pp. 
xiii +411. (Pergamon: Oxford, London and New York, 
May 1969.) 140s; $12. 


Tuts is a highly technical book for professional relativists. 
It is written by a man whose name has become an insepar- 
able part of the modern theory. Anybody who finds a 
new exact solution of Einstein’s equations for empty space- 
time is sure to be asked what is its Petrov type. This 
question refers to the algebraic classification of the Weyl 
conformal curvature tensor (which is what the more 
familiar Riemann-Christoffel curvature tensor reduces 
to in empty space-time). The fame of this classification 
stems from F. A. E. Pirani’s discovery of its close relation 
with criteria for the presence of gravitational radiation in 
space-time. 

Petrov’s book is a revised translation of a Russian 
original published in 1961. It has also appeared in a 
German edition. The title is misleading, as the author 
admits. An Einstein space is the technical name given 
to a space the Ricci tensor of which is proportional to the 
metric tensor, whereas the author means by it any four- 
dimensional Riemannian space with signature — 2; that is, 
any space-time arising in the general theory of relativity. 

The book is principally concerned with various classifi- 
cation problems. The first problems considered are 
purely local. They concern the algebraic classification 
of the Weyl and Ricci tensors at a point. Then come two 
substantial chapters on space-times admitting various 
groups of motions. Finally, there are several unrelated 
chapters on conformal mappings, geodesic mappings, 
the Cauchy problem and space—times defined by special 
conditions of either a geometrical or physical nature. 

A book of this type is verv useful to the professionals. 
but the value of this particular one is somewhat impaired 
by a number of substantial errors, especially in the section 
on the classification of empty space-times by their sym- 
metries. This is rather serious in a book the essence of 
which lies in the completeness of its detail. Nevertheless, 
it is an important (though expensive) addition to the 
modern technical literature on relativity, and the transla- 
tion reads very well. D. W. CIAMA 


CALCULATING BAND STRUCTURES 


Group Theory and Electronic Energy Bands in Solids 

By J. F. Cornwall. (Series of Monographs on Selected 
Topics in Solid State Physics, Vol. 10.) Pp. xiv +288. 
(North-Holland: Amsterdam and London, 1969.) 128s. 


Tue electronic energy band structure of solids, parti- 
cularly of semiconductors, is best determined by a 
judicious combination of group theory, which gives the 
types of possible bands, and of experimental information 
pointing out the actual structure. For a complete 
knowledge it is necessary, however, to carry out also a 
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calculation more or less from first principles, and this 
complicated task is organized and much simplified by the 
use of group theory. At all stages, then, this technique 
is a most powerful tool. 

A number of excellent books exist on group theory, 
and some adequate ones on band theory in general, but 
this volume, completely devoted to the various aspects of 
the application of group theery in band determination, 
seems very useful, by collecting information scattered 
through the literature, expressing it in a uniform notation, 
and providing a clear and precise introduction tothe subject. 
Volume two of Slater’s Quantum Theory of Molecules and 
Solids served partly the same purpose, but the present one Is 
more comprehensive and in some aspects complementary. 

The first part is largely meant to enable experimentalists 
to fit their results to a theoretical scheme. It gives a 
standard exposition of the concepts of group theory 
which are more relevant to solid-state problems, and 
It is confined to the space 


inessential for a study of a variety of important semi- 
conductors. In view of the aims of this section, it 1s 
perhaps logical that some theorems are given simply as 
prescriptions, without a complete proof. The construction 
of symmetry adapted wavefunctions is particularly well 
explained, and the examples and tables are well chosen. 

The second part, chiefly for the benefit of theoreticians, 
treats more advanced and abstract topics, essentially 
in order to deal with non-symmorphie groups and with 
the double groups which arise when spin-orbit coupling is 
considered. It is probable that relativistic effects other 
than the spin-orbit interaction are important for heavy 
elements: thus a treatment starting from the Dirac 
equation, rather than based on the Pauli approximation, 
would have been more complete. This second part is very 
clear and is the fruit of the author’s considerable experi- 
is made to a lot of recent work. 

In short, this is both a useful introductory and reference 
work, recommended, in spite of its high price, to anybody 
studying band structures. L. PINCHERLE 


MORE FUEL CELLS 


Electrochemical Processes in Fuel Cells 

By Manfred W. Breiter. (Anorganische und Allgemeine 
Chemie in Einzeldarstellungen, Band 9.) Pp. xi+ 274. 
(Springer-Verlag: Berlin, Heidelberg and New York, 


1969.) DM 48; $12. 


In recent years there have been several books on fuel cells. 
A new one must therefore be judged at least partly by the 
criterion whether it fills a gap in the already published 
hterature. 

The present book, as stated in the preface, deals with 
basic processes oceurring in fuel cells and does not consider 
any of the technological aspects necessary for the develop- 
ment of practical units. After a brief introduction dealing 
with the definition of a fuel cell and a historical develop- 
ment (four pages), chapter two on thermodynamics considers 
some general aspects. Chapter three, entitled “Mass Transfer 
Processes”, occupies only six pages. These last two chapters 
are far too brief to make sense to anybody coming new to 
the subject and would only serve as a reminder to workers 
already experienced in the field. Similar considerations 
apply to chapter four, “‘Kineties of Electrode Reactions 
on Homogeneous Surfaces and Influence of Electrode 
Material”, and the fifth chapter. Only an experienced 
electrochemist would be able to follow the highly concen- 
trated treatment. Chapter six considers methods character- 
izing surfaces consisting of platinum metals and their 
alloys, where hydrogen adsorption is compared with other 
techniques. The next six chapters deal with processes 
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occurring in low temperature fuel cells: anodic oxidation 
of molecular hydrogen, oxygen layers on electrodes and 
inhibition of fuel oxidations, the adsorption of carbonace- 
ous species on platinum metals, the anodic oxidation of 
fuels, oxygen electrodes and finally corrosion of electrodes. 
The book then moves away from low temperature fuel cells 
and the next chapter deals with processes in fuel cells with 
molten carbonate electrolytes. Chapter fourteen describes 
processes in fuel cells with solid electrolytes. It isa great pity 
that in view of the relative promise of this type of fuel cell 
compared with low temperature systems, only seven pages 
are spent on it. The last two chapters deal with properties 
and models of porous electrodes respectively. 

The author is well known for his work in the field and 
the book is authoritatively and well written. By current 
standards it is also reasonably priced. The book will be 
useful for experienced electrochemists who are looking for 
the most up to date (end of 1967) summary of the literature 
dealing with fundamental aspects of fuel cell research. It 
is unfortunately not possible to say that this book fills 
substantially a gap in the literature. F, GOODRIDGE 


PHYSICS EXPLAINED 


Atomic Physics 

By E. V. Shpol’skii. 
English translation edited by S. Chomet. 
(Iliffe: London, July 1969.) 80s. 


Turis book represents an ambitious attempt to provide a 
comprehensive introduction to atomic (as opposed to 
nuclear) physics. It begins with a description of the 
properties of the electron and their experimental determin- 
ation, and it ends with the solution of the Schrédinger 
equation for the hydrogen atom. On the way, the funda- 
mental measurements are described with far more care 
and attention to experimental factors than are common 
in an introductory text, and the theoretical background is 
developed in easy stages. 

It is sometimes asked whether comprehensive books of 
this type covering so wide a range of topies can really be 
successful. The answer is that such books can be, but 
rarely are, successful; the present example undoubtedly 
comes into this rare category, so much so that it invites 
comparison with the finest of all examples of this genre 
in the field of atomic physics, namely, Atomic Physics, by 
Max Born. This last, of course, bears the stamp of a great 
physicist who made profound contributions to the subject 
he was writing about, and Shpol’skii’s book does not quite 
match Born’s in this respect. But he does emerge as an 
author with a deep understanding both of the subject 
matter itself and of the problems faced by a teacher. 
The student is steered with great skill through the com- 
plex interrelationship of theory and experiment in 
chapters devoted to atomic models, black body radiation, 
atomic spectra and the wave nature of matter. One has 
only to look at the excellent account of Bohr’s theory of 
the hydrogen atom in chapter eight, and compare it with 
the almost superstitious versions often encountered in 
elementary texts, to confirm that here is an author in full 
command of the subtleties of physical meaning embedded 
in quantum theory. Likewise, there is an excellent 
account of Eimstein’s derivation of Planck’s law, although 
for some reason the author fails to follow Einstein in 
using Wien’s law to demonstrate by the correspondence 
principle that E, — E, = hy. 

Not surprisingly in a book of this length, I have minor 
criticisms. The author occasionally makesrather heavy going 
of relatively elementary matters, as, for example, in the 
treatment of conservation of energy in classical mechanics 
in section 41, page 154. After very carefully and correctly 
developing the complex Fourier expansion of a real 
function in section 48, complex numbers are misused in an 
important application in section 73, where an essentially 
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real function is equated to a complex function. (This 
error is almost universal in elementary texts. Born, 
needless to say, gets it right.) But these are small 
blemishes, and their significance should not be exaggers 
ated. The one really surprising feature is that no mention 
is made of electron spin. This does seem to me to be a 
very serious omission, even from a deliberately elementary 
text, more particularly when twelve pages are devoted to | 
such a non-elementary topic as the Méssbauer effect. 


This book can be confidently recommended, with only. 


the reservation just mentioned, for physics, and other _ 








science students beginning their university courses. — 


They should emerge at the end of its 600 pages with. 
important insights into some of the most fundamental 
features of the physical world. W. R. HINDMARSH 





KINETIC THEORY 


Kinetic Processes in Gases and Plasmas 

Edited by A. R. Hochstim. (Reentry Physics Series. } 
Pp. xiv +458. (Academic Press: London and New York, 
May 1969.) 210s. 

Tus volume forms one of a series concerned with “re- 
entry physics”, but is concerned with fundamental prob- 
lems of kinetic theory of far wider interest than this 
context would suggest. It takes the form of a collection 
of ten largely self-contained articles from twelve authors 
and, as is perhaps inevitable in such a collection, the level 
and indeed the apparent objectives of the presentation 
vary noticeably from one article to another, 

The first five articles consist of systematic exposition 
of the equations of kinetic theory for both neutral gases 
and plasmas. There is considerable overlap, but the 
resulting gain in clarity, because each article illuminates 
different aspects of the derivations, more than compen- 
sates for this. The short article by M. B. Lewis on the 
inter-relationships between the Liouville, Boltzmann and 
Fokker~Planck equations is specially clear and precise 
(in spite of a slight confusion of notation on page 119). 
These relationships and others between these and the 
many other kinetic equations derived by various authors 
for special situations are well displayed in charts whieh 
illustrate three of the articles. These are extremely 
valuable. 

The sixth article, by Hochstim and G. A. Massel, is by 
far the longest and is the least satisfactory. It deals in 
great detail with the application of kinetic theory to the 
calculation of transport coefficients in ionized gases. It is 
written in a style perhaps appropriate to a reference 
handbook but with, for example, frequent use of a notation 
“to be introduced and tabulated later” which must make 
its use for reference purposes extremely cumbersome. The 
authors make much of having extended the solution to 
the transport equations in series of Laguerre polynomials 
up to twenty terms (involving a 20 x 20 matrix which they 
tabulate in detail), but it is hard to find any attempt to 
justify such a tour de force. 

The remaining four articles deal with chemical reactions 
considered as collision processes, reaction cross-sections, 
triple collisions, and methods of caleulating inelastic 
collision cross-sections. All these are clear and helpful, 
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LINEAR ALGEBRA 


Introduction to Linear Algebra and Differential Equations 
By Samuel Wolfenstein. (Holden-Day Series in Mathe- 
maties.) Pp. xiiit+254. (Holden-Day: San Francisco 
and London, 1969.) n.p. 

Tur contents of this book consist of the material recom- 
mended by the Committee on the Undergraduate Program 
in Mathematies for a course in linear algebra and the 
following two topics in a first course in differential equa- 
tions: existence-uniqueness theorems and the general 
theory of linear differential equations. The level is 
approximately second year undergraduate. 

The author quickly introduces the idea of complex 
valued and veetor valued functions of a real variable 
before proceeding to the idea of a differential equation. 
This introduction is a little hurried and is only really 
suitable as a reminder for students who have tackled 
these ideas before. In introducing differential equations 
the author links the idea of a differential equation and a 
vector field. This is an important and useful way of 
approaching this subject, in that it gives a geometric 
picture of the solutions of the equation. In chapters five 
to ten the main body of linear algebra is developed, and 
the latter two chapters introduce eigenvalue theory with 
application to the theory of linear differential equations 
with constant coefficients. 

Although the author has formulated his ideas in a precise 
and pleasant way, it may be difficult for the beginner 
student to learn from the book unless it is made an 
integral part of a course. R. A. FENN 


Dr T. S. Littler 


UxntiL a few weeks before his death on September 12, 
Tom Littler was on call to various government committees, 
and was scientific adviser to the Royal National Institute 
for the Deaf and editor of its scientific journal Sound. In 
1957 the Royal Society of Medicine awarded him the 
Norman Gamble Prize for the most outstanding contribu- 
tion to otology in the previous five years. 

Littler was educated at Wigan Grammar School and 
Manchester University, where he graduated with honours 
in physics and later gained his MSc. He was one of the 
first members of the Sound Division of the National 
Physical Laboratory at Teddington when it was set up 
under Dr A. H. Davis. Here Littler’s lifelong interest in 
the loss of hearing and its alleviation began. 

His next move was to Cairo, as senior lecturer in 
physics at the Egyptian University, but after some years 
he returned to Manchester University, where he was able 
to give more time to research. He did valuable work in 
the detection and measurement of heart murmurs by 
electronic methods, and in 1934 gained his PhD. 

This was at about the time when important work on the 
education of the deaf was beginning at Manchester 
University, when Irene Ewing was promoted to reader, 
with her own department within the faculty of education. 
She was given one of the first pure-tone audiometers to be 
used in Britain and Littler joined her team investigating 
residual hearing in deaf children. One of his first and 
most valuable tasks was designing and making valve 
amplified group hearing aids to take the place of multiple 
speaking tubes. | 

These were so successful that Littler realized at once the 
enormous value of individual amplifiers to the general 
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hard-of-hearing public. His first set, built into a small 
carrying case, was described in Wireless World on April 17- 
1936. He also realized that poorer members of the com, 
munity would never be able to afford such mstruments 
and added his voice to those which were demanding, in 
the name of humanity, what eventually became National 
Health Service Medrescos. Before the war began in 1939 
he started working with Professor (now Sir Alexander) 
Ewing and Air Vice-Marshal B. D. D. Dickson on the 
effects of intense noise on the hearing of Royal Air Force 
flying crews. He continued this throughout the war as a 
senior scientific officer in the RAF. 

When Littler returned to Manchester as senior lecturer 
in acoustics he became one of the key figures in the 
Medresco team, and also secretary of the Medical Research 
Council Electro-Acoustics Committee, until it was dis- 
banded eighteen years later in 1962. But many will 
remember his name best in connexion with the Wernher 
Research Unit which he established and directed at the 
invitation of the Medical Research Council, first at the 
Royal National Throat, Nose and Ear Hospital in 1949, 
and later at King’s College Hospital, London. During the 
sixteen years of its existence the unit made notable con- 
tributions to the medical and physical aspects of deafness, 
the development of hearing aids, audiometry, presby- 
acusis and noise-induced hearing loss. Littler wrote many 
papers for the learned journals and in 1965 a book, The 
Physies of the Ear. 


Professor Amos de-Shalit 


Amos pE-SHaLIT, who died on September 2, was born in 
Jerusalem on September 29, 1926. He attended secondary 
school in Tel-Aviv and after matriculation entered the 


later to form the mainspring of physics in Israel. Toward 
the end of his studies the War of Independence broke out 
and de-Shalit served in the scientific development corps 
from 1947 to 1949. After leaving the army, de-Shalit 
went to the Eidgenössische Technische Hochschule in 
Zurich to work under Professors Sherrer and Paul and 
obtained his DrScNat degree in 1951, with a thesis on the 
decay of some odd isotopes of Pt, Au and Hg. After two 
years of postdoctoral work at Princeton and the Massa- 
chusetts Institute of Technology he returned to Israel 


the Weizmann Institute, when his leadership and organiz- 
ing ability found their full expression. He relinquished 
this post to organize the new department of science 
teaching at the institute, and was beginning this task 
when he died. 

de-Shalit was president of the Israel Physical Society in 
1958, a member of the Israel Academy of Sciences and 
Humanities and foreign honorary member of the American 
Academy of Arts and Sciences. He received the Israel 
Prize im 1965. 

Much of de-Shalit’s scientific life was devoted to the 
study of nuclear structure and the nature of nuclear 
forces. Apart from a relatively short period as an experi- 
mental nuclear spectroscopist, he was mostly a theoreti- 
cian. But he also had a deep appreciation of the experi- 
mental aspects of his subject. Long after he had left the 
laboratory he continued to advise, criticize and sometimes 
participate in the design of new experiments. 

de-Shalit applied the techniques which he learnt from 
Racah to problems of nuclear structure, having particular 
success in his work on the shell model. He explored the 
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effect of progressively greater deviations from the simple 
single particle models on nuclear properties. His interests 
included nuclear magnetic moments, anomalous beta and 
gamma decay, energy levels of some individual nuclides 
and level systematics of whole classes of nuclides, the 
behaviour of many particle systems and the properties of 
nuclear matter. He published many papers on these 
topics, some considered classical and definitive. 

In a relatively short time de-Shalit established himself 
as an international authority on nuclear structure. He 
was in great demand to attend conferences, seminars and 
summer schools, and was invited to participate in discus- 
sions to plan the research programmes of many labora- 
tories. In 1963 he published, together with I. Talmi, a 
standard textbook on the shell model. 

As well as his scientific expertise, de-Shalit had consider- 
able administrative abilities. The duties he was called on 
to carry out in this respect were a heavy demand on his 
time. Towards the end of his life he was torn between 
the desire to keep to pure research and the realization that 
he could perhaps contribute more to the institute and to 
Israel by undertaking administrative work. 

de-Shalit was a man of catholic tastes, always interested 
in the education of young scientists. He encouraged a 
closer connexion between the Weizmann Institute and the 
high schools of Israel, taking the form of lectures, summer 
science camps and competitions for science prizes. At 
forty de-Shalit decided that he should contribute more 
towards the training of the next generation of scientists 
and devoted an increasing part of his time to this task. 
He collected a group of scientists and started a thorough 
study and revision of the methods of teaching physics. 
He was also chairman of the Scientific Preparatory Com- 
mittee of the Fifth Rehovot Conference on Science and 
Edueation in Developing Countries, but his last illness 
precluded his participation in it. 


Correspondence 


Terminology of Biosphere and Ecosphere 


Sir,—-The word ecosphere reported as new (Nature, 223, 
500; 1969) has been in the English lexicon at least since 
1956 when it was defined in a US Air Force publication?. 
There are twelve citations for ecosphere in the research files 
of the G. & C. Merriam Company which contain more than 
ten million examples of English usage. The word has been 
used in a very general sense by Willie Ley: “It is not 
very difficult to calculate the distance and extent of the 
ecosphere for any star, provided its size and its surface 
temperature are known. For a rather hot star, like 
Sirius, the inner border of the ecosphere will be a con- 
siderable distance from the surface of the star. For a 
rather cold star the inner border of the ecosphere will not 
be as far away’”?. 

By 1966, the word ecosphere had become important 
enough for entry in the addenda to Webster’s Third New 
International Dictionary? with an adjective derivative. 
It is defined there as follows: 


ecosphere/'ek6 sfi(e)r, ék-/n [2ec-+sphere]: the parts 
of the universe habitable by living organisms; esp: 
BIOSPHERE |]—-ecospheric/!ekd!sfirik, !ék-, -fer-/ adj 


fj 


The addenda are bound at the front (pp. 57a—64e@) of all 
copies bearing a 1966 copyright. 

A considerable effort is made to keep the word files upon 
which Webster's Third New International Dictionary is 
based up to date. For example, several scientific editors 
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read Nature regularly for the purpose of culling examples 
of current scientific usage. 
Members of the seientific and technical community are 
invited to query the files and to submit reprints of their 
published work for lexicographic examination. 


Yours faithfully, 
R. W. PEASE, jun. 


G. & C. Merriam Company, 

Springfield, Massachusetts 01101, 

USA. 

1 US Air Force Dictionary (edit. by Heflin, W. A.), 183 (Air University, 1986), 

* Ley, W., in /nformation Please Almanac Allas and Yearbook, 73 Simon and 
Schuster, New York, 1962). 


> Webster's Third New International Dictionary, Addenda, 59a (G. and C. 
Merriam Co., Springtield, Mass., 1068), 


Professor Samueloff and Mr. Muallem 


SIR, The news of the release of Professor Samuelo and 
Mr Muallem from detention in Syria should be particu- 
larly weleome to the international scientific community. 
When it became known that a distinguished physio- 
logist had been hi-jacked while travelling back to Israel 
after discussions of his part in an Anglo-Israel study under 
the auspices of the International Biological Programme, 
there was an immediate response from his fellow physio- 
logists both in this country and the United States. 
Professor Wallace Fenn, president of the International 
Union of Physiology (TUPS), telephoned and cabled the 
various members of the committee of IU PS, and appeals 
were sent direct to the President of Syria and U Thant. 
The trustees of the Mayo Foundation, where Professor 
Sarnucloff had worked, authorized the director, Dr Code, 
to use his best efforts on behalf of Professor Samiueloff. 
In the meanwhile, Professor Magnes, head of the Depart- 
ment of Physiology at the Hadassah Medical School, 


sent to U Thant, and was also supported by the Dutch 
physiologists. The scientific director of the International 
Biological Programme informed the president, Professor 
Baer, who cabled direct to the President of Syria. Through 
the Royal Society and through representations by several 
international umions, the support of the International 
Council of Scientific Unions (ICSU) was sought, as was 
that of other international bodies such as the World 
Health Organization and the World Medical Association. 
It is understood that they individually took up the ques- 
tion with U Thant. 

Letters were also sent by various individuals to the 
President and the Prime Minister of Syria. Finally, 
thirteen of the British Nobel Laureates in physics, chemis- 
try, medicine and physiology signed a letter to the 
President of Syria, which was just about to be sent when 
the news was received that Professor Samueloff had been 
released. Nobel Laureates in other European countries 
have also supported an appeal. In addition to these 
various actions, there have been many others, including 
correspondence or discussion with the Foreign Office, the 
International Federation of Airline Pilots and Amnesty 
International, as well as similar efforts in other countries. 

The steps taken by so many seientific bodies are wel- 
come evidence of the international concern of scientists 
about one of their members. Naturally it is to be hoped 
that such a situation as the imprisonment of Professor 
Samueloff and Mr Muallem will not recur, but scientists 


are travelling so frequently on world-wide journeys that 
they are, as a body, increasingly at risk. ‘This travel is 


essential for the workings of many scientific bodies such 
as WHO. The fourteen weeks spent in prison by Professor 
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Samueloff and his companion might well have been longer 
if the protests of the scientific world had not been made, 
but fourteen weeks is a very long time. 

Those of us who were direetly involved, as colleagues 
of Professor Samueloff, realized all too well that we were 
amateurs, probably blundering in our efforts to help and 
not at all sure that our efforts were coming near the 
target. There were those who advised working behind 
the scenes, others who felt that a maximum of press 
publicity was essential. In spite of some setbacks and 
occasional rebuffs, the enanti and medical past 


Yours faithfully, 


©, EDHOLM 


National Institute for Medical Research, 
Hampstead Laboratories, 
London NWS. 


University News 


Dr J. M. Morris has been appointed John Slade Ely 
professor of gynaecology at the Yale School of Medicine. 


Appointments 


Professor S. K. Runcorn, University of Newcastle upon 
Tyne, has been appointed by the Council of the Royal 
Society to be Rutherford Memorial Lecturer for 1970 
in Kenya, Tanzania and Uganda. It is expected that he 
will lecture on topics in geophysics at University College, 
Nairobi, University College, Dar es Salaam, and Makerere 
University College, Kampala. 


Announcements 


Lord Blackett (University of London) has been re- 
elected president of the Royal Society. Other officers 
re-elected for the commg year are: treasurer, Sir 
Frederick Bawden (Rothamsted Experimental Station); 
biological secretary, Sir Bernard Katz (University Col- 
lege, London); foreign secretary, Sir Harold Thompson 
(University of Oxford). Sir Harrie Massey (University 
College, London) was elected physical secretary. New 
elections to the council were as follows: Professor J. F. 
Adams (University of Manchester), Professor E. J. 
Denton (University of Bristol), Professor D. W. Holder 
(University of Oxford), Professor F. Hoyle (University of 
Cambridge), Sir Ewart Jones (University of Oxford), 
Dr J. W. Menter (Tube Investments, Ltd), Professor 
D. C. Philips (University of Oxford), Professor F. H. 
Stewart (University of Edinburgh) and Dr Marthe L. 
Vogt (formerly ARC Institute of Animal Physiology, 
Cambridge). The following were re-elected to the council: 
Professor P. W. Brian (University of Cambridge), Profes- 
sor J. N. Davidson (University of Glasgow), Sir Charles 
Goodeve (formerly British Iron and Steel Research Asso- 
ciation), Professor W. R. Hawthorne (University of Cam- 
bridge), Sir John McMichael (British Postgraduate Medical 
Federation), Professor R. C. Suteliffe {University of 
Reading) and Sir Maurice Yonge (University of Glasgow). 


The International Society of Psychoneuroendocrino- 
logy was established at a meeting in Milan on September 
1-2, 1969. The aim of the society is to coordinate clinical 
and basic research work in the psychoneurological and 
the endocrinological sciences. An advisory council of 
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members from twenty-five countries was formed. Further 
information can be obtained from the secretaries: Dr F. 
Woleson, the Neurochemical Institute, 38 Radmands- 
gade, 2200 Copenhagen, Denmark, or Professor F. 
Brambilla, Clin. Psichiatrica del’ Universita, Via Besta 1, 
Milano-Affori, Italy. 


The Dr H. P. Heineken Prize, which is awarded every 
three years by a committee appoimted by the Royal 
Netherlands Academy of Science, has been awarded for 
1970 to Dr B. Chance, professor of biophysics and 
director of the Eldridge Reeves Johnson Foundation for 
Medical Physies at the University of Pennsylvania, for 
his research on the mechanism of intracellular respiration 
and photosynthesis. 


The first BDH Award in Analytical Biochemistry has 
been made by the Biochemical Society to Dr B. S. 
Hartley, MRC Molecular Biclogy Unit, Cambridge. The 
award is to be made triennially by the society for work 
carried out in a laboratory in the UK or Eire leading to 
advances in biochemistry related to the application of a 
new reagent or method. 


The Ministry of Technology’s Wolfe Award has been 
presented to Mr W. Watt, Mr L. N, Phillips and Mr 
W. Johnson (Materials Department, Royal Aircraft 
Establishment, Farnborough) for their discovery of a 
method of producing high strength, high stiffness carbon 
fibres. 


In the book review by Robert Maycock of 
An Aspect of the Philosophy of Science 
by W. M. O'Neil (Nature, 224, 976; 1969), the first 
sentence should have read: “A casual reference to the 
philosophy of science can still transform the most level- 
headed scientist into a ranting protestor.” 


ERRATUM. 
Fact and Theory: 


Erratum. In the note “Nuclear Power” in “Parliament 
in Britain’? (Nature, 224, 405; 1969), it was stated that 
“the cost of replacing a complete set of fuel elements in 
the Dragon reactor was about £60,000", In fact, the 
heat exchangers were replaced and not the fuel elements. 
The fuel development programme of the Dragon project 
has been successful, and the difficulties encountered with 
the heat exchangers are not related to the reactor system 
itself. 


International Meetings 


January 6, Gas—Liquid Chromatography of Natural 
Products, London (Mr E. L. Robins, Pharmaceutical 
Society of Great Britam, 17 Bloomsbury Square, London 
WC})). 

January 12-24, Biological Effects of Carbon Mon- 
oxide, New York (Mr L. R. Neville, Associate Executive 
Director, New York Academy of Sciences, 2 East 63rd 
Street, New York, NY 10021, USA). 

January 22, Technical Information on Materials for 
Building and Construction—Sources and Presenta- 
tion, London (The Society of Chemical Industry, 14 
Belgrave Square, London SW1). 


February 25-26, Trends in Diffusion, Teddington (Meet- 
ings Officer, The Institute of Physics and the Physical 
Society, 47 Belgrave Square, London SWI). 


March 22—25, First Annual Meeting of the Environ- 
mental Mutagen Society, Washington (Dr F. J. de 
Serres, Editor, EMS Newsletter, Biology Division, Oak 
Ridge National Laboratory, Oak Ridge, Tennessee 37830, 
USA). 


March 23-25, Dielectric Properties of Heterogeneous 
Systems including Biological Materials, Aberystwyth 
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(Dr A. H. Price, Secretary, Dielectrics Discussion Group, 
Edward Davies Chemical Laboratories, Aberystwyth, 
Cardiganshire, Wales, UK). 


April 1-3, Yeast Cell Walls, Edinburgh (Dr N. A. 


sity. Newcastle upon Tyne, NE] TRU, UK). 

April 1-4, Combinatorial Mathematics, New York (Mr 
L. R. Neville, Associate Executive Director, New York 
Academy of Sciences, 2 East 63rd Street, New York, 
NY 10021, USA). 

April 6-8, Thin Films, Reading (Meetings Officer, The 
Institute of Physics and the Physical Society, 47 Belgrave 
Square, London SW1). 


April 7-10, Chemistry of Interfaces, Lunteren (Dr 
J. W. Th. Lichtenbelt, Van °t Hoff Laboratorium, Sterren- 
bos 19, Utrecht, The Netherlands). 


April 9-10, Metabolism and Biological Functions of 
Polyamines, New York (Mr L. R. Neville, Associate 
Executive Director, New York Academy of Seiences, 2 
East 63rd Street, New York, NY 10021, USA). 


April 13-16, National Atomic and Molecular Physics 
Conference, London (Meetings Officer, The Institute of 
Physies and the Physical Society, 47 Belgrave Square, 
London SWI). 

April 13-23, International Grassland Congress, 
Queensland (Congress Secretary, XIth International 
Grassland Congress, 372 Albert Street, East Melbourne, 
Victoria 3002, Australia). 


April 14-16, Influence of Electric and Magnetic Fields 
on Chemical Engineering, London (Conference Depart- 
ment, Institution of Electrical Engineers, Savoy Place, 
London WC2). 


April 14-16, Industrial Carbons and Graphite, London 
(Secretary, Third Conference on Industrial Carbons and 
Graphite, Society of Chemical Industry, 14 Belgrave 
Square, London SW1). 


April 14-16, Automatic Test Systems, Birmingham 
{Conference Registrar, Institution of Electronic and Radio 
Engineers, 8-9 Bedford Square, London WC1). 


April 15-17, Defects in Semiconductors, Reading (Meet- 
ings Officer, The Institute of Physics and the Physical 
Society, 47 Belgrave Square, London SW1). 


April 16-18, Geochemical Exploration Symposium, 
Toronto (Dr R. W. Boyle, Geological Survey of Canada, 
601 Booth Street, Ottawa, Ontario, Canada). 


April 27-29, Use of Computers in Studies Preceding 
the Design of Chemical Plants, Florence (Socicta 
Chimica Italiana, Sezione Lombarda, Piazza R. Morand: 
2, Milano, Italy). 


April 29-May 1, Plastics Institute National Technical 
Conference, Brighton (The Plastics Institute, 11 Hobart 
Place, London SWI). 


May 3-8, Second Congress of the International Radia- 
tion Protection Association, Brighton (Mr ©. A. Adams, 
Central Electricity Generating Board, Laud House, New- 
gate Street, London EC1). 


May 3-9, Stereochemistry, Birgenstock, Switzerland 
(Chairman, Professor E. Havinga, Chemische Laboratoria, 
Rijksuniversiteit Leiden, POB 75, Leiden, Holland). 


May 4-7, London Engineering Congress, London 
{LECO °70 Congress Office, c/o Institution of Production 
Engineers, 10 Chesterfield Street, London WIX 8DE). 


May 5, Crop Protection, Gent (International Symposium 
on Crop Protection, Rijksfaculteit der Landbouwweten- 
schappen, Coupure Links 235, Gent, Belgium). 


May 11-15, High Pressure, Aviemore, Scotland (Jeremy 
Schoeffer, The Institution of Mechanical Engineers, 1 
Birdcage Walk, Westminster, London SW1). 
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May 18-20, Neonatal Enteric Infections caused by 
Escherichia coli, New York (Mr L. R. Neville, New York 
Academy of Sciences, 2 East 63rd Street, New York, NY 
19021, USA). 


May 22-29, Tenth International Cancer Congress, 
Houston (Office of the Secretariat, Tenth International 
Cancer Congress, PO Box 20465, Astrodome Station, 
Houston, Texas 77025, USA). 


me 


June 2-5, Spectroscopy, Chicago (Miss Adele Rozek, 
Program Chairman, Velsicol Chemical Corporation, 330 
East Grand Avenue, Chicago, Illinois 60611, USA). 


June 2-5, Precision Electromagnetic Measurements, 
Colorado (Mr G. Goulette, Bureau of Continuation Educa- 
tion, University of Colorado, Boulder, Colorado 80302, 
USA). 


June 4-5, Biological Effects of Polynucleotides, New 
York (Dr E. G. Bassett, Symposium Coordinator, Research 
Products Division, Miles Laboratories, Inc., Elkhart, 
Indiana 46514, USA). 


June 7-11, 15th Annual Meeting of the Health Physics 
Society, Chicago (Mr W. R. Rivkin, 2356 Skokie Valley 
Road, Highland Park, Hlinois 60035, USA). 


June 15-16, Catalytic Hydrogenation and Analogous 
Pressure Reactions, New York (Mr L. R. Neville, New 
York Academy of Sciences, 2 East 63rd Street, New York, 
NY 10021, USA). 


June 15-20, 4th Symposium on Organic Sulphur, 
Venice (Professor A. Mangini, IV Symposium on Organic 
Sulphur, Viale Risorgimento 4, 40136 Bologna, Italy). 


June 18-19, Chemical Contaminants in Foods— 
Hazard or Not ?, Ottawa (Mr H. B. Taylor, Technical 
Secretariat, Food and Drug Directorate, Tunney’s Pasture, 
Ottawa, Canada). 


June 25-27, 7th Congress of the European Dialysis 
and Transplant Association, Barcelona (Secretary of 
the Congress, Instituto Policlinico, Platon 21, Barcelona, 
Spain). 


September 13-17, Second International Conference on 
Raman Spectroscopy, Oxford (Professor D. A. Long, 
School of Chemistry, University of Bradford, Bradford 7, 
Yorkshire, UK). 


Sabbatical itinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratories, Nature 
advertises the needs for housing of families about to 
take up periods of sabbatical leave. To begin with, 
no charge will be made for advertisements like this. 
it is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective. 


Vacant: 3-bedroomed well-furnished house m 
Reading with garage, telephone, central heating, 
modern kitchen, for 9 months from January 30, 
1970. £15 a week. Please contact Mr J. R. Graham, 
246 Hyde End Road, Spencers Wood, near Reading, 
Berkshire, UK. 


Wanted: For 6 months from January 26, furnished 
accommodation for research worker and wife in or 
near Swansea. Please contact Mr H. J. Steward, 
Research Associate, American Geographical Society, 
Broadway, at 156th Street, New York, NY 10032, 
USA. 
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British Diary 
Monday, December IS 


500th Meeting (three days) Biochemical Society, at University College London, 
Gower Street, London WCH. 


Container Handling (6 p.m. discussion} Institution of Mechanical Engineers, 
at 1 Birdcage Walk, London SW]. 


Gallium Arsenide Lasers (5.30 p.m. discussion) Institution of Electrical 
Engineers, at Savoy Place, London WC2, 


The Logging of Rock Cores for Engineering Purposes (5 p.m.) Geological 
Society, Engineering Group; and the British Geochemical Society, 
at the Geological Society, Burlington House, Piccadilly, London W1, 


Tuesday, December l6 


Feedback Control of Muscles (5.30 p.m. discussion) Institution of Electrical 
Engineers, jointly with the Institute of Measurement and Control, 
and the Automatic Control Group of the I.Mech.E., at Savoy Place, 
London WC2. 

Film Evening (8 p.m.) Institution of the Rubber Industry, West of England 
Section, at the George Hotel, Trowbridge. 


Metallurgical Education and Employment (7 p.m. discussion forum) 
Sheffield Metallurgical and Engineering Association, at the Shemeld 
BISRA Laboratories, Hoyle Street, Sheffield 3. 


Non-Magnetic Digital Recording Techniques (6 p.m. discussion) Insti- 
tution of Electronic and Radio Engineers, Computer Group; and the 
Aian of Electrical Engineers, at 9 Bedford Square, London 

CH. 


Rotational Moulding (2.30 p.m.) Mr G. Forsythe, Plastics Institute, Pro- 
cessing Discussion Circle, at 11 Hobart Place, London 5W1. 


Solute Interactions on Point Defects and Dislocations (discussion) Insti- 
tute of Metals, at 14 Belgrave Square, London SW1. 


Student Failure in Engineering Courses (6 p.m. discussion) Institution of 
Mechanical Engineers, Education and Training Group, at 1 Birdcage 
Walk, London SW1. 


Wednesday, December |7 


Biophysical Aspects of Photosynthesis (two-day meeting) British Bio- 
physical Society, at Imperial College, London SW7. 


Electron-Optical Design Techniques (2.50 p.m. discussion) Institution of 
. Electrical Engineers, at Savoy Place, London WC2. 


Fauna! Provinces in Space and Time (17th Inter-University Geological 
Congress, three days) at Queen Mary College, University of London, 
Mile End Road, London E1. 


Heat Treatment of Engineering Components (two-day meeting) Heat 
Treatment Joint Committee of the Iron and Steel Institute, the 
Institute of Metals, and the Institution of Metallurgists, at the Royal 
Garden Hotel, London W8., 


More Engineers in Management? {6 p.m. discussion) Institution of Elec- 


tronic and Radio Engineers, Management Techniques Group, at 9 
Bedford Square, London WC1. 


Regional Development Problems Associated with the Chemical and 
Allied Industries (9 a.m. to € p.m. symposium) Institution of Chemi- 
cal Engineers, Scottish Branch, at the University of Strathclyde, 
Glasgow. 


Street Lighting for Safe Night Travel (5.30 p.m. discussion) Institution of 
Electrical Engineers, at Savoy Place, London WC2. 


Structural Design of Joints between Precast Concrete Elements (two- 
day colloquium) Concrete Society; and the Institute of Structural 
Engineers, at Cardiff. 

Survey and Charting for Deep-Draught Vessels (5 p.m.) Dr R. L. Cloet 
and Captain J. D. Winstanley, RN, Institute of Navigation, at the 
Royal Institution of Naval Architects, 10 Upper Belgrave Street, 
London SW1. 


The Building Industry—Problems of Organization and Management 
(G p.m.) Sir Michael Cary, KCB, Institution of Mechanical Engineers, 
at 1 Birdcage Walk, London SW1. 

Why do Urethanes Work? (7.30 p.m.) Mr H. G. Cook, Oil ard Colour Chemists’ 
Association, Scottish—Eastern Branch, at the Carltcn Hotel, North 
Bridge, Edinburgh 1. 


Thursday, December 18 


Factors Influencing the Use of Hydraulics in the Metal Processing 
Industry (6 p.m. discussion} Institution of Mechanical Engineers, 
Fluid Plant and Machinery Group, at 1 Birdcage Walk, London SW1. 
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Fast Signalling in the Telephone Network (5.30 p.m.) Mr B. R. Horsheld, 
Institution of Electrical Engineers, at Savoy Place, London WC2. 


Fatigue in Metals, Mr N. E. Frost, West Cumberland Metallurgical Society, 
at Workington. 


Metallurgy in Local Industry, Southampton Metallurgical Society, at the 
University, Southampton, 


Radio Interference Measurements (5.20 p.m. discussion} Institution of 
Electrical Engineers, at Savoy Piace, London WC2. 


Friday, December 19 


Ion Transport in Solid Insulators (discussion Meeting) Society for Electro- 
chemistry, Solid State Sub-Group, at Imperial College, London SW7. 


Reports and Publications 


(not included in the monthly Books Supplement) 


Great Britain and ireland 


The Husbanding of Red Deer. (Proceedings of a Conference held at the 
Rowett Institute, Aberdeen, January 1969.) Edited by N. M. Bannerman 
and K. L. Blaxter. Pp. vili+79. (Bucksburn, Aberdeen: The Rowett 
Research Institute, 1969.) 10s. 210 

Experimental Work 1968. Pp. vill+108. (Edinburgh: Edinburgh School 
of Agriculture, 1969.) 7s. 6d. {210 

Department of Education and Science. Youth and Community Work in 
the 70s—Proposals by the Youth Service Development Council. Pp. viii + 
175. (London: HM Stationery Office, 1969,) 158. net. {210 

Incineration of Refuse by John Thompson. Pp. 6. Disposal of Refuse by 
Composting. Pp. 8. (Wolverhampton: John Thompson (Design and 
Contracting Division), Lid., 1969.) Graiis. 210 

Philosophical Transactions of the Royal Society of London. B: Biological 
Sciences. Vol. 256, No. 802 (25 September, 1969); The Architecture of the 
Accessory Reproductive Glands of the Desert Locust. IV: Fine Structure 
of the Glandular Epithelium. By T. R. Odhiambo. Pp. 85-114 + plates 
2-37. 70s., $9.10. Vol. 256, No. 803 (25 September, 1960): On the Struc- 
ture of the Antennular Attachment Organ of the Cypris Larva Balamus 
balanoides (L.). By J. A. Nott and B. A. Foster. Pp. 115-134 + plates 38-47, 
26e.: $3.40. (London: Royal Society, 1969.) [210 


Other Countries 


Synthesis, Vol. 1, No. 1 (September 1969). Pp. 1-48. Published monthly. 
Annual subscription: 140 DM; §35. (Stuttgart: Georg Thieme Verlag, 
New York and London: Academic Press, 1969.) 269 

Smithsonian Contributions to Botany. No. 1: 
Aglaonema (Araceae). By Dan Henry Nicolson. Pp. 69. $1.25. Smith- 
sonian Contributions to Paleobiology. No. 1: New Permian Brachiopeds 
from West Texas. By G. Arthur Cooper and Richard E. Grant. Pp. 20+5 


A Revision of the Genus 


plates. Smithsonian Contributions to Zoology. No. 1; Notes on Some 
Stomatopod Crustacea from Southern Africa. By Raymond B. Manning. 
Pp. 17. $0.80. No, 2: Species of Spalangia Latreille in the United States 
National Museum Collection (Hymenoptera: Peteromalidae). By B. D, 
Burks. $0.25. No. 3: Bredin-Archbold-Smithsonian Biological 


Pp. 7. 
Survey of Dominica: Bethyloidea (Hymenoptera). By Howard E. Evans, 
. 14. $0.25. No, 4: Bredin-Archbold-Smithsonian Biological Survey 
of Dominica: West Indian Stenomidse (Lepidoptera: Gelechioidea). By 
W. Donald Duckworth, Pp. 21. $0.35. No.6: A Revision of Six Species 
of the Flavus-Bidentatus Group of Eunice (Eunicidae: Polychaeta). By 
Kristian Fauchald. Pp. 15. $0.30. No. 8: Morphology, Ontogeny, and 
Intraspecifie Variation of Spinacopia, a New Genus of Mycdocopid Ostracod 
(Sarsiellidae). By Louis S. Kornicker. Pp. 50 (6 plates). $1.25. No. 10: 
Checklist of Amphibians and Reptiles of Barro Colorado Island, Panama, 
with comments on Faunal Change and Sampling. By Charles W. Myers and 
A. Stanley Rand. Pp. 11. $0.25. No. 11: Habitats, Flora, Mammals and 
Wasps of Gebel ’Uweinat, Libyan Desert. By Dale J. Osborn and Karl V. 
Krombein. Pp.18. $0.80. No. 12: Tracheotaxy asa Generic Criterion in 
Himantariidae, with Proposal of Two New Bothriogastrine Genera (Chilo- 
poda: Geophilomorpha). By R. E. Crabill, Jr. Pp. 9. $0.25. (W ashing- 
ton, DC: Smithsonian Institution Press, 1969. Available from US Govern- 
ment Printing Office.) ; (269 
Science Council of Canada. Special Study No. 8: Scientific and Technical 
Information in Canada, Part 2, Chapter 7: Economics. Pp. x+63. (Ottawa: 
Queen’s Printer, 1969.) $1. [29 
Peaceful Use of Nuclear Explosives—Some Economic Aspects. By David 
B. Brooks and John V. Krutilila. Pp. 47. (Baltimore, Md.: Researches for 
the Future, Inc. Distributed by Johne Hopkins Press, Inc., Baltimore; 
IBEG, Ltd., 2-4 Brook St., London, W1).) $1.50; 15s, {299 
World Health Organization. World Directory of Medical Scbools--1967 
Supplement. Pp. 39. (Geneva: World Health Organization; London: HM 
Stationery Office, 1968.) 3 Sw. france; @s.; $1. {299 
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i j Posts for men and women aged at least 20 (Grade IV) or 
APPOINTMENTS VACANT § normally at least 26 (Grade III). 


QUALIFICATIONS: Degree in horticulture or closely related 
subject; or National Diploma in Horticulture (sections I to V); or 
an honours degree in an appropriate natural science together with 


SEROLOGICAL POPULATION experience in experimental work; oran equivalent or higher qualifi- 
GENETICS LABORATORY 





MEDICAL RESEARCH COUNCIL 


cation. 
SCIENCE GRADUATE DUTIES: To provide technical advice and information on horticultural 

Required from January 1, 1970, for a matters or to investigate problems of horticultural production. 
post in the Statistical Section of the : : ; ; 
Laboratory. The work will consist mainly Most advisers serve in the counties or at regional centres, but some 
of retrieval from the literature and pro- work at experimental horticulture stations and have prospects of a 
cessing of data on blood groups and other ; 
genetical characters. Salary within range permanent career at these stations. 
of £1,175 to £2,275 per annum plus £60 
London weighting per annum. Continua- FINAL YEAR STUDENTS may apply. 
von of existing F.S.8.U. or National 
Health Service Superannuation Scheme SALARY: Grade iV £1,040—£1,486, Grade iil £7,617 7~-£2,534. 
arrangements possible. ; ini i å i- 

Sed P a. an awe Starting salary may be above minimum in both cases. Non-contri 
referees, to: Dr. A. E. Mourant, F.R.S., butory pension. Promotion prospects. 
Serological Population Genetics Laboratory, aa ; Dunn ; 
c/o St. Bartholomew's Hospital, London, WRITE to Civil Service Commission, Savile Row, London, W1X 2AA, 
ECL, (1953) or TELEPHONE 01-734 6010 Ext. 229 (after 5.30 p.m. 01-734 6464 


“Ansafone” service), for application form, quoting 345/70. Closing 
date 16th January 1970. 
UNIVERSITY COLLEGE ea 
OF WALES 
UNIVERSITY COLLEGE OF SWANSEA 


DEPARTMENT OF PURE 
MATHEMATICS 




















Applications are invited fer TWO 
LECTURESHIPS in Pure Mathematics. 
One of the posts will be tenable from 
October 1, 1970, and the other could be 
tenable from an earlier date. Applications 


NATURAL. ENVIRONMENT 
RESEARCH COUNCIL 


British Oceanographic 
Data Service 


Post (graded Senior Experimental Officer) 
at the National Institute of Oceanography, Wormley, Godalming, Surrey. 


The British Oceanographic Data Service has been set up to undertake data 
retrieval in connection with the development of marine science and its applications 
and will be making special efforts to acquire data relating to oceanographic con- 
ditions in continental shelf areas. The use of computer techniques is envisaged for 
this work. 

The successful candidate will assist the Head of the Service, and will be required 
to institute a scheme for the quality control of oceanographic data, and to advise 
users of the value of the data in respect of specific applications. 
QUALIFICATIONS: Normally degree, HNC, or equivalent qualification in a 
scientific subject, together with a considerable working knowledge of methods 
and practice of physical oceanography. Candidates without the prescribed 
qualifications but possessing relevant experience may also be considered. 

AGE: Normally at least 35. 

SALARY: £2,331-£2,856. Starting salary may be above the minimum, Promotion 
prospects. Non-contributory pension. 

WRITE: to Civil Service Commission, 23 Savile Row, London WiX ZAA, or 
TELEPHONE 01-734 6010, ext. 229 (after 5.30 p.m. 01-734 6464 “Ansafone”’ 


service), for application form, quoting $/7353/70. Closing date 5th January 1970. 
41945} 


will be particularly welcome from special- 
ists in (D functional or harmonic analysis 
and (i) probability or mathematical 
Statistics. 

The salary will be on the scale £1,240 
by £115 (14 times) to £2,850, with an ef- 
ciency bar at £2,045 per annum, together 
with F.S.S.U7. benefits. 

Further particulars, quoting reference 
number Bő may be obtained from the 
Registrar, University College of Swansea, 
Singleton Park, Swansea, SA2 BPP, by 
whom applications should be received by 
Saturday, January 10, 1970. (1992) 





REGIUS CHAIR OF MATERIA 
MEDICA 
UNIVERSITY OF GLASGOW 


The Secretary of State for Scotland in- 
vites applications for the 


REGIUS CHAIR OF MATERIA 
MEDICA 


in the University of Glasgow, which will 
fall vacant on September 30, 1970. A note 
of the Conditions of Appointment may be 
obtained on request from the Private Sec- 
retary, Room 307, St. Andrew's House, 
Edinburgh, EHI 3DB. 

Three copies of applications, accom- 
panied by the names of three referees, 
should be sent not later than January 24, 
1070, to the Private Secretary. (1944) 
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NATURAL ENVIRONMENT 
RESEARCH COUNCIL 


ASSISTANT EXPERIMENTAL 
OFFICER /EXPERIMENTAL 
OFFICER 


The Natural Environment Research 
Council requires an Assistant Experimental 
Officer {Experimental Officer in the Science 
Division of the Council's Headquarters, 
Alhambra House, 27/33 Charing Cross 
Road, W.C.2, to assist in the scientific 
work of these Headquarters and in the pre- 
paration of reports and papers for scientific 
committees of Council with particular 
reference to hydrology, meteorology and 
land use. 


QUALIFICATIONS: General Certificate 
of Education tor equivalent) in five sub- 
jects, two of which should be mathemati- 
cal/scientific subjects at “A” level, At 
age 22 or over entrams are expected to 
have a Pass degree or equivalent qualifica- 
tion. 


SALARY: Assistant Experimental Officer 
fat least 18 and under 28 on December 31, 
1969) £808 (age 18) to £1,333 (age 26) to 
£1,579 (includes £125 Inner London 
Weighting}. 

Experimental Officer (at least 26 and 
under 31 on December 31, 1969) £1,715 
to £2,131 (includes £125 Inner Londons 
Weighting). 


Initial appointment will be non-pension- 
able but there are prospects of a perman- 
em and pensionable post. Application 
form and particulars from the Natural En- 


vironment Research Council (23), Alhambra 
House, 27/33 Charing Cross Road, London 
W.C.2, quoting Ref.: E2/2/46. 


Closing date January 14, 1970. — 
(1972} 


THE MIDLAND CENTRE FOR 
NEUROSURGERY AND 
NEUROLOGY 
HOLLY LANE, SMETHWICK, 
WARLEY, WORCS. 


Applications are invited from Associates 
of the Institute of Medical Laboratory 
Technology, or holders of the Higher 
National Certificate in Chemistry for the 
post of Senior Technician (Grade I or ID 
in Biochemistry, Previous experience in 
routine Biochemistry desirable but not 
essential, The successful candidate will be 
encouraged to take an interest in and assist 
with various research projects In addition 
to routine duties. Intending applicants are 
invited to view the Isboratory on applica- 
tion to the Chief Technician, Mr. G. 
Gasser (telephone 021-558 2311). The con- 
ditions of service are in accordance with 
the Whitley Council regulations. 


Applications, giving details of age. cuali- 
fications and experience, together with the 
names and addresses of two referees, to be 
sent to the Group Secretary, West Brom- 
wich and District H.M.C., West Brom- 
wich and District General Hospital, 
Edward Street, West Bromwich. (1956) 








BRUNEL 
UNIVERSITY 


PROFESSOR OF PHYSICS 


The University invites applications from 
Suitably qualified candidates for a newly- 
established post of PROFESSOR OF 
PHYSICS within the Department of 
Physics. 

Salary according to experience and 
qualifications but not less than £3,886 
per annum with F.S.S.U. benefits, 
Further particulars can be obtained from 
The Academic Registrar, Brunel 
University, Uxbridge, Middx. Closing 
date: December 27, 1969, (1973) 


International opportunity 
Plant Manager—Pakistan 


WYETH INTERNATIONAL LIMITED, U.S.A., one of 
the largest world-wide manufacturers of ethical 
pharmaceutical specialties, offers an attractive oppor- 
tunity to a mature and thoroughly experienced 
pharmaceutical production man. 

Successful candidate must be a graduate in Pharm- 
acy, Chemistry or Chemical Engineering from a 
recognized university and have ten years’ experience in 
the pharmaceutical industry, including three years as 
plant manager or production manager. He must be 
able to coordinate all phases of modern pharmaceutical 
manufacture, including production planning, materials 
and inventory control, quality contro! and maintenance. 
Understanding of good labour relations practices and 
Knowledge of cost control are essential. Above all 
our man is a leader who can motivate the factory 
workers with his ability and earn the respect of all 
personnel and co-executives. 

Salary and fringe benefits will be commensurate 
with this position of substantial responsibility. Success- 
ful performance will lead to enhanced opportunities in 
other Wyeth world-wide operations. 

Please air mail detailed résumé of appropriate 
background and experience to 


Mr. L. J. Ferrise, 

Wyeth International Limited, 

P.O. Box 8299, 

Philadelphia, Pennsylvania 19191, U.S.A. 


Transplantation 
Patholosy 


The Pathology Institute of the Medical Faculty of Rotterdam 
requires a qualified pathologist to co-operate in clinical and 
experimental research projects in the field of organ transplanta- 
tion and immunosuppressive treatment. 


The functionary will be appointed on behalf of the working 
group on organ transplantation of the Organization for Health 
Research TNO and the Foundation for Basic Medical Research 
FUNGO. He will be charged with the study of organ trans- 


plants from teams in and outside the Rotterdam Faculty. The 


possibility to form a national reference centre for transplantation 


pathology is under serious consideration. The first appointment 


will be for about four years; continuation will be considered 
during this period. 


Applicants are invited to contact Professor Dr. M. J. de Vries, 
Pathology Institute, Medical Faculty of Rotterdam, P.O. 1738, 
Rotterdam, The Netherland. Telephone number: 010-145022, 
extension 3144. 

(1985) 
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MICROBIOLOGIST 
(Head of Section) 


A well-qualified microbiologist with industrial experience, preferably in brew- 
ing science, is required for the Microbiology Section of the Watney Mann 


Group Laboratory at Mortlake, London S.W.14. 


He or she will be accountable to the Group Chief Chemist and will lead 
a small team concerned with research, development, pure yeast culture, and 


some quality control. 


The minimum starting salary will be £3,000 p.a. 


In addition the Company 


has a profit-sharing scheme and provides generous fringe benefits. 


Applicants should write to the Group Staff Manager, Watney Mann Limited, 


Watney House, Palace Street, London $.W.1. 





Metabolic Studies Research 

This new appointment in the Pharmacology Unit of 
Giaxo Research Ltd., at Fulmer Hall, Bucks is fora 
young man or woman to join a team investigating the 
metabolic fate of drugs. 

Applicants should preferably have followed a degree 
course including pharmacology and chemistry or 
biochemistry and must possess a knowledge of basic 
chemical and physico-chemical techniques. These will 
be applied to the development of assay methods for the 
estimation of drugs and their metabolites in biological 
fluids. 

The successful candidate will take up a responsible 
position in an expanding research company which 
provides career progression and modern equipment. 


| Applicants should write giving brief details and quoting 


reference U.55, to the Personnel Officer (Research), 
Glaxo Laboratories Limited, Greenford, Middlesex. 





{19RO) 








(19753 


PLANT 
PHYSIOLOGIST 


AN FORAS TALUNTAIS (THE AGRI- 
CULTURAL INSTITUTE) for three years’ 
research project on the Morphological and 
Physiological aspects of pasture ander 
grazing conditions. The appointee will be 
located at the National Dairying Research 
Centre, Moorepark, Fermoy, Co. Cork. 
Salary and other conditions to be negoti 
ated, 


ESSENTIAL: Honours University pe- 
gree, majoring in Crop Physiology of 
Botany OR Honours University Degree 
with suitable postgraduate experience. Ap- 
plication forms and further particulars from 
the Director, An Foras Taluntais, 43 
Merion Road, Ballsbridge, Dublin 
(Phone 6933222}. 


The latest date for receipt of completed 
application forms is January ©, 41970. 


{1961} 





UNIVERSITY COLLEGE, 
CARDIFF 


Applications are invited for the post of 
SENIOR TECHNICIAN in the Depart- 
ment of Biochemistry, for general labora- 
tory duties. Commencing salary with basic 
qualifications in ihe scale £1,056 to £3,311 
will be dependent upon experience and 
qualifications. 

Applications, giving details of age, quali- 
fications and experience should be sent to 
the Registrar, University College, P.O, Box 
78, Cardif, within one week of the ap- 
pearance of this advertisement. (1873) 
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This new Unicam UV 
Spectrophotometer 
has been made to meet 
your requirements 


To meet, in fact, the requirements of every sample position. There is a whole range 





UV spectroscopist—whether engaged of modular accessories for automation. 
in research or in routine applications. lf you want digital print out, results in 
And that means that the new Unicam concentration units, automatic 
SP8000 Ultraviolet and Visible Recording wavelength selection, programme 
Spectrophotometer is just about the control, automatic sample changing of 
most versatile instrument available. up to 50 samples—you name it and the 
To start with you get superb likelihood is that the Unicam SP8000 
presentation and reproducibility of system can doit. The Unicam SP8000 
spectra on the integral flat-bed is the atest addition to an outstanding 
recorder. You get dual-absorbance range of UV instruments which includes 
scales of 0-1.0A and 0-0.2A with the SP500 Series 2, the SP700, the 
back-off. You get exceptional scale SP800 and the award-winning 
expansion. There isa large sample SP3000. To learn more about any of 
compertment and a unique second these write to us today. 








PYE UNICAM 


Pye Unicam Ltd 
York Street Cambridge, 
CB1 2PX, England 


a 
Precision Instruments Telephone (0223) 58866 Telex 81215 
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Rapid’ concentration and purification of proteins 
and other macromolecules 
eae molecular separation 
T AE protein-free filtrates 


Heii dialysis 
© MEMBRANE 


Diafie ULTRAFILTRATION 


Installed in Amicon Ultrafiltration Pressure Cells, DIAFLO 
Membranes concentrate dilute protein solutions ten to a 
thousand fold within short periods. Essentially complete 
removal of salts or other small molecules can be effected 
within a similar period of time by Diafiltration techniques. 


DIAFLO Membranes are non-plugging and reusable. Each 
class of membranes has distinct chemical resistivities and 
physical characteristics. All membranes are non-denaturing 
and biologi ally inert 


AMICON 
ULTRAFILTRATION 
CELLS will process 
biological solutions 
with volumes from 
1 ML TO 20 LITERS 


Amicon also offers larger 
scale industrial systems for 
continuous processing 


Dept.: 02 

AMICON N.V. Heemskerckstraat 43 DEN HAAG HOLLAND 
Tel.: (070) 642820 

In U.S.A.: 27 Hartwell Ave. Lexington MASS. 02173 
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Membranes retain 
molecules above line, 
pass those below line. 

Bacteria Viruses 

Globulin 
All other high MW proteins 
and macromolecules 


Human Albumin 
Hemoglobin 


Pepsin 
Ovalbumin 
Hormones (low MW) 


t RNA 
Myoglobin 
Cytochrome C 


Polypeptides 
Peptides 
Insulin — 6000 
Vit, B12 
Large Antibiotics 


Sucrose 
Small Antibiotics 


Glucose 
Urea 
Electrolytes 
Na+, Ci-, K+, ete. 
Amino Acids 





MODEL LCO 100 LABORATORY DIAMOND 
OR ABRASIVE WHEEL CUTOFF MACHINE 


Precision built cutting machine with high 
speed vibration free spindle. 


Maximum area of cut with 6 in. dia. cutting 
disc 6 in. x 2in.; with 8 in. dia. 5 in. x 3 in. 
Wheel head cross traverse 2% in. 


Hand wheel A adjusts this cross traverse and 
is calibrated in 1/10 mm. divisions. 

Wheel head vertical traverse 4} in. 

Area of slide table 6 in. x 5in. This table has 
two tee slots for clamping specimens, vise or 
special fixtures. 

VISE UNIT can be clamped in two positions 
on the table. 

Maximum capacity 12 in. dia. 


OTHER EQUIPMENT: Rotary table 3} in. dia. adjustable through 360° calibrated in 


1° increments. 


Orientating stage this fits on the rotary table has a 1 in. dia. platform which can be inclined 


up to 45° in any direction. 


Machine dimensions—Width 27 in., Back to front 29 in., Height 19 in., Weight 140 Ib. 


CUTROCK ENGINEERING CO. LTD. 


35, BALLARDS LANE, LONDON, N.3. 


Telephone FINCHLEY 5978 
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How fo Alarm People and Lose Friends 


Fripay, December 12, may have been the first time 
in the history of Britain that. 10 per cent of all the fertile 
women in the country were advised to see their doctors 
on the same day. It is something of a scandal 
that a government committee should be so ill-versed 
in the matter of making a public announcement that 
it can not only create cruel and wholly unnecessary 
alarm in the minds of some 700,000 women but also 
antagonize at one blow such diverse bodies as the 
medical profession, the pharmaceutical industry and 
the family planning organizations. Nothing could 
be in greater contrast to the way in which the recent 
Swann committee on antibiotics, for example, announced 
its recommendations with such a volume of calm and 
reasoned evidence that they were immediately wel- 
comed by the manufacturers who were affected most 
by them. 

What the Committee on Safety of Drugs said last 
week was that new and unspecified reports available 
to its Subcommittee on Adverse Reactions “provide 
evidence that the incidence of thromboembolism is 
higher among women taking preparations containing 
larger doses of oestrogen than among those taking 
preparations containing the smaller dose”. The com- 
mittee recommended that oral contraceptives with the 
smaller dose, which means pills containing 50 mg or 
less oestrogen, should be prescribed in preference to 
those containing the higher dose (75 mg or more), but 
it added that not even the lower dose pills could be 
considered safe: ‘We have no reason to believe that 
there are no complieations with the low dosage pills, 
but we are convinced beyond any doubts that the 
higher the dose, the higher the risk”. 

The scientific competence of the committee cannot 
be doubted, even though it has so far released none 
of the evidence on which its decision was based. What. 
is open to question is the manner m which the an- 
nouncement was made. First to be considered are the 
victims of Professor Scowen’s remarks at the press 
conference—the 700,000 women on high dose pills 
whose telephone calls jammed the switchboards of 
the Family Planning Association, the Marie Stopes 
Clinic and doubtless of general practitioners throughout 
the country. 

The possibility of risk from the pill has been known 
since at least 1963, when the Food and Drug Adminis- 
tration reviewed cases of thrombosis in women taking 
a particular preparation and concluded that the 
mortality rate, though higher than among the normal 
population, was not statistically significant. Since then, 
a statistical correlation has been more definitely estab- 
lished, notably by two reports published this year 
(British Medical Journal, 2, 193 and 199; 1969) and 


it seems to be accepted as a general rule of thumb 
that each year in Britain about three women in every 
100,000 die of thromboembolism as a result of taking 
the oral contraceptive pil. According to Vessey 
and Doll, however, “no indication was obtained that 
any one contraceptive formulation is more likely to be 
responsible for thromboembolic disease than the others, 
although only a marked effect would be detected with 
so few data”. 

How many lives has the committee's hurried an- 
noun me saved % 7 ae 2 100, 000 women na Britam 
a oes ei oreo ‘If the oe oriai ty 
rate is as high as 6 per 100,000, women are dying 
because of the pill at the rate of about two-thirds of a 
death per week. But the risk with the low dosage pill 
is unknown or at least undeclared, so that by advising 
women to change to the low dosage pill immediately, 
Professor Scowen may have reduced mortality by one- 
third of a death per week for a week or so, On the 
debit side, however, is the fact that many doctors 
were probably so overburdened last Friday with 
requests for advice that they had less time for other 
cases. How many deaths have resulted from that? 
Then there are the side-effects of changing over 
suddenly from high dose to low dose pills; in many 
cases ovulation is likely to break out and pregnancy to 
ensue. Pregnancy may also be the adverse side-effect 
in the thousands of women who will give up the pill 
after this latest scare and resort to less effective and 
less pleasant means of contraception, Even if 50 women 
a year die of thromboembolism caused by the pill, 
at least 500 women in Britain die of pregnancy, 

What has gone wrong? The committee had origin- 
ally intended to hold its press conference on Monday, 
December 15, by which time doctors would have 
received through the post forewarning of the com- 
mittee’s decision. Manufacturers, however, were told 
of the changes on Wednesday, December 10, and a 
leak that inevitably appeared the following day caused 
the press i to Epe ae before nora had voon 
informed. The upshot of this bung 
throughout. dhe Sante ae tor ae oe thei i peor 
advice on television commentators and journalists. 

Doctors would in any case have been better 
pleased if they had received some medical advice 
from the committee. Because the committee has 
offered no figures, there is no means of assessing 
the relative risk of low dose and high dose prepara- 
tions against the possible risk of pregnancy in 
transferring from the latter to the former. Nor has 
the committee endeared itself to the International 
Planned Parenthood Federation. 





The manner of its 
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announcement is already causing chaos in [PPF 
associations throughout the world. The committee 
may claim that it was concerned solely with the popula- 
tion of Britain: why, then, did Professor Scowen 
mention that Britain is the first country to advise 
against the high dose oestrogen pill? Does the com- 
mittee envisage that it has struck some kind of blow 
for Queen and country by instigating a world-wide 
panic? The fact that the committee did not forewarn 
authorities in the United States and Europe with a 
copy of the evidence on which it has acted is a token 
of insularity. The committee's excuse is apparently 
that the evidence has not yet been published, but 
even the Food and Drug Administration had the 
courtesy to send the Ministry of Food and Agriculture a 
copy of the still unpublished evidence on cyclamates. 
{s it not time the evidence available in one country 
should be circulated in confidence to authorities else- 
where? It would be a relatively simple matter to 
institute an international club or clearing house for 
arranging that this elementary courtesy is observed. 
One of the most unfortunate aspects of the British 
announcement is the effect on countries of the under- 
developed world. Although there is certainly a statisti- 
cal correlation between thromboembolism and the pill 
in the United States and Europe, almost no epidemio- 
logical evidence is available for developmg nations, 
Although post-partum thrombosis is common in 


Bringing Down the Tablets 


A LARGE part of the British educational system will 
be able to breathe again now that the Department of 
Education and Science has published the much- 
delayed report of the Haslegrave Committee which, 
for the past two and a half years, has been brooding 
on the question of how yet again to reorganize tech- 
nician education in the United Kingdom (HMSO, 
12s 6d). In its way, the report is a radical document. 
Modest seemliness has been overcome by frustration 
at the muddle which abounds in the British technical 
education immediately below the old-fashioned degrees 
and the newly fashioned degrees of the Council for 
National Academic Awards, Yet in their curious way, 
the new proposals are also unadventurous. Once more, 
the complicated system of curricula and examinations 
that enable people to become qualified coal preparation 
technologists, printing ink technicians and carpet loom 
tuners is to be transformed by fiat from above. The 
technical colleges, already tormented by worry about 
polytechnic status, will no doubt try to do what is 
expected of them. The pity is that the Haslegrave 
Committee has not made the qualitative reappraisal 
of technician education that would have given the 
system a capacity for self-regeneration. 

More than a million students find their way to the 
technical colleges. In 1967-68, more than 180,000 
students were following advanced courses of various 
kinds, a large proportion of them the kinds of technician 
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Britam, it almost never occurs in places such as, for 
example, Hong Kong. It could well be that the 
propensity towards thrombosis that is exacerbated by 
the pill is a phenomenon confined to western countries. 
The recent survey by the Royal College of General 
Practitioners which showed that women on the pill 
smoke more heavily than others is a substantial 
indication that the relation between the pill and throm- 
bosis may not be untrammelled by other factors. In 
short, there is no justification for extrapolating the 
committee’s findings, whatever they may be, to popula- 
tions which do not resemble that of Britain. Would 
it not have struck a more responsible note if, instead 
of saying that Britain was first in the race, Professor 
Scowen had emphasized at his press conference that 
the populations of other countries had no necessary 
cause for alarm / 

The committee clearly needs expert advice not only 
on how to handle press conferences and to prevent 
leaks but also on how to gauge the repercussions of 
its actions both nationally and internationally. The 
wisdom of making such an announcement without at 
least a summary of the supporting evidence is open to 
question because it leaves those who must act on the 
committee's recommendations in ignorance of how to 
interpret them. And however great the risk of 
thromboembolism from the pill may be, there can be 
no justification for mongering a scare. 


courses with which the committee has been concerned. 
Some students follow courses such as those leading to 
the Ordinary or Higher National Certificates, which are 
organized and administered by the DES. Others 
follow courses defined by the City and Guilds Institute 
and its associated bodies. For the past few years, 
since the coming of the Industrial Training Act and 
the levy-raising industrial training boards which it 
has formed, many technician students have been 
supported at their technical colleges by employers 
seeking to recover part of their levy, and it remains 
to be seen how great will be the influence of the training 
boards on what is done at the technical colleges. In 
these circumstances, there is plenty of room for 
muddle, so that the Haslegrave Committee will have 
done a public service by suggesting a much simpler 
and more uniform system of courses. 

What is now proposed? The committee asks that 
the existing system of courses and examinations should 
be replaced by a radically new system, organized by 
two putative councils responsible for technician training 
and business training respectively. The committee is 
right to say that the DES should get out of the examina- 
tion business as quickly as it can, but it is surprising 
that the committee should be as confident as it is that 
the City and Guilds Institute will meekly collaborate 
in its own expulsion from this field—under the proposed 
arrangement, it will be left simply with craft training. 
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Probably there is more in this than meets the eye. The 
committee has also responded to the proposed raising 
of the school-leaving age to 16 by suggesting an 
introductory two-year course at technical colleges 
during which young people would prepare, by eighteen 
or thereabouts, for an examination leading either to a 
Technical Certificate or a Technician Diploma. From 
there, the new pattern would suggest, students will 
go on to read for what are called Higher Technician 
Certificates and Higher Technical Diplomas. What the 
Haslegrave Committee has put forward will no doubt 
work as well as anything else has done in recent years, 
even if it does seem a needless burden that the two 
councils responsible for the new system should be 
financed by means of a tax of student fees and not, 
as they should have been, by direct payments. 

The objection to the board's proposals, unfortun- 
ately, is not that it has made a clean sweep of the 
existing svstem—that is right and proper—but that 
it has done so in too narrow a framework. Among 
educational documents, the Haslegrave Report must 


100 Years Ago 











One example, taken at random, will be sufficient to 


indicate the authors method of procedure. A compara- 
tive study of the localities, where fiords occur, shows — 
(1) that they are mostly to be found on west coasts, and 
appear generally associated, rarely single ; (2) that they 
are limited to high latitudes, and excluded from the region 
confined on both sides of the equator by the isothermal 
ine of 10° C.; (3) that they are all within the region of 
rainfall during the whole of the year, Hence the general 
law is deduced, that fords owe their origin principally to 
certain climatic conditions, viz. a low temperature, a 
maximum amount of aqueous deposition, and protection 
from the drying influence of easterly winds. i 

Now, we can well admit the possibility, or even proba- 
bility, that continued actual observations may lead to 
similar conclusions ; but in the mean time we are ata 
loss to understand how rain or isothermal charts, represent- 
ing most recent conditions, can be applied to explain 
phenomena which the author himself thinks must have 
happened so long ago, that the time would have to be 
reckoned by hundreds of thousands of years. 

M, Peschel, as it appears from his own admissions, has 
never left his study to observe the phenomena on which 
he reasons. He has collected, extracted, compiled, com- 
pared, and—generalised. This is not the legitimate ap- 
proach to Nature’s secrets, and consequently the author's 
work, although written in a masterly style, leaves us com- 
paratively in the dark. It is the ingenious pleading of a 
lawyer for the cause he has undertaken, rather than the 
transparent and triumphant language with which the 
genuine student of Nature proclaims his discovery to the 
world, B.L: 


From a review of a German text on geophysics, “Probleme 
der vergleichenden Erdkunde? by Oscar Peschel, 
Leipzig 1870. (Nature, 1, 212, December 23, 1869.) 
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surely stand out as the least well grounded in educa- 
tional principle. The nearest the committee comes to 


need for forms of examination which are somehow 
based on continuous assessment of a student's work—~ 
this is at least fashionable. Unhappily, the committee 
has next to nothing to say about the curricula which 
would be needed under the new arrangements. and 
there is no particular reason why the councils that will 
be over-seeing the new arrangements should spend 
time and money on the deliberate curriculum develop- 
ment which has been found necessary both in schools 
and universities. 

The committee has also neglected the way in which 
the coming of the industrial training boards has com- 
plicated the training of technicians. For one thing, 
the new schemes have divided the allegiance of students 
between the boards and the technical colleges, even 
though the two kinds of training are supposed to be 
carefully dovetailed. For another, the industrial 
training boards have often pinned their faith to 
training sehemes which are educationally dubious, 
to say the best of them. In these circumstances, it 
would have been helpful if a committee which seems to 
pride itself on daring had chosen to speak out on 
what the training boards are up to. It could also 
usefully have asked for a simpler policy on the poly- 
technies, on which the British Government has pinned 
more of its reputation than is wise. 


SCIENCE TEACHING 


Scraping the Bottom 


from our Education Correspondent 


THE supply of science and mathematics teachers to 
secondary schools will not be improved until their 
career structure is altered. This unsurprising con- 
clusion has been reached by a joint working party, 
chaired by Professor Sir Nevill Mott, of the Royal 
Society, the Council of Engineering Institutions and 
the Council of Science and Technology Institutes, 
after an eighteen-month enquiry. The report (available 
from the Royal Society) does, nevertheless, bring out 
some disturbing statistics, The most acute shortage 
remains in mathematics, where the number of teachers 
with degrees rose by only 1-1 per cent between 1963 
and 1967, compared with an average increase of 35 
per cent for other subjects. 

In other science subjects, the situation is a Httle 
better but still serious. For biology, physics and 
chemistry taken together, the average ratio of teachers 
to pupils is about one to seventy in comprehensive 
schools and one to forty in grammar schools. Women 
teachers with degrees in physics and chemistry are 
especially scarce: in 1967, for example, there were 
nearly 5,000 men teachers in these subjects but only 
just over 1,000 women teachers. 

There is little sign of improvement. Between 1963 
and 1967, the proportion of science ancl mathematics 
graduates entering school teaching or teacher training 
as their first employment fell from 20-4 per cent to 
14-2 per cent, and the number of students entering 
colleges of education with A level physics or chemistry 
fell by just over twenty per cent between 1966 and 
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1968. These figures indicate that the colleges will not 
be able to*increase the supply of science teachers to 
ey To at least in the next ea years. 


the a. P science ak saathelnetite teachers will 
be improved only when there is a better career structure. 
In particular, it points out that secondary school 
teachers usually reach their maximum salary in their 
mid-thirties, when people with similar qualifications 
in industry can expect to go on receiving increments 
for many more years. In the short term, the working 
party recommends several palliative measures. Gradu- 
ates taking teacher training courses, it says, should no 
longer be financed in the same way as undergraduates: 
they should have postgraduate maintenance grants, 
which are not made up by parenta! contributions; 
this would put such students on the same basis as other 
postgraduates. There should also be more opportunity 
for science and mathematics teachers to continue 
their education and bring themselves up to date with 
their subjects, and special arrangements should be 
made to enable people to transfer to teaching from 
industry and government establishments. Such ar- 
rangements would include transferring pension rights 
and providing grants during retraining. The working 
party accepts, however, that. a major objective must 
be to increase the number of students studying science 
in the sixth forms. At present, it says, there is a vicious 
circle whereby fewer good teachers are inspiring fewer 
pupils to study science and mathematics and become 
qualified to teach. 


PHOTOCHEMISTRY 


More Money for Bright Future 


CONTINUING its gratifying tendency to publish the 
reports of internal panels w vhich decide whether certain 
aspects of chemistry deserve special support, the 
Chemistry Committee of the Science Research Council 
has released an analysis of photochemistry in Britain. 
Set up early last year under Professor J. I. G. Cadogan 
(University of Edinburgh), the membership of the 
panel is ‘Professor D. Bryce-Smith (University of 
Reading), Dr A. K. Gupta (ICI Dyestuffs Division), 
Dr E. B. Knott (Kodak, Ltd), Professor G. Porter 
(Royal Institution) and Professor G. H. Twigg (British 
Petroleum Co.). The report follows one on organo- 
metallic chemistry, published a year ago, which seems 
to have encouraged the Chemistry Committee and the 
old University Science and Technology Board to 
dispense research grants worth £400,000 in this area 
during 1968-69. 

The areas which stand to benefit now that the 
Chemistry Committee has accepted the report are 
listed as fundamental studies of energy transfer in 
excited molecule reactions, in particular investigation 
of the factors which govern the absorption, transfer 
and dissipation of energy; exeited state chemistry, 
particularly of materials which are readily available 
or have simple structures; and new syntheses based on 
photoactivation, again with processes involving readily 
available materials stressed. 

The Science Board—one of the two which this 
summer replaced the University Science and Tech- 
nology Board—-is reserving its opinion until it has heard 
what chemists think. The Chemistry Committee, on 
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the other hand, asks for research proposals in the 
selected areas to be submitted by March | next year, 
but adds that the extra support which the panel 
recommends for photochemistry will be given only if 
proposals of high standard are submitted. 

According to ‘the panel, the Science Research Council 
should provide support for an extra fifty workers in 
photochemistry in three or four years’ time, which will 
go some way towards satisfying those who say that 
photochemistry needs personnel more urgently than 
new facilities. The extra workers and their equipment 
will cost at first about £300,000 spread over two vears, 

settling down to £100,000 per year. The panel seems 

to be asking for a happy mean between the opposing 
dangers of selectivity and of spreading the support too 
thinly. It says that five centres are likely to submit 
worthwhile pr oposals, and that each centre might 
expect £10,000 per year. In addition, it recommends 
the more widespread distribution of an equal amount 
of support, in the expectation of good research pro- 
posals from centres which are less well known. Clearly 
the panel is doing its best to prevent the pitfalls 
which the “centres of excellence” dogma can spring. 

The extra funding ought to be enough to give a 
valuable shot in the arm for photochemistry, roughly 
equalling the £109,000 spent by the SRC during 

ae on new ene for ih center wD T his is 


What is sad abont the report is its comment on the 
university photochemistry supported by the SRC that 

‘none of the projects supported has a direct applica- 
tion to the type of practical problems faced by indus- 
try”, although it goes on to concede that the funda- 
mental background provided by many of them is 
likely to be valuable. The panel also complains that 
photochemists tend to be concentrated in the tradi- 
tional areas of chemistry. The establishment of an 
MSc course in photochemistry would help, the panel 
says. 

The areas of photochemistry singled out for support 
were chosen to improve fundamental knowledge in the 
hope that industrial processes will be better under- 
stood. Despite what the panel said about relevance to 
industry, it hoped that the SRC would not neglect 
the importance of fundamental research. 


ROAD TRAFFIC 


Towards Saturation 


By the year 2010, the roads of Britain may contain 
37-9 million vehicles travelling a total of 514 x 10° km 
a year. These forecasts, which imply that trafie will 
take up two and a half times as much road space as in 
1968, have emerged from the Ministry of Transport’s 
Road Research Laboratory in a report by Mr A. H. 
Tulpule (available from the laboratory). Of the 
vehicles, 32 million would be private cars. 

The growth rates shown in the figure depend on 
assumptions about the increase in population, estim- 
ated to be 71-7 million in forty years, and an “ultimate 
saturation level” of 0-45 cars per head, which should be 
reached by then. City centres would be jammed with 
half this number of cars, even allowing for road 
improvements, but weekend jaunts and local shopping 
are the kinds of motoring that determine the final 
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value. The declining social status of the motorcyele— 
reflected in a fall in numbers from nearly 2 million to 
1-3 million during the 1960s—is expected to reach rock 
bottom around 1957, after which the numbers might 
increase to something like their present value as the 
population grows. 

Goods vehicles account for much of what remains of 
the new traffic. The actual numbers are sensitive to the 
state of the economy, because the volume of freight is 
highly correlated (P=0-99) with the Gross Domestic 
Product, but Mr Tulpule predicts an increase from 0-6 
to about 1-2 million heavy vehicles, and 0-8 to 2 million 
light vans, on the basis of an assumed 3 per cent per 
annum rise in the GDP. The estimate allows for a 
trend towards higher-capacity lorries that is suggested 
by statistics for the last ten years. 

One way of helping all the traffic to keep on the move 
would be to follow the other European countries that 
enforce a minimum power-to-weight ratio on road 
vehicles. According to a Road Research Laboratory 
report by Mr P. F. Everall, who has followed lorries of 
different sizes around the English road system and up 
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and down steep hills, an increase from 5 to 6 brake 
horse power per ton of a lorry’s gross weight would on 
average save 78 minutes delay over 1,000 km to cars 
behind. Mr Everall calculates that the economic 
benefits of such an increase in terms of reduced delay 
and operating costs for following vehicles could be as 
much as £56 in one year from a lorry travelling 50,000 
km in present traffic conditions. 


POSTGRADUATE TRAINING 


Royal Charter for Cranfield 


from our Education Correspondent 


CRANFIELD College of Aeronautics is to become the 
Cranfield Institute of Technology and, under its new 
charter, it will confer degrees on its students. The new 
institute will be unique in many ways. Not only will 
it be solely a postgraduate establishment, but it will 
also be financed by a direct grant from the Department 
of Education and Science; there is no intention at 
present to bring it mto line with other universities by 
placing it under the aegis of the University Grants 
Committee. 

The institute will have three faculties: the Faculty 
of Science, Engineering and Technology, the School of 
Management and the College of Aeronautics, and the 
bulk of its research activities will be confined to the 
fields of aeronautical science and engineering, materials 
science and technology and industrial administration 
and management. The institute’s organs of govern- 
ment will be similar to those of most universities, but, 
despite this, Lord Kings Norton, the Chancellor- 
Designate, says that there is “no desire to be a con- 
ventional university”. The aim of the establishment 
will be to provide courses which are loosely integrated 
with industrial requirements. 

The students will usually be drawn from industry— 
90 per cent of Cranfield students are at present ad- 
mitted after they have worked in industry and more 
than one-third are sponsored by their employers. The 
institute will also continue to accept students with 
HNC and other industrial qualifications, as well as 
graduates, but there is no immediate intention to 
provide undergraduate courses. The new higher degrees 
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will take the place of the diplomas which were awarded 
by the College of Aeronautics, and they will be strictly 
comparable to corresponding university degrees. 

Professor A. J. Murphy, principal of the College of 
Aeronautics, will be the institute's first Vice- Chancellor 
and, when he retires at the end of the month, he will 
be succeeded by Professor A. H. Chilver, who has been 
direetor of the Centre for Environmental Studies since 
1967. 


HORTICULTURE 


Banishing the Viruses 


from our Botany Correspondent 


THe technique of growing plants free of viruses by 


starting with the tiny growing points or meristems of 


previously infected plants seems to be coming into 
fashion. The latest annual report of the Glasshouse 
Crops Research Institute near Littlehampton (15s) 
describes a crop of experiments in meristem culture 
involving various ornamental flowers as well as a 
potato. "The essence of the technique is to subject 
infected plants to a temperature of 35°-38° C, which 
upsets the balance between replication and break- 
down of the viruses in the host cells. If the meristems 
are then removed and cultured, some of the resulting 
plants are free of viruses. Some of the popularity of 
the technique no doubt derives from the discovery 
that the yield of many familiar crop plants is depressed 
by viruses even if there are no outward symptoms of 
disease. 

In the virology department at GCRI, there are now 
clones of Chrysanthemum. cultivar ‘Mistletoe’ free from 
stunt virus, and of carnation cultivar “Tangerine Sim’ 
free from carnation etched ring virus 50, all derived 
from meristem cultures. Similar clones of Narcissus 
cultivar ‘Grand Soleil d’Or’ are also growing well, free 
of known viruses. Some of them have flowered. pro- 
ducing more and larger blooms than infected plants. 
Clones of Freesia, free of streak virus, have also 
flowered. Meristem tips of other Narcissus cultivars 
are growing well in culture. Tulip, iris and hyacinth 
complete the list of ornamental plants that are in the 
early stages of meristem culture, and no doubt we 
can expect to see bigger, better and healthier blooms 
in the gardens of the future. 

The same technique has also been used to produce 
clean Kenyan potatoes from imported strains which 
were infected with a virus of the potato Y group and 
an unknown bacterium. Meristem tips from axillary 
buds have been cultured to produce clones free of both 
virus and bacterium, and tubers of these clones are to 
be sent to Kenya to form a foundation stock. 

Investigations of factors which affect the so-called 
vase life of cut flowers have revealed that ‘William 
Sim’ and ‘Pink Sim’ carnations will droop more quickly 
if the plants from which they were cut grew in soil 
deficient in boron. It seems that during the second 
vear of cropping, when boron deficiency tends to build 
up, vase life can be extended by supplying the plants 
with the element. Calcium, on the other hand, seems 
to be harmful in this respect. 

Plant hormone enthusiasts should be interested in 
trials of a new defoliant ‘Ethrel’ (2-chloroethyl- age 
phonic acid). W hen this compound enters a leaf, 
is broken down, releasing ethylene, which ae 
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abscission. “Ethrel has been tried on various varieties 
of deciduous shrubs, but results so far compare un- 
favourably with those obtained with h the more mundane 
potassium iodide. 


PHYSICS 


Europhysics journals 


THE European Physical Society has adopted the Philo- 
sophical Magazine as one of its general physics journals, 
in line with its policy of coor dinating F European physics 
publications. The editor, Professor Sir Nevill Mott, 
will meet members of the publications committee early 
next year to discuss the formation of an advisory 
European editorial committee. The other journals 
which have so far been recommended by the society 
are the British Journals of Physics A, B and C (General, 
Atomic and Molecular, and Solid State), the Italian 
high energy journal Nuovo Cimento, the French Journal 
de Physique, the Dutch Physica, the Czechoslovak 
Journal of Physics and the Yugoslavian Fizika. 

The EPS intends to start its programme of coordina- 
tion by concentrating on selected European journals 
which contain primary articles and are not published 
by societies. The publication committee of the EPS 
will attempt to draw up criteria for the journals 
participating in the scheme which will define the 
languages of publication, the composition of editorial 
committees, abstracts, refereeing system and the time 
lag before publication. It is not yet clear how the 
system will work in practice or to what extent the 
EPS will be able to influence the editorial policy of the 
individual journals. 

There will also have to be agreement on more tech- 
nical details such as page charges, subscription rates 
and the standardization of size and covers. Of the 
journals that have been recommended so far, only 
Nuovo Cimento has page charges and discussions are 
in progress on ways of abolishing them. Each of the 
recommended jour ‘nals has the right to use Hurophysics 
Journal as an additional title, together with the emblem 
of the EPS. 


SOVIET RESEARCH 


Diamond Threads 


from our Soviet Correspondent 


A NEW property of carbon has been discovered by a 
team of scientists working in the Institute of Physical 
Chemistry of the Academy of Sciences of the USSR, 
who have demonstrated that carbon is capable of 
being isolated from organie compounds in the form of 
filament crystals of diamond. A special reactor has 
been developed in which carbon atoms are “‘pre- 
cipitated” from a heated gas on to the surface of 
diamond monocrystals which act as seeds. Crystals 
have been obtained of up to 2 mm in length and 
several tens of microns in diameter. A high rate of 
growth of the monocrystals is claimed; it is stated that 
this mav even be observed directly with a micr oscope. 
No details have so far been given as to the temperature 
or composition of the gases employed. The research 
team includes Academician B. V. Deryagin, Dr V. M. 
Luk’ yanovich, Candidates of Technical Science D. V. 
Fedoseev, V. A. Ryabov, B. V. Spitsyn, and Engineer 
A. V. Lavrent'ev. : 
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This discovery is considered to be of considerable 
theoretical and practical importance, and has been 
registered by the Committee of Inventions and Dis- 
coveries of the Council of Ministers of the USSR as a 
major scientific discovery. 


HEALTH ECONOMICS 


THE treatment of mental, psychoneurotic and per- 
sonality disorders accounts for more expenditure by 
the National Health Service than any other group of 
diseases. An analysis of the costs of medical care 
published by the Office of Health Economies shows 
that 18-5 per cent of what the NHS spends on the 
treatment of specific conditions is spent on caring for 
mental patients. Most of this cost is attributable to 
hospital in-patient treatment. More than half of all 
hospital beds are for mentally ill or subnormal patients, 
although the relatively low cost of their treatment 
means that this accounts for a quarter of the total 
in-patient cost. The Medical Research Council spends 
only 7 per cent of its total grant-for-aid from the 
government on mental health. 

Diseases of the respiratory system and of the circula- 
tory system account for 9 and 8 per cent of the NHS 
expenditure respectively. Most of the money spent on 
respiratory disease is spent outside the hospitals, the 
largest single cost being the diagnosis of bronchitis 
and its treatment with antibiotics. On the other hand, 
more is spent on in-patient treatment for circulatory 
disease, particularly for coronary heart disease. Next 
in order of expense are diseases of the teeth (7-5 per 
cent), deliveries and disorders of pregnancy (7 per 
cent), diseases of the digestive system (6 per cent), 
and injuries (5 per cent). The expenditure on cancer 
is 4 per cent of the total. 


IMAGE TUBES 


Bigger Market Sought 


from our Astronomy Correspondent 


BRITISH optical astronomers are wondering how to 
increase the market for Spectracon image tubes from 
the annual dozen at present to about fifty per year. 
The tubes, which were developed by Professor J. D. 
McGee at Imperial College (London), operate by 
accelerating photoelectrons to such an energy that each 
exposes a small clump of grains in an emulsion. So far. 
the tubes are being used almost entirely for spectro- 
scopy, although they have applications whenever faint 
optical images have to be recorded. Dr M. F. Walker. 
at the Lick Observatory, for example, has used a 
Spectrocon at the AURA Observatory at Tololo in 
Chile on a 60-inch telescope for the direct photography 
of star clusters. The tube makes possible stellar 
photometry down to magnitude 23, which is compar- 
able with what can be done with the 200-inch on 
Palomar Mountain. 

The immediate problem is that not enough astrono- 
mers need the tubes to make manufacture viable. 
Apart from providing built-in obsolescence, the answer 
seems to be to find uses outside astronomy. Things 
will be worse in two years when Professor McGee will 
have retired, and the Image Tube Management Com- 
mittee under Dr V. C. Reddish, the Royal Observatory, 
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Edinburgh, is aware of the urgency. The committee 
was set up by the Science Research Council several 
months ago and administers a grant of £21,000 over 
three years to cover the production of Spectracons 
and cascade tubes—about half of each—tor astronomy. 
But part of the problem seems to be that the overseas 
market is being discouraged. Professor McGee has 
apparently received many enquiries from abroad, but 
most of them have had to be turned down because of 
the limited facilities available at Imperial College. 
Some tubes are being used outside astronomy 

Professor D. J. Bradley of Queen’s University, Belfast, 
has one for his work on photon physics—but appar- 
ently not enough to interest a commercial company, 
Clearly other people are being as slow to exploit the 
potentialities of the tube as astronomers were in the 
first place. A design for a spectrograph for the Isaac 
Newton Telescope based on a Spectracon image tube has 
been on the stocks at the Royal Greenwich Observatory, 
Herstmonceux, for four years now, and is still some way 
off completion. 





f 





Spectracon image tube mounted in focusing solenoid for direct 
stellar photography at the Cassegrain focus of the Isaac Newton 
Telescope (photograph by Dr B. L. Morgan). 


Professor McGee and his team are turning out two 
or three dozen of the tubes each year, about half of 
which are experimental. How much each would cost 
in commercial production is almost impossible to 
estimate, but one guess is of the order of £1,000. Even 
so, this seems to be much less than comparable pieces 
of apparatus. A similar type of tube, but said to be 
more complicated to use, has been developed in the 
United States and taken up by a manufacturer who 
charges $35,000. In Britain, the two possible manu- 
facturers who have been approached have apparently 
not been enthusiastic. What people are worried 
about is that ifa British company cannot be persuaded 
to take up manufacture, an American firm will come 
along with a tube more nearly like the Spectracon, and 
that astronomers in Britain will settle for that rather 
than the British product. 


LENIN DAYS 


Science in Estonia 


THE latest in the series of Lenin Days of Science, which 
are held from time to time in Moscow and are devoted 
to the scientific achievements of the various republics 
of the USSR, focuses attention on the smallest of 
them—KEstonia. It might seem that Estonia is not 
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favourably placed either geographically or historically 
for independent developments in science. The rela- 
tively small population of the country, the great 
population changes of the 1940s (leading to a consider- 
able rise in the proportion of Russians and other non- 
Estonians in the population), the proximity of the great 
scientific centres of Leningrad, the difficulties imposed 
by the little-known nature of the Estonian language 
(implying that the bulk of scientific publication will 
now be in Russian, as it was formerly in German)—all 
would seem to tend to the development of science in 
Estonia as part of Soviet science generally, and with no 
specific features of its own. 

Yet this is not so. Although, of course, scientific 
projects in the Estonian SSR must be integrated into 
the planning of the union as a whole, yet within the 
overall framework, Estonian scientists have estab- 
lished some special fields of study. Interviewed in 
connexion with the Lenin Days of Science, the presi- 
dent of the Estonian Academy of Science, A. Veimer, 
outlined the work being done by the academy in a 
number of diverse fields including the utilization of 
fuel-bearing shales (the most important natural 
resource of Estonia), the technology of exploiting and 
processing these shales and research into the properties 
of their fuel products; research into biologically active 
substances and their synthesis, notably the work of 
K. Lyaets, of the Institute of Chemistry of the Estonian 
Academy of Sciences, on the obtaining of vitamins A, E 
and K and also citral (used in perfumery) from petrol- 
eum: solid state research, under the direction of 
F. Klement of the University of Tartu, specializing in 
luminescence; the production of a geological and 
ecological map of the republic, and research into the 
scientific use of Estonia’s natural resources. The 
principal scientific body of the republic is the Academy 
of Sciences, which at present comprises eleven scien- 
tific institutes and other smaller units. Im all, some 
2.500 scientists are working within the framework of 
the academy. 

During the Lenin Days of Science, tribute was paid 
to Estonian research generally by the presentation to 
the Estonian delegation of the gold medal of the 
“Exhibition of Achievements of the National Economy 
of the USSR”, awarded, in this case, for “achievements 
in various branches of science”. 


NATURE RESERVES 


More Countryside Protected 


Durie the past three weeks, the Nature Conservancy 
has announced one new national nature reserve and 
four extensions to existing reserves. This photograph 
shows part of the Oxwich Bay National Nature Re- 
serve on the south coast of the Gower Peninsula in 
Glamorgan. The bulk of the reserve was established in 
1963, but a further 22 acres has been purchased 
from the Forestry Commission, bringing the total 
to 564 acres. The new area consists of a limestone cliff 
on which many interesting plants grow, and a small 
woodland with well developed sessile oak, ash, elm and 
lime, and with several specimens of a rare type of 
whitebeam. Other extensions include an area of 
2.093 acres on the Durham side of Teesdale between 
High Force and Cow Green which has been added 
to the Upper Teesdale nature reserve. The new section 
includes Widdybank Fell, which is a famous botanical 
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Oxwich Bay National Nature Reserve, Gower Peninsula, 

Glamorgan. Oblique aerial photograph looking north-east- 

wards over the sand dunes of the reserve across the Gower 
to the Burry Inlet beyond. 


locality, and also meadows, pastures and relict wood- 
land. The new reserve is in Anglesey, about 4 miles 
north of Llangefni. It has been established by lease 
to protect an interesting fen which is permeated by 
water draining from a limestone escarpment. The 
fen contains several rare and local plants and has 
developed from a lake which existed after the last 
Ice Age about 10,000 years ago. 


HOSPITALS 


Survival of the Unfit 


Att over Britain, mistakes in hospital design are being 
perpetuated, according to a report from the King 
Edward’s Hospital Fund for London, because there 
has been little systematic study in the past of how 
new hospital buildings are actually used (Evaluating 
New Hospital Buildings, 23s 6d). The few evaluations 
of hospital buildings that have been carried out reveal 
that in most modern hospitals the buildings are either 
too hot or too cold; they are also often noisy at night 
and the lighting is often either too bright or too dark. 
But the designers are not always to blame, the report 
says, because previous studies also reveal the misuse 
of carefully designed facilities. “In only one case,” the 
report says, “was the building and equipment being 
used in exactly the way predicted by the skilled team 
which planned and designed it.” 

The authors of the report, Mr Ken Baynes, Mr Brian 
Langslow and Dr Courtenay Wade, say that the 
present situation, with its resulting serious incon- 
veniences and waste, cannot be resolved simply by 
finding another architect or even spending more money. 

The authors of this report discuss the future of 
evaluation studies of new hospitals and critically 
review those so far carried out. They ask that evalua- 
tion studies should not originate from some central 
organization but from teams of planners, designers 
and managers responsible to the regional hospital 
boards. They also ask for a central coordinating body 
to interpret and encourage the studies. 
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Parliament in Britain 


Pollution 

A PERMANENT Royal Commission is being set up to 
advise on all matters concerning environmental pollu- 
tion. Announcing this in the House of Commons, the 
Prime Minister said that the commission would act as 
a watchdog on the problem of pollution, and it would 
ensure that the executive departments are brought 
into play as rapidly as possible to deal with questions 
which arise. The Secretary of State for Local Govern- 
ment and Regional Planning will be responsible for 
coordinating action on pollution, and, to assist him in 
this duty, a small group of scientists, mainly on the 
staff of the Ministry of Local Government and Regional 
Planning, is being set up. This unit will deal with 
specific problems and help the minister to make sure 
that the correct resources are quickly deployed. 
Mr Wilson also announced that an advisory council 
is being established, on the same lines as the Clean 
Air Council, to deal with the problem of noise, and he 
said that legislation is being prepared to replace the 
existing voluntary control over the use of pesticides. 
The government, he said, would publish a White Paper 
next year to show how much has been done to control 
environmental pollution. (Statement, December 11.) 
L-Dopa 

Dr Jons Dunwoopy, Under-Secretary of State, 
Department of Health and Social Services, said that 
the Committee on the Safety of Drugs has cleared the 
drug L-dopa for clinical trials organized by the Medical 
Research Council. Mr Peter Mills was concerned about 
the drug being prescribed on the National Health 
Service to sufferers from Parkinson’s disease because 
of its alleged side effects, but Dr Dunwoody said that 
doctors are at liberty to prescribe whatever they con- 
sider appropriate. The committee has been unable, 
however, to assess the quality and safety of some 
preparations of L-dopa because pharmacological and 
toxicological data have not been available. (Written 
answers, December 8.) 


Teachers’ Salaries 

THE estimated expenditure on teachers’ salaries in 
Great Britain during 1969-70 is £915 million. This 
represents about 40 per cent of the estimated total 
public expenditure of £2,300 on education this year, 
and school teachers account for £672 million of the 
salaries bill, Mr Edward Short, who had been asked 
for these figures by Mr John Cordle and Mr David 
Lane, said that they do not include salary increases 
effective from April 1 this year. (Written answers, 
December 9.) 


Computers 

Dr Ernest Davies, Joint Parliamentary Secretary to 
the Ministry of Technology, said that government 
policy for purchasing computers is to buy British 
whenever possible. Price, he said, is only one of many 
factors taken into account, but machines made in 
Britain by subsidiaries of foreign firms are regarded 
as British in this context. In reply to a question from 
Mr Leslie Huckfield, Dr Davies said that the govern- 
ment has no plans at present for launching new schemes 
for financial assistance to computer hardware or soft- 
ware companies, but the investment grant scheme is 
kept under constant review. Where proposals are 
accepted, this is usually on a cost-sharing basis, 
(Written answers, December 9.) 
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Miscellaneous Intelligence 


THE vie intérieure of the medical profession is nowhere 
better illustrated than in the classified advertisement 
section of Pulse (astutely provided as a free service by 
a certain pharmaceutical company). Sphygmorano- 
meters are exchanged and marted together with the 
usual middle-class bric-d-brac of tiger skins, Jady’s ski 
boots (size 5), whippet puppies, National Health 
Service filing cabinets and once worn silver ash wigs. 
But what would Hippocrates make of this charitable 
offer (Pulse, December 6): “Doctor will post his copy 
of the British Medical Journal to deserving applicant 
for ls 6d weekly, please enclose s.a.c. for reply” ? 


chemical companies, CIBA and Sandoz, have resumed 
sales of the deadly sweetener which they dropped in 
September after Mr Cledwyn Hughes and others had 
climbed aboard Mr Finch’s bandwagon. Toxicologists 
in the two companies have apparently proved to their 
satisfaction that “there was nothing to justify the 
belief that cyclamates are dangerous for human 
consumption” (The Times, December 15). The Swiss 
Federal Health Department has vet to declare its ver- 
dict on the pernicious dolcefacients. 


Ever since Professor J. Z. Young invented the giant 
squid axon, neurophysiologists have laboured under 
the dolorous necessity of sweating out the summer in 
places like Naples, where squid are plentiful. Indeed, 
during the winter months, entire research teams from 
the United States have been compelled to decamp to 
Chile and Peru where squid are in season. What good 
news it is that Mr Edward T. La Roe, a graduate 
student at the University of Miami, has now succeeded 
for the first time in raising squids from egg to adult 
in aquaria. How delighted neurophysiologists will 
be to have squid on tap at home. 


Not less than 0-6 per cent of fatal heart attacks occur 
during the act of procreation, according to a survey 
reported in that vigorous broadsheet, the Oak Ridge 
National Laboratory News. A similar survey was, of 
course, carried out some 400 years ago by Montaigne, 
who reported that there died “betwixt the very thighs 
of women, Cornelius Gallus, the praetor: Tigillinus, 
captain of the watch at Rome; Ludovico, son of 
Guido di Gonzago, Marquis of Mantua: and—or worse 
example—Speusittus, a Platonic philosopher, and 
one of the Popes”. If the ORNL report neglected to 
cite its distinguished predecessor for fear of giving 
offence, there was no need to worry; the first woman 
in history officially to have slept a night in the Vatican 
was Princess Carlotta, wife of the Emperor Maximilian, 
but that is another story. 


THe timber pine, Pinus radiata, takes 70 years to 
grow a bole three foot in diameter, but the King 
William pine takes 620 years to attain the same girth. 
Assuming that each sort of pine costs A$13-3 a year to 
tend, and that interest rates remain constant at 5 per 
cent, the cost of growing a timber pine works out at 
A$930 and that of the King William pine at ASI&6 x 
107, Mr R. K. Bamber told the Linnean Society of 
New South Wales last month. “This suggests that, 
in economic terms, the King William pine is irreplace- 
able.” 
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Sociology of Postdoctoral Students 


Tue closest modern equivalent of the peripatetic 
mediaeval scholar is, no doubt, the postdoctoral fellow, 
still largely American by nationality and especially by 
place of work. The National Academy of Sciences has 
now published a report of a committee u nder Dr 
Richard Curtis in which the growth of postdoctoral 
education is admirably chronicled (The Invisible Um- 
versity, National Academy of Sciences). One sign of 
how quickly things have grown is the statement that 
at the California Institute of Technology in 1967-68, 
postdoctoral fellows outnumbered professors by four to 
one and that the Harvard Medical School in the same 
year had more postdoctoral fellows than students. 

The beginnings of postdoctoral fellowships lie in the 
wish of late nineteenth century universities to free 
young members of staff from teaching commitments. 
Johns Hopkins and Chicago were among the leaders in 
the field. The medical schools had a particular incentive 
to provide places on the staff at which research could 
þe pursued singlemindedly. With the institution of the 
National Research Council as a peacetime organization 
immediately after the First World War, that became a 
formal source of postdoctoral fellowships, chiefly with 
the objective of encouraging university research. Until 
the Second World War, the National Research Council 
in the United States supported roughly 20 per cent of 
those staying on in academic life after receiving a PhD, 
at least until other sources of support took up the 
strain in the mid-thirties. 

When the statistics on the new survey were 
collected, in the spring of 1967, it was estimated that 
there were 16,000 postdoctoral fellows—a total that 
includes all United States citizens, even when working 
abroad, together with foreign nationals in the United 
States, This implies a doubling of the scale of post- 
doctoral research between 1960 and 1967. The most 
rapid growth has been in chemistry and physies, but 
there are also signs that the rate of growth is beginning 
to level off. Indeed, the survey quotes the estimates of 
the Committee on Physics in Society that the ratio of 
postdoctoral fellows to faculty members in physics is 
likely to fall from 0-34 to 0-29 as a result of current 
difficulties in raising money. 

In the United States, most (81 per cent) of the post- 
doctoral fellows work at academic institutions and 7 
per cent are at federal research establishments. Twice 
as many postdoctoral fellows have a PhD as have an 
MD, while 3 per cent of the total population is quali- 
fied with both degrees. It seems that 9-1 per cent of 
the postdoctoral population is made up of people who 
have spent more than two years on a fellowship, 
possibly completing work begun during a PhD course. 

The life sciences have more than half the post- 
doctoral population, while the physical sciences and 
mathematics have just over a third. Physics, chemistry, 
biochemistry and medicine are the chief users of post- 
doctoral fellows. Visitors from abroad are more evenly 
spread through the various disciplines. It is no surprise 
that the postdoctoral population is largely concentrated 
at selected institutions—Harvard has 7 per cent of 
postdoctoral fellows, half of whom are concentrated in 
thirteen institutions, 


The tendency to stay on after a PhD has grown 
steadily. In 1962, 8-5 per cent of all United States 
PhDs went into postdoctoral fellowships, but by 1967 
this percentage had increased to 11-6 per cent. Most of 
those who stay on—-77 per cent—expect to remain in 
higher education. Only 5 per cent of postdoctoral 
fellows expect to finish up in the employment of the 
federal government. The survey points out that several 
postdoctoral fellows have already turned down faculty 
appointments at what they consider to be lesser in- 
stitutions. Postdoctoral fellows are biased against 
industry. One said that “If I had wanted an industrial 
job I wouldn't have taken the first doctorate’. The 
survey points out that postdoctoral fellowships tend 
to spread these people uniformly about the country. 
The east and west of the United States tend to send 
young students to the south and west, particularly the 
latter. The south has a net loss, particularly in 
physics, but “the west gains from everyw here’. The 
survey has compiled a good deal of evidence to show 
how postdoctoral fellowships are used as a means of 
obtaining upward mobility in the academic pecking 
order. It seems to be established that the reputation 
of a school determines its success or otherwise in build- 
ing up a postdoctoral school with high reputation. 
It is, however, also established that postdoctoral fellow- 
ships are a useful means by which young men and 
women can change the direction of their interest. 

The average length of a postdoctoral fellowship is 
1-6 years, and only one-fifth of the total intake seems 
to stay more than 23 years. Foreign and United. 
States postdoctorals spend the same length of time on 
the job. The longest durations of postdoctoral fellow- 
ships are those of biochemists. 

The postdoctoral fellows are right in their belief 
that they can stay on in academic life--72 per cent of 
former postdoctoral fellows are working In universities 
and colleges. Universities seem to be divided in their 
views on the usefulness of the postdoctoral system. 
Some hold that postdoctoral fellows quickly make 
their presence felt and serve not merely as valuable 
academic labour but also as examples to other students. 
The survey says that most postdoctoral fellows “contri- 
bute more than they take away”, but there seems also 
to be a feeling that the special circumstances of a post- 
doctoral appointment detach a man from a proper 
appreciation of his ultimate responsibility in an 
academic job. There is also some concern that post- 
doctoral fellowships may simply be ways of increasing 
the research output of particular departments without 
contributing either to the education of the university 
as a whole or to that of the people concerned. 

Foreign postdoctoral fellowships play a prominent 
part in the American pattern—in 1967, it is estimated 
that there were 5,626 foreign scientists at American 
universities with a PhD from an American or other 
university. There seems to be a consistent tendency 
for people from countries with a low GNP per capita 
to migrate to the United States. The United Kingdom 
is, however, the largest source of supply, with close 
on 800 in 1967, 200 of whom said they would be 
returning home. 
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NEWS AND VIEWS 


What Makes DNA Duplicate 


Bro.oetsts are offered a stimulating Christmas present 
this week by de Lucia and Cairns, Gross and Gross and 
Roberts (pages 1164-1174). Their three communica- 
tions all break new ground, at the same time under- 
lining present ignorance of the two most basic processes 
in molecular biology—the duplication of DNA and the 
copying of RNA from DNA templates. The grand 
strategy of these processes may already have found 
its way into every high school biology book, but the 
details are only now being intavelled 

At the 1968 Cold Spring Harbor Symposium on 
DNA replication (Nature, 219, 17; 1968), Meselson 
pointed out that the only fact known for certain about 
DNA duplication is that it is semiconservative: the 
two strands of a DNA duplex segregate, one going to 
each daughter molecule. But what enzyme machinery 
is responsible for DNA duplication in the cell? The 
answer is still uncertain, For the past several vears, 
the only candidate for the job has been the DNA poly- 
merase enzyme characterized by Kornberg and his 
colleagues. Together with Goulian and Sinsheimer, 
Kornberg proved decisively that his enzyme, assisted 
by an enzyme that can join the ends of linear DNA 


molecules to generate circles, can duplicate the DNA of 


a bacteriophage in a test-tube. But that is a far ery 
from proving that the Kornberg polymerase is respon- 
sible for DNA duplication in the cell. Indeed, there 
have always been serious objections to that idea. For 
one thing, the Kornberg enzyme fails to duplicate 
double stranded DNA in vitro, and for another, mutants 
of E. coli have been isolated which are defective in DNA 
duplication but have normal Kornberg polymerase 
activity. Furthermore, the Kornberg enzyme is 
unsatisfactory because it can only synthesize one of the 
two strands of a DNA duplex continuously from one 
end to the other (Nature, 219, 17; 1968). 

To Cairns and his colleagues, these observations 
meant that the Kornberg enzyme is a red herring as far 
as DNA duplication is concerned. Now, after screening 
3,478 colonies of E. coli treated with a mutagen, 
which is some measure of their belief that the Kornberg 
enzyme is irrelevant to duplication, Cairns and de Lucia 
seem to have proved their point. On page 1164, they 
describe the properties of a mutant of E. coli—p3478— 
which multiplies normally but contains less than | per 
cent of the Kornberg polymerase activity present in 
wild type cells. The implication, of course, is that 
some other enzyme replicates DNA in E. coli. At 
present it is anybody’s guess what this other enzyme 
is. But assuming that it is highly unlikely that the 
residual | per cent of Kornberg polymerase activity in 
the mutant is responsible for its DNA duplication, it 
should be possible to exploit the mutant to isolate the 
true enzyme for duplication DNA. 

Already Gross and Gross (page 1166) have mapped 
p3478, proved that it is an amber mutation, and shown 


that it is recessive to the wild type gene. It should be 


possible to engineer a strain of E. coli in which the 
Kornberg polymerase gene is totally deleted if that 
proves necessary during the search for the putative 
enzyme DNA duplication. 

If it is not involved in DNA duplication, the Korn- 
berg enzyme must have some other natural function. 
The latest results from Kornberg’s own laboratory 
(Nature, 228, 412 and 495: 1969), as well as the increased 
sensitivity of mutant p3478 to ultraviolet light, point 
to the same conclusion. The Kornberg enzyme seems 

o have precisely the properties expected of a DNA 
repair enzyme, part of the cell's machinery to excise 
mismatched regions of a DNA duplex and replace them 
with DNA of the correct base sequence for Watson- 
Crick base pairing. The Kornberg enzyme appears to 
have a role in editing rather than duplicating the DNA 
of E. coli. 

Roberts's experiments (page 1168) are not concerned 
with DNA duplication but with the copying or trans- 
cription of RNA molecules from DNA templates. The 
synthesis of RNA by the enzyme RNA polymerase 
must be finely controlled; the enzyme must initiate 
an RNA molecule at the correct site on the DNA tem- 
plate, and it must terminate synthesis at a specific site 
to ensure that the RNA molecules are discrete units of 
genetic information. It is just under a vear since 
Burgess, Travers, Dunn and Bautz (Nature, 221, 43; 
aA ences we ey ud ue sigma Tuotot in 





can +? caries: = RNA ee ane neat 
controls the specificity of the initiation of RNA syn- 
thesis. We now know that at least three bacterio- 
phages also spec ify their own sigma factors and no 
doubt more sigma factors will be discovered in the near 
future. But having correctly initiated RNA svnthesis, 
what signals tell RNA polymerase where to terminate 
the synthesis of any particular species of RNA? 
Clearly termination of synthesis has to be as discrete as 
initiation and Roberts has now shown how specific 
termination is achieved in Æ. coli, He has discovered 
another protein factor, which he calls p, that + 
specific termination and release of RNA being made 
in vitro, 

The essence of his experiments has been a comparison 
of the size of RNA molecules made off a DNA te mp Jate 
in vitro in the presence and absence of p with the size 
of the RNA made in the cell when the same DNA is 
transcribed. In the test-tube, et t th e as A re 
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tation coefficients varving from less t os 55 to more 
than 355. But when p is added, half the RNA made 
sediments as two discrete peaks of 128 and 7S, which 
means that the molecular weights of these two RNAs 
are about 250,000 and 100,000. By exploiting mutant 
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strains of phage A and the techniques of nucleic acid 
hybridization, he has established that in his cell free 
system the RNA polymerase is not only initiating at 
the correct sites but terminating at the correct sites so 
long as p is present; the RNA made tn vitro with p is 
the same size as that made in the cell when the same 
genes are transcribed. The p factor 1s therefore 
complementary to the sigma factors; it plays an 
essential part in the mechanism which results in RNA 
polymerase recognizing termination signals—specific 
sequences in DNA templates. Whether more than one 
species of p factor exist in Æ. coli, whether the p 
factor and the polymerase are the complete termina- 
tion machinery and precisely how termination of RNA 
synthesis is effected are all questions that can now be 
asked with some hope of a meaningful answer. 


SURVEYING 


Arctic Ocean Oil 


from our Geomagnetism Correspondent 

Ix the search for oil, the North Sea and the North Slope 
of Alaska each has its own peculiar hazards. When 
these hazards are combined with pack ice conditions, 
the task becomes formidable. Yet the US Geological 
Survey and the US Coast Guard have now completed a 
preliminary survey of the Chukchi Sea, north-west of 
‘Alaska, which shows that geological conditions in the 
area favour the existence of significant quantities of 
oil and gas. 
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The Chukchi Sea is an obvious area in which to 
search for oil because it is a geographical extension of 
Alaska’s North Slope. The survey set out to discover 
whether there is also geological continuity by seismic 
profiling, magnetic field intensity profiling and precision 
depth recording. Dangerous pack ice stopped two- 
thirds of the planned programme, but in eight days 
seismic profiles were obtained along 1,350 nautical 
miles of track. Investigations were carried out from 
the US Coast Guard cutter Storis, a 237-foot ice-rein- 
forced buoy tender. 

What emerged was that the eroded and truncated 
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roots of the Brooks Range extend at least 175 miles 
from Cape Lisburne on Alaska’s north-west coast to 
Herald Shoal in the northern Chukchi Sea. Folded 
and faulted sedimentary rocks were discovered on 
both sides of the Brooks Range extension, those to the 
south being 20,000 square miles in area and at least 
10,000 feet deep in the central part of the sea. Much 
of the Chukchi Sea floor is thus geologically similar 
to the oil, gas and coal rich North Slope, which suggests 
that the Great Alaskan Oil Rush will continue for a 
long time yet. 


STARS 


Observing Made Easy 


from our Astronomy Correspondent 


A way of measuring the radial velocities of stars more 
quickly than by the conventional method of comparing 
a photograph of the spectrum with a standard was 
described at the meeting of the Royal Astronomical 
Society on December 12 by Dr R. F. Griffin of the 
University Observatories, Cambridge. Critics tried to 
whittle down his estimate of a gain of 4,000 for his 
technique, which he based, with tongue firmly in cheek, 
on its application to a catalogue of stars with radial 
velocities known from work by Professor R. O. Red- 
man. Using a 36-inch telescope, Griffin took nine 
minutes over each observation of eighty-seven seventh- 
magnitude K stars, compared with ninety minutes 
taken by Redman using a 72-inch telescope, and claims 
a better accuracy. 

By making the measurement of the Doppler shift 
of the stellar spectrum a single-step process, Griffin 
has eliminated the need to obtain a photograph of the 
spectrum as the intermediate step. Formerly the 
Doppler shift was read off the photograph by compar- 
ing the positions of lines with a standard spectrum. 
Instead the spectrum is concentrated by a lens onto 
a photomultiplier tube with a consequent saving In 
exposure time because the dispersed spectrum is never 
recorded. Before the condensing lens, however, the 
spectrum passes through an adjustable diaphragm 
which is made up of a negative of a typical stellar 
spectrum. What happens is that the output of the 
photomultiplier is recorded while the diaphragm is 
moved across the spectrum, and when the diaphragm 
coincides with the Doppler-shifted spectrum the output 
abruptly drops to zero. The Doppler shift and thus 
the radial velocity are given by the position of the 
diaphragm at zero light. 

The photomultiplier measures the cross correlation 
function between the spectrum and the diaphragm. 
The meeting identified two problems of the technique. 
First, because of non-linearities, only a small part of 
the available spectrum can be used, and if this could 
be extended the exposure time would be further 
reduced. Second, the equipment is calibrated against 
stars with radial velocities known from the standard 
method, so that errors in the standard method are 
carried over. 

The meeting began with an account by Professor 
C. W. Allen, of University College, London, of a problem 
in the statistics of Fraunhofer lines in the solar spec- 
trum. The problem occurs in the comparison of the 
number of Fraunhofer lines in different intervals of 
frequency and of intensity with what is predicted. 
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When allowance is made for lines missed due to atmo- 
spheric absorption in the infrared and to obscuration 
by the solar lines themselves, which tends to occur 
in the ultraviolet—and according to Allen this is the 
hardest part of the work—there is good agreement, 
except that the theoretical estimates tend to be too 
high. To discover why, the expected contributions 
from individual atoms have been compared with what 
is observed, and the discrepancy narrowed down to 
the contribution of heavy atoms such as iron, mangan- 
ese, cobalt and vanadium. For these atoms the expected 
counts are well above the observations, and clearly 
they dominated the original analysis. Judging by 
what Allen said. it is still not certain why the caleula- 
tions are wrong for the heavy atoms, but he suggested 
that a correction factor of two ought to be applied to 
stars of the solar type, and to stars much later than the 
Sun, although it is unnecessary for spectra not domin- 
ated by the iron group. 


MID-OCEANIC RIDGES 


Ocean Floor on Land 


from our Geomagnetism Correspondent 


LarrLe is known about the material produced along 
the axes of mid-oceanic ridges. On the mid-Atlantic 
Ridge ultramafic intrusions are exposed in the fracture 
and transverse fault zones, but rarely elsewhere: and 
Muir and Tilley (J. Geol., 5, 409; 1964) have suggested 
that well developed layered gabbro intrusions should 
occur at “quite moderate depths” below the basalts 
forming the crust of the ridge. But much more direct 
geological exploration is needed. In view of the obvious 
problems involved in investigating submerged ridges, 
it would be convenient if there were exposed regions 
which have developed in a similar way to the ridges. 

Varne et al. (Science, 166, 230; 1969) claim to have 
discovered such an area in the Southern Ocean. 
Macquarie Island lies close to the axis of the seismically 
active Macquarie Ridge about 1,100 kilometres south- 
south-west of the southern limit of New Zealand and is 
elongated parallel to the ridge axis. In the northern 
third of the island, investigated by Varne et al., the 
oldest rocks are pillow lavas with interstitial Globz- 
gerina ooze, hyaloclastite and greywacke—an associa- 
tion characteristic of the ocean floor. According to 
palaeontological evidence the ooze was deposited at 
cold water depths of between 2,000 and 4,000 m 
during the Pliocene, which implies that the island has 
risen since the deposition took place. 

The lavas are intruded by ultramafic and mafic 
bodies and dyke swarms which form a well defined 
belt about 4 km wide and trending 330° ETN obliquely 
across the island. The intrusive sequence seems to be 
quite simple. Initially harzburgite was intruded along 
a narrow tensional crack. Gabbro then entered, 
producing further dilation, and was later forced apart 
by swarms of dolerite dykes dense enough to exclude 
almost all of the country rock. Chemical analysis of 
basalt, dolerites and gabbros from Macquarie shows 
that their compositions are very similar to those of 
mid-Atlantic Ridge basalts. 

The close proximity of Macquarie Island to the ridge 
crest, the evidence for ancient submergence and the 
chemical compositions of the rocks strongly suggest 
that the island is actually Pliocene oceanic crust. If 
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this is so, could the intrusive belt crossing the istand 
be typical of the form taken by new oceanic material 
introduced at ridge crests, and could this then be the 
type of structure producing the characteristic linear 
magnetic anomalies of the ocean floor ‘ 

Varne and his colleagues are prepared to pose the 
question but not to commit themselves to a definite 
answer, The evidence is circumstantial rather than 


investigation. 


QUASARS 


Like the Sun 


from our Cosmology Correspondent 


THE composition of quasars may not differ greatly 
from that of other stellar objects, if the results of an 
analysis of the emission lines from 3C 48 and 3C 273 
carried out by Baheall and Kozlovsky (Astrophys. ds 
158, 529; 1969) prove to be characteristic of all 
quasars. Bahcall and Kozlovsky have calculated the 
ionization distribution in the emission line region of 
3C 48, thus extending the work earlier carried out on 
3C 273 (Astrophys. J., 155, 1077: 1969). Unlike that 
of 3C 273, the spectrum of 3C 48 contains the strong 
line from the forbidden transition O IT. Indeed, this 
line is seen so strongly that it is likely that the oxygen 
abundance in this quasar is as much as an order of 
magnitude greater than that in the Sun. 

No other observed abundances differ so greatly from 
the solar values, however, and the observations can be 
fitted adequately by a shell model, in which a strongly 
radiating central object is surrounded by a shell of 
the material emitting the observed line spectrum. 
An electron number density of 9 x 10° em~ in a shell 
of inner radius 62-5 parsec and outer radius 190 parsec 
is particularly suitable, material closer to the central 
source having presumably been blown outwards by its 
intense radiation pressure. More complicated models 
can be constructed for which even the oxygen abun- 


would be pushing the significance of this work too far 


to suggest that the calculated structures are necessarily 
correct; at this stage it is more than enough to know 
that there is solid evidence for believing quasars to be 
made up of the same isotopes in comparable ratios 
to those that make up the Sun. 


CHROMOSOMES 


Cytological Clarity 


Tuts unusually clear micrograph of chromosomes in a 
dividing cell of Zea mays was taken during trials of the 
action of compounds which interfere with cell growth 
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and differentiation. The work is part of a seareh for 
chemicals to serve as ripeners to enhance the produc- 
tion of sucrose in cane, which is in progress at the Tate 
and Lyle Research Centre. Mature maize plants were 
sprayed with an analogue of the plant growth inhibitor 
CCC (JF 2578, Plant Protection Ltd) and four days 
later some of the actively dividing tissue was removed 
Irom the leaves. This was fixed in 3 per cent glutar- 
aldehyde in 0-33 M sorbitol and 0-001 M magnesium 
chloride, buffered with 0-05 M = N-2-hydroxyethyl- 
piperazine-N’-2-ethane sulphonic acid, pH 7-0, and left 
overnight. The treatment was completed by immer- 
sion in 2 per cent osmium tetroxide and dehydration. 
Sections embedded in ‘Araldite’ were stained with 
uranyl acetate and lead citrate. The picture (approxi- 
mate magnification 10,000) was taken by Dr J. Coombs 
of Tate and Lyle and Mr H. Edge of King’s College, 
London. 


LIQUID STRUCTURES 


Particle Correlations Recalculated 


AN experimental method which promises to make 
accessible for the first time the important three 


particle correlation functions relating the positions of 


particles in a liquid has been suggested by P. A. 
Kvelstaff, D. I. Page and C. T. R. Heard (Phys. Lett., 
30. 376: 1969). They have shown that by measuring 
variations with pressure of the structure factor in a 
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simple liquid, information about the three particle to 
triplet correlation function can be obtained direct ly 
for the important regions near the critical and triple 
points. 

The triplet function is an important quant ity in the 
theory of liquids. In both solids and liquids, the 
relative positions of atoms can usefully be described 
in terms of correlation functions. For solids, where 
atoms are located near known lattice sites, two particle 
correlation functions are sufficient. For liquids, 
however, the pair potential specifying the energy of 
interaction between particles is known to involve the 
three particle function and the prospect of being able 
to measure it instead of guessing at it is clearly exciting. 

The standard approach has been to express the trip- 
let function in terms of a product of two particle func- 
tions. Egelstaff et al. have shown, however, that the 
difference between the true and approximate expres- 
sions is significant for regions near the triple and 
critical points. They have shown that, for the grand 
canonical ensemble of particles in a simple liquid, the 
Fourier transform of this difference can be expressed 
directly in terms of the structure factor and its deriva- 
tive with respect to pressure, both of which can be 
measured by conventional X-ray methods or slow 
neutron diffraction. 

The formulation is entirely novel, and has been 
given a preliminary test with existing scattering data 
for liquid argon near the eritical point and for liquid 
rubidium near the triple point. The outcome is quite 
encouraging. Although Egelstaff et al. have used 
crude estimates of the derivatives of the structure 
factor and even of the structure factor itself, they found 
that the difference between the true and approximated 
triplet functions was significant in both cases. For 
the region near the triple point, long range correlations 
were particularly in evidence, and for the region near 
the critical point, the difference was marked at distances 
of less than 7 A. 

Although what is measured in this new approach is 
an integral over the triplet function, it is possible by 
a judicious choice of experimental conditions to gain 
considerable information about the triplet function 
itself. From this, the pair potential for the liquid 
may be deduced, together with a host of thermodyna- 
mie quantities which also depend on the triplet func- 
tion. To obtain the specific heats for the liquid it is 
necessary to know the four particle correlation function 
as well, however. A pair potential is known to be a 
fairly good description of the interparticle interaction 
for non-transition metals, for argon and for salts. 


TRANSPLANTS 


Elusive Antibodies 


from a Correspondent 


Few would deny that a cellular immune reaction 
mediated by lymphocytes is important in the rejection 
of transplanted organs. But there is still the question 
of whether conventional antibodies formed in response 
to foreign tissue grafts also contribute to the rejection 
of large organ grafts. Mounting evidence, most recent ly 
that put forward by Williams, de Planque, Graham 
and Lower (New England J. Med., 281, 1145: 1969), 


suggests that they do. 
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According to Williams e¢ al. three out of four patients 
who received cardiac transplants died of acute rejection 
7, 7 and 18 days after transplantation, although im- 
munosuppressive agents were used. At post-mortem, 
no technical reasons could be found for the failure 
of the hearts, but some interesting histological changes 
were revealed. In two of the hearts the changes were 
consistent with the usual picture of acute rejection— 
interstitial and perivascular round-cell infiltration, and 
some interstitial oedema and haemorrhage. The heart 
of the third and longest surviving recipient, however, did 
not conform so closely to this picture: it had an 
Arthus-like appearance with extensive interstitial 
haemorrhage and accumulation of polymorphonuclear 
leucocytes. 

To assess the role of presensitization and eirculating 
antibodies in the unusually virulent rejection processes 
experienced, immune adherence tests were performed 
with kidney (target) cells cultured from the donors. 
In the case of the second recipient, tests performed 10 
days before transplantation provided evidence of 
pre-existing antibodies to antigens on the donor 
kidney cells. The fact that the same recipient serum 
did not react against either the lymphocytes or skin 
cells of the donor in the conventional pre-transplanta- 
tion cross-match indicates the need for more sensitive 
and rapid tests to eliminate presensitization to donor 
antigens, 

The antibody titre of the second recipient declined 
rapidly after grafting, but antibody was present in the 
eluate prepared from the rejected heart. This provides 
additional support for earlier observations that anti- 
body is absorbed from the circulation by large organ 
grafts. Williams ef al. say the quantity or quality of 
pre-existing antibody was probably insufficient to cause 
hyperacute rejection, but the acute rejection crisis is 
likely to have been a secondary, rather than a primary, 
response, 

The most interesting finding—the presence of anti- 
body fixed to an acutely rejected heart—was made in 
the case of the third recipient. Williams et al. showed 
that serum antibody directed against donor kidney 
antigens, which was not present before transplantation, 
appeared in low titre 12 days after transplantation and 
was present in high titre in the eluate prepared from 
the rejected heart. No antibody was detected in an 
eluate prepared identically from the patient’s own 
kidney. 

The exact role of humoral antibody in precipitating 
rejection of large organ grafts still remains unclear. 
Williams e¢ al. suggest that the virulent form of rejec- 
tion experienced may be a secondary res ponse produced 
by an immunologically competent host, mediated by 
both cellular and humoral factors. 


BIOCHEMICAL DISEASE 


Treatment by Vitamins 


from our Medical Biochemistry Correspondent 


Dvrtne the past two years, thirteen children have been 
described who were excreting large quantities of 
methylmalonic acid in their urine, although their diet 
was not deficient in vitamin B,,, a necessary factor 
in the metabolism of this acid. All the children 
suffered from vomiting, lethargy and ketoacidosis, 


. 14858 
and did not grow. Untreated, they were likel y to die 
young, but some of them responded well to massive 
doses of B,, and then grew and deve loped normally. 
Others, however, did not seem to be affected by the 
vitamin. Recent work has suggested that this inherited 
condition has at least two forms, and that the abilit y 
to respond to vitamin B,, is present in only one form. 
Furthermore, the two forms can be dist inguished in 
cultures of fibroblasts. l 

Vitamin B,,, in the form of deoxyadenos vI-B,., is 
necessary for the conversion of methylmalonyl co- 
enzyme A to succinyl coenzyme A by meth yimalonyl 
coenzyme A isomerase. Methylmalonyl coenzyme A 
is usually formed by carboxylation of propiony! 
coenzyme A, produced as a result of 8-oxidation of odd- 
numbered fatty acids. Morrow et al. (Proc. US Nat. 
Acad, Sci., 68, 191: 1969) found that in liver homo- 


Le 


was measured in the homogenates, the result was very 
similar. Three of the patients had very low enzyme 
activities in the liver, which were not increased by the 
addition of deoxyadenosyl-B,,. But in the fourth 
patient's liver, enzyme activity increased to normal 
when the vitamin was added. This liver contained 
very little deoxyadenosy!-B,,, but the others contained 
normal amounts. Morrow et al. therefore suggest 
that there are two forms of inherited met hvimalonic- 
aciduria, one in which the isomerase is inactive and 
which does not respond to vitamin B,,, and the other 
which arises from a defect in B, metabolism or its 
binding to the isomerase and which responds to massive 
doses of By». 

Rosenberg et al. (Biochem. Biophys. Res. Commun., 
37, 607; 1969) have shown that this defect in meta- 
bolism can be studied in cultures of skin as well as liver. 
They found that fibroblasts from two patients with 
methylmalonicaciduria produced much less labelled 
carbon dioxide from labelled propionate and methyl- 
malonate than fibroblasts from control patients. When 
deoxyadenosyl-B,, was measured in sonicates of 
fibroblasts a highly significant difference was revealed ; 
the culture from one of the patients had 0-4-0-6 n g/g 
wet weight, while six control cultures contained on 
average 5-9+2-0 ng/g wet weight. When the B 12 
in the medium was increased one-thousand-fold, 
normal amounts of coenzyme formed in the fibroblasts 
and the quantity of propionic acid oxidized was 
normal. These findings provide a convenient method 
for identifying methylmalonicaciduria, for it is obvi. 
ously much easier to take skin than liver for enlture. 


PROTEINS 


Conservation and Divergence 


from our Molecular Biology Correspondent 


PROTEINS vary widely in their ca pacity for absorbing 
mutations without detri ment, and one su pposes that. 
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protein widely thought to function as a packaging 
material. 


J. Biol. Chem., 244, 5569; 1969). Compared with calf 
thymus there are only two substitutions, both con- 
servative (in respect of the chemical nature of the side 
chains involved): an isoleucine for a valine, and an 
arginine for a lysine. Other differences exist, and 
concern the modification of lysine residues, which 
occurs after polypeptide synthesis has been compl eted. 
One lysine is methylated in calf thymus but not pea 
seedling, and at another position in the chain there is a 
50 per cent likelihood that the lysine is acetylated. In 
pea seedling there is only 6 per cent of acetylation, 
and it is distributed over at least two residues of the 
moleeule. 

Another protein of unknown function is serum 
albumin. Various possible functions have been 
suggested, one of the less interesting being the preserva- 
tion of the osmotic balance of the blood. In this case 





codons. 
Substantial conservation of sequence is also 


apparent in myoglobin. 
myoglobin is only the second to have been determined, 
and has been reported by Dautrevaux et al. (Europ. J. 
Biochem..11, 267: 1969). Like sperm whale myoglobin, 
it has 153 residues, and comparison of the two shows 
differences at nineteen positions, two of them accounted 
for by a dipeptide inversion. All substitutions represent 
single-base mutations, and nearly all are conservative, 
ten of them strictly so (for example, Glu for Asp, Lys 
for Arg). 

It is interesting to compare these proteins with the 
polypeptide, thyrocalcitonin, which contains thirty- 
two residues. The sequences of the human, bovine 
and porcine forms have now been assembled (Brewer 
and Ronan, Proc. US Nat. Acad. Sei., 68, 940; 1969), 
and are found to have only fourteen residues in com- 
mon. (The bovine and porcine chains differ from each 
other at only three points.) Certain features are com- 
mon to all three: the C-terminal residue is prolinamide, 
and the N-terminus is one end of a cystine group, 
connecting to position 7. No less than a third of the 
variable positions correspond to two-base mutations in 
the DNA. All three molecules have quantitatively 
similar biological activities. These results show the 
high incidence of mutations, most of which are evidently 
lethal, and thus not apparent, in globular proteins. 
Such small polypeptide hormones as have been 
examined seem in general to possess no defined tertiary 
structure, and it is presumably for this reason that a 
wider range of mutations seems to be permissible. It 
has been noted that in globular proteins most allowed 
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mutations oceur on the outside of the molecule, where 
steric restrictions are least. 


PLANT CELLS 


Orchard in a Test Tube 


from our Botany Correspondent 


ONE way to counteract the world shortage of food 
might be to build factories to culture fruit tissue on a 
vast scale, thus dispensing with the need to grow whole 
plants, with stems, leaves an d other unusable parts. 
This suggestion came from Professor J. P. N itsch, 
who gave two lectures at University College, London, 
on December 8 and 10 about work in progress in his 
phytotron laboratory at Gif-sur-Yvette. 

Nitsch and his colleagues have been able to excise 
small pieces of tissue of several varieties of apple and 
pear, and grow them on agar containing mineral salts, 
sugar and cytokinins. By regularly transferring 
explants of the culture to fresh media, they have 
obtained sufficient tissue to estimate that one pound of 
explants put on tissue culture in January would give 
a million pounds of apple sauce by the end of the 
year. 

However spectacular this may seem, Nitsch does not 
feel that it is yet an economic proposition, partly 
because there are such good orchards all over the world, 
but also because at the moment his mass produced 
fruit tissue does not taste very good. The problem 
is that although the tissue will grow on and on, appar- 
ently without end, it does not ripen. Some precursors 
of ethylene, a natural agent of ripening, have been 
used to improve the taste of the tissue, and werk is 
continuing in this direction. 

Another line of research at Gif-sur-Yvette involves 
efforts to culture tissue that can produce sugar by 
photosynthesis. It has proved difficult to induce 
the development of chloroplasts in tissue culture. 
After trying all kinds of combinations of culture media, 
Nitsch’s team produced a growth of sugar cane tissue 
with small green patches. On close examination, 
however, these turned out to be tiny plantlets and not 
just chloroplasts. But the problem of producing 
chloroplasts in eulture will hopefully be solved soon. 
After that, the need will be for a means of producing 
cells on a massive scale. This, Nitsch believes, will be 
possible in some kind of modified phytotron, such as 
those at Gif, Canberra and Davis, California, where 
plants can be grown without soil and, if necessary, with- 
out light from the Sun. 

Another potentially useful tool which Nitsch 
discussed is the culture of haploid plants from 
pollen grains. The team at Gif has found that healthy 
flowering tobacco plants can be grown in this way as 
long as the culture medium contains iron. With the 
techniques of tissue culture it is then possible to obtain 
from these haploid plants new diploid plants with a 
great range of genetic variability. This is achieved by 
culturing some tissue from a haploid plant and by 
taking advantage of the f amiliar, and usually unwanted, 
variation that arises in cultures of cells. Thus in an 
initially haploid culture, diploid cells are produced, 
presumably by endomitosis, when chromosomes divide 
but cells do not. Because such diploids tend to be 
extremely variable the technique provides the means 
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of obtaining a great many mutations from a few plants. 
So far tobacco is most amenable to such treatment, 
and Nitsch is now trying to repeat this success with 
other species, so that he can offer the plant geneticists 
this new store of hereditary variation. 


GEOTROPISM 


Statolith Hypothesis Upheld 


from our Plant Physiology Correspondent 


A FRESH variation on an old experimental theme may 
have clinched the argument about the mechanism of 
perception of gravity in roots in favour of the starch 
statolith hypothesis. Tor-Henning Iversen of the 
University of Bergen eliminated statolith starch from 
the roots of cress seedlings by incubating them in a 
mixture of potent plant growth hormones, after which 
the roots did not respond to gravity (Physiol. Plant., 
22, 1251; 1969). 

Starch statoliths are large, mobile, starch-filled 
plastids found in many plant tissues which respond to 
gravity. The idea that the position and movement 
of these particles within the cells could indicate to 
the plant the direction and magnitude of the gravita- 
tional field derived from an analogy with invertebrate 
statocytes. These are hollow organs containing a dense, 
mobile particle which exerts pressure on particular 
sensory hairs according to the position of the animal. 

The simplest test of the statolith concept in plants 
is to remove the statolith starch from the tissues and 
then observe changes in the response to gravity. 
This has proved difficult because statolith starch is 
most persistent. In 1966 Barbara Pickard and K. V. 
Thimann found that they could destarch tissues by 
incubating them at 30° C in a mixture of gibberellic 
acid and kinetin. When they used this procedure with 
corn coleoptiles—the cylindrical, geotropically sensi- 
tive sheaths which surround the primary leaves of grass 
seedlings—the growth was somewhat retarded, but 
nevertheless coleoptiles could still respond to gravity 
(J. Gen. Physiol., 49, 1065; 1966). 

This evidence for geotropic responsiveness in a tissue 
devoid of statolith starch counted heavily against the 
statolith hypothesis. Earlier this vear, however, 
Hertel, de la Fuente and Leopold observed a close 
correlation between the behaviour of starch particles 
in a mutant variety of corn and the geotropic respon- 
siveness of the tissues (Planta, 88, 204; 1969). Now 
Iversen has repeated Pickard and Thimann’s experi- 
ment, but on roots, and has come to the opposite con- 
clusion. The growing tips of roots are covered by the 
rather mucilaginous cells of the root cap. These cells, 
which seem to be essential for the root to perceive 
gravity, contain the starch statoliths. Iversen has 
eliminated these statoliths from the cap cells by growing 
cress seedlings in a mixture of gibberellic acid and 
kinetin at 35° C in darkness. In these conditions loss 
of starch, as judged by both light and electron micro- 
scopy, 18 complete after some thirty hours. The 
treated roots grew almost as well as untreated controls, 
but did not respond to gravity. It is very important 
that the growth of the root should not have been 
affected significantly. Geotropic curvatures are the 
result of differential growth of the upper and lower 
halves of the root; lack of geotropic responsiveness in 
a tissue with severely impaired growth would prove 
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argument was the observation that starch re-formed in 
the roots when they were exposed to light, and that 
simultaneously geotropic sensitivity was restored. 


ENTOMOLOGY 


Flying Parasites 


from a Correspondent 


TAaXONOMISTS may not be the only people to benefit 
from a recent study of a large family of wasp-like 
creatures. Dr M. W. R. de V. Graham’s work of 
unravelling the relationships within the West European 
members of the largely parasitic family Pteromalidae 
was, apart from its obvious academic value, an essential 
prelude to any attempts to use parasitic insects in 
programmes of biological control. 

The Chalcidoidea, to which this family belongs, 
is one of the groups of minute parasitic, or much more 
rarely vegetarian, Hymenoptera, or wasp-like creatures, 
which contain many species and are far from fully 
described and catalogued, even in Western Europe. 
The family Pteromalidae is one of the larger in the 
group and most workers have found that it presents 
great difficulties. Moreover, a special hazard has been 
left through the activities of workers in the early 
nineteenth century, particularly the British entomolo- 
gist F. Walker, who described, extremely superficially 
vast numbers of species, for example, 250 species 
Pteromalus which in most cases nobody else 
able to recognize. One of Graham’s 1 
tasks has been to find all these species, scattere 
several collections and often poorly labelled | tö 
interpret them in modern terms—the rules of nomen- 
clature unfortunately making it impossible to ignore 
them (Bull. Brit. Mus., NH, Entom. Sup., 16; 1969). 

Graham examined the type specimens of more 
than 600 species in the British Museum and of about 
300 in other European museums, Even so, he has 
described eighty-seven new species and noted many 
others which he could not describe because information 
is still inadequate. All these species have been arranged 
in a modified classification with fifteen subfamilies and 
more than 200 genera. Keys have been provided for 
the identification of all the species and their hosts or 
habitats recorded wherever these are known. 

There has been a great increase in the study of 
parasitic Hymenoptera since the Second World War 
which has been accelerated during the past few years. 
There is little doubt that dissatisfaction with the side 
effects of the use of insecticides turned attention to the 
possibilities of biological control with the aid of insect 
predators and parasites. But it soon became apparent 
that such a development was impossible unless all 
the insects were correctly identified, for very small 
specific differences in structure are often associated 
with widely different behaviour. The proper classifica. 
tion of small parasitic Hymenoptera became at once a 
matter of potential interest to agriculture. Many of 
these parasites play an important part in the population 
dynamics of insects and a better understanding of this 
subject will certainly be permanently useful. Moreover. 
even if no practical results stem from Graham's 
work, it will remain a very important addition to our 
knowledge of the West European fauna and a monu- 
ment to his industry and taxonomic insight. 
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infall of Gus from Intergalactic Space 


There are several indications that a considerable flux of gas is 
by constantly flowing into the galactic system, and that intergalactic 


J. H. OORT 
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gas probably makes up a large fraction of the mass of the universe. 
This discussion of the phenomena involved is a modified version of 
the Nuffield Lecture given at the Institute of Theoretical Astronomy, 


Cambridge, on July 7, 1969. 


OBSERVATIONS Of the sky at high galactic latitudes with a 
radio telescope equipped with a high-sensitivity 21 cm 
line receiver revealed some rather remarkable phenomena. 
As well as the hydrogen clouds concentrated in a thin layer 
around the galactic plane, and moving with velocities 
averaging about 5 km s~ in one coordinate, there are 
several clouds with quite high velocities, up to 200 
km s~, k 

200 km s~, the radial velocities of all the hydrogen 
complexes further than 20° from the galactic equator are 
negative-—all the gas seems to be moving towards the 
galactic plane. The distribution of this gas is extremely 
uneven. It is concentrated in clouds of different sizes, 
and even with very long integration times we have found 
no trace of any gas between the clouds. 

The clouds are found at all galactic latitudes, right up 
to the poles; they are more frequent in the northern 
galactic hemisphere than in the southern, by a factor of 
about three; and they seem to be confined mostly to 
longitudes between 80° and 190° (Fig. 1). The northern 
galactic hemisphere has been completely surveyed above 
20° latitude. In the southern hemisphere there is a gap 
from [= 240°-360°, in a region lying below the horizon in 

g This is for the extreme velocities. The 
intermediate velocities, between +30 and +80 km s^, 
which were observed systematically by Tolbert, Fejes 
and Blaauw?, have the same general characteristics, only 
slightly less extreme. Clouds with velocities in this 


frequent than the negative velocities. 


range cover a much larger part of the sky. In this range 
there are positive velocities, but they are considerably less 
But these inter- 
mediate velocities are still exceptionally high compared 
with the 5 km s-t average random motion of interstellar 
clouds. 

It looks as if there are still traces of the same pheno- 
mena at quite low velocities. In the general sky surveys 
made at DTM and in Sydney it was found that on both 
sides of the galactic plane the gas at latitudes above 40° 
shows a systematic velocity towards the plane of 5 km 


The observations of individual high-velocity complexes, 
whieh were chiefly by Hulsbosch!, show the following 
properties (see Figs. 2 and 3). In every point of the cloud 
there 1s a large dispersion of velocities, with half widths 
from 20-40 km s. The clouds are usually elongated. 
Each high-velocity feature contains several separate 
concentrations. There are large systematic velocity 
differences within one cloud complex. The clouds have 
sharp edges near the highest intensity points. Verschuur? 
has pointed out that in some mtermediate-velocity features 
there seems to be some sort of connexion with the general 
galactic laver of gas. 


Nature and Distances of the Clouds 


The huge systematic velocity differences within one 
cloud practically preclude the possibilty that they are 





Fig. 1. 


The survey has not yet been completed between — 5° and — LB. tem 3e 1 I 
declination circle. Large figures show galactic coordinates, small figures indicate velocities. 


Distribution of features above + 5° galactic latitude having radial velocities in excess of +100 km ant, 


contours without 


4 > * N i 2 a P té 3634 £4 i 7 “ty g he ~ta | hi f i rey i yri lete. 
hatching indicate some of the principal clouds with velocities between 70 and 100 km s~*; in this range the survey is not comp 
The E hatched region aaa 4 5° and + 20° latitude is supposed to be partly halo gas and partly distant high-velocity clouds. 


No systematic search has yet been made south of the =~ 30° 
s “The data are due to Hulsbosch, 


Kepner (unpublished), and van Kuilenburg (unpublished). 
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Fig. 2. Cloud complex A and B. Negative numbers indicate mean 
radial velocities. Contours correspond to 2, 5 and 10 x 10%" atoms em. 
Dots are local maxima in the surface density. 


extragalactic systems or satellites or even protogalaxies. 
Judging from their sharp edges and steep velocity gradients 
they certainly look more like shock phenomena and 
instabilities of the Rayleigh-Taylor type in colliding gas 
masses. It is, of course, essential to know something 
about the distances, and the 21 em observations alone 
give no clue to these. The only more or less direct way is 
by observation of interstellar absorption lines, but this 
presents greater practical difficulties. So far the only 
relevant observations are those of Münch and Zirin‘ in 
1961. They found several intermediate-velocity com- 
ponents, and reached the tentative conclusion that the 
clouds extended to distances from the plane of the order 
of 1 kpe. 

Habing® has made an exhaustive study of the relation 
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Fig. 3, Cloud complex near anticentre. For explanation see Fig. 2, 
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Table 1. HABING’S LIST OF HI REGIONS 


Z HI emission Cali absorption, 


HD ł b (pe) (km s-t) (kin ep 
93 521 188° +62° 1800: ~ 56 (1-0°) ~ 65 (3), ~ 34 (1) 
97 991 262 +52 600 -20 to ~35 (> 34h) vee 

100 600 239 +469 300 =~ 20 ta — 47 (217°) lg 

119 608 320 +43 2700: +20 (5-0°) +22 Gh) 

215 733 85 ~36 1300  —30 to —55" (>23) ~ 50 (2) ~ 30 (3) 
217 891 79 — 3Ü 90 -20 to —BOCB7 oe 


* Maximum at — 50. 

The numbers in parentheses show the brightness temperature of the 2l-cm 
radiation and the intensity of the optical absorption lines, respectively, 
z gives the distance from the galactic plane. 


between Miinch and Zirin’s interstellar-line objects and 
neutral hydrogen clouds. He determined accurate Ime 
profiles around all stars above 30° latitude for which high 
dispersion spectrograms have been published. Table I 
is ee pines list kon stars in same dire non as a ‘wala 


stadt of seat, In al cases w ice high. dis spersion 
spectra are available for distant stars situated im the 
direction of hydrogen clouds with velocities in excess of 
+20 km s-t, Call components at roughly corresponding 
velocities have been found. 

There are four more stars in Miinch and Zirin’s list with 
/z/> 800 pe, in which no HI of intermediate velocity was 


found. These stars do not show higher-velocity Call 
either. For the distant stars in Miinch and Zirin’s cata- 


logue there is thus a close correspondence between the 
intermediate-velocity HI and the Call absorption. 
Although there is little material, it seems improbable that 
this correspondence is accidental. ‘This is a strong indica- 
tion that at least the intermediate-velocity objects he 
within the galaxy. For the highest-velocity objects 
there are rae sees! no alee of ung sore EENE 


variations in mean a within one eer ae, same 
complex seem to exclude an extragalactic location. 
Moreover, the intermediate and high-velocity objects 
are so similar in their principal characteristies that it 
would be strange if they were of an entirely different 
nature. 


The data also indicate—though with less certamty-~ =- 
that the clouds are at considerable distances from thet- 


galactic plane, probably between about 600 and 1,000 pe, 
and possibly somewhat higher for the higher velocity 
features. In what follows we shall take the round figure 
of 1 kpe for the distance of the clouds. We can now also 
estimate the masses involved. For the high-velocity 
complexes they range from 5,000 to about 30,000 solar 
masses. 


Origin 
There are, I think, only two interpretations to 
be seriously considered: (1) they result from a super- 


explosion somewhere in the galactic disk; (2) they result 
from inflow of gas from extragalactic space, Of these 
two, the first presents, on closer consideration,of the 
quantities of gas involved, difficulties that seem well- 
nigh insurmountable. We know that ejection of large 
amounts of gas from nuclei of galaxies is a common 
phenomenon, And, in fact, we have evidence that this is 
even now occurring in our own galaxy. Van der Kruit, im 
Leiden, who has made an extensive study from 21-cm 
line data, has found evidence that gas is being ejected 
from the nucleus at a large angle with the galactic plane, 





mainly in two opposite directions (unpublished). The 
total amount involved is estimated at 5x 10° Mo. Inter- 


esting though this is, it does not help our problem, because 
the high-velocity gas does not come from the direction 
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of the nucleug, nor is it conceivable that it is gas expelled 
from the nucleus and falling back. 

We know also that there must be gigantic explosions 
in the disk. We see this, for mstance, from large clouds 
of gas observed outside the galactic plane, which give the 
impression of having been expelled from the disk. hke the 
huge clouds under h and y Persei at perhaps 400 pe from 
the plane, studied by Blaauw, Hack and Van Woerden®, 
and the clouds investigated by Prata’ and Smith®. But 
although masses of the order of 10° Mo may be involved 
in these features, they are minor compared with what 
would be needed if the high-velocity clouds were debris 
of one or two superexplosions somewhere in the galaxy 
and had moved slowly under the influence of its gravita- 
tional field. The size of the Z-velocities of the clouds 
shows that they then must have travelled a very long 
time, and would therefore have come from a region at a 
large distance from the Sun. The exploded matter must 
then have spread over an enormous volume, and the total 
quantity of gas thrown out at high velocity becomes 
exorbitant (see ref. 9), even compared with the huge 
expanding rings that Hindman!® has found im the Small 
Magellanic Cloud. Shklovski! has sugg 
true mass of hydrogen in the high-velocity clouds might 
be less than we had inferred, as the radiation might have 
been stimulated by a maser action. Closer inspection of 
the conditions required for such a maser action to be 
effective has shown. however, that it cannot have an 
appreciable effect??. 

It seems, therefore, that the most realistic possibility 
left is that the clouds are caused by inflow of gas from 
intergalactic space. 


interaction of Intergalactic Wind with Galactic Gas 


If there are no braking mechanisms, the intergalactic 
gas should fall in with the velocity of escape, or even 
a slightly higher velocity. The velocity of escape near 
the Sun is roughly 380 km s-t. We are observing in a 
coordinate system rotating with the velocity of rotation 
of our galaxy, however. Relative to the galactic gas the 
average velocity of infall would be about 500 km s~. The 
intergalactic gas is not likely to have structure on a seale 
much smaller than the radius of the galaxy. The discrete 
structures of the high-velocity objects must therefore be 
caused by the halo. The incoming gas collides with these 
clouds moving in the galactic halo, and transfers momen- 
tum. to them. 

Is there independent evidence for the existence of such 
a halo? Although the gas density falls off steeply with 
distance from the galactic plane in the first few hundred 
parsees the distribution seems to have a long tail towards 
higher z-values. An investigation at intermediate lati- 
tudes, by Kepner in Leiden, has produced interesting 
data, indicated in Figs. 4 and 5 (unpublished; see also 
ref. 14). The distribution at these large z-values is very 
irregular, but we estimate that between about 0-8 and 1-2 
kpe above the centre of the Perseus spiral arm the average 
density is still about 3 per cent of what it is in its centre, 
while at 1-5 kpe it has dropped to about 1 per cent. The 
corresponding densities are about 0-03 and 0-01 H em’, 
It is remarkable that at these distances there should still 
be such a distinct connexion with the spiral arm in the 
plane as indicated in Figs. 4 and 5. 

It is evident that this halo must in some way be con- 
stantly replenished. The gravitational field of the galaxy, 
as well as the infalling gas from the universe, will sweep 
the halo clouds back into the galactic layer. 
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We do not know how this replenishment works; but. 
as has already been mentioned, there is convineing evid- 
ence that large quantities of gas exist at great heights 
above and below the galactic plane. One cannot avoid 
the conclusion that at certain times these must have been 
locally pushed out of the disk. 

The high and intermediate velocity complexes might 
thus be related to the structure in the disk below them. 
Among other things this would furnish a natural explana- 
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Fig. 4. Samples of the velocity distribution of hydrogen at intermediate 
latitudes. The horizontal scale shows galactic longitudes. The circles 
and points plotted give the velocities of well defined humps. or, 
sometimes, shoulders in the line profiles, Diameters of the circles are 
proportional to the surface density. The vertical [ines indieate the total 
widths of the components on the velocity seale, The hatched regions 
show the velocities of the principal spiral arms in the galactic plane. 
Öne can see from this diagram that around the velocities corresponding 
to these various arms, i a aA concentrated also at the higher 
atitudes. 
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ANIMAL ELECTROENCEPHALOGRAPHY 


by W. R. KLEMM 


Department of Biology, Institute of Life Sciences 
Texas AGM University, College Station, Texas 


The scope of this work encompasses all aspects of 


brain electrical activity, ranging from DC to the very 
rapid transients of action potentials. While stress is 
laid on potentials derived from scalp electrodes, atten- 
tion is also paid to potentials recorded from electrodes 
planted within the brain. The objective is the consoli- 
dation into a compact single-source reference work ol 
the especially relevant and vital information concern- 
ing the essentials of animal electroencephalography 
with emphasis given to both theory and technique. 
1969, 292 pp., over 100 illustrations, 135s. ($14.50; 


MAMMALIAN FERTILIZATION 


AN ATLAS OF ULTRASTRUCTURE 
by ROBERT HADEK 





Stritch School of Medicine, Loyola Unis itv of Chicago 

This singular work describes the vital changes in 
mammalian gamete morphology before, during, and 
after fertilization, as observed with the electron mi- 
croscope. Emphasizing the ullrastructure of sperma- 
tozoon and egg morphology, the book advances to a 
consideration of the phases of sperm penetration 
through the zona pellucida and its eventual incorpora- 
tion into the egg, Discussed also is the phenomenon 
of the vaginal plug and the possible functions of the 
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1969, 296 pp.. 135s. ($14.50) 


THE CHEMISTRY AND BIOLOGY 
OF VIRUSES 


by HEINZ FRAENKEL-CONRAT 
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istry of bacterial plant and animal viruses. The as- 
pects discussed are isolation and preparation of vi- 
ruses and their components; analysis and structure of 
the components; modification and mutagenesis; recon- 
struction of viruses from components; replication of 
viruses: and the biology of tumor viruses and temper- 
ate phages. The material is handled in the most ele- 
mentary manner, avoiding higher mathemalics and 
physics, It also includes a large number of up-to-date 
references that will enable those interested in the 
field to delve deeper into the subject. 

1969, 293 pp., 843. ($9.00) 
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edited by HARALD T. ANDERSEN 
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Academic Press 


This advanced treatise covers the physiological and 
behavioral functions of marine mammals. Particular 
attention is paid to those adaptive features making 
these animals fit for life in an aquatic environment. 
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it encompasses the fields of biology, physiology, and 
oceanography. 

1969, 508 pp., 200s. 6d. ($21.50) 
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tion for the suggested bridges between disk and inter- 
mediate-velocity complexes. It would in that case also 
be quite conceivable that a relation would exist between 
high-velocity complexes and the structure of the galactic 
magnetic field. 

As a working hypothesis we may imagine the following 
model. The observed clouds were originally ejected from 
the disk at quite high velocity, and were evidently thin 
sheets. In their upward motion they were decelerated 
partly by the galactic gravitational field but chiefly by 
the intergalactic wind, which ultimately accelerated them 
back towards the plane and produced the high negative 
radial velocities which we observe. 
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The reason why we do not observe any clouds moving 
upwards may be (a) that during most of their upward 
motion these sheets would have about three times smaller 
relative to the intergalactic gas they would be more 
highly ionized. | 

The negative radial velocities observed in several of the 
high-velocity clouds are much higher than those which 
could have been produced by a free fall from the typical 
heights of 1 to 2 kpe of most halo clouds. The greater 
part of their motions must therefore be due to an outside 
agency, which we have identified with the intergalactic 
wind. 
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Fig. 5. 


Samples of distribution in galactic latitude for features at various velocities. For explanation of 


Signs see Fig, 4. 
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Estimate bf Total Inflow 

From the observed velocities (about 150 km s~?) and 
surface densities (about 3x10 hydrogen atoms em-~*) 
of the high-velocity clouds, we can make a rough estimate 
of the total flow of intergalactic gas into the galaxy. The 
flow before interaction with the halo is found to be about 
O5x 108 H atoms per em? of the galactic plane per 
million years. The intermediate-velocity clouds, which 
are more numerous, lead to a similar estimate. This is a 
considerable quantity. In one revolution of the galaxy 
it would increase the amount of gas in our part of the disk 
by roughly 17 per cent, for important considerations of the 
heavy-element enrichment of the interstellar gas. Over the 
whole galaxy the inflow corresponds to about 3 solar 
masses per vear. The total mass of the galaxy would 
increase by nearly 2 per cent per 10° yr. If the infalling 
gas has no angular momentum, the angular momentum 
of the galactic gas would decrease by some 14 per cent per 
revolution. This seems excessive, and suggests that 
either the flow has been overestimated or that the infalling 
gas possesses angular momentum in the direction of that 
of the galaxy. 

The flow corresponds to an intergalactic density just 
outside the galaxy of 3x 107 atoms em, This is not 
the same as the general intergalactic density, because 
the gas has been concentrated towards and accelerated 
by the galactic system and the local group of galaxies. 
In a general way the flow fits with what one would expect 
in a universe of critical density. This should not be 
interpreted to mean that one can determine the general 
density of the universe from the phenomena discussed. 
But if the interpretation is correct they do show that there 

What sort of distribution of infall directions should we 
expect ? In a coordinate system at rest relative to the 
centre of the galaxy there should be, presumably, a fairly 
strong preponderance of motions towards the general 
direction of the centre because a considerable proportion 
of the motion away from the centre would have been 
stopped by their passage through the disk, on the other 
side of the centre. There should be an even distribution 
Observed from 
the rotating coordinate system to which all our radial 
velocities are referred there should also be a preference 
for motions opposite to the rotational velocity of the 
galaxy. 

These conditions fit reasonably well to what is observed; 
in particular the wide distribution in latitude and the 
preference for the quadrant between 90° and 180° longi- 
tude. Only the systematic difference between the northern 
and southern galactic hemispheres cannot be explained 
without an additional assumption, that is, that the 
galaxy has a small systematice velocity to the north 
relative to the intergalactic medium in its neighbourhood. 


Formation of Galaxies 

We now come to the question whether the amount of 
inflow can be fitted into what we know about the universe, 
and here I have to be speculative. I do not presume to 
understand the ultimate basis for the formation of a 
galaxy. What I want to consider is something very 
much simpler—the tracing back of the evolution of a 
spiral galaxy until a time when it first detached itself 
from the surrounding universe. 

As a working hypothesis, suppose that the galaxies 
have conserved their angular momentum from the time 
of detachment. I shall give a rough justification of this 
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hypothesis in what follows. We start from the observed 
facts that there are galaxies and that they have certam 
masses and angular momenta. Our hypothesis is that at 
the time of detachment the “element” from which the 
galaxy formed contained the same angular momentum 
as the present galaxy. 

I consider an expanding universe, of the Friedinann 
type, without cosmological constant. For a definite 
example I suppose that the average density is equal to 
the critical density. But this is not essential. The results 
I am going to consider depend only to a minor degree on 
this density. (For instance, one tenth of the eritical 
density would do just as well.) 

It is clear that on our working hypothesis we cannot 
trace back the evolution of our galaxy indefinitely. 
There is a minimum radius for the “eel? below which 
it ean no longer contain the necessary angular momentum, 
because it cannot in general rotate with a velocity exceed- 
ing the circular velocity corresponding to its mass. For 
our galaxy this minimum is reached at a time £ when the 
radius R of the universe was about 1/25th of the present 
radius Rẹ At this time we must then have had a cell 
containing a large amount of angular momentum. 

There will, of course, have been radial strearns as well. 
It is reasonable to suppose that in the plane of rotation 
these will have been, in an average cell, of the same order 
as the transverse streams that caused the rotation. If 
A cell where they are wholly or partly 
Very 


can be formed. 
outward will continue to expand indefinitely. 

Although the radial streams diminish the universal 
expansion locally, they will not in general eluminste it 
entirely. The cell will therefore start to expand, but 
it will collapse again after a time which is much shorter 
than the age of the universe. In fact, in the schematic 
case considered, where the radial currents are of the same 
order as the rotational velocities, the collapse time will 
be about 10° yr. This is satisfactory, as the age of the 
galaxy will in that case be about 9/10th of the present 
age of the universe. 

All this is independent of whether or not the large-scale 
currents are accompanied by an iitial excess of density 
in the turbulent cell considered. The actual circumstances 
for the galactic system are shown in Table 2. 

The schematic model pictured the cell as a sphere 
rotating everywhere with circular velocity and having an 





Fig. 6. Schematic distribution of flow velocities in a volume from which 

a rotating galaxy is to be formed. The velocities are relative to a 

coordinate system expanding with the average expansion velocity of 
the universe. 
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Table 2. PARAMETERS AT TIME OF DETACHMENT 
26 kpe 

168 km s` 
168 km s- 
238 km s7? 
0-040 

0-07 x 10° vr 
1°10 = 10° vr 


Radius 

Rotation velocity 8 at surface 
Contraction velocity I at surface 
Universal expansion at surface 
RIR 

t 

Collapse time 


Galactic system mass = 1-67 x 101! solar masses. Angular momentum per 


unit mass = 1,720 km sc! kpe, 


abrupt outer boundary. This is, of course, implausible— 
there must be a transition region around the outer parts 
where the stream velocities become less. Part of the gas 
in this transition region will also collapse into the galaxy. 
but while the main body of the sphere collapses in about 
10° yr the collapse of the outer gas will take longer, and is 
likely to be spread over a period extending beyond the 
present time. On this picture it is natural to find gas 
streaming into the galaxy. We now return to the 
hypothesis of the conservation of the angular momentum. 

In particular, we must investigate whether outside 
influences, such as couples exerted by neighbouring 
proto-galaxies or by clusters of galaxies, could not have 
contributed the angular momentum, rather than the 
turbulence in the universe at the time of inception of the 
galaxies. It is not at all unlikely that our proto-galaxy 
during its evolution has been considerably elongated, 
or at least sufficiently irregular on a large scale for such 
couples to have existed. Hoyle, and very recently 
Peebles!*, have indicated that these couples might have 
been sufficiently large to have caused all the rotation 
observed in spiral galaxies. I have tried to repeat these 
calculations, imserting the data for the general density 
and the frequency of large galaxies and clusters of galaxies 
which now seem the most probable. The result is that the 
rotations that can be set up in this way are probably at 
least an order of magnitude lower than the observed 
rotations. I am therefore more inclined to believe that 
they are due to turbulence in the universe at the time of 
their inception. If this conclusion is right, it follows that 
the galaxies—at least the spiral ones—-were not detached 
by gravitational instability at the time of decoupling of 
matter and radiation, but only at a much later stage of 
the expanding universe. 


Average Density in the Universe 

If our working hypothesis is correct, it provides some 
new information about the average density in the universe. 
If galaxies only formed where the velocity gradients 
happened to be favourable, there must be many other 
areas where no such formation was possible. The relative 
proportion of favourable and unfavourable regions may 
be estimated as follows. In the plane of the resultant 
angular momentum the signs of the four partial derivatives 
of the rectangular stream-velocity components can have 
sixteen different combinations and permutations. Only 
two of these give inward radial motions in two coordin- 
ates, and can thus lead to the formation of a galaxy. 
Inward motions in one coordinate only are usually not 
sufficient to produce collapses. The two cases mentioned 
have rotation as well as contraction, and can thus lead to 
a galaxy with high specific angular momentum; the two 
cases differ only in the direction of the rotation. As 
regards the third coordinate, an inward streaming of a 
smaller order than in v and y suffices. We tenta- 
tively assume that inward streamings are a necessary 
condition. As there are no evident a priori reasons why 
a certain combination or permutation of signs of velocity 
gradients would oceur more often than any other, we 
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conclude that during the inception period of spiril galaxies, 
at the very most 1/16th of space can have been involved 
in the formation of galaxies, while the rest must have 
continued to expand. 

It seems unlikely that there would have been several 
periods of large-scale formation of spiral galaxies. If this 
is right, the total average density in the universe should 
be of the order of sixteen times that given by the galaxies. 
The latter has been estimated at 3x 10- g ọm. The 
factor mentioned would bring this up to 0:5 107, 
half the critical density of the universe (assuming a Hubble 
constant of 75 km s~' Mpe~*). 

Is there any direct evidence for the existence of an 
important amount of intergalactic matter ? I beheve that 
the most direct evidence for this is the relative motion 
of the Andromeda galaxy and the galactic system. 
These two systems, which are about 600 kpe apart, 


or 


some uncertainty in this velocity due to our imperfect 
knowledge of the rotation of our galaxy, but it is unlikely 
that the error would be more than 40 km s. Hi we 
suppose that the local group contains no more mass than 
that of the galaxies in this group a backward computation 
of the relative motion of the two systems mentioned shows 
that 10° yr ago they would have been at a distance of 
between 1,000 and 1,500 kpc from each other, and would 
have had velocities of the order of 10,000 km s~! relative 
to the expanding frame of reference, directed rather 
precisely towards each other. This is inacceptable. We 
are therefore compelled to conclude that there must be a 
considerable quantity of matter in the local group 
besides that concentrated in galaxies. The exact amount 
of this extra matter depends on the way it is distributed. 
A reasonable estimate may be that it is about three times 
the mass contained in the galaxies. If this matter is 
gaseous—which, however, we cannot prove-—it would be 
quite sufficient to furnish the inflow required by the high- 
velocity clouds. 

Principal contributors to the observations and discussion 
I have described were: from Berkeley, Mrs Dieter; from 
Dwingeloo, Professor Muller; from Groningen, Messrs 
A. Blaauw, I. Fejes, H. J. Habing, Schwarz and I. R. 
Tolbert; from Leiden, Miss M. E. Kepner and Messrs 
A. N. M. Hulsbosch, van der Kruit, van Leer and E. 
Raimond; from Pasadena, Messrs G. Miinch and H. 
Zirin. The radio observations were made at the Dwinge- 
loo Radio Astronomy Observatory, which is supported 
by the Netherlands Organization for the Advancement of 
Pure Research. 
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y By testing indiscriminately several thousand colonies of mutagen- 
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Kornpera’s discovery of an enzyme that could faithfully 
copy DNA in vitro was a crucial step in the history of 
molecular biology because it firmly established the fact 
that only a small part of a cell’s DNA is needed to code 
for a mechanism that can duplicate the whole. Whether 
this is the enzyme responsible for DNA duplication im 
vivo was rightly thought, at that time, to be of secondary 
importance. Since then, however, circumstantial evidence 
has accumulated suggesting that, at least in bacteria, 
this particular enzyme is used for the repair of DNA 
rather than for its duplication. The various mutants of 
Escherichia coli and Bacillus subtilis that are unable to 


merase’, is clearly a desirable attribute for an enzyme 
responsible for excision and repair but is of no obvious 
advantage for an enzyme carrying out semiconservative 
replication. 

These and other less persuasive arguments prompted 
us to look for mutants of the polymerase, in the hope that 
they would either establish a role for the polymerase in 
DNA duplication or exclude it and, at the same time, 
provide convenient strains in which to search for the 
right enzyme. Although we have not succeeded in these 
more distant objectives, we have isolated such a mutant 
and here describe the method of isolation and some of 
its properties. The accompanying article describes a 
genetic study of the mutation. 


The Selective Procedure 

The successful isolation of mutants of E. col: lacking 
ribonuclease D° demonstrated that it is possible to find 
the mutant one wants simply by testing individually 
several hundred colonies grown from a heavily mutagen- 
ized stock. Because we wished to avoid having to guess 
what symptoms, if any, would result from a Jack of DNA 
polymerase, we decided to follow that example and assay 
the polymerase in clones of a mutagenized stock until we 
found what we were looking for. We had to allow for the 
possibility that the mutation we sought might be a con- 
ditional lethal, so we began by assaying at 45° extracts 
made from clones grown at 25° or 30°; later we tested 


ized E. coli, a mutant has been isolated that on extraction proves 
to have less than | per cent of the normal level of DNA polymerase. 
The mutant multiplies normally but has acquired an increased sensi- 
tivity to ultraviolet light. 


elones grown at 37°, thinking that temperature-sensitive 
mutants of the polymerase might be more readily detect- 
able if the enzyme had been assembled at a higher tem- 
perature. As it turned out, the mutant we eventually 
isolated would have been found whatever approach had 
been adopted, and we shall therefore simply give the 
history of the mutant when we describe its isolation and 
properties. 


Extraction of Polymerase 


Because we expected to have to test many hundred 
colonies, we required a very simple method for preparing 
extracts. In addition, we needed a procedure which made 
the bacteria incapable of incorporating deoxyribonu- 
cleosides, to ensure that labelled triphosphates could not 
enter DNA by way of breakdown to nucleosides and 
incorporation by those few cells that might have survived 
the extraction procedure. These two requirements were 
satisfied by the slight modification of a method devised 
for extracting polysomes, using the non-ionic detergent 
Brij-58 (ref. 11). Æ. coli is suspended at a concentration 
of about 3 x 10°/ml. in ice cold 10 per cent sucrose 0-1 M 
Tris (pH 8-5); lysozyme and EDTA are added to final 
concentrations of 50 ug/ml. and 0-005 M, respectively, 
and the mixture is kept on ice for 30 min; addition of a 
mixture of Brij and MgSO, (at room temperature) to give 
final concentrations of 5 per cent and 0-05 M, respectively, 
results in partial clearing; following centrifugation (1,500g 
for 30 min), the deposit contains 99-9 per cent of the DNA 
and the supernatant contains the polymerase, which may 
then be assayed simply by adding sonicated calf thymus 
DNA (to 50 ug/ml.) and the four deoxyribonucleoside 
triphosphates (to a final concentration of 4 nmoles/raol. 
dATP, dGTP, dCTP and 2 nmoles/ml. *H-TTP). 

This extraction procedure demonstrates one point of 
interest: any method of lysis that liberates fragmented 
DNA will automatically create sites for the attachment 
of polymerase and therefore cannot give a true picture 
of the location of the polymerase in vivo!*®, Extraction 
with Brij yields cells which still contain their DNA but, 
on resuspension, have little if any ability to incorporate 
deoxyribonucleoside triphosphates. Because Brij ap- 
parently does not dissociate polymerase from its template 
(the polymerase being assayable in the presence of Brij), 
we can conclude that most of the polymerase in Æ. colt 


is normally not attached to DNA but lies free within the 
eell-——as might befit an enzyme awaiting the summons to 


repair synthesis. This conclusion is supported by the 
observation that when Æ. coli segregates daughter cells 
which lack DNA these cells nevertheless retain their full 
quota of DNA polymerase! :"*. 
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Isolation of the Mutant 


E. cola W3110 thy-, growing in minimal medium, was 
washed and suspended in 0-15 M acetate (pH 5-5), treated 
with N-methyl-N“-nitro-N-nitrosoguanidine (1 mg/ml.) for 
30 min, and then centrifuged me suspended im Penassay 
broth. Following growth at 25° C for 18 h, the culture 
was plated; after Pea DaN on: pe at 87° C, the 
colonies were picked into 1 ml. lots of Penassay broth 
which were incubated overnight at 37° C and then centri- 
fuged and extracted with lysozyme and Brij. 
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Fig. I. Triphosphate incorporation by extracts of the parent strain 
(W), the mutant strain (P) and a mixture of 99 per cent mutant and 
j per cent parent (PW). E. coli W3110 iky and the mutant derivative, 
p3478, were grown with aeration in Penassay broth at 37° to about 
5*10%/ml. Each culture was then chilled, centrifuged and suspended 
in O1 M Tris-0-01 M MgSO, (pH 7-4) at a concentration of 6 x 10%/ml, 
A mixture of 1 per cent parent strain, 99 per cent mutant strain was 
prepared, This and the two unmixed suspensions were centrifuged and 
suspended in Tris-Mg*’ at a concentration of 1x 10"/ml. The three 
suspensions were disrupted by sonic vibration and mildly centrifuged 
(1,000g for 10 min). To 0-9 ml. of each supernatant at 25° 0-1 ml. soni- 
cated calf thymus DNA was added (final concentration 20 ug/ml.) and, 
5 min later, 0-3 ml. triphosphate solution (final concentrations 100 
nmolesjml. dGTP, dATP, dCTP, and 06 nmoles/ml., 2-5 Ci/ml., 
+H- TIP). Samples of 0-2 ml. were taken from each reaction mixture into 
5 ml. 5 per cent trichloroacetic acid-1 per cent sodium py rophosphate'®, 
These samples were then washed on Whatman GFA filters with 5 per 
cent trichloroacetic acid and with 5 per cent acetic acid, dried and 
counted in a seintillation counter. 


After testing a few thousand colonies in this way we 
found a clone, p3478, that appeared to lack polymerase 
activity. It was therefore tested again using a more 
conventional method for extracting the enzyme. Accord- 
ing to this test (Pig. 1), extracts of the mutant have 
0- 5-1: 0 pre cent of the normal activity. ae decrease in 


inhibitor: 


Some Properties of the Mutant 


As far as we can determine, the mutant multiplies at 
the same rate as the parent strain, in minimal and com- 
plete media, and at temperatures from 25° to 42° C. On 
plating, it forms shghtly smaller colonies than those of 
the parent strain, and occasionally it seems to have 
difficulty in getting out of stationary phase, but we have 
not investigated further either of these phenomena. 
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Parent and mutant are equally susceptiblesto infection 
with T4, T5, T7 and à bacteriophages. When o 
to spheroplasts, they are equally susceptible to ẹX17 
DNA and produce equal vields of phage (personal tom- 
munieation from David Dressler). This finding Was ome- 
what surprising, but it should be remembered that all 
stages in the replication of ẹX17 4 DNA are temperature 
Sensitive m a, let that is pap eee sensitive ae 


Ww “ith paren to fost ce 1 reastivatiun: there is no detect t 
able increase in the rate of inactivation of T7 by ies: 
violet light, when the survivors are assayed on the mutant 
rather than the parent. Thus the mutant is her? 

The mutant has a marked increase m sensitivity to 
ultraviolet light. For convenience, this effect w ijl be 
documented in the following article’, where the sensitivi- 
ties of various derivative strains are compared. 

The parent strain will form colonies normally in the 
presence of 0-04 per cent met hylmethanesuip honate, 
whereas the mutant plates with an efficiency of about 
10-7. We assume that these rare methylmethane- 
sulphonate- -resistant cells are revertants that have either 
arisen spontaneously or been created by the methyl- 
methanesulphonate. Because every one of twenty such 
independently arising revertants exhibited normal sen- 
sitivity to ultraviolet light and had normal or near-normal 
levels of polymerase, it is clear that the three basic 
properties of the mutant (UVs, MMSs and lack of poly- 
merase) are the result of a sing! e mutational step. 


Repair or Replication 


The accompanying article’? demonstrates that we are 
dealing with an amber mutation which is recessive in 
par M: 5 We o assume that it is in the gene coding 
require the 
E bat a — or other’ ene mutations- 
results in changes in the polymerase protein, Because 
the mutation produces an increased sensitivity to ultra- 
violet light, it seems likely that recovery from the effects 
of ultraviolet light is partly the responsibility of this 
pe Hy ymerase. 


ka 


g to be easy, by a study of 
this . or oer ial mutants: to ‘show that this polymerase 
plays no part in normal DNA duplication. Because E. 
coli contains several hundred polymerase ai hee per 
bacterium!®, the residual activity found in extracts of 
our mutant could represent. perhaps 5-10 ek seules per 
cella number that could well be sufficient for normal 
duplication. Even if we could somehow prove that the 
residual activity were entirely that of another enzyme 
(in other words, that this amber mutation is not measur- 
ably leaky), we should still not have proved that Guplica- 
tion is carried out by some other enzyme, for it could 
readily be argued that those few polymerase molecoles 
concerned with ecw A are necessar Iy imne a 
not TER n pitro: It d even na argued en more 
of the polymeras se molecule must be intact for it to serve 
as a repair enzyme (and, incidentally, to survive extrac- 
tion) than for it to act when part of the repheating 
machinery. We therefore believe that the question wil 
be resolved either by engineering a total deletion of the 
polymerase gene or by determining, m some direct manner, 
which enzymes and what preeursors are used for normal 
DNA duplication. Tt is our hope that each of these 
exercises will have been made easier naw that the poly- 
merase gene has probably been located’? and a mutant 
is generally avaiable. 

We thank Dr Raymond Gesteland (who pioneered this 
kind of mutant hunt) for encouragement; Dr David 
Dressler for testing our mutant with oX174 and for permis- 
sion to cite his results; and Drs Julian and Marilyn Gross 
for arranging to stay on at Cold Spring Harbor to conduct 
most of the experiments reported in the next article. 
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Genetic Analysis of an E. coli Strain with a Mutation affecting 


DNA Polymerase 


by The mutation affecting DNA polymerase activity in the mutant 
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De Lucia and Cairns! have reported the isolation of a 
mutant strain of Escherichia colt which differs from the 
parent strain W3110 thy~ in three characteristics: greatly 
reduced DNA polymerase activity in extracts, increased 
sensitivity to ultraviolet irradiation (UV) (see Fig. 2. 
this article) and inereased sensitivity to methylmethane- 
sulphonate (MMS). Evidence presented by De Lucia and 
Cairns!, and here, indicates that these properties are 
the result of a single lesion probably located in the struc- 
tural gene for DNA polymerase. We propose that the 
corresponding gene locus be termed pold, and the particu- 
lar mutation studied here, polAl. 

In order to determine the approximate position of polA 
on the E. coli chromosome, we made donor derivatives of 
parent and mutant strains by introducing into them an 
Flac factor. The Flae factor used carrics a dominant 
mutation in the lac repressor gene which renders cells 
carrying it non-responsive to inducer (i5)?, so that deriva- 
tives harbouring the factor could be detected by their 
inability to ferment lactose. The presence of the Flac 
factor did not alter the radiation sensitivity or polymerase 
activity of the mutant. The Flac factor was found to 
mobilize the chromosome with equal efficiency in the 
parent and mutant strains. The origin and direction of 
chromosome transfer resulting from mobilization by Flac’ 
are shown in Fig. 1. 

In a cross between the recipient strain JC411 leur met B- 
argG@- his- gal- str? and the Flac derivative of the mutant 
strain, recombinants inheriting leut, metB*, argG*, his? 
or gal* from the donor, and str? from the recipient (see 
Fig. 1) were selected and scored for concomitant inherit- 
ance of UV sensitivity. Sixty per cent of the metB* str” 
recombinants were UV sensitive. None of the recombin- 
ants of the other classes tested were UV sensitive. This 
result indicates that pelA is located in the metB region 
of the chromosome. 


polAl is an Amber Mutation 

Extracts of fourteen metB* str’ recombinants that had 
also inherited UV sensitivity, and six that had not, were 
tested for DNA polymerase activity. All the UV sen- 
sitive recombinants were found to have reduced polymer- 


strain isolated by De Lucia and Cairns is located between metE 
and rha, at approximately 75 minutes on the Escherichia coli chromo- 
some. The mutation is recessive to the wild-type gene in partial 
diploids. It is an amber nonsense mutation which responds to the 
suppressors Sul*, Sull and Sulll’. 
are not deficient in carrying out genetic recombination. 


Strains carrying the mutation 


ase activity whereas the UV resistant recombinants had 
normal levels. Extracts of the UV sensitive recombinants, 
however, contained about 8 per cent of wild type activity 
compared with levels of 0-5 per cent to | per cent detected 
in the original poldl mutant. They were also found to 
have a degree of UV sensitivity intermediate between 
wild type strains and the original polAl mutant strain. 
We therefore suspected that the recipient strain JC411 
might carry a suppressor mutation that partially restores 
the activity of polAl. We tested the growth of a set of 
amber and ochre mutants of phage T4 on JC411 and 
W3110. JC411 was found to permit the growth of certain 
of the amber mutants but not of the ochre mutants and 
so presumably contains an amber suppressor. W3110 did 
not produce any detectable suppression. 

In order to test the inference that polAl is an amber 
mutation we introduced a lacZ- amber mutation into the 
original polAl strain. This enabled us in subsequent. 





Fig. 1. Linkage map of E. coli showing the position of certain loci used 

in the present study (outer circle) and the origin and direction of transfer 

of three Hfr strains and of mobilization by the Far factor (inner circle), 

The chromosome is divided into nine segments corresponding to intervals 

of 10 minutes on the standard mapt. Symbols for genetic markers are 
those listed by Taylor and Trotter’. 
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experiments to combine various amber suppressors with 
polAl by selecting for suppression of the lacZ- defect 
and to test these derivatives for suppression of polAl. 
The lacZ- amber mutation designated Y14 was introduced 
into a streptomycin resistant derivative of the original 
polAl strain by mating with Hfr CA161 lacZ-Y14 supE- 
str’ (which transfers the lac region early and the metB 
region only after an hour’: see Fig. 1) and identifying 
lac- str? recombinants. We subsequently introduced supE- 
(Sull+) into a polAl lacZ- double mutant so obtained, 
by isolating streptomycin-resistant lactose-fermenting re- 
combinants from a second mating with Hfr CA161 (which 
transfers supH- after 25 min mating). All such supE- 
derivatives were found to be UV resistant and to contain 
approximately normal levels of polymerase in extracts. 
The same result (Fig. 2) was obtained when supD~ (Sul*) 
was introduced into the pol.41 lacZ- strain by mating for 
15 min with a derivative of Hfr KL96 carrying supD- 
(Fig. 1), and when the double mutant was infeeted with 
a lysate of the specialized transducing phage 980 supF- 
(SullI*). These results demonstrate that polAl is an 
amber mutation; they were corroborated by the observa- 
tion that many MMB resistant “revertants” of the polAl 
lacZ- strain obtained by plating on agar containing MMS! 
were also able to ferment lactose. Such derivatives 
presumably carry suppressor mutations that simul- 
taneously correct both the polymerase and the lacZ- 
defects. 


Accurate Location of polA 


A lysate of the generalized transducing phage PI grown 
on the original polAl mutant was used to transduce 


strains carrying various mutations in the metB region of 


the chromosome (Fig. 3) and the transductants were tested 
for inheritance of polAl by testing for MMS sensitivity. 
In addition, lysates grown on various auxotrophic mutants 
were used to transduce pold] to polA*+ by selecting for 
MMS resistance, and the transductants scored for in- 
heritance of auxotrophy. No linked transduction was 
detected between polAl and ily, metB, argE or metA, but 
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Fig. 2. UV survival curves of po” and polAl strains. Cultures were 
grown at 37° C in Penassay broth to about 1x10% per mi., diluted 
50-fold in phosphate-buffered saline, and irradiated as a laver } mm 
thick with a 15 W General Electric germicidal lamp. Samples were 
removed, diluted in subdued light and plated on nutrient broth plates 
which were incubated in the dark and counted after 18 h. ©, W3110 
polt; W, W3110 podl, A, W3110 polAl lacZ-¥ 14 supD-: @, W3110 
polAl/ F110 pal*. 
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Fig. 3. Linkage map of the mefA region. The upper part shows the 

position of certain loci in the intervals 74-S0 minutes. The lower line 

shows the extent of the region included in F110. The position of the 

left-hand terminus of F110 is not known precisely; it includes pol A 

but not mel E, Symbols are those Usted by Taylor and Trotter’, For 
definition of poA see text. 


17 per cent of transductants that had received meth 
from the polAl donor were found to have imbherited 
polAl, and in the reciprocal cross 22 per cent of polA* 
transductants were metE-. Because polA*, but not meth’, 
is carried on the F’ factor F110 (see here} pold must be 
to the right of met# (Fig. 3). We have detected approxi 
mately 6 per cent linkage between polA and rha. and 
because rha and met# are virtually unlinked in transduce- 
tion? we conclude that poldA is located between meth and 


rha. Ogawa, Shimada and Tomizawa’ have isolated UV 
sensitive mutants (zerD mutants) whose lesions also 


appear to map in this interval. The werd) mutants, 
however, displayed over 90 per cent cotransduction with 
meth, and, unlike polAl!, were defective in their ability 
to repair UV damaged phage genomes’. We beheve 
therefore that the wrD and polAl mutations probably 
involve different genes. 


polAl is Recessive 


strains were incubated together for 2 h and plated to 
form single colonies on a medium preventing growth of 
the JC1553 donor strain. An F’ derivative of the polAl 
strain was identified by its donor properties, and was 
found to be resistant to MMS and to UV (Fig. 2) and to 
contain approximately normal levels of DNA polymerase 
activity in extracts. The evidence that it is a pold I /pol A+ 
heterozygote is as follows: (1) it acted as an efficient 
donor of the markers on F110, and was sensitive to male- 
specific phages; (2) it gave rise at low frequency to 
segregants which were resistant to male-specific phages, 
sensitive to MMS and no longer acted as donors; (3) when 
a Pl] lysate grown on this strain was used to transfer 
metE* to a metE- recipient, 15 per cent of the transduct- 
ants inherited polA 1, in good agreement with the frequency 
observed for a lysate grown on the original polAl strain 
(note that F110 does not include the met# locus—-unpub- 
lished results of J.G.). These results demonstrate that 
this derivative is a polAl/polA* partial diploid, and that 
polAl is recessive. 


Effect of polAl on Genetic Recombination 


As already mentioned, the Flac derivative of the polAl 


mutant mobilizes the chromosome with normal effimency. 
In order to examine the effect of polAl on the ability to 
integrate transferred Hfr DNA. we mated streptemyein 


resistant derivatives of W3110 thy A- and of W3110 thyA- 
polAl for 30 min with Hfr KL16 which transfers thy* 
early and polA* 70 min later (Fig. 1). The yield of 
thy* str? recombinants was two-fold greater with the pol.4+ 
recipient than with the polAl recipient; the same dif- 
ference was, however, observed in the effo ency of transfer 
of an Fthy* factor, F116, to the two strains. Tt seerns 
therefore that the polymerase lesion has little if any 
effect on the ability to carry out genetic recombination. 
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Termination Factor for RNA Synthesis 


by 
JEFFREY W. ROBERTS 


The Biological Laboratories, 
Harvard University 


THe synthesis of a messenger RNA molecule requires that 
the enzyme RNA polymerase initiate and terminate 
transcription at appropriate sites on the DNA template. 
RNA polymerase does frequently initiate RNA synthesis 
at the correct sites in vitro, a process which requires a 
protein factor (the sigma factor) that is normally bound 
in a tight complex to purified RNA polymerase®’. 
The usual observation, however. has been that RNA 
synthesis in vitro does not end at unique sites, but 
instead terminates at random to produce RNA mole- 
cules of various, and often clearly excessive, lengths 
(refs. 8, 9 and personal communication from M. Green). 
Furthermore, these RNA molecules are not releasect 
from the enzyme, but remain complexed with DNA 
and RNA polymerase when synthesis is completed*:?°. 
Į now report the isolation and purification of a pro- 
tem factor from Escherichia coli which causes the 
termination and release of RNA molecules in an in vitro 
reaction using bacteriophage 4 DNA as a template. 
The product contains several discrete RNA species 
which may correspond to the natural early messenger 
RNA of lambda. 

The termination protein, which is named the 9-factor 
{> for release), was discovered during a search for factors 
in a crude extract of E. coli which might increase the over- 
all accuracy of in vitro RNA synthesis. The criterion of 
accuracy was that RNA synthesis initiated at the €, 
promoter of the DNA of bacteriophage ?c,, should domin- 
ate the in vitro transcription from Ac,, DNA; a discussion 
of the reasoning which suggested this approach is given 
at the end of this article, where the exact relation of the 
termination factor to the e,, mutation is explained. This 
eriterion provided an assay which allowed a partial 
purification of the ¢-factor, after which a convenient 
activity of the o-factor became evident: it depresses net 
RNA synthesis in a standard in vitro synthesis reaction. 
This depression is the basis for a much simpler assay which 
has allowed purification of the g-factor to homogeneity; 
a summary of the purification procedure is given at the 
end of this text. The experiments presented below demon- 
strate that the s-factor depresses RNA synthesis from 
> DNA template by terminating the synthesis of RNA 
molecules at specific sites on the template. 


e-Factor affects Chain Propagation 

Fig. 1 illustrates an experiment which shows two 
properties of the depression activity: only a him ted 
fraction of in vitro transcription is depressed by the 
c-factor, and the propagation rather than initiation of 
RNA chains is affected. Both total RNA synthesis and 
the number of RNA chains initiated with GTP are meas- 
ured with increasing concentrations of g-factor in a 
standard reaction mixture, which contains purified 4 


A new protein has been isolated from E. coli which causes specific 
termination and release of RNA during synthesis in vitro. 
been given the name p-factor. 


It has 


DNA, purified RNA polymerase, nucleotide triphosphate 
precursors and the appropriate ions. Total RNA synthe- 
sis is determined as the incorporation of 7H-UTP mto acid 
insoluble material; the number of RNA chains initiated 
with GTP is indicated by the incorporation of "P from 
GTP labelled in the y position with #*PO,, because only 
the y phosphate from the 5’ terminal nucleotide is retained 
in the product after polymerization. Total RNA synthe- 


sis is depressed by o-factor to a plateau value, whereas 
the number of molecules initiated with GTP remains 
constant or increases slightly as a saturating amount 


of o-factor is added. An identical result is found if 
initiation with ATP is measured. Because essentially no 
initiation occurs with pyrimidine nucleotide triphos- 
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Fig. 1. Effect of o-factor on total RNA synthesis and initiation of RNA 
synthesis with GIP. Each reaction mixture contained in 100 gi: 
0-02 M Tris (pH 7-9; 010 M KCE 000 M magnesium acetate; 
0-0001 M dithiothreitol; O15 mM CTP; O05 mM ATP: 6:05 mM 
SH-UTP at 80 uCijumole;, 0-05 mM y-?7P-GTP at 2-1 mCiamole; 1-2 ug 
A DNA: 3 pg RNA polymerase; 25 wz bovine serum albumin; and 
o-factor as indicated. The amount of o-factor was estimated by assuming 
an absorbance at 280 nm for the purified protein of OS/fng/ml. After 
incubation for 20 min at 27°, the reaction was stopped by addition of 
3 ml. 6 per cent trichloroacetic acid (TCA) containing 0-01 M sodium 
pyrophosphate and the RNA was filtered on a Millipore filter. The 
filters were washed on the filtration apparatus with 20-30 ml. of 2 per 
cent TCA with pyrophosphate, followed by soaking for 1 hin 2 per cent 
TCA containing 1-0 M KCl and pyrophosphate. They were dried and 
counted in toluene-liquiflucr on a liquid scintillation spectrometer. The 
growth and purification of phage and preparation of DNA were described 
previously?, E. coli RNA polymerase was purified to greater than 90 
per cent purity by the glycerol gradient technique”. HH-ETP was 
purchased from Schwarz Bioresearch and y PGT was made by the 
procedure of Glynn and Chappell’, 
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phates‘, this experiment shows that the p-factor does not 
interfere with initiation. The depression activity must 
therefore be the result of some later effect on chain growth. 
Depression of RNA synthesis by ¢-factor also occurs with 
DNA templates from bacteriophages T4 and T7, so that 
the effect does not depend on any peculiar property of 
phage 4 DNA. 


e-Factor produces Shorter RNA Molecules 


The most direct demonstration that the ¢-factor 
terminates RNA synthesis and produces shorter RNA 
molecules is provided by examining the size of RNA 
synthesized in the presence and absence of the factor; in 
order to make such an experiment meaningful, it is neces- 
sary to establish rigorously that the o-factor preparation 
contains no ribonuclease activity which could produce 
fragments from longer RNA molecules. The following 
experiment achieves this, and also reveals that the g-factor 
does cause shorter RNA chains to be synthesized. RNA 
labelled with *H-UTP was synthesized in a standard 
reaction with no o-factor present; it was purified by 
phenol extraction and equal portions were added to two 
new RNA synthesis reactions incubated in the presence 
and absence of o-factor. The new RNA synthesized 
in the presence of ¢-factor was labelled with SC-ATP, 
and no further label - was added to the second incubation 
mixture without ¢-factor. After the second incubation 
period each reaction was treated with sodium dodecyl 
sulphate (SDS) and the sizes of the °H-RNA and "C-RNA 
were estimated by sucrose gradient centrifugation. 
Fig. 2a reveals that °>H-RNA synthesized in the absence 
of -factor has a broad distribution of sizes from greater 
than 35S to less than 5S; this appearance is typical of 
RNA synthesized in the conditions used. By contrast, 
the “@C-RNA synthesized in the presence of o-factor is 
restricted to sizes less than 158 (Fig. 2b). Tt will be demon- 
strated that this peak contains two RNA species which 
are not resolved here. Because the 9=H-RNA present in 
the synthesis reaction with ¢-factor has essentially the 
same size distribution as that in the reaction without 
e-factor, I conclude that the o-factor decreases the size 
of the produci by directly i ee with the synthe- 
facial RNA dador iie PN EN of RNA synthesis. 

Other less rigorous tests confirm the absence of ribo- 
nuclease activity. Incubation of bacteriophage R17 
RNA with purified o-factor does not reduce its infectivity 
to spheroplasts, nor does incubation of factor with 
3H-poly U release acid soluble radioactivity. 

The o-factor is free of deoxyribonuclease activity to 
the extent that it can be incubated with à DNA in the 
conditions of the standard assay (including Mg?+ and 
nucleotide triphosphates) without introducing detectable 
single strand breaks in the DNA. Thus the decrease in 
size of the RNA product cannot be attributed to frag- 
mentation of the template. This absence of nuclease 
activity might be expected from the final purification 
step, for most known nucleases are considerably smaller 
than the o-factor. 


o-Factor releases RNA Molecules 


Besides restricting the size of RNA synthesized in vitro. 
the e-factor causes it to be released from the complex of 
DNA and RNA polymerase. After a normal am vitro 
synthesis of RNA with purified RNA polymerase. most 
of the RNA is found in a fast sedimenting complex with 
DNA and RNA polymerase®!®. This is revealed in the 
experiment of Fig. 3a, in w hich an in vitro reaction using 
» DNA was stopped by addition of EDTA and chilling 
and centrifuged on a glycerol gradient without being 
subjected to conditions which denature proteins. Most 
of the RNA and template DNA sediment faster than free 
DNA, at approximately 50S. Fig. 3b presents a compan- 
ion experiment for which o-factor was present during the 
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Fig. 2. Effect of e-factor on pre-synthesized and newly synthesized 
RNA. °H-RNA was By nihesized without g-factor in a reaction mixtire 
containing in 100 al; 0-02 M Tris (pH 7-9); O70 M REL 0O M ; 
magnesium acetate: 0-0901 M dithiothre itol: O15 mM ATP: @15 mM 
GTP; 015 mM CTP: 0-05 mM *H-CTP at 2-0 mCiamole: 1-2 ug A 
DNA; and 2 he RNA polymerase. After incubation for 20 min at 
37°, the reaction mixture was chilled and extracted with 50 “i. phenol; 
the aqueous phase was dialysed against 0-01 M Tris (pH 7-4}, 0 10001 M 
EDTA, and 1-6 M KCI, and finally against 0-01 M Tris pte > 7-4) and 
00001 M EDTA. Equal portions of this 7H-RNA were a io pwo 










further reaction mixtures: (a) as above, except with PO sg HNA poly- 
merase and 0-15 mM UTP (onlabelled), and (b) as above, except with 
1-0 ug RNA polymerase, 0-15 mM UTP Canlabelled), 0-15 ma “C-ATP 


at 40 x2Ci/umole, and 1-0 we o-factor. These were incubated 20 min at 
37°, followed by addition of 50 «1, 0-3 per cent sodium dodecyl sulphate 
(SDS); each was mixed and chilled. Precipitated SDS was removed by 
centrifugation, and each reaction mixture was layered on a & mi. Sf? 
per cent sucrose gradient in SSC (0-15 M NaCl: 0-015 M sodium citrate), 
followed by centrifugation for 1-8 h at 50,000 rpn and 4° in the Spines 
SW50 rotor, Twenty-one fractions were collected of each gradient, 
and the fractions were precipitated with 6 per cent TCA and 0-01 M 
oe pyrophosphate and filtered on Millipore filters. Distribution of 
Cand C was determined by counting in toluene-liquifivor on a quid 
A spectrometer. Ri? RNA was centrifuged in a separate 
gradient as a marker at 278. ©O--- ©, Radioactivity (epp) in SH; 
e ve @ in nE, 


incubation, In this case 
with free } DNA (325), ae the ten of “DN ne is oe 
slightly skewed toward the higher S values. Mast of the 
RNA sediments well behind the DNA so that clearly it 
has been released from the DNA. Because the previous 
experiment ensures that the factor contains no nuclease 
activity which could eut RNA chains away frora the 
complex, the e-factor must free RNA chains from the 
complex of DNA and RNA polymerase, an event which 
is probably part of the act of termination. 





RNA Product consists of Discrete Sizes 
If the p-factor terminates at specific sites on the DNA 
template, the resulting RNA molecules should be of dis- 
crete sizes. It will be shown that the RNA product from 
. DNA does consist of two discrete sizes, each initiated 
a single site on the DNA; thus the o-factor CAUSES 
specifie rather than random termination of RNA synthe- 
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Fig. 3. Release of RNA from complex by g-factor. The conditions of 
synthesis were as in Fig, 2, except with 0-06 mM *H-UTP at 1-0 mCi 
mole, 1-8 ug RNA polymerase, and 25 ag bovine serum albumin per 
100 ul, reaction mixture. The reaction mixture of 3b contained int 
addition 0-6 ag e-factor. After incubation for 20 min at 37°, synthesis 
was stopped by chilling and addition of EDTA to 0-02 M. and each was 
layered on a 5 mb 10-30 per cent glycerol gradient in 0-05 M Tris 
(pH 7 7:4), O01 M KCI, 6-01 M magnesium acetate, O00001 M EDTA and 
6-0001 M dithiothreitol. The gradients were centrifuged 1-6 b at 
z 00 rp.m. in the Spinco SW85 rotor at 4°, and twenty-one fractions 
vere collected, To determine the distribution of RNA, 50 ul. portions 
of each fraction were precipitated with TCA, filtered on to Millipore 
filters, and counted as before. The distribution of DNA in the gradients 
was determined by assaying portions of each fraction for template 
activity, measured as incorporation of 4C-ATP into RNA under con- 
ditions of excess polymerase. The position of free DNA was determined 
in os parallel gradient. @—@, Radioactivity (p.m) in °H-RNA; 
r] mi DNA, arbitrary units. a, No g-factor; b, with 06 gg o-factor. 
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What parts of the % genome does one expect to be 
transcribed by RNA polymerase in the absence of phage 
specifie functions? Fi ig. 4 is a map of à which shows the 
positions of the promoters for early transeription and the 
directions of RNA synthesis. If phage repressor is absent 
or is removed, synthesis of messenger RNA for the N 
gene Is initiated at a promoter close to the beginning of 
the N gene, and proceeds to the end of the gene. Unless 
the N protein is made from this messenger, there is no 
transcription of genes to the left of N (refs. 13 and 14). 
In an in vitro RNA synthesis reaction which lacks the N 
protein, one therefore would expect transcription to the 
left only of the N gene itself. (The function of the N 
gene product will be discussed below.) RNA synthesis 
to the right is initiated at a promoter which is likely 
to be in region w (refs. 15 and 16). This transcription also 
appears to be dependent on the N gene product, although 
some genes to the right are expressed at least slightly 
in its absence!?78, Thus if both initiation and termination 
occur at the correct sites in vitro, the RNA product should 
include diserete species initiated at the leftward and 
possibly the mghtward promoter. 
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Fig. 5a shows the sedimentation profile of RNA synthe- 
sized by RNA polymerase in vitro from Ab, template in 
the presence of ¢-factor. Two peaks of RNA are apparent, 
sedimenting at “Approximately 12S and 78. If RNA is 
synthesized in the absence of p-factor and treated identi- 
cally, there is little RNA in this area of the gradient (see 
also Fig. 2) and there is no trace of these peaks. The 
following experiments establish that these peaks represent 
distinct RNA species by showing (a) that they are synthe- 
sized from small regions of the genome adjacent to the 
promoters; and {b} that they are initiated at the right- 
ward and leftward promoters. 
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Fig. 4. A genetic and physical map of bacteriophage 4. The shaded zone 
is the immunity region, which includes the © (repressor) gene and the 
promoters and operators of early transcription®®: =, Messenger RNA 
synthesis toward the right from the immunity region is initiated at a 
promoter pe located in region z, and the RNA is homologous to the 
r strand of DNA‘. 39 Transcription toward the left of messenger for 
gene N (and probably genes Cnr~-tnt as well) is initiated from a promoter 
pu at the beginning of the NV gene, and the RNA is homologous to the 
f strand!*-**, 


To determine the regions of the template to which the 
12S and 78 RNA is homologous, portions of each fraction 
of the gradient of Fig. 5a were hybridized to separated 
strands of Ab, or wild type, 2444, and Ab at (see Fig. 6). 
RNA homologous to l strains DNA is synthesized toward 
the left of the standard > map (see Fig. 4), and RNA 
homologous to r strand DNA is synthesized toward the 
right'438, The Mtt DNA effectively deletes the immunity 
region for hybridization purposes, and the )b,i*! DNA 
effectively deletes the immunity region and the N gene. 
The presence of the b, region in the N4% DNA is irrelevant 
because the template does not contain the b, region. 
Fig. 5b reveals that the 128 peak is homologous to the 1 
strands of both Ab, and 2144 DNA, but not to the 7 strand 
of »b,17? DNA; thus the 12S RNA is synthesized to the 
left and from a region in the vicinity of the N gene. The 
7S RNA is homologous to the r strand of Ab, DNA, ae 
not to r strands of either 2174 or Ab?! DNA (Fig. 5c). 
The 7S RNA is therefore synthesized towards the right 
and from an area within the immunity region. Both RNA 
peaks arise from highly limited regions of the template 
DNA. 

The 12S and 7S RNA combined constitute only approxi- 
mately 50 per cent of the total product. The remaiming 
background of RNA is transeribed from both strands and 
is not found in definite peaks, but instead exhibits a wide 
range of sizes. This RNA might result from incorrect 
initiation by RNA polymerase at unknown locations on 
the template, followed by termination events which 
produce RNA molecules of random length; such incorrect 
initiation is known to occur (see ref. 1). Substantially 
more of the background RNA is synthesized from à DNA 
template which contains the b, region, so that Ab, DNA 
(that is, DNA deleted for the b, region) has been used for 
these experiments whenever possible. 


128 and 7S RNA initiated at Known 2 Promoters 


How can it be shown that each of the 7S and 128 RNA 
species is Initiated at a unique locus on the template ? 
Mutants of 4 exist which abolish or greatly reduce tran- 
seription in vivo either toward the right or toward the left 
from the immunity region. These are good candidates 
to be mutations in the promoters which prevent the 
normal interaction between RNA polymerase and DNA 
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to imitiate RNA synthesis. The experiments below 
demonstrate that DNA which carries either of these 
mutations is not a template for in vitro transcription of 
the RNA species synthesized in the direction corresponding 
to the in vivo defect; thus the two RNA species are 
initiated at the sites of the mutations, and these sites are 
in fact the promoters. 
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Fig. 5. Sucrose gradient analysis of RNA synthesized from 4b, DNA 


template in the presence of e-factor, The conditions of synthesis were 
as in Fig, 2, except that the 200 wl. reaction mixture contained 2-4 ug 
4b, DNA, 4:0 ug RNA polymerase, 0-65 mM *H-UTP at 2-0 mCi/umole, 
and 1:5 wg e-factor. After incubation for 20 min at 37°, the reaction 
mixture was made 0-1 per cent in SDS, mixed. chilled and centrifuged 
to remove precipitated SDS. It was layered on to a 5 ml. 5-20 per ¢ ‘ent 
sucrose gradient in SSC and centrifuged 4 h at 50,000 r. pm. and 4° in 
the Spinco $W50 rotor. Twenty-one fractions were collected. The 
sedimentation constants were determined by centrifuging 168 ribosomal 
RNA and 4S5 (RNA as markers in a parallel gradient. a, Thirty wl. 

portions of each fraction were precipitated with TCA, filtered on to 

fillipore filter, and counted as before. b, Thirty xl. portions were 
annealed to ¿strand DNA from wild type 4, as, and ab,i?! phage. The 
growth of phage and preparation of separated strands were described 
previously’. For hybridization, each RNA portion was combined with 
200 zl. 2x SSC containing 0-4-0-5 ng DNA and phenol at 25 per cent 
saturation. The mixtures were annealed for 5 h at 67°, chilled, diluted 
to Òmi. with 2 x SSC containing 10 ug ribonuclease A, ine ubated 30 min 
at 37°, and diluted to 4 ml. with 0-01 M Tris (pH 7-4) and 0-50 M KCI 
(ref. 21). They were filtered on to Schleicher and Schuell B8 filters, 
rinsed with 36-40 ml. of Tris- KC}, dried, and counted in toluene- 
liquifluor. It was previously determined that 0-4-0-5 eg DNA is a 
saturating amount. RNA homologous to wild type å l strand DNA 
(@—@); to į“ I strand DNA (O-—S): and 2b,i* 7] strand DNA, 
(ERP). e, Thirty zd. porto were hybridized to 0-3-0-5 ue, r strand 

DNA of Ab, (0—0), 4 (O--C); and Abi? (7— 
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regions of non-homology with bacteriophage 4 (refs, 19, 22). 


The mutant defective in transcription toward the left 
iS Asex. This mutant was isolated by M. Gottesman, who 
showed that it greatly reduces the expression of several 
gene products in the region to the left of gene N. The sex 
mutation diminishes in vive RNA synthesis throughout 
the whole p,-N-int region by approximately a factor of 
ten (H. J. J. Nijkamp and W. Szybalski, in preparation), 
and thus differs from N- mutations, which do not affect 
the transcription of the pp- region but abolish RNA 
synthesis in the region to the left of N (rets. 14, 23). 
Lambdasx maps as indicated in Fig. 9. These facts 
strongly suggest that it affects the promoter at the begin- 
ning of the N gene. 

To test this mutant, RNA was synthesized from Ab, 
and AbD, sex DNA templates in the usual sn vitro system 
in the presence of ¢-factor. RNA from Ab, template was 
labelled with *H-ATP, and RNA from Abs sex ternplate 
was labelled with “C-ATP; the RNA preparations were 
mixed and analysed by sucrose gradient cent rifugation 
as before. Fig. 7 shows that the 78 r strand RNA is 
synthesized from both templates, whereas the I2S 1 
strand peak is not synthesized in significant amount from 
the ses DNA. It might be argued that the 12S RNA is 
not seen because the sex mutation has created immediately 
adjacent to the promoter a new termination site which 
the ¢-factor recognizes; this is not true, however, because 
I have observed that the sex mutation also decreases neb 
l strand RNA synthesis in an im vitro reaction without 

o-factor. The sex mutation must therefore affect RNA 
synthesis by impairing the interaction between RNA 
polymer: ase and DNA by which synthesis is initiated, and 
the 12S RNA must be initiated at the site affected in 
Asex. IL conclude that the 12S RNA is initiated at the 
leftward promoter at the beginning of gene N. 

The mutation which has been shown to abolish right- 
ward transcription in à 18 $y (ref. 16). Lambda t, maps 
in region æ (see Fig. 9), as do numerous other mutants 
which are deficient in expression of phage genes on the 
right}®:!®, The x mutant examined here for its effect on 
in vitro RNA synthesis is AX; Which was chosen because 
it could be grown in sufficient quantities to provide tem- 
plate DNA (see legend to Fig. 9); it is presumed to be 
similar to t- For this experiment, °H-RNA synthesized 
in vitro from wild type 4 template in the presence of 

o-factor was mixed with “"C-RNA synthesized similarly 
Poiti AX,, template and the combined RNA was analysed 
by sucrose gradient. This experiment is compheated by 
the fact that neither template contains the 6, deletion, 
and that, as mentioned above, there is RNA synthesized 
in vitro from the b, region which somewhat obscures the 
sucrose gradient pattern of RNA seen in the previous 
figures. Nevertheless, it is evident from Fig. 8a that 
considerably less RNA in the 7S region is synthesized 
from AX; DNA than from wild type 2 DNA. 

The 78 RNA ean be examined without interference 
from r strand RNA synthesized on other regions of the 
template by measuring RNA which anneals to the r strand 
of p80i4 DNA; this phage is a hybrid of 4 and 980 which is 
homologous to > only to the right of some point probably 
located in the exonuclease genet, so that RNA synthe- 
sized from the 6, region or farther to the left will not 
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Fig. 7. Sucrose gradient analysis of RNA products from AD, and AbDzsex 
DNA templates. Synthesis reactions were asin Fig, 2, except that 100 xl. 
reaction mixtures contained 0-05 mM UTP (unlabelled), 15 yg DNA 
template, 1-8 eg RNA polymerase, and 0-8 ug e-factor, RNA synthesized 
from Ab, DNA was labelled with *H-ATP (0-15 mal at 330 2Ci/xmote), 
and RNA from Abey DNA was labelled with 4C-ATP (0-15 mM at 67 
eChiaemolte), After a 20 min incubation at 37°, the reaction mixtures 
were made (i per cent Mm SDS, chilled, combined and centrifuged to remove 
precipitated SDS. The RNA was layered on to a sucrose gradient as 
before and centrifuged 4 h at 65,000 rpm. and 5° in a Spinco SW 6% 
rotor. Twenty-one fractions were collected; each was precipitated 
with TCA, filtered on to Millipore filters, dried and counted in toluene- 
liqniftuor on a liquid scintillation spectrometer. ©, Radioactivity 
(pm) in FH: @, in MG, 


hybridize to its DNA, Fig. 8b shows the result of annealing 
RNA from the gradient of Fig. 8a to g80i4 DNA: it is 
apparent that the 7S RNA is synthesized from wild type 
DNA and is not synthesized from Ax; DNA. Hybridiza- 
tion of portions of the gradient to l strand DNA of Ab, 
demonstrates that the 12S 1 strand RNA is synthesized 
from both templates. The xı, mutation also reduces r 
strand specific RNA synthesis in an i vitro reaction with- 
out o-factor, so that, as in the case of rex, the mutation 
cannot function by interacting with ¢-factor to terminate 
synthesis of the 7S RNA prematurely. It appears very 
likely that the 7S RNA is initiated at the site of mutation 
X13, and that this site is the rightward promoter. 


More Accurate RNA Synthesis with 9-Factor 


An example of the increased overall accuracy of in vitro 
RNA synthesis which the o-factor produces is provided 
by the mutant c, The c, mutation creates a new 
promoter which allows constitutive synthesis of messenger 
RNA from the «-O-P region, even in the presence of phage 
repressor and the absence of the N gene product??6*7, 
In an in vitro system using RNA polymerase and no 
o-factor it was found that approximately 60 per cent more 
RNA homologous to @80i4 r strand DNA (which includes 
the «-O-P region) is synthesized from àe, DNA than 
from wild type DNA (ref. 1). It was argued that the 
effect of the c, mutation on mRNA synthesis in vivo 
is likely to be much greater than this, for the mutation 
had a profound effect on the behaviour of the phage in vivo. 
A comparison of in vitro RNA synthesis from wild type 
X and e, templates in the presence of o-factor is pre- 
sented in Table 1. One measure of the in vitro effect of 
the c, mutation is the ratio of 980i r strand specific 
RNA synthesis from %c,; and à wild type templates under 
conditions which produce identical } strand specific RNA 
synthesis; with ¢-factor this ratio is 3 to 4, whereas with- 
out p-factor it was approximately 1-6 (ref. 1). The 
apparent excess RNA specific to 980i4 r DNA synthesized 
from c; DNA is increased five-fold by o-factor. Because 
RNA homologous to 980i r strand DNA includes the 
immunity specific 7S RNA which is synthesized from 
both wild type and ic,;, the actual excess synthesized 
from the x-O—P region of 4¢,, DNA may be closer to ten 
times that from the wild type template. 
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TRANSCRIPTION FROM WILD TYPE A AND AC, TEMPLATES IN THE 
PRESENCE OF g-FACTOR 


Table i. 


Template 
Aunealed to ACs4 At 
Ard 697 7O4 
Arr 1,847 947 
ogoi r 1,164 207 


RNA synthesis in 200 «i, reaction mixtures was as in Fig. 2, except with 
0-05 mM *H-UTP at 1-0 mCi/zmole, 0-6 ug template DNA, O9 eg RNA 
polymerase, 50 «gz bovine serum albumin, and 1 gg g-factor, Tneubation 
was for 20 min at 387° C. Aliquots of each reaction mixture were hybridized 
to separated DNA strands by a method deseribed previously’. Figures 
represent radioactive material (c.p.m.) annealed to a saturating amount of 
DNA, and are the averages of duplicate samples; a background of 307 
Gp, was subtracted. 


Conclusion and Discussion 

Fig. 9 summarizes the effect of ¢-factor on in vitro 
transcription from bacteriophage % DNA. This work has 
shown that a large fraction of in vitro RNA synthesis is 
initiated at promoters py and pr, as defined experimentally 
by the mutations Asex and AXi When o-factor is present, 
RNA synthesis is terminated at poimts indicated by 
triangles to produce a 12S RNA species from the / strand 
anda 7S RNA species fromthe r strand. Is this pattern of 
RNA synthesis reasonable ? One can estimate that the 
molecular weight of the 125 RNA is approximately 
250,000 (ref. 28), so that as a messenger RNA it could 
encode a protein of approximately 25,000-30.000 molecular 
weight. The size of the N gene protein is unknown, but 
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Fig. 8. Comparison of RNA product from AX, and wild type 4 tem- 
plates. Conditions of synthesis were as in Fig. 2, except that 190 ul. 
reaction mixtures contained 0-05 mM UTP (unlabelled), 2-4 ug DNA 
template, 2-5 ug RNA polymerase, and 15 vg g-factor. The mutant AX. 
was isolated by H. Eisen. 4x,, phage were prepared by mitomycin 
induction of a tandem double lysogen of APM int, and AcigsyX,4 construc- 
ted by M. Gottesman: the phage burst contains about 90 per cent 
Axi, and 10 per cent 4 (unpublished observation and personal com- 
munication from M. Gottesman). ‘The 4x,, were separated from the 
2i by banding the phage to equilibrium in a CsCl density gradient. 
RNA synthesized from wild type 4 DNA was labelled with *H-ATP 
(0-15 mM at 0-9 mCi/umole), and RNA synthesized from 4x,, template 
was labelled with “C-ATP (0-15 mM at 110 #Ci/emole). The reaction 
mixtures were incubated, combined and centrifuged on a sucrose 
gradient as in Fig. 7, except that the centrifugation time was b h. 
Twenty-one fractions were collected, a, 50 ul, portions of each fraction 
were precipitated with TCA, filtered and counted as before. O ~+- ©, 
Radioactivity (e.p.m.) °H: @—@,. in O. b, 50 ul. portions were 
annealed to r strand DNA of e80i4 or to Z strand DNA of áb., as des- 
eribed in the legend to Fig. 5. O--- ©, Radioactivity (c.p.m.) in PH 
annealed to 2b. DNA: @—@, in YC annealed to 4b, DNA; d-e- CP 
in H annealed to;80i47 DNA; W— E, in C annealed to 80A y DNA. 
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the size ee to the mRNA made in vivo for the N 
gene region is 225,000 (ref. 29 and personal cormmunica- 
tion from P. Kourilisky ), which is readily identified with 
the size of the 128 RNA, within experimental error. 
It remains to be determined if the species made in vivo 
and in vitro are indeed identical. The 7S RNA is estimated 
to have a molecular weight in the vicinity of 100,000, 
which might encode a protein of approximately 10,000 
molecular weight. This protein may correspond to the 
turn-off function (tof) which limits expression of genes 
to the left of N after early stages of infection, and, like 
the 7S in vitro RNA, is both encoded by the immunity 
region and under the control of promoter pr (ref. 30). 
Either the 78 RNA or tof, or both, may correspond to 
CRN, a gene which prevents repressor synthesis during 
lytic growth and is also synthesized from promoter ppr in 
the immunity region (H. Eisen, manuscript in preparation). 
An RNA species with the properties of the 78 RNA 
recently has been deteeted im vivo (8. Heinemann, in 
preparation), and it has been shown that most in vivo r 
strand transcription in the absence of the N function 
is restricted to the tmmunity region (S. Kumar and 
W. Szybalski, personal communication). 

When ¢-factor is not present during in vitro synthesis, 
the 128 and 75 RNA species are not found and most of 
the RNA product is larger. Because the o-factor was 
shown to affect propagation rather than mitiation of RNA 
chains, I infer that in its absence RNA synthesis is not 
terminated at these points, but instead proceeds into the 
arcas indicated in Fig. 9 by the dotted lines. This 
model explains both the change in size of the RNA pro- 
duct and the decrease in net RNA synthesis which the 
p- acer To 
ism of ‘action of the A N poten Thich also a þe 
relevant to other systems such as the arabinose operon? 
which are under positive control. The N function greatly 
stimulates transcription in the regions to the left and 
right of the termination points in Fig. 9. Because these 
regions are inpet y aa io the tern nation o 
termination process and oris RNA synt ieee to pro- 
ceed beyond the termination signals. For example. if the 
e-factor functions by binding to DNA at the termination 
point, the N protein might bind to the same site more 
tightly and thereby deny o-factor access to it. (The N 
function would have to be specific to the phage DNA and 
not to the p-factor or another host function, for different 
phages which oN in the same host are known to have 
incompatible N functions—H. Eisen, personal communi- 
cation.) This “conditional termination’? hypothesis 
requires that RNA synthesized under stimulation by N 
consists of molecules mitiated at promoters py, and pr, 
and there is strong evidence that this is true (D. Luzatti, 
in preparation; d. Pero, in preparation; and refs. 16, ¢ 9). 
A reasonable explanation for the slight synthesis of 
messenger for genes O and P which occurs in the absence 
of N function is that termination on the right is not 
completely efficient, but instead occasionally allows an 
RNA polymerase molecule to pass the termination points. 
The conditional termination hypothesis makes several 
predictions: (1) Messenger RNA molecules for genes 
beyond the termination points should include the sequences 
of the 12S and 78 RNA species at their 5’ ends. (2) There 
should exist mutations which allow ì} to grow in the 
absence of N function by destroying termination sig- 
nals against which the N protein acts. N -independent 
mutants of ) exist®#-*5, but their mechanism is unknown. 
(3) If the 7S RNA corresponds to the tof function, then 
the tof function should not be under control of the N 
gene product. 

Why is the fraction of RNA specific to the region 
affected by the c,, mutation greater in the presence of 
o-factor ? The c,, mutation is located to the right of the 
immunity region; it can be crossed into phage 434hy (ref. 
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Fig. 9. Model of in vilro RNA synthesis from 4 DNA template. BSA 

synthesis i in the presence of g-factor is indicated by solid arrows, and the 

extension of this synthesis in the absence of p-factor by dotted lines. The 

proposed sites of action of the g-factor are indicated by triangles, For 
further details, see the text. 


26). Because the 78 RNA is synthesized within the um- 
munity region, the factor must terminate RNA synthesis 
at a point within the immunity region or very close to its 
right boundary. Thus it is likely that the c,, mutation is 
located outside the site at which the ¢-factor acts, so that 
even in the presence of o-factor, RNA polymerase mole- 
cules which initiate at the C47 oe can proceed through 

y Transcription imtiated 
at pr TE not continue E ‘ond the termination site m the 
presence of ¢-factor. Whereas in the absence of factor 
the Cr promoter pases adds to yeas initiate e d - 


of faeo it is onals he on y sour ce of tr aa icon 
of this region. 

It seems safe to infer that the o-facter is responsible for 
termination events in the synthesis of early messenger 
RNA of à in infected cells, and that it has the same 
function in bacterial RNA synthesis. It might, of course, 
be only one component of the complete termination 
system of E. coli: there could exist in addition several 
factors like ¢ which recognize distinct classes of termins- 
tion signals, or possibly several distinct termination 
processes. I have observed that at least one termunation 
event occurs with 4 DNA template in the absence of p- 
factor to produce an RNA species of approximately 228, 
although its physiological significance is unknown, 
There is little information about the molecular mechanism 
of termination by the o-factor. It might bind to DNA and 
act when it is met by an RNA polymerase molecule pro- 
gressing along the template; alternatively, it might form 
a complex with RNA polymerase and funetion when the 
complex reaches a termination point. A third possibility 
is that the configuration of RNA polymerase changes at 
the termination site, allowing 9-factor to interact with it 
and remove it from the DNA. W hatever the mechanism, 
there must exist specific DNA sequences which funetion 
as termination signals in the presence of the o-factor, 


Purification and Properties of ¢-Factor 


All steps are performed at O°-4° C. Frozen Æ. cole eelle 
(50 g) are ground with 135 g alumina; to the eles is added 
140 ml. of a buffer containing 0-05 M Tris (pH 7-4), 020 M 
KCI, 0-01 M MgCl, 0-0001 M dithiothreitol, 0-0001 M ethylene- 
diaminetetraacetate, and 5 per cent glycerol. Elect rophoreti- 
cally pure deoxyribonuclease (600 ug; Worthington) is added 
and the mixture is allowed to stand for 15 min. Alumina and 
débris are removed by low speed centrifugation and ribosomes 
are removed by centrifugation for 3 h at 100,000g. To the 
supernatant is added 32 g ammonium sulphate per 100 mil., 
and precipitated proteins are dissolved in 0-05 M pat assium 
phosphate buffer (pH 7-5), containing 0-0001 M dithiothreitol 
and 5 per cent glycerol. (The molar ratio of K,HPO, to 
KH,PO, in the buffer is 5-2.) The proteins are dialyse id agamst 
this buffer, loaded on a 100 ml. phospho-cellulose column in the 
same buffer, and eluted with a geosicnt from 0-05 M to 0-60 M 
phosphate. Portions (5 yl.) of column fractions are assayed 
in a reaction mixture similar to that described in the legend to 
Fig. 1. Fractions around the peak of depression at approxim- 
ately 0-16 M phosphate are pooled, protein is precipitated with 
ammonium sulphate at 60 per cent saturation, and the precipi- 
tated protein is dissolved in 0-02 M potassium phosphate buffer 
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(pH 7-5), containing 0-000] M dithiothreitol and 5 per cent 
glycerol. The protein is dialysed into this buffer and loaded on 
a 20 ml. DEAE cellulose column equilibrated in the same 
buffer. Protein is eluted with a salt gradient from 0-02 M to 
0-20 M phosphate, and 3 pl. of each fraction 1s assayed 
before. Fractions around the peak of depression eluted at 
approximately 0-10 M phosphate are pooled, concentrated by 
ammonium sulphate precipitation as before, ana dissolved in 
400 wl. of a buffer containing 0-05 M Tris (p H 7-4), 0-10 M KCI, 
{} 0001 M dithiothreitol, 0-0001 M ethylene E PO o aacetate, 
and 5 per cent glycerol. After a brief dialysis against this 
buffer, the sample is layered on to two 5 ml. glycerol gradients 
(10-30 per cent, by volume) in the same buffer and centrifuged 
approximately 12 h at 65,000 r.p.m. in the Spinco SW 65 rotor. 
Twenty-two fractions of each gradient are collected; the 
A seo nm Value of each fraction is determined and 2 ul. portions 
of fractions are assayed as before. 

Fig. 10 illustrates the sedimentation profile obtained from 
the glycerol gradient step. The depression activity clearly 
coineides with a peak in A,,,., which sediments at 8-108 
and is well separated from the bulk of contaminating material. 
The assay is not linear over most of the concentration range in 
the peak, so that the activity appears to trail well beyond the 
absorbance peak. Because the factor cannot be assayed at the 
early steps of purification, and the assay has not been quanti- 
tated adequately for any step, the recovery of p-factor cannot 
be calculated; I suspect that it is small. 

The »-factor purified to this extent appears to be a pure 
protein. Its Aenm tO Agaam ratio is l-20, which is 
characteristic of a protein and implies that very little nucleic 
acid is present. Heating the factor for 5 min at 50° C destroys 
the depression activity. It adheres to both DEAE-cellulose 
and phospho-cellulose at low ionic strength, so that it contains 
regions of both positive and negative char ge. The sedimenta- 
tion constant of 8-105 suggests a molecular weight in the 
vicinity of 200,000, assuming an average configuration. When 
fractions across the 8-10S peak of Fig. 10 are examined by 
polyacrylamide gel electrophoresis in SDS, one predominant 
band is found; its maximum intensity coincides with the 
absorbance peak. A gel resolution of purified o-factor is shown 
in Fig. 11; its purity is estimated to be greater than 95 per 
cent. The molecular weight of the polypeptide chain is 
approximately 50,000 measured on polyacrylamide gels in SDS 
by the method of Shapiro et al.*6, using the subunits of RNA 
polymerase as markers, These molecular weights suggest 
that the 8~10S protein may be a tetramer. 


I thank Professor Walter Gilbert, who suggested and 
guided these experiments; Professor J. D. Watson, for 
support and advice; Professor Klaus Weber, for helpful 
advice; Dr Max Gottesman, for providing phage strains 
and for suggesting that Asex might be a promoter mutant; 
Drs R. Burgess, M. Ptashne, M. Schwartz and A. Travers, 
and R. Hendrix, N. Hopkins. R. Kamen and J. Pero for 
helpful conversations; Mrs Ann Soderquist for technical 
assistance; and Mrs ©. Roberts for figure drawings. I 
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Fig. 10. Glycerol gradient centrifugation of o- -factor, Details are given 
in the text. The direction of centrifugation is from right to left. 
G~.. ©, Radioactivity (p.m) in H; @-— @, Aces nm. 
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Fig. 11. Polyacrylamide gel electrophoresis of puritivd g-jaetor. The 
electrophoresis and staining procedure were as deseribed in ref. 36: the 
gel contained 5 per cent acrylamide and QO} per vent SDS. 
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For a long time aleohol has been thought of as the only 
common toxie agent worth considering as a cause of car 
aecidents, but more attention is now being paid to the 
influence of other drugs, alone or in combination with 
aleoho!. Further, there is the question of how diseases 
may affect driving performance. Epilepsy disqualifies 
the patient, but ischaemic heart disease (HD) must 
also be regarded as potentially dangerous, and the con- 
sequences of acute myocardial infarction, a dangerous 
arrhythmia or just an ordinary anginal attack-—-especi- 
ally in older persons---are serious. Car driving is a 
type of stress which involves significant cardiovascular 
changes! Pe 

Simonson et al.* have calculated that acute myocardial 
infarction in the population of licensed Minnesota drivers 
{approximately one million) constituted an annual risk of 
a thousand incidents. Drugs which are effective in the 
prophylactic treatment of IHD may therefore be of real 
benefit for drivers. 

This study concerns the evaluation of a new adrenergic 


S-receptor antagonist, alprenolol (‘Betaptin’, Astra- 
Hewlett, Ltd; also known as ‘Aptin’ outside the UR). 


Its structure, 1I-(o-allylphenoxy)-3-isopropylamino-2-pro- 
panolol hydrochloride®, differs from that of propanolol 
(‘Inderal’, Imperial Chemical Industries, Ltd) in that it 
is not a naphthalene derivative and, in contrast to 
propanolol, possesses some S-receptor stimulating action’. 
Activation of the 8-receptor leads to vasodilation of the 
muscle vessels, stimulation of the myocardium, an in- 
crease of the pulse rate and its contractile force, and 
increased oxygen consumption. 

A %-receptor antagonist is thus a substance that com- 
bines with or blocks the §-adrenergic receptor without 
triggering an effector cell response. These compounds do 
not inhibit the release of noradrenaline by the nerve 
impulses. Overactivity of the sympathetic nervous system 
is Important in the aetiology of certain arrhythmias and 
angina pectoris and, consequently, there has been an 
increasing interest in treating these disorders with §- 
adrenergic blocking agents in the past few years. Our 
study was designed to determine whether alprenolol would 
affect cardiac action precipitated by the stress of driving; 
and whether it could impair driving, alone or in combina- 
tion with alcohol. 


Simulation Technique 


The simulator chosen by us for this trial, the “Link 
Trainer’, consists of a driving compartment with all the 


A new adrenergic B-receptor antagonist, alprenolol, may be of 
benefit to drivers with ischaemic heart disease. 
cantly impair performance nor worsen the effects of alcohol. 


It does not signifi- 


usual controls connected to a computer. A film showing 
the view through a car windscreen is projected on the 
screen and the driver handles the controls as im normal 
driving. When he makes an error, for example, accelerates 
too much, this is automatically detected. The number of 
steering, speeding, braking and signalling errors are 
recorded separately. 

Six healthy volunteers took part in the trial, which was 
designed as a double-blind cross-over comparison with 
placebo. Alprenolol (100 mg) and placebo in identical 
tablets were given in random order in a single oral dose, 
following a light breakfast, on two subsequent days. 
Ninety minutes later the subjects commenced two runs 
ina Link Trainer for simulated car driving, two volunteers 
driving one run simultaneously. 

Between the first and second run, 100 mi. of whisky 
diluted in soda water was taken during 15 min. The 
second run was performed in the same way as the first 
but using a different film. The same films were used on 
both days for corresponding runs, but this had not been 
disclosed to the subjects. The number of errors was noted, 
but no figures were given to the drivers until the whole 
mals was sana rine ars were also A asked for & a 


run. 

Continuous electrocardiograph (ECG) recordings served 
to calculate the heart rate at half-minute intervals m most 
cases. Statistical calculations were made, using the t-test 
for paired differences of dependent observations. After 
each run, intravenous blood samples were taken for assess- 
ment of aleohol and alprenoloi in plasma. 


Driving Performance 


No significant differences in recorded errors between 
drug and placebo were apparent, either with or without 
alcohol. Comparison of day 1 with day 2 indicates that. 
there were 7-18 per cent fewer errors on the second day, 
which is statistically significant for runs with alcoho! 
(P <0-05). Improved braking probably reflects the effect 
of adjusting to the trial requirements, for the subjective 
assessment showed the same trend. 

The percentage subscore/total score for each run was 
calculated (Table 1), together with the differences with/ 
without alcohol and significance limits. There are m- 
creased score percentages in steering and braking at the 
expense of decreased scores in speeding and signalling 
with alcohol. These differences are statistically more 
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fable 1, PERCENTAGE SUBSCORE/TOTAL SCORE 


a, Alprenolol day, without (~) and with (+) alcohol 


Braking Steering Signalling Speed 
Mean of 6 368 403 262 320 172 145 182 135 
Difference ~3'5 ~ 5-8 +27 +57 
SD, 6-66 2356 3°72 4°27 
SLE, + 2-71 + 2:27 + 1:52 +174 
t 41-29 — 2:57 1:75 3°25 
P <15 <01 < 020 < 0-025 


& Placebo day, without and with alcohol 


Mean of 6 33°0 365 258 335 195 12:8 23°3 12-0 
Difference om BH mn FT + 6:7 +113 
SD. 3°38 6-02 3°39 6-59 
DE. +158 +246 +138 + 2-69 
t moe De DY — 312 4°82 4-21 
P <0:10 < 0-05 < 0-005 <O-OL 


significant for placebo than for alprenolol and indicate 
that, with placebo, alcohol made the driver more ‘‘care- 
ful’ (better speeding and signalling performance), but 
also less “aceurate™ (worse steering and braking per- 
formance), whereas for alprenolol these changes are less 
pronounced (significance level less than 5 per cent only 
for speeding). No significant changes are evident on 
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comparing corresponding runs with alprenolol and placebo 
(Table 1}. 

Performance appears to deteriorate about 17 per cent 
with alcohol and there is no difference whether it follows 
placebo or alprenolol. 

Comparing day 1 and day 2, irrespective of drug treat- 
ment, both speeding and steering showed greater changes 
with alcohol than without. For braking and signalling 
there were practically no changes. We conclude that the 
trial design does not allow for small changes to be detected 
and that alprenolol at this dosage does not appreciably 
affect the influence of aleohol on simulated driving. 

Table 2 lists the alcohol and alprenolol blood levels, 
which were determined by gas chromatographie methods. 
It will be seen that body weight influences blood alcohol 
levels. 


Heart Rate and ECG 

The mean difference between the placebo and alprenolol 
situation for resting heart rate sitting in the car im- 
mediately before starting is about fifteen beats per 
minute with or without alcohol. 


Without alprenolol 








G0 
50 With alprenotol. 
0 5 10 Instruction 15 20 
| t Start Time (min) t 
t Mtting in ear End 
Fig. 1. Recording of the change in pulse rate of subject 1 (run 1) during placebo and 
alprenolol days, when no alechol had been taken, 
130 
120 
. x 
110 
Without alprenoiat 
100 


Beats/min 


90 
80 
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Recording of the change in pulse rate of subject 5 (run 2) during placebo and 
alprenolol days when aicochol had been taken. 
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Table 2. ALPRENOLOL AND ALCOHOL LEVELS IN PLASMA 


Alprenolol day Placebo day 
Body After drivel After drive 2 After drive 2 
No weight Alprenolol Aleohol Alprenolol Alcohol 

(kg) (eg/ml)}  {mg/100 ml.) (ug/ml) (ng/100 mi.) 
1 7 97 60 69 70 
2 97 23 40 13 48 
3 64 a7 64 30 77 
4 63 33 84 11 R4 
5 61 83 73 40 78 
6 T 53 51 24 60 


Four subjects out of six had lower blood alcohol levels on alprenolol day 
than on placebo day, but, when time after alcohol intake and body weight 
are taken into account, only subject 3 had a higher blood level at a later 
time. Morning alcohol levels were also assessed and found to be zero in all 
subjects. Estimation of plasma alprenclol levels on the placebo day was 
negative in all samples. 


Table 3 shows the mean heart rates (with standard 
deviations) for all twenty-four runs, as calculated from 
0-5-min values obtained from the ECG tracings by 
counting at least three and in many cases ten heart 
eyeles. A statistically significant, slight mean decrease 
of heart rate (by 3-6 beats/min) is evident on alcohol 
following placebo, but not following alprenolol. Figs. 1 
and 2 show pulse rate changes in two subjects. 

The difference in variance between placebo and alpren- 
olol was analysed with an F-test (Table 4). Without 
alcohol, the variance is significantly higher for placebo 
than for alprenolol runs in four subjects and higher (but 
not significantly so) for the remaining two. With alcohol, 
the variance is significantly higher during placebo for 
two, insignificantly higher during placebo for two and 
significantly lower during placebo for two subjects. 

No gross changes could be detected in the ECG tracings. 
T waves and ST segments were judged as normal, and 
no ectopic beats were detected at any time. 


Practical Implications 


An earlier investigation? has described the effects of an 
anti-emetic and alcohol on driving performance using a 
racing car simulator, but it was felt that a more simple 
simulator, giving runs in normal road conditions, might 
reduce the unequal results that may be obtained when 
less experienced drivers are taking part. 

The Link Trainer is intended only to provide a means 
of teaching beginners the fundamentals of driving, so it 
could be questioned to what degree the results from this 
study could be related to actual driving. The study of 
the heart rate curves indicates, however, that the simu- 
lated drive was a valid stress situation. Other investiga- 


Table 3. 
Driv el (without alcohol) 


HEART RATES 


NO. Placebo Alprenolol Difference Variance (P) 
1 69-54 70 807 t48 88+ 58 < 0-05 
2 86-24 4:0 78-9438 738+ 3-9 > 0-05 
3 T38 56 63°6 + 3-6 12+ 51 < 0-01 
4 92-54 59 76-443-0 WGLl+ 4-5 <-O1 
5 1090+ 178 TTS TS 3154172 <0-QI 
6 604+ 3-6 50-1+1-6 103+ 2:8 > 0:05 
Mean 81:9 67-9 14-0 
SLD. 17°69 11-59 9°06 
S.E. 7718 4-73 3°70 
Drive 2 (with alcohol) 
No. Placebo Alprenolol Difference Variance (P) 
1 65-02 7-1 58-9+6-1 Gl 7-9 > O05 
2 79+ 36 74043-2 59+ 37 > 0-05 
3 722+ 32 64-54+4-2 CT 51 < 0-05* 
4 RTR 23 SIOt4l GR+ +i < 0-01* 
5 1094+ 99 76-3 +5-6 33-1+10-4 < 0-01 
G F3 4:0 497417 56t 4-4 <OD1 
Mean 73°3 67-4 10-9 
SD, 18-9 11-85 10-91 
SE. 775 4-84 4-46 
` alues are means + S.F. (beats/min). 
* Larger variance during alprenolol than placebo. 
Table 4. HEART RATES 
Placebo Alprenolol 
Difference (drive 1-2) 3°63 0-47 
SD. 2-51 Bid 
S.E. 1-03 12 
t 3°54 0-36 
P < 0-02 Not significant 


Values are means + S.F. (beats/min). 
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Fig. 3. The effect of alprenolol on increase in heart rate and blood 


pressure produced by fear in a 35 year old healthy subject. Fear WAS 


brought about by an exciting ride in a fast “roller coaster”. Heart 
rate was registered continuously on a tape-recorder. Hlood pressure 
was measured by ordinary cuff method immediately before and after the 
run, which lasted for 80 s. Two runs were made: (e) withoui and 
(b) with drug pretreatment, which was 100 mg alprenolol orally 90 min 
before the run. The interval between the runs was @ days, and the 
alprenolol run was made first (B. Ablad, L. Ek, i. Garberg and E, 
Gustavsson, personal communication), 


tors have found similar cardiovascular changes during 
actual driving?-*§1° and during simulated fiving!. 
Rosén™ has concluded, on the basis of a study of propanolol 
in simulated flying, that the tachycardia response to stress- 
inducing agents arises chiefly from increased sympatho- 
adrenal tone. 

In our trial we found that heart rate is lowered quite 
moderately and only in one subject is the conventional 
limit of bradycardia (50 beats/min) attained. This is in 
contrast to results with propanolol, the only 6-blocker so 
far which has gained widespread uset, This arises from 
the slight 6-stimulating effect of alprenolol, which prevents 
the sympathetic activity of the $-receptor going down te 
zero at any dosage. 

Heart rate tends to be slightly lower after alcohol. 
This may, however, be because the runs following alechol 
were numbers 2 and 4 of the series and the subjects 
might have felt more calm and used to the technique. 
This agrees with the subjective feeling of improvement. 

The influence of alprenolol on driving performance is 
apparently negligible, which is an important factor to an 
anginal patient who is exposed frequently to the hazards 
of driving. Alcohol produces the expected deterioration 
of performance and this is not affected by alprenolol. In 
practical terms, 1 pint of beer—generally considered to 
be harmless and producing a blood alcoho! level well 
below the legal limit—will still continue to be harmless 
for the patient undergoing alprenolol treatment. 

6-Receptor blockade is effective in about 70 per cent of 
anginal patients in reducing attack frequency and increas- 
ing working capacity. Robimson™ showed that, for each 
patient, there is a critical value of the product of heart 
rate and systolic blood pressure at the point of angina. 
Because blood pressure also increases during emotional 
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stress (and particularly so in coronary patients), there 
must be necessarily an increased risk of an anginal attack 
during car driving and an adrenergic 8-blocker could be 
beneficial. Fig. 3 uUlustrates the reactions of heart rate 
and blood pressure in a subject submitted to stress (riding 
a “roller coaster’) with or without 100 mg of alprenolol. 
The “Robinson index” decreased by about one-third. 

A dose of 100 mg of alprenolol four times a day has 
been shown to be effective in angina pectoris- t, Many 
patients showing a type of placebo reaction like that of 
subject 5 (see Fig. 3) often have uncharacteristic left chest 
pain and other symptoms of neurocirculatory asthenia 
which are relieved with this dosage’. 

We thank the staff of Indoor Driver Tramers, Ltd, and 
especially Mr E. T. Newell. for their assistance, and the 
British School of Motoring for their cooperation, 

We acknowledge the help of Professor Francis E. 
Camps and the staff of the Department of Forensic 

Medicine, the London Hospital, for their assistance in 
the estimation of the blood alcohol levels, and the Research 
Department of AB Hassle for alprenolol estimations. 
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In a recent paper!, the possible extension of the rift 
system into southern Africa was discussed. This article 
diseusses the evolution of rifting between 9° 5 and 3° N. 
At about 9° S, the rift divides into two branches? (Fig. 1); 
the western rift, containing Lakes Rukwa (offset), Tan- 
ganyika, Kivu, Edward and Albert and the eastern 
(Gregory) rift, containing the smaller Lakes Balangida, 
Manyara, Natron, Magadi, Naivasha, Nakuru, Hannington 
and Baringo. Between the two branches, Lake Victoria 
with an area of 70,000 km? occupies a shallow downwarp. 

In the south, the eastern rift zone consists of a series of 
scarps, mainly facing east, associated with block faulting 
(Figs. 1 and 2), the Gregory rift valley becoming well 
developed north of Lake Natron. There are several 
branch rifts such as Eyasi and the Speke and Kavirondo 
Gulfs of Lake Victoria and it is not clear how these are 
related to the main rift. The relation of the voleanicity 
to the rifting is also of interest; the voleanicity is most 
impressive in the eastern rift region north of about 4° 8 
and occurs in zones at right angles to the rift (for example, 
Kilimanjaro region) as well as along the axis of the rift 
(for example, Suswa, Longonot and Menenga}). 


Seismicity 

Epicentres have been redetermined using the method 
of Joint Epicentre Determination (JED)**~*. The 
Tanzanian earthquake of May 7, 1964 (ISC determination), 
was used as the master event} and the sub-masters are 


Table 1, 
Origin time 


Master event 1964 May 07 d 05 h 45 m319+0115 


Sub-master 1966 Mar 20 OI 42 303 
Sub-master 1966 Mar 20 03 22 481 
Sub-master 1966 May 17 07 03 20-7 
Sub-master 1966 Oct 05 O8 34 41-2 
Sub-master 1967 Nov 11 02 28 456 
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Studies of seismicity, age of faulting, age of volcanoes and short 
and long wavelength gravity anomalies all indicate that the evolution 
of the East African rift system is related to attenuation and early 
stages of break-up of the African plate. 


listed in Table 1. All teleseismic events for the period 
January 1955 to June 1968 inclusive were relocated. These 
are shown in Fi ig. | together with the major faults. The 
post-1963 epicentres are differentiated from the pre-1963 
epicentres because of their superior quality due to the 
introduction of WWSSN in 1963. 

For this period, the teleseismic activity for the western 
rift has been greater than that of the eastern rift (Fig. 1). 
Previous studies of the western rift? have shown that the 
largest earthquakes have occurred west of Lake Albert 
and east of Lake Tanganyika and the nature of the 
faulting is dip-slip or strike-slip. This is confirmed by the 
present study. In nearly all cases the redetermined 
epicentres lie close to the geologically mapped faults 
(Fig. 1). For Lake Albert, most of the seismic activity is 
associated with the western marginal fault; south of 
Lake Albert, the rift west of Ruwenzori has been very 
active, many of the earthquakes being aftershocks of the 
large earthquake of March 20, 1966. For Lake Edward 
and the northern end of Lake Tanganyika both west and 
east marginal faults have been seismically active while 
for Lake “Rukwa the seismicity has been associated with 
the eastern marginal fault (Fig. 1). There are only four 
epicentres at distances more than 20 km from the major 
rift and it is hkely these are associated with minor faults. 

For the period 1955 to 1968, the teleseismic activity of 
the eastern rift zone has been south of 3° S with the 
exception of two earthquakes associated with the southern 


DATA FOR MASTER AND SUB-MASTER EVENTS 


Lat, Long. Mb 
)3-88+0-031° 8 35-06 + 0-036° E 6-4 
00-62° N 29-98" E i 1 
90-90 N 20-94° E 5-1 
00-78° N 29-87° E 6-3 
O0-17° N 29-79° E 5-4 
02-06° N 31-41° E at 
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; Epicentres for East Africa for the period J anuary 1955 to June 1968 inclusive. Solid cireles indicate post-1963 JED redeter- 
mined epicentres and open circles pre-1963 epicentres (JED and USCGS), 


The master event has a large circle, Major faults are 


from the new 1:2 M geological map of East Africa compiled by B. H. Baker. 


margin of the Kavirondo trough. In the south (Fig. 1) 
there is excellent correlation between the seismicity and 
the faults mapped as Plio-Pleistocene, the faults mapped’ 
as Tertiary, Cretaceous and Jurassic being inactive. The 
latter are mainly south of 6° S and east of 36° E (Fig. 1). 

The lack of epicentres between 3° S and 4° N does not 
imply that the eastern rift is inactive. A large earthquake 
(magnitude 7-0) occurred on January 6, 1928, with epi- 
centre 00-20° N, 36-22° E (ref. 10). This is located (asterisk, 
Fig. 1) on the rift scarp east of Lake Hannington. Further, 


km 


km 
þat 


Fig. 2. 


Sections across the eastern rift zon 
structures north and south of about latitud 
Vertical exaggeration 22 : 1. 


Ps ed 
e 2° 8, 


a recent study of the microseismicity of the Kenya rift 
valley by Tobin et al." has shown that there are up to 
forty-seven small events per day in some parts of the 
rift. From this study, it seems that the grid faults along 
the centre of the rift are more active than the border 
faults. 

The study shows that with modern computing 
techniques it is now possible to establish more detailed 
correlations with geological structure than was hitherto 
possible!?.18, 


LAT. LIS, 
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P, Plio-Pleistocene; T, Tertiary. 
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Fig, 3. Age of rift faulting as a function of distance from the axis of the 
rift showing the tendency for the age to increase with distance. 


Age of Rift Faults 


The seismicity gives a good indication of the location of 
present day active faults. For the rift in the ocean floor, 
the earthquakes are confined to the axial rift?* or to the 
fracture zones!® associated with transform faults’*. It is 
now well established (see Vine™ for an up-to-date review) 
that the sea floor gets progressively older away from the 
seismically active rift zone. It is of interest to ask 
whether the rift faulting and voleanicity become older 
with distance from the seismically active rift zone in 
East Africa. 

For the Gregory rift, the situation is complicated by 
the differing nature of the rift zones north and south of 
2 S, This is illustrated by two profiles at latitudes 
1-1° S and 3-6° S in Fig. 2. For the southern profile, the 
seismicity is associated with the faults immediately to 
the west of Lake Manyara and to a lesser extent with the 
fault to the east. These faults? are mapped as Plio- 
Pleistocene. Faults farther to the west and east are 
mapped as Tertiary. Beyond the extent of the section 
shown in Fig. 2 there are faults of Cretaceous and Jurassic 
age, the latter being about 350 km distant from the 
seismically active zone. The relationship of increasing 
fault age with distance from the seismically active rift 
zone therefore holds in a general way for Tanzania. 

Farther north, there were three main periods of faulting. 
The faulting on the western margin of the Gregory rift is 
of late Miocene/early Pliocene age while the faulting on 
the eastern margin is of late Pliocene age and later. A 
cornplex network of grid faults along the axis of the rift 
floor is of middle Pleistocene age and still active!!:+8}9, 
In an effort to assess the situation semi-quantitatively, 
the age of faulting is plotted as a function of distance 
from the axis of the rift in Fig. 3. The ages and locations 
of the faults have been taken from Survey of Kenya 


VOLCANOES 


Pitt AXIS» 






Age (m.y.} 


100 50 0 50 100 150 200 


Distance from rift axis (km) 
Fig. 4. Age of volcanoes as a function of distance from the axis of the 


rift showing the tendency for the age of volcanoes to increase with 
distance, 
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reports and maps**-*7, It is seen that there is a general 
increase in age with distance, and if rates are estimated 
(analogous to sea floor spreading) an average value of 
about 0-5 em yr- is obtained for the last 10 m.y. For the 
last 3 m.y., the average could be as high as 2 em yr- 
The phenomenon is presumably due to fracturing of the 
crust accompanying stretching and thinning of the litho- 
sphere. 


Age of Volcanicity 

A similar test for the age of volcanoes was applied. 
Data??-25.28-31 on the ages and positions were collected and 
plotted as a function of distance from the axis of the rift 
(Fig. 4). Again, a general increase in age with distance 
is found. To the west of the rift axis average rates of 
2-7 em yr- and 4:0 cm yr- are obtained for the last 7 m.y. 
and last 2 m.y. respectively. The scatter in the data 
makes it difficult to estimate rates to the east; for the last 
12 m.y. the rate is about 0-5 em yr- and for the last 7 m.y. 
it is about 2 em yri 

The voleanicity is not exactly symmetrical with respect 
to the rift axis, there being more voleanoes to the east 
than to the west. This is largely due to the numerous 
volcanoes in the Kilimanjaro region (about latitude 3° S). 

It is of interest that for all calculations (rift faults and 
voleanoes) the highest rates are obtained for data near 
the axis of the rift suggesting that the rate of stretching 
has accelerated near the axis of the rift over the last few 
million years. 


Gravity Anomalies and Axial Volcanism 


Recent work has shown that this region of axial vol- 
canism and small scale faulting in the Gregory rift is 
associated with a positive Bouguer gravity anomaly. The 
existence of the anomaly was discovered by McCall?’ in 
the region between 0-5° N and 0:5° S. The anomaly has 
now been mapped in detail between 0-15° N and 1:25° 8. 
The anomaly runs along the centre of the rift valley for 
at least 200 km and has an amplitude of 200 to 500 gravity 
units (g.u.) (1 g.u.= 10-* m s~*) and a width of 40 to 80 km. 


Bouguer 
anomaly 
(g.u.) 
— 1,560 LAT 0-2°S. 
— 7 100 oo yo oe 
— 2,500 =~ 
3 
na 2 e Oe eee 
$ 
EE eae E ee E. 
0 50 
km 


Fig. 5. Bouguer gravity anomalies over the eastern rifi zone showing à 

positive anomaly superimposed on the long wavelengih negative 

anomaly. The maximum is associated with the zone of axial voleanicity 
(1 g.u.=10-* ms~*= 10-1 mgal). Vertical exaggeration 20:1 


The anomaly is superimposed on a longer wavelength 
negative Bouguer anomaly discovered by Bullard’? in the 
1930s. The nature of the two anomalies is illustrated in 
a characteristic section in Fig. 5 which crosses the rift in 
the region of the voleano Menengai. 

A detailed interpretation of the positive anomaly will 
be given elsewhere. The anomaly suggests the presence 
of a body (of positive density contrast) the upper surface 
of which could be within 1 km of the rift floor. It is likely 
that this is an intrusive zone of basaltic or gabbroic 
material which feeds the rift voleanoes. The presence of 
the intrusive material (possibly from the upper mantle) 
suggests that extreme crustal thinning has taken place, but 
as yet there is no crustal separation as in the Red Sea**, 
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Long Wavelength Gravity Anomaly and Thinning of 
the Lithosphere 

The evolution of rifting and volcanism is now considered 
in relation to the long wavelength negative Bouguer 
anomaly*4, As an example, a profile is used (Fig. 6) which 
crosses the Congo basin and the Albert rift, passes north 
of Lake Victoria and Mount Kenya and reaches the coast 
at Lamu and then extends west—east over part of the 
Indian Ocean. The gravity data are compiled from 
Evrard eż al.*5, Jones et al.*®, the Survey of Uganda gravity 
map*’, our own data, data kindly supplied by B.P./Shell 
for the Kenya coast and HMS Owen data for the Indian 
Ocean**. The profile is complete except for two short 
sections, one near the western shoulder of the eastern 
rift and one east of Mount Kenya. 

The long wavelength Bouguer anomaly extends for more 
than 1,000 km over the region of rifting (that is including 
both western and eastern rifts) and has an amplitude of 
up to 1,500 g.u. The gradients are small and of the 
order of 3 g.u. km~! suggesting that the light material 
causing the anomaly is at considerable depth and has 
small density contrast. 

The presence of normal faults and their increasing age 
with distance from the axis of the rift, the presence and 
increasing age of volcanism from the rift axis and the 
interpretation of the associated smaller wavelength 
positive Bouguer anomaly along the axis of the eastern 
rift, all suggest that the lithosphere is attenuated under 
East Africa. After corrections for the light sediments in 
the Congo basin and western rift, the light volcanics in 
the eastern rift and the light sediments near the coast, 
it is shown that the remainmg long wavelength gravity 
anomaly can be interpreted in terms of thinning of the 
lithosphere. 


Bouguer anomaly (g..) 


of the Indian Ocean. 
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of 7-85 km s-?. This is taken from data frora the Basin 
and Range province of the western United States which 
is also a region where the world rift system imbersects 
a continental landmass. This low velocity zone? is 
considered to be continuous with the low velocity layer 
beneath the plate and to have the same constants. 

With these assumptions, it is possible to compute s 
simple model to give some idea of the way in which the 
plate is thinning and breaking up. A computer program’? 
was used to find the size and shape of the body with 
negative s.g. contrast of — 0-12 (3°22-3-34) underlying the 
East African rift system at this latitude. 

The resulting model and fitted gravity data are shown 
in Fig. 6. The followmg general features are noted. 
First, the siale crust thins by about 10 km beneath the 
western and eastern rifts and plateau and does not return 
to its full thickness in the east due to the proximity of the 
continental margin. Second, the low density mantle has 
about the same lateral extent as the thinned sialic crust. 
Third, the depth to the low density material varies, being 
nearest the surface under the eastern rift where it invades 
the sialic crust. Finally, it is emphasized that the model 
is dependent on the chosen s.g. contrast. This has to be 
so because of the lack of seismic refraction control (some 
profiles in Lake Victoria are much needed). In spite of 
this, it is thought that the model, which is one of manwv*+ 
fitting the gravity data, gives a fairly good idea of the way 
in which the African plate is thinning and breaking up, 


Conclusions 

It is seen that in general there is a good correlation 
between the location of teleseismically recorded earthquakes 
and faults mapped as Pleistocene—Recent. Away from 
the seismically active zone, there is a marked tendency for 
the ages of both faults and volcanoes to inerease with 





0 500 
km 
Fig. 6. Composite west—east Bouguer gravity profile for East Africa and the western part 


1,000 


The continuous line is the observed anomaly and the circles are 


computed points for the model shown. The long wavelength anomaly under discussion is 


Shaded. The numbers on the model are specific gravities. 


The depth to the low velocity 


material and thickness of the sialic crust may be varied by changing the assumed specific 


gravities. 


The lithospheric plate (Fig. 6) is assumed to extend to a 
depth of 100 km. For the African continent (western 
part of section) a sialic crust 35 km thick with s.g. 
(specific gravity) = 2-85 is assumed from the surface wave 
dispersion data of Press et al.**°. For the Indian Ocean 
(eastern part of the section) the crustal section is taken 
from the seismic refraction data of Francis et al.4°. The 
s.g. of the lithospheric plate underlying the standard 
sialic and oceanic crusts (uppermost mantle) is taken as 
3-34 corresponding to an average P velocity of 8-25 km s~. 
The s.g. of the low velocity material beneath the rift 
zone was taken as 3-22 corresponding to a P wave velocity 


Vertical exaggeration 4: 1. 


distance. These observations seem best explained by 
attenuation of the African plate. As attenuation takes 
place, the various features on either side of the seismically 
active rift zone move apart. There is some evidence that 
this process has accelerated near the axis of the rift in the 
last few million years. The faulting accompanying 
attenuation has taken place in phases; at least three 
distinct phases have been recognized, that is in the late 
Miocene, in the late Pliocene and in the Pleistocene". 
Recent gravity surveys of the East African rift svstern 
can be used to support plate attenuation. The short 
wavelength positive Bouguer anomalies over the rift 
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floor suggest, the presence of an intrusive zone under the 
axis of the rift and the long wavelength negative Bouguer 
anomales can be interpreted in terms of thinning of the 
lithospheric plate. 
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Pulsars and Local Cosmic Ray Prehistory 


by 
RICHARD E. LINGENFELTER 


Institute of Geophysics and Planetary Physics, 
University of California, 
Los Angeles, California 90024 


Ir supernovae are the principal source of cosmic rays’, 
then in the past nearby supernova explosions may have 
greatly increased the local cosmic ray intensity, and 
several authors have discussed the possible biological 
consequences?~*, Some effeets of nearby sources on the 
present intensity and anisotropy of cosmic rays have 
been studied®? and the temporal constancy of the cosmic 


conclusion? that time-averaged intensities have not 
differed from the present intensity by more than a factor 
of two. The distribution of cosmic rays within the 
galaxy also seems to be constant to this order®:’®. 

These studies were generalized, however, because no 
specific supernovae had been identified which could make 
significant contributions to the local cosmic ray intensity. 
With the discovery of pulsars, which may be the neutron- 
star remnants of supernovae!!, it seems possible to deter- 
mine both the distances and the ages of a number of 
supernovae which could be important sources of local 
eosmic rays. In this article I shall attempt to identify 
the most significant nearby sources, based on estimates of 
pulsar ages from unpublished work of M. Grewing and 
W. Priester, and distances and study the possible history 
of cosmic ray intensity variations resulting from these 
sources. 


Cosmic Ray Propagation 


Because of the general temporal and spatial constancy 
of cosmic rays I shall assume that the bulk of the local 
cosmic ray intensity is derived from many supernova 


Pulsars have ages and distances which, if they are supernova remnants, 
would make them significant sources of local cosmic rays during the 
last 10° years. 


sources randomly distributed throughout the galactic 
disk. The contribution of the closest supernova sources 
ean therefore be treated as local perturbations on this 
essentially constant background. 

The production of secondary isotopes!?:™ by cosmic ray 
interaction in the interstellar medium has shown that, 
if these cosmic ray isotopes are produced in the interstellar 
medium, the mean amount of matter traversed by local 
cosmic rays has been 3 to 4 g em. In the interstellar 
gas of the galactic disk with a hydrogen density’® of 
l to 3 atoms cm, this path length corresponds to a 
mean life of 6-7 x 105 to 2x 10° yr for relativistic cosmic 
rays. Assuming that this is the mean lifetime for cosmic 
ray escape from the disk, fe. then the equilibrium, cosmic 
ray energy density, w, may be written simply 


4 =f W SN le y Ai 


where f is the frequency of supernova explosions in the 
disk?*, about 2x 10-2 yr; Wsx is the total energy of 
cosmic rays accelerated in a supernova explosion and F 
is the cosmic ray confinement volume, approximately 
that of the disk (radius 10 kpe. thickness 0-5 kpc). In 
the following calculations we shall consider two cases 
which are consistent with a present local cosmic ray 
energy density’? of about 10-1? erg em. These are listed 
in Table 1. 


Table 1, TWO CASES CONSISTENT WITH THE LOCAL COSMIC RAY ENERGY 


DENSITY 
Wax (erg) far) te (VT) A (pe) 
105° 2% 10° 2x 10° 1 
108 6 x 10-3 6-7 x 10° 3 
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We shall now consider the contribution to the local 
cosmic ray energy density from a single point source in 
space and time, assuming isotropic, three-dimensional 
diffusion of cosmic rays in the interstellar medium. The 
local energy density, w;(t), of cosmic rays arriving from a 
source 1 of age fi at a distance r; may be written as a func- 
tion of time ¢ measured backward from the present at 
= 0). 


Wsn ey: | 
t 


exp {— (li — t) jle} 


where tm =r}/2\v and v is the cosmic ray velocity, assumed 
to equal that of light, and % is the cosmic ray diffusion 
mean free path in interstellar space, which is related to 
the escape mean life, te= 3a?/23v, where a is the mean 
distance from the cosmic ray source to a boundary at 
which they escape. From studies of the structure of the 
magnetic field in the local spiral arm!*, I assume a local 
value of a=0-65 kpc. For escape mean lives of 6-7 x 105 
and 2x 10® yr, this value of a gives mean free paths of 
3 and 1 pe for v=c. This range of A is consistent with 
that found by Syrovatskii® to give agreement between the 
observed and calculated spectra of galactie non-thermal 
radio emission by synchrotron radiation of cosmic ray 
electrons. 

Although we might expect the diffusion mean free path 
of cosmic rays in the galactic magnetic field to be aniso- 
tropic with respect to the field direction, favouring propa- 
gation along the field lines, Jokipii and Parker!* have 
shown that random walk of the field lines, as a result of 
turbulence in the interstellar gas, could greatly increase 
propagation normal to the field direction, and reduce such 
an anisotropy. Thus isotropic, three-dimensional diffu- 
sion seems to be a reasonable model for the preliminary 
investigation of cosmic ray propagation from nearby 
sources. Ultimately, it may be possible to determine 
the best model for local cosmic ray propagation from a 
comparison of the cosmic ray histories, predicted by 
various models, with improved experimental data on the 
history, or temporal constancy, of cosmic rays. 

The contribution to the local cosmic ray energy density 
from a nearby supernova source is shown in Fig. 1. as a 


1074! 


— 
i 

nu 

i% 


10 


107 


19-8 


Local cosmic ray energy density wit) (ergs em-*) 


10-16 





10-17 
108 108 10: 108 108 10? 


Age, ti (yr) 


Fig. 1. Time dependent contribution to the local cosmic ray energy 


density wi from supernova sources at various distances F. 
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Fig, 3. Contours of local cogmic ray energy density as a function of the 

age and distance of individual sources for the case of Hee = 16°" erg, 

together with eatimates of the number of supernovae within a distance y 

with age less than ti for f=2x 10’ yri Also shown are the age and 

distance estimates of supernovae observed either historically or by their 
ratlio shells’. 


function of the age and distance of the source for the first 
case in Table 1. Typically the contribution to the local 
cosmic ray energy density rises exponentially to a maxi- 
mum and then slowly decreases with a -3/2 power of 
time until the exponential decrease due to escape becomes 
important at a few million years. The maximum value 
of the local energy density and the time of maximum are 
strongly dependent on the supernova distance, but at 
late times the energy density is dependent only on age. 
For the other case in Table 1, Ws. = 1051 erg, the age 
scales should be divided by 3 and the energy density 
multiphed by 10. 

Thus we can determine the range of ages and distances 
of sources which can contribute significantly to the local 
cosmic ray energy density. As can be seen in Fi g. 2, 
where contours of equal values of the local eosmic ray 
energy density are plotted as a function of source age and 
distance, the significant range of 4 and r; lies roughly 
within the region bounded by the time to maximum. fas 
and the escape mean life, le. 

An estimate of the most probable number of supernova 
explosions within a given age and distance can be made 
by assuming that the frequency of supernova explosions 
in the galactic disk is constant in space and time within 
a disk of 10 kpe radius and 0-2 kpe thickness centred on 
the galactic equational plane®, and that the Earth is 
located in this plane at a distance of 8 kpe from the 
centre. These estimates are also shown in Fig. 2 as a 
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function of the limiting age and distance for f=2 x 10-° 
vei, 

Within the bounds of tm and fe we see then for the case 
of W sx = 10° that there are of the order of 10? supernovae 
which contribute to the local cosmic ray density. This is 
consistent with a confinement volume of radius a = 0-65 
kpe for local cosmic rays, already discussed. When 
W sx = 105! erg the number of significant sources is only 
about 10. 

The local cosmic ray energy density is the sum of con- 
tributions from all sources wi but distant sources do not 
contribute significantly to time variations in the local 
energy density, so we can assume a homogeneous source 
distribution at large distances and express part of this 
summation as an integral. The summation may thus 
be limited to those sources within a distance ry within 
which the time to maximum intensity for cosmic rays 
diffusing from a supernova source within this distance 1s 
less than the mean time between supernova explosions, 
im < tsx œ R2/rx*f, where R is the disk radius. Within the 
distance ry, the contribution to the local cosmic ray 
density from supernovae has large variations in time and 
these sources must be treated as discrete sources. For 
distances greater than about 0-1 kpe we may define 


ry E= (2R ef) 


For the case of A=1 pe and f=2x 10? yro ry is 0-24 
kpe and for the other case 0-42 kpe. The sources within 
the distance ry contribute on the average a fraction 
(rx/a)? of local cosmic ray energy density equal to about 
15 per cent and 50 per cent for the respective cases. 
Within this volume the mean time between supernova 
explosions, tsx, is 10° yr for both cases. Finally, because 
im<fés~ within this distance, most of the contribution 
from these nearby sources at any particular time would 
come from only one or two sources. 


Distribution of Supernovae 

As can be seen from Fig. 2, historical supernovae are 
all too recent and too distant? to be significant contribu- 
tors to the local cosmic rays. Similarly the search for 
non-thermal radio emitting regions which might be 
remnant supernova shells is too restricted in range of 
probable age and distance. The identification of such 
a region requires that it be a reasonably discrete radio 
source, generally subtending an age of less than 0-05 rad. 
Because such shells have measured expansion velocities 
of the order of 108 km s71}, or 10-8 kpe yr-?, an upper limit 
of tyr) <3 x101 r(kpc) can be placed on the age of a 
supernova with a detectable shell. This limit, which is 
applicable for ages at least up to 10* yr, or expansions 
<0-1 kpe, is plotted on Fig. 2, where we see that the range 
of ages and distances of supernova remnants detectable 
by the non-thermal radio shells also does not include the 
region of probable significant sources of local cosmic rays. 

The situation has changed with the discovery of pulsars, 
which are associated with known supernova remnants??:*?, 
Gold"! has proposed that pulsars are neutron stars formed 
from the collapsing cores of supernovae and that the 
pulse period is the period of rotation. Pacini? has further 
suggested that neutron stars should slow down as their 
rotational energy is dissipated by the acceleration of 
charged particles in a co-rotating magnetic field. Gold™ 
points out that rotational energies of the order of 10°° erg 
could be available in pulsars to provide the necessary 
cosmic ray energy. The rates of change of pulse period 
usually decrease with increasing period. suggesting that 
most of the initial rotational energy is dissipated soon 
after formation. The dissipation of rotational energy 
may not be the principal source of cosmic ray energy, 
however, because Colgate and White™ have shown that 
as much as 1052 erg of cosmic rays may be produced 
by shock waves during the supernova explosion. 

Rotating magnetic neutron star models???5 for pulsars 
predict ages which are proportional to the magnetic 
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energy and the square of the period. Assuming that the 
magnetic field decays exponentially in time, M. Grewing 
and W. Priester (unpublished) have shown that the age 
may then be written 


t=} (P?— PXK, ~K) In (K,/ K) 

where P, and P are the initial and present periods, and 
K is a factor equal to PdP/dt which decays exponentially 
with a mean life equal to (P?— P?)/2(K,—K). For the 
Crab Nebula they have determined P, to be 18 ms and 
K, to be 14x 10-14 s. From measurements** of P and 
dP/dt, the age of each pulsar can thus be estimated, assum- 
ing that its initial conditions were the same as those of the 
Crab Nebula. For Vela X (PSR 0833) this procedure 
gives an age of 0-9 x 104 yr which is within the age range of 
0-6 to 1-6 x 104 yr estimated from the expansion rate of its 
radio shell. The ages thus calculated are tabulated in 
Table 2. 


Table 2. ESTIMATED PULSAR DISTANCES AND AGES 


f Nedl r P aP t i ai 

Puisar {cm pe) (kpe) (8) dt (yr) (yr) 
MP 0031 12 > O05 0-940 td x 10° 
PSR 0329+54 27 0-48 O-715 2-01 1-6 x 10° = 
MP 0450 25 > OS GB48 3-7 x 1O 
NP 0527 49 16 3°75 17 x 107 
PSR 0531+21 47 ar 0-0031 422 9-2 x 10? -= 
PSR 0628-28 10 0-20 1-24 1-8 x 168 
MP 0736 160 0-37 0-375 1:7 x 108 
CP 0808 6 O13 1:29 <0:32 > 7-4 10* — 
AP 0823 + 26 19 > 0-9 0-531 1-69 0-5 x 10° ~— 
PSR 0838-45 63 0-41 0-0892 163 9 x 10° es 
PSR 0834+06 13 0:39 1:27 iO 2-8 «x 10° eee 
MP 0885 120 0-42 0-765 70x10’ 
MP 0940 145 0-48 0-662 §-3 = 10° 
PP 0943 7 > OT 1-09 1-4 x 108 
PSR 0950408 3 0-06 0-253 0-24 44x 105 cos 
MP 0959 90 049-17 1-44 TR x 108 
PSR 1133416 5 0-13 1-19 T 2-4 10% 
AP 1237+25 8 >05 1-38 2-3 x 10° 
MP 1240 220 1i D388 18x 105 
MP 1426 60 Q-21-1-8 788 Thx 108 
MP 1449 00 > 1-0 0-18 3:9 « 164 
PSR 1451-68 12 0-25 0-264 8-4 x 10! 
PSR 1508-55 20 > 6-6 0-740 6-6 x 10% 
MP 1530 20 0-4 1:37 2.9 x 10° 
AP 1541+09 35 0-6 0748 67 «10° 
PSR 1642-03 33 0-16 0388 1-8 x 10° 
MP 1727 140 >13 0-835 8-4 x 10% 
MP 1747 40 13-19 0-742 6-6 x 10° 
PSR 1749-28 51 0-96 0-563 38 « 105 
MP 1818 7 2-0 0-597 43x 108 
PSR 1919421 13 023 1-34 i-l 55x0 = 
PSR 1929+10 8 O14 0-227 6-2 x To! 
PSR. 1983+ 16 143 2-4 0359 61 3-4 x 10° — 
PSR 2016+28 14 0-26 0-558 1°53 1-1 x 108 -~= 
PSR 2045-16 1l 0-38 1-96 11-8 2-6 x 10% _ 
PSR 2218+47 44 1-4 0-538 3-5 x 10° 


A lower limit may be placed on the age of pulsars for 
which dP/dt has not been measured, assuming Kw K,, 


tain = (P2— P2)/2K, 


These values are also listed in Table 2. For the ten pul- 
sars for which ¢{ can be calculated, we find that in only one 
instance is t; more than a factor of 3 larger than fmin- 
It should be noted that the age 4 used in the diffusion 
calculation is equal to the apparent age t; plus the light 
transit time 7;/c. 

Based on the observed HI distribution and the location 
of HII regions around very hot stars, Prentice and ter 
Haar!? have calculated pulsar distances from their 
dispersion measures”*, fnedl, the number of free electrons 
along the line of sight between the Earth and the pulsar. 
They find for the Crab Nebula pulsar, and the Vela X 
pulsar, distances of 1-7 and 0-41 kpe which are in very 
good agreement with distances of 1-7 and 0-46 kpe estnn- 
ated for the radio shell remnants’. 

Based on these age and distance estimates, shown in 
Fig, 3, we see immediately that the pulsars he within 
the age-distance bounds of supernovae which contribute 
to the local cosmic ray energy density. Furthermore, the 
resulting age—distance distribution of pulsars with ages 
less than the cosmic ray mean life and distances less than 
rx would correspond to an oceurrence frequency of about 
10-2 yr-?, which is consistent with the estimated frequency 
of supernova explosions. This would also imply that the 
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known pulsars give a reasonably complete sample of 
supernovae remnants within the age-—distance limits 
which include the most significant sources of the local 
cosmic rays. 


Cosmic Rays from Local Sources 


In both cases considered, the largest single contribution 
to local cosmic rays would at present come from the super- 
nova that occurred roughly 6 x 10* yr ago at the site of 
the pulsar PSR 1929+ 10, about 0-14 kpe from the Earth. 
This source would contribute about 20 per cent of the 
present local cosmic ray energy density for the case of 
Wsu = 10% erg, and about 7 per cent for 10°° erg. Even 
if the age of this supernova were a factor of two 
greater, it would still be the most important single source. 
PSR 1929+ 10 is located at a galactic longitude of 47-4° 
and latitude of — 3-9, near the edge of the local spiral arm 
about 10 pe below the galactic equatorial plane*?. No 
radio shell remnant has been reported at this position but, 
assuming an expansion velocity of 103 km s~! for the shell, 
we see that the radius of the shell would be comparable 
with the distance and it would subtend too large an angle 
to have been identified as a discrete source. 

This source contributes the bulk of the cosmic rays 
coming from all sources within ry, as expected because 
tm<tsn. For the case of Wsy= 10°! erg the principal 
sources within ry are PSR 1929+10, PSR 1451-68, 
PSR 1642-03, MP 0736 and PSR 0950+ 08 which con- 
tribute local cosmic ray energy densities of 0-20, 0-09, 
0-04, 0-025 and 0-008 x 10-7? erg em~, respectively. For 
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Fig, 3, Local cosmic ray energy density contours for cases of Way = 10°° 

erg (solid line) and 10° erg (broken line), together with present age and 

distance estimates of pulsars (as listed in Table 2) and historical super- 
novac, 
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the second case, Wsy=10* erg, the impdrtant sources 
within ry are also PSR 1919+ 10, PSR 1642-03, PSR 
1451-68 and PSR 0950+ 08, contributing energy densities 
of 0-065, 0-020, 0-016 and 0-006 x 10-1? erg em, respec- 
tively. All of the known sources within ry contribute 
37 per cent of the present energy density of local cosmic 
rays, or 0:37 x 10-™ erg cm, in the first case and 1] per 
cent or 0-11 x 10-! erg em in the second. This is slightly 
lower than the average contribution from sources within 


rx estimated already at 50 per cent and 15 per cent. But 
the time-averaged contribution from these sources, 


principally PSR 0950+ 08, averaged over the cosmic ray 
mean life fte is 60 per cent and 15 per cent of the total 
for these two cases. 

These are the most significant sources only of relativistic 
cosmic rays of energy greater than a few hundred MeV, 
for the calculations were made for v=c. The time to 
maximum intensity tm is inversely proportional to the 
velocity. Thus it can be seen from Fig. 3 that for lower 
energy cosmic rays with 8, or vje, less than 0-25 X (pe), 
or energies less than about 30 MeV/nucleon A-* (pe), 
PSR 0950+ 08 becomes the most important single source, 
The lower energy cosmic rays from the younger super- 
novae, such as PSR 1929+10. PSR 1451-68 and PSR 
1642-03, have not yet reached their maximum intensity 
at the Earth, 


Cosmic Ray Prehistory 


The cosmic ray intensity over the past million years is 
shown in Fig. 4 for the two cases. The contribution from 
sources at distances greater than ry is assumed to be time- 


independent and equal to 10? (1 —rw/e*), 


The most significant variations are associated with 
PSR 1929+ 10 and PSR 0950+ 08 which are the youngest 
of the nearer pulsars. For the apparently rather extreme 
case of W sy = 1051 erg, cosmic rays from PSR 19294 10, 
some 5x10! yr ago, would have increased the local 
cosmic ray energy density to nearly twice the present 
value for a time of the order of 3 x 104 vr; some 4 x 10% yr 
ago those from PSR 0590+ 08 would have increased the 
intensity by more than an order of magnitude for several 
thousand years; and in the interim the intensity would 
have been about 20 per cent lower than it is now. The 
variations calculated for the second case, W sy = 10° erg, 
are not so spectacular. The peak intensity associated 
with PSR 1929+ 10 occurring about 3 x 104 yr ago would 
have been only 3 per cent above the present value and the 
interim intensity only 3 per cent below, but the increase 
associated with PSR 0950+ 68 would have been twice the 
present value for a time of the order of 104 yr. In addition 
the present local cosmie ray energy density would be 
decreasing at a rate between 6 and 0-7 per cent per 104 yr 
for these two cases. 

The cosmic ray intensity cver the past several thousand 
years has been studied from the variation in the activity of 
radiocarbon produced by cosmic rays in dendrochrono- 
logically dated wood**. These variations have been eom- 
pared with those expected from modulation of the cosmic 
ray intensity at the Earth calculated from archaeomagnetic 
measurements?” of variations of the geomagnetic field over 
this period. These studies**:** show that, although the 
MC variations on a time scale less than 104 yr can be 
explained by geomagnetic field variations, there can be 
a longer term increase in the cosmic ray intensity of as 
much as 5 per cent in the past 8,000 vr. In addition 
studies’! of radiocarbon activity of %°Th/*4U dated 
molluses allow an increase of as much as 25 per cent in 
MC activity 24,000 yr ago. Thus even cosmic ray intensi- 
ties of 6 per cent higher than present 10,000 yr ago, 
and 23 per cent higher 25,000 vr ago, as calculated for 
W sx = 105! erg, are within the “C limits. 

The constaney of cosmic rays has also been studied 
from the activities of various radioisotopes produced by 
cosmic rays in meteorites. Assuming that these activities 
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Fig, 4. Local cosmic ray energy density histories and time averages, calculated for possible local supernovae sources based on pulsar 
age and distance estimates. The time averages can be compared with averaged energy densities based on meteoritic radioisotope 
measurements*, 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


lonospheric Effect of X-rays from 
Scorpius XR-| 


Ananthakrishnan and Ramanathan! recently reported 
observations of the field strength of 164 kHz radio waves 
transmitted from Tashkent, USSR, to Ahmedabad, India: 
they found that short-lived decreases in field strength 
could be correlated with transits of the X-ray source 
in Seorpius. The interpretation by Ananthakrishnan 
and Ramanathan of the correlated events is that X- 
radiation from Sco XR-1 ionizes the terrestrial upper 
atmosphere sufficiently to cause ionospheric attenuation 
of the radio waves. If the interpretation is correct, this 
would indeed be an exciting discovery with many signifi- 
cant ramifications for theories of nocturnal ionospheric 
processes. We have examined the physics of the postu- 
lated interaction between Sco XR-1 and the atmosphere 
in order to provide a basis for evaluating the reported 
interpretation. 

The X-ray spectrum of Sco XR-1 has been observed by 
a number of investigators? at energies from about 0-3 to 
70 keV. These data and the appropriate cross-sections’, 
s, can be used to compute a profile of the ionization rate 
per unit volume qx(z) caused by Sco XR-1. 


2 


7 J exp[—ofejsee X f n(z)dzjo(e)fle)de (1) 
where n{z) is the number density of particles in the 
neutral atmosphere‘ expressed as a function of altitude 
z; fle) is the X-ray intensity in keV em-? s- keV- ex- 
pressed as a function of energy e, X is zenith angle and 
W is the mean energy required to produce an electron-ion 
pair (3:5 x 10-2 keV). 

The ionization rate profile due to Seco XR-1 was then 
compared with specific ionization rate profiles due to 
other night-time sources--the solar Lyman-x radiation 
which is scattered by the geocorona into the dark hemi- 
sphere of the Earth, and galactic cosmice rays. The 
ionization rate of galactic cosmic rays is that computed by 
Webber’; the Lyman-x ionization rate is computed by 
the equation 


Qx(z) = 


QLalz) = 2nnyo(z}lo;fexp[ —casee X [no.(z)dz] sin X dX (2) 


where nmyo(z) and no,(z} are the number densities of NO 


erg em~? s-t sr), and X is the zenith angle. The nitric 
oxide was assumed to be in mixing equilibrium and to have 
a value’ nyo~ 3x 107 cm at 80 km, This value of Rg IS 
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conservatively low and may be too small by as much as 
an order of magnitude’. The NO concentration in the 
mesosphere undoubtedly fluctuates because of the 
variability of vertical transport processes’, We did not. 
consider meteor ionization because it is sporadic. 

The three profiles of ionization rate are shown in Fig. 1, 
It is apparent that the rate of ionization, gx, due to X-rays 
from Seo XR-1 is much smaller than goog + gia at altitudes 
below 90 kr. At higher altitudes gga may stil be sub- 
stantially larger than qx because our assumed neo is 
probably a lower limit. Because of rapid formation of 
negative ions at altitudes below ~ 90 km at night and the 
consequent lack of free electrons, most of the absorption 
of the 164 kHz radio waves probably occurred at altitudes 
above ~85 km, 


aN x +t E3) 
m mqa) aN" (3) 


where g{z} (assumed constant) is the total g al a given 
height z, If we compute the residual N at ~ 104 s after 
sunset at heights of 80 to 100 km, we find that it makes 
little difference whether we include gy or not, even 
without considering que. 
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Fig. 1. Profiles of ionization rate for N-rays from Seorpius SR-4 
galactice cosmic rays, and solar Lyman- radiation scattered by the 
SEOCOTORA. 


Finally, we should also mention that the observed 
attenuation of the field strength of radio waves should 
not show such marked dependence on the local hour 
angle of the X-ray source. The zenith angle of the mid- 
point of the Tashkent-Ahmedabad path is about 45° 
at the time of transit. An hour before or after transit 
A 48° and two hours before or after transit X æ 58”, 


example, for X= 70°, g,=0-7 times the values shown in 
Fig. 1). 

The conclusion that Seo XR-1 as well as other X-ray 
sources outside the solar system can have no effect on 
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f ; .* 
the Earth’s ionosphere observable at present seems to us 
to be inescapable. 
I. G. Poprorr 
R. C, WHITTEN 
Space Sciences Division, 
Ames Research Center, NASA, 
Moffett Field, California 94035. 
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Distribution of Pulsar Duty Cycles 


We define a pulsar duty cycle, in the usual way, as the 
ratio of pulse width to the period of repetition of the 
pulse (Table 1). On the basis of some extremely simple 
physical assumptions we compute a histogram for distri- 
bution of pulsar duty cycles, and the distribution fits the 
observations reasonably well as shown in Fig. 1. 
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Fig. 1. Comparison of the experimental histogram (shaded) with the 


histogram generated from equation (4). The pulsar at fav0'3 is in the 
Crab Nebula. 


It seems highly plausible that pulsars are rotators of 
some sort?. In particular we assume that a pulsar may 
be a “lighthouse beacon” with a conical beam of apex 
half-angle s. We do not need to know the mechanism 
here, but we assume that s is the same for all pulsars. 

First we discuss the case where the centre of the beacon 
lies in the equatorial plane of the pulsar. Such a pulsar 
would be observed from the Earth only if the Earth hes 
within the angle s from the pulsar equatorial plane. 
Were we precisely in the equatorial plane the duty cycle 
would be observed to be s/z. At an angle 3 (3<e) to the 
equatorial plane, the duty cycle, f, would be given by 

feq= (e 89) 9/x (1a) 
where we have assumed e<l, so that plane geometry 
may be used over the region of the beacon. It is easily 
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verified that the distribution of observed duty cycles for 
such an equatorial beacon is given by 


aN Jo : 
(= ens f 52/7 (2a) 
df ea e(e? — fem)! 
where the distribution is normalized such that 
ejz aN 
d ee =] 
f df (3) 


Physically, (dN /df)Af gives the fraction of pulsars with 
duty cycles in the range Af. 

The beacon need not be in the equatorial plane, and 
in fact we will assume that there is no preferred orienta- 
tion, and that the beacons are randomly directed. In 
general, then, for a beacon directed at the angle 6 with 
respect to the rotation axis, we have 


> en ł 
(e 32)! 2 (1b) 


where $, as before, is the difference between 9 and the 

polar angle of the line of sight to Earth. Equation (2q) is 

generalized to 
dN 


fr? sin? e 


fz 


Equation (3) still holds, provided that the upper limit is 
replaced by ¢/(7 sin 9). In writing equations (16) and 
(2b) we have assumed ¢<@. In fact this is a bad approxi- 
mation near the poles, but it will be seen that this region 
contributes little to the distribution of duty cycles. 
Equation (2b) gives the duty cycle distribution for a 
beacon at the particular angle 6. We now wish to average 
over all of the (random) beacon directions. The relative 
probability for a given direction 6 is sin 9; likewise, the 
relative probability that the Earth is at 6+¢ (and will 
therefore make observation possible) is sin 0. Thus, 
averaging over all directions, we have our final result 


(2b) 


re sim 


Ü max x F 
ee | ee 
df E (e° fir? sin?0)? 'g (4) 


where 9max=sin-! [e/(xf)] if real; 2/2 otherwise. The 
integral diverges at f=</x, but the area under this peak 
remains finite, allowing a well defined histogram to be 
constructed. The choice of 8 max ensures that the denomin- 
ator in the integrand remains real. As given in equation 


i 

(4), f (AN /df)df=<er/4, as is appropriate (see equation 
0 

(6)). 


Clearly there is one free parameter, s, to be determined 
from the data. The integral in equation (4) was evaluated 
numerically, with e chosen to be 0-115 rad to give the best 
fit (by eye) to the experimental data. The results are 
presented in Fig. 1, and the areas of the theoretical and 
experimental histograms are equal. The two histograms 
are qualitatively similar, although it is clear that the 
experimental distribution has a longer “tail” of large duty 
cycles. Most of the pulsar data come from tables pre- 
pared by S. P. Maran, and the final three pulsars in Table 1 
from ref. 2. 

We can estimate from this the fraction of all pulsars 
that we could hope to detect (out of those that are close 
enough to be detected at all). The absolute probability 
of seeing a pulsar with a beacon at 6 is given by 


Pa =e sin 0 (5) 
Averaging over all directions we find that the probability 
of observing any random pulsar is 


=; ee 9-0 per cent (6) 


with the choice e#0:115 radian. Thus, if we observe M 
pulsars in a carefully surveyed region, we would expect 
that there are about 11 M pulsars in that region 
altogether. 
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Table 1. LIST OF PULSARS IN THE EXPERIMENTAL HISTOGRAM 


Pulsar Duty cycle 

MP 0031 0-027 
PSR 03290 + 54 0-0008 
MP 0450 0-036 
NP 0527 0-064 
PSR 0531 +21 0-29 
PSR 0628-28 1-040 
MP 0736 0-110 
CP 0805 0-070 
AP 0823+ 26 0-024 
PSR 0833--45 0-022 
PSR 0834+ 06 0-030 
MP 0835 0-026 
MP 0940 0-045 
PSR 0950 + 05 0-083 
MP 6959 0-035 
PSR 1133+ 16 0-036 
AP 1237+25 0-043 
MP 1240 0-16 
MP 1426 0-013 
MP 1449 0-028 
PSR 1451-68 0-095 
PSR 15084 55 0-027 
MP 1530 0-018 
AP 1549+ 09 0-13 
MP 1727 0-036 
MP 1747 0-027 
PSR 1749-28 0-0083 
MP 1818 0-034 
PSR 19194 21 0-030 
PSR 1920+ 10 0-044 
PSR 2016+ 28 0-048 
PSR 2045-16 0-051 
MP 0254 0-0223 
MP 1766 0-0306 
MP 1911 0-0242 


There are a number of remarks that can be made about 
the results in Fig. 1. (i) We expect the two histograms 
to agree only if there is no experimental bias in pulsar 
detection efficiency dependent on duty cycle. Greater 
efficiency at long duty cycles would produce an apparent 
“tail” at long duty cycles. (ii) The approximation that 
e< 0 leads to an underestimate of the number of long 
duty cycles, explaining part of the discrepancy between 
theory and experiment. (ui) Any more detailed pulsar 
model that leads to a spread in e would produce a broader 
theoretical distribution. (P. A. Sturrock has suggested 
in a private communication that £e may be correlated 
with the pulsar period, and that the beacon need not be 
circular.) (iv) Another shape of beacon would alter the 
distribution if the assumption of a “circular”? beacon is 
incorrect. (v) Any theoretical model that produces an 
increased probability for the beacon to be at small 6 
will predict more pulsars with long duty cycles. 

The over-simplified pulsar model adopted here gives a 
reasonable first approximation to the distribution of 
pulsar duty cycles. As more pulsars are discovered, more 
detailed comparisons between theory and experiment 
will become possible. 

I thank Professors P. A. Sturrock and V. Petrosian 
for interesting and helpful discussions. This research was 
sponsored by the Air Force Office of Scientific Research, 
Office of Aerospace Research, US Air Force. 

G. R. Henry 
H.-F. PAIK 
Institute of Theoretical Physics, 
Department of Physics, 
Stanford University, 
Stanford, California 94305. 
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Concerning the Energy Independence 
of the Velocity of Light 


SEVERAL articles containing new evidence concerning the 
energy independence of the velocity of light contain 
statements which should be clarified. The postulate of 
the constancy of the velocity of light is standard for the 
derivation of the theory of relativity. It is possible to 
modify electromagnetism, preserving special relativity 
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but introducing a vacuum dispersion; however, many 
experimental tests of the velocity of light as a function. of 
energy intend to test the relativity postulate. One should 
therefore be careful in analysing these experiments m 
terms of concepts, such as those suggested by Professor 
Synge', which are valid only if relativity is correct. 

In examining tests of this postulate the frequency range 
explored and the experimental accuracy are independent 
figures of merit unless one introduces a model of the 
violation. The experimental measurements consist of a 
set of values of the velocity of light, ce at many 
energies®™ 15-17, some difference measurements between 
frequencies®-* and an indirect test involving energy and 
wavelength measurements’, 

Physical models have been preposed which violate the 
energy independence postulate. A model which involves 
a photon mass (this model is consistent with relativity) 
has been widely discussed and tested*-"". Classes of models 
involving non-local interactions have been suggested? 
and formulae devised for some models“, Models of 
the first sort require much lower accuracy experiments 
when tested at low energies, while the second sort can be 
expected to predict effects which increase rapidly at high 
energies. 

Alternatively, Lovell, Whipple and Solomon? define a 
parameter p 


(p is clearly not a ener constant for variation 
of velocity with energy because, for example, Ac does not 
approach zero as A, approaches ħa.) Because the range of 
4 examined is crucial, the wider range of energies measured 
in the laboratory makes it possible to obtain better limits 
on p from the laboratory measurements than from 
astronomical ones (in contrast with statements in refs. 
3and 4). Using data at A= 300 m (ref. 15) (E =4x 10 eV) 
and with E = 6 GeV (ref, 16) limit Ae/e to 5x 10-4, implying 
p>3x 10?! as compared with p>3x 10% from ref. 4. 
(Data available in 1964 (refs. 15 and 17) would give p> 10% 
contrasted with p >x 10! in ref. 3.) 
Until one observes a deviation from accepted electro- 
dynamics and relativity concepts, however, no model 
can be favoured. Thus gen ements in the aeclrany. 
w hich make improvements in either diction ‘enlar ge 
the realm of physies in which we can use relativity with 
experimentally tested assurance. 
I thank George Blumenthal and other colleagues for 
eee eo. This work was RN by a con- 
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Relationship between the Unattached 
Fraction of Airborne RaA and the 
Concentration of Condensation Nuclei 


Tue decay of a radon atom results in the production of 


an atom of the first daughter, =Po, traditionally called 
RaA. This RaA atom may collide with and become 
attached to one of the condensation nuclei present m the 
atmosphere, and the fraction, f. of RaA ators which are 
in the unattached state is of interest m any assessment of 
the hazard arising from the mhalation of radon daughter 
products, One might expect f to depend primarily on the 
concentration, Z, of condensation nuclei in the at mosphere 
(such nuclei nearly always form the major part, in terms 
of numbers of particle es, of the atmospheric aerosol), but 
there are other parameters which are likely to influence f, 
for example, the size distribution of the condensation 


nuclei, the charge carried by these nuclei, the rate of 


change of the nucleus concentration, and the rate of 
change of the RaA concentration. In addition, in some 
circumstances the losses of unattached RaA atoms by 
collision with surfaces, such as walls, may be significant 
and such losses are yet another factor havimg some 
influence on f. 


We have recently made a number of measurements of 


f and Z in various atmospheres in order to examine the 
relationship which exists between the two quantities in 
practice. We made no attempt to measure the size 
distribution of the condensation nucle: and the other 
parameters on which f might be expected to depend, but 
had in mind that, if the effect of variations in the size 
distribution and the other parameters on f was small 
compared with the effect of variations in Z, then our 
measurements would indicate a well defined relationship 
between f and Z. Because it is in general much easier to 
measure Z than f, the knowledge of such a relationship 
together with a measurement of Z would provide a 
simple method of determining f. 

The difficulties involved in any attempt to derive a 
theoretical expression for f in terms of all the parameters 
mentioned here would be considerable, and, as far as we 
are aware, no such attempt has been made. Several 
authors, for example Jacobi? and Raabe’, have, however, 
derived a simple expression for f in terms of Z from the 
equation representing the balance of radioactive decay and 
attachment in the steady state, other modes of loss being 
ignored, This expression is f= ha/(Aat£4Z), where ha 
is the radioactive decay constant for RaA and k is a 
constant which controls the rate of attachment of un- 
attached RaA atoms to condensation nuclei. It ean be 


seen that, when this equation holds, f is independent of 


the radon concentration. 

Both Jacobi and Raabe have caleuwlated a value for k 
from considerations of kinetic theory and by making 
likely assumptions about the size distribution of the con- 
densation nuclei. They arrive at values of k of about 





Z (particles em?) x 10" 


A, Tin mine; W. Colley Hill; ©, Sutton; 


The fraction of unattached RaA versus the concentration of condensation nuclei, 
$, artificial atmosphere. 
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§ x 10 min- em? and 4x 10° min em~? respectively. 
Insertion of these values into the expression for f allows 
the dependence of f on Z to be caleulated, and the re- 
sulting curves are shown graphically in Fig. 1 in order to 
facihtate comparison with our experimental results. 

The method we used for measuring f was similar to 
that deseribed previously’. Briefly, the atmosphere of 
interest was sampled by two identical filters placed side 
by side. One of the filters was preceded by a diffusion 
battery designed to remove the unattac shed RaA atoms 
but not the attached ones. and so the difference in the 
RaA activity collected on the two filters was due to the 
unattached fraction of RaA. The alpha activity on each 
filter was measured durmg sampling by a pn silicon surface 
barrier detector, and the alpha activity due to RaA dis- 
tinguished from that due to Rat’ by means of alpha 
spectrometry. The concentration, A of condensation 
nucle: was measured by means of a photo-electrie nucleus 
counter®. 

The first set of measurements was made in the open air 
at our laboratories at Sutton, Surrey. The district is an 
urban one and the values of Z found were in the range 
20,000 to 80,000 particles per emë. In order to sample an 
atmosphere having a lower Z, another set of measurements 
was made in the open air at a more rural site, Colley Hill, 
about 10 miles south of Sutton, and (during measure- 
ments) Z was found to be in the range 10,000 to 15,000 
particles per emë. A third set of measurements was made 
at a tin mine in Cornwall, in a gallery about 1,000 feet 
below ground level, at a point near to an upcast shaft. 
The values of Z at this point were generally about 10,000 
particles per emë, but on oceasions, particularly at the 
end of a shift when a number of miners were present 
waiting to leave the mine, Z rose to several tens of 
thousands of oe pe emë. The Tee 00 concentr ation 
mine at a valu of About 700 pCi/| a DRI a set “of 
measurements was made with an at ficial atmosphere im 
the laboratory. This atmosphere was contained in a 
flexible cubic enclosure of edge 1-5 m, and consisted of 
room air with additional radon introduced so as to achieve 


an initial radon concentration of about 200 pCi/l. The 
concentration of nuclei was controlled by using both 


filtered and unfiltered room air to fill the enclosure. and 
was maintained at a roughly constant value throughout 
any one experiment by adding, from time to time, un- 
filtered room air to compensate for losses of nuclei due to 
coagulation. In this way. Z was maintained within +20 
per cent of the desired value throughout an experiment; 
the radon concentration at the end of the experiment was 
generally about a quarter of the mitial value. A number 
of Seat were mone each lasting about iji h. o 


and 1 and Z were measur al at interv als Ehan Pari 
experiment. 

Before presenting the results of our measurements, It 
should be mentioned that, when either the radon concen- 
tration or Z changes rapidly from one value 
to another, then f may be expected to take a 
little time to reach its new value. In our 
experiments with an artificial atmosphere, 
only those measurements made after about 
half an hour of setting up the atmosphere, or 
of adding additional room ær, have been 
included here. 

The results of our measurements are sum- 
marized in Fig. 1. Individual measurements 
of f. taken at a similar Z, have been grouped 
together and a w eighted mean calculated 
and Poe T the mean ve alue ra Z; 
ied deviation... F or an. for the Bacon 
measurements, the point at Z= 37,400 is 
the weighted mean of six values of f m the 
range Z = 30,000 to 40,000, and for the meas- 
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urements on artificial atmespheres the results of each 
series of measurements at a constant value of Z have been 
grouped together. The number of individual measure- 
ments of f associated with each plotted point varied from 
one to nine but was usually about six, and the vertical 
lines represent two standard deviations on either side of 
the weighted mean. 

While the experimental results shown in Fig. I indicate 
a relationship between f and Z of the type predicted by 
the simple theory of Jacobi or Raabe, they do make clear 
that any such relationship is only an approximation to 
the way in which f depends on Z in practice. The effect 
of the parameters, other than Z, on which f is likely to 
depend would evidently need to be taken into account in 
any complete explanation of the behaviour of f. 

It can be concluded that, although there are a number 
of factors which preclude a simple, unique relationship 
between f and Z, the measurement of Z does provide a 
simple method of obtaining a rough estimate of f. The 
method is hkely to be most accurate under conditions 
where both the radon concentration and Z are constant 
during, and for some minutes before, the measurement 
of Z. 

M. J. DUGGAN 
D. M. HOWELL 
Ministry of Health and MRC, 
Radiological Protection Service, 
Belmont, Surrey. 
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Plasma Acoustic Propagation 
in the lonosphere 


WE present here a discussion of how a new implication of 
the plasma acoustic theory? is related to some optical 
observations of auroras. We also discuss some experi- 
mental observations of magnetic and radio events at 
Saskatoon (magnetic latitude 60°). Since the idea of 
instabilities in the equatorial electrojet was extended to 
the case of the auroral electrojet!, many auroral radio 
studies*-§ have turned in this direction. Peak occurrence 
of echoes at a height of 100-120 km and speeds of 350- 
360 m/s have been obtained in some of the investigations*, 
and from others! a peak echo occurrence at 110 km and 
average speeds of 310 m/s are suggested. In the latter, 
morning echoes could not have been due to plasma 
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acoustic propagation, and m the others? a° “threshold 
effect” was observed in relation to magnetic events. 
This simply means that echoes appeared only when the 
intensity of the electrojet and hence the magnetic field 
exceeded a minimum value. Our interest in the present, 
study is directed towards examination of a few experi 
mental results of optical, magnetic and radio studies 
(made at Saskatoon) im relation to plasma acoustic 
propagation im the ionosphere. 

We first review a few pertinent facts in this connexion. 
The waves are spontaneously produced im the in- 
stabilities of the auroral electrojet (details are given by 
Farley'). They cause ionization irregularities along the 
field direction; they are said to “bunch” the electrons 
along the field lines’. The propagation of the wavefront 
is at right angles to the field direction. Radio reflexion 
occurs from the field-aligned irregularities the build up 
of which should correspond in detail with the current 
density fluctuations of the electrojet. We would therefore 
expect to observe a detailed correspondence between 
radio backscatter and below the 


Saskatoon. Fig 

duration of ten hours. The so-called “threshold effect” 
was not noticeable. however. The radio forward scatter 
signal (or the bistatic type) of the Saskatoon~Churchill 
path did not show much of an association with magnetic 
activity of either the transmitting or receiving station"; 
the magnetic activity of the reflecting region (supposedly 
midpoint of the radio path) was not available for com- 
parison. 


ee 


propagating even above 120 km. Our calculation of 
signal attenuation by viscosity and heat conduction 
(details will not be given here) shows that frequencies im 


height. 
We now calculate the speed of propagation of the 
waves, which varies with height. It is given by 


A Mi ) 





y ki s yp ey 


Fig. 1. (Top) Magnetic n-s and (bottom) radio VHF backscatter at 40-5 MHz, obtained simultaneously for ten hours during auroral 
conditions, ” 


1192 


Relative power 





O1 Oz 0-3 


Fig. 2. Sample frequency spectra from pulsating aurora (a, b) and quict 
aurora (c), showing periods of a few seconds up to 20 seconds. 


where vis the speed, k the Boltzmann constant, T the abso- 
lute temperature and m; the ionic mass. In molecular 
nitrogen at a temperature of 272 K (this is the tempera- 
ture at 110-115 km height), a speed of 400 m/s would be 
obtained. In oxygen it would be 380 m/s. Thus one 
could obtain a mean speed of 390 m/s. This would be 
670 m/s in the height region 140-145 km, where T= 432 K. 
In this context, we recall a maximum westward com- 
ponent of echo motion at 100 m/s obtained earlier® at 
Saskatoon by radar methods. I have obtained a 
value of 115 m/s for the westward component at the 
latitude region 64°-65° through bistatic radio data for 
three paths near the auroral zone. Details of this study 
will not be given here. What is important is that these 
speeds do not represent plasma acoustic speeds. 

At this point, we consider another related effect. The 
irregularities of ionization (or electron “‘bunches’’*) are 
caused along the field lines, and the wavefront propagates 
at right angles to the field lines. We wonder whether 
this effect should not be observable in some manner in 
optical luminosity effects in aurora. The field lines are 
nearly vertical in the auroral ionosphere. We know 
that vertical forms such as auroral rays are aligned along 
the field lines, and have a structure of about a kilometre 
or so across®®”, Gartlein'* has suggested a fine structure 
in auroral rays from photographic methods, and field- 
aligned irregularities, now known, seem to have confirmed 
this idea. In any case, we now examine the time scales 
given by the ratio of seale size to speed (T =Ufv). 

These rayed structures below 120 km (where v= 400 
m/s) would give T=25 s, which would give 1-5 s in 
the height region 140-145 km (where v = 670 m/s). There 
will be some difficulty, however, when it comes to values 
of a few Hz up to the 20 Hz observed in auroral luminosity 
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measurements™ 1013, unless one is prepared to allow the 
existence of scale sizes of the order of 20 m across the field 
direction in the region 110-115 km, and up to 70 m across 
at 140-145 km height. Alternatively, if speeds of 
40-100 m/s are possible along the direction of the field, 
one could obtain time scales which correspond between a 
few and 20 Hz from irregularities of a few metres. For 
horizontal shapes of aurora such as ares and bands. 
sizes of a few kilometres may be considered for heights of 
less than 120 km. Time scales of 10-12 s would be 
obtained from an aurora extending over 4-5 km, and 
20-25 s from one extending over 8-10 km. It might well 
be that these time scales are reflected in some manner in 
the auroral luminosity effects. Fig. 2 shows power- 
spectral samples from our work on this. If this condition 
pertained, it would imply a new interpretation of the 
plasma acoustic effect, which does not, of course, preclude 
other mechanisms of luminosity fluctuations. 

In conclusion, speeds of 115 m/s or less obtained by 
radio methods do not represent plasma acoustic pro- 
pagation. Correlated radio backscatter and magnetic 
activity below the reflecting region, however, support this 
existence of effect (from observations at Saskatoon), and 
so do the time scales of a few up to 20 seconds found in 
auroral luminosity measurements. This effect, however, 
seems restricted to the height region below 200 km. 

Some of the observations were made while I was at 
Saskatoon and I thank the Upper Atrnosphere Section 
of the University of Saskatoon for facilities. 

R. S. IYENGAR 
Mount Allison University. 
Sackville, New Brunswick, 
Canada. 
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Oscillatory Flow of a Jet into a 
Blind Cavity 


OBSERVATION of the flow pattern of a two-dimensional 
liquid jet directed into a blind cavity formed by solid 
surfaces indicates that the entire pattern may be treated 
as a fluidic oscillator circuit. The cavity was in a two- 
dimensional format, with an end wall transverse to the 
jet flow and side walls parallel to the jet extending back 
past the nozzle. The outflow from the cavity was opposite 
the end wall, remote from the jet nozzle. The two photo- 
graphic sequences (Figs. 1 and 2) illustrate the flow 
patterns produced in our two model cavities: the oscil- 
latory nature of the pattern is clear. A schematic diagram 
of the instantaneous pattern is shown in Fig. 3. 

The stagnation point (S,) moves in a fairly regular 
oscillation across the end wall and up and down the side- 
walls. At S, the initial jet begins its reversal of flow 
direction and its division into two streams of unequal but 
interchanging magnitude. The to-and-fro switching of 
the jet is an instability inherent in the system. Stable 
bifurcation of the original jet will only occur if the 
geometry is modified by the introduction to the flow field 
of stabilizing surfaces. An attachment surface for the 
original jet in the general direction of its flow will, for 
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example, eliminate the oscillation. The region that this 
naturally switching jet flow occupies is a function of the 
geometry of the cavity (side wall separation, nozzle to 
end wall distance) and of the momentum of the jet. 
Determining critical values for these parameters forms the 
subject of a current investigation. 

The jet flow we have outlined can be described as a 
closed circuit fluidic oscillator consisting essentially of a 
binary flip-flop with full internal feedback. The fluidic 
circuit for a two-dimensional bistable attaching jet in a 
solid geometry is shown in Fig. 4a. The power jet 
attachment is controlled by flow from the control jet. 
When the control flows are provided by a feedback from 
the efflux of the power jet, a fluidic oscillator is set up 
with the power jet switching from side to side about the 
splitter at a frequency which is a function of the fluidic 
capacitance and resistance of the whole oscillator cireuit'. 
The oscillating cavity flow may be described in similar 
terms (Fig. 45) if the end and side walls are considered to 
act as a reflector or fold line about which the flow doubles 
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back on itself. This gives the nozzle two furthef functions; 
that is, one solid element—the nozzle body—acts in three 
capacities: (i) as a nozzle for the original power jet; 
(ii) as a flow splitter for the reverse flow of the power jet; 
(iii) as an attachment surface for the exit flow. The feed- 
back circuit is wholly internal within the flow field, and 
the part of the reversed flow that supplies the entrain- 
ment requirement for the original jet (zone 3 in Fig. 3) 
acts as the control jet. The movement of the stagnation 
points Sa corresponds Lo a displacement of the control 
jets relative to the original jet. The bistable oscillator in 
the cavity is thus of variable geometry as well as embody- 
ing a wholly internal fluid flow. 

As the whole pattern moves to its extreme position 
(Figs. 1 and 2) the effective control jet changes from the 
convex to the concave side of the mitial jet flow, because: 
(a) the inclination of the entrainment region changes 
relative to the initial jet flow; (6) the velocity of the 


entrainment region on the major entrainment side de- 
creases as a result 


of the increase in length of the flow 





Fig. 1. Horizontal flow table sequence (1 s exposures at 1-5 s intervals). Sequence reads top to bottom, 


left to right. 


Reynolds number of jet at the nozzle=170,000. Flow field: 4 x 3 feet corresponding 


approximately to the frame. Depth of flow: 0-5inch. Fluid: water. Tracer particles: vermiculite 
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path: (e) fhe velocity of the entrainment region on the 
minor entrainment side increases as the length of flow 
path decreases. 

On the convex side the control jet effeet of the entrain- 





Fig. 3. Schematie flow pattern of the cavity jet flow. 1, Original 

forward flow jet. 2, Circulatory flow between forward and reverse jet 

flows. 3. Entrainment region of the original jet. 4. Efflux of the reversed 
jet. 5, Slow eddy in exit region. S,. Sa, Stagnation points. 
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Fig. 4. Comparative geometry. a. Fluidie oscillator circuit with binary 

flip-flop; b, cavity jet flow. 1, Power jet, 2, Control jet, 3, Vent. 

i. Attachment surface. 5, Nozzle. 6, Flow splitter. 7, Feedback circuit. 
S, Reflector cavity. 


ment flow thus diminishes, while on the coneave side the 
control correspondingly increases until a point of balance 
is reached in the main jet deflexion. Reversal follows. 
It should now be possible to discover the frequency of 
switching in this fluidie oscillator as a function of the 
fluidic capacitance and resistance determined by the 
jet-cavity—fluid coupling. The identification of this flow 
pattern in fluidie terms should lead to a simpler descrip- 
tion of the flow pattern and provide a basis for continuing 
work. 

N. A. MOunoy 

P, L. TAYLOR 
Department of Metallurgy, 
University of Newcastle, 
New South Wales 2308, 
Australia. 





Fig. 2 Vertical slice model sequence (5 s exposures at | s intervals). 


Sequence reads top to bottom, left to right. Reynolds number of the jet Received May 7, 196%. 
at the nozzle =57,000. Flow feld: 4x1 feet corresponding approxi- ee azi s i a i 
mately to the frame. Thiekness of slice model: 0-5 inch. Fluid: water. ' Humphrey, E. F., and Tarumoto, D. H., Fluidics (Fluid Amplifier Asso- 


Tracet partii les: AIT bubbles. clates, Ann Arbor, Michigan, LOGS). 
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Turbulent Diffusion of Heat in Jets of 
Dilute Polymer Solutions 


POLYMER solutions which reduce drag friction have been 
shown! to have two different physico-mechanical struc- 
tures; these are characterized by the presence or absence 
of continuum viscoelastic properties. Both types of solu- 
tion, however, contain coarse viscoelastic particles—- 
associates of macromolecules which are responsible for 
hydrodynamic drag reduction near the smooth surface 
(‘Toms effect). The effect (positive or negative) of polymer 
additives on the development. of Karman vortices has 
been shown to depend on the structure of the solution?. 
This work investigates the turbulent diffusion of heat 


in jets of polymer solutions, and shows that the effect of 


polymer additives on jet turbulence depends on the 
structure of the solution. Aqueous solutions of poly- 
ethylene oxide (Polyox WSR-301) and Guar gum were 
used in the investigations. Polyethylene oxide evidently 
forms a continuous fluctuating lattice of polymeric chains 
in aqueous solution, which results in noticeable continuum 
viscoelasticity. Guar gum forms no such continuous 
lattice in water, but forms separate viscoelastic associates 
suspended in the practically Newtonian solvent. Elastic 
solutions of polyethylene oxide also acquire this structure 
after being subjected to shear stresses for some time. 


thermocouple mounted in a heat-insulated hypodermic 
needle 1-4 mm in diameter. The diameter of the nozzle 
orifice was 31 mm. This method is free from the un- 
desirable effects, such as screening, which are associated 
with the Pitot tube method for measuring velocity profiles. 
The rate of flow through the nozzle orifice was maintained 
at 5 m/s and the total error in the measurements did not 
exceed 1 per cent. 


ae, 
a 
va 
me 
ae 
IPRA rmaswvatint any =. brant erred ewig tind nanamn. 


oe 


rE 
Pay e “, 
Ne 
m 


ERA AIEE SE U 
e 
#0 
a 


A 
s 


~ 


i} MAL 30 4i Ay GU 


X 
Fig.l. ©, Water: A, elastic solution of polyethylene oxide, 100 PPR.: 


+, solution of polyethylene oxide, 100 p.p.m., broken into associates by a 
thermostatic pump; @, Guar gum solution, 500 p.p.m. 


The measured difference, AT, between the temperature 
of the liquid in the trough upstream of the nozzle exit and 
that in a given point of the jet was related to the fixed 
difference between the temperature of the liquids in the 
tank and in the trough, AT, which was L0°-20° in our 
experiment. Fig. 1 shows the distribution of the value 
Q= AT/AT, along the jet axis, depending on the dimen- 
sionless distance to the nozzle X =2/D (D is the diameter 
of the nozzle orifice). Because solutions of polyethylene 
oxide readily lose their capacity to reduce drag, non- 
elastic polyethylene oxide solutions were also tested by 
observing the reduction in drag experienced by a rotating 
disk. This reduction was almost the same as in the case 
of a fresh elastic solution. Fig. 2 shows temperature 


Wess) 


profiles measured along the jet cross-section at"a distance 
A =20 from the edge of the nozzle. The dimensionless 
radius R=r/D was plotted along the horizontal axis. 
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Fig. 2. Symbols same as Fig. 1, 


These measurements indicate that the behaviour of 
submerged jets of polymer solutions de pends on the 
physico-mechanical strueture of the solution. The jets 
of elastic polymer solutions seem to show more long range 
effects than those of a Newtonian fluid, which indicates a 
decrease in the turbulent diffusion of heat within the jet. 
Alternatively, the jets of non-elastic solutions of poly- 
ethylene oxide, and of solutions of Guar gum, show fewer 
long range properties and greater turbulent diffusion than 
jets of water. Reduction in turbulent diffusion is usually 
associated with continuum viscoelastic properties of the 
solution which damp turbulent pulsations; the higher the 
frequency of the pulsations, the greater the damping 
effect. An increase in turbulent diffusion in jets of non- 
elastic solutions is connected with the presence of particle- 
associates. Increase in frequency and intensity of the 
Karman vortices and the results given here are evidence of 
the disturbing effect of particle-associates on inertial 
turbulent vortices. This phenomenon is similar to the 
effect of suspended particles on turbulent drag in the 
flow core in a tube. Bobkowiez and Gauvin, who 
investigated reduction in frictional resistance caused 
by suspended particles moving in tubes, have shown? 
that non-concentrated suspensions of nylon fibres cause a 
considerable increase of turbulent mixing in the core of 
the flow. 

Submerged jets of polymer solutions have been studied 
by Gadd‘ and White’. White shows that there is an 
increase in turbulent mixing in the submerged jet of poly- 
ethylene oxide solution, whereas Gadd reports a reduction 
in the intensity of turbulent diffusion in jets of the same 
solution. The results given here may explain this dis- 
crepancy: Gadd and White could have used solutions 
which differed in structure. Moreover, White measured 
velocity profiles with a thin Pitot tube, in which sereening 
of the opening by associates would make the readings 
lower than the actual velocity pressure. 

We thank Professor G. I. Barenblatt for his help and 
V. V. Tikhomirov for assistance in building the apparatus, 
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Effect of Polymer Additive on Grid 
Turbulence 


ALTHOUGH many detailed investigations have been made 
of the drag reduction in pipe flow caused by polymer 
additives, very little quantitative information is available 
about the effect of polymers on grid turbulence. This is 
known to be small in the absence of the high shear stresses 


high frequencies'~*. Hot film probes have been used in 
the past to study polymer flow in pipes* but were not used 
in these investigations because their accuracy is known 
to be poor in non-Newtonian fluids. Instead, a laser 
velocimeter was constructed with a signal analysing 
system that gave a voltage output proportional to the 
instantaneous axial velocity, and could be used to deter- 
mine both root mean square (r.m.s.) turbulent intensities 
and power spectral densities. Full details of the optical 
arrangement and electrical circuits are given in ref. 5. 
Tests were made both with tap water and 80 p.p.m. 
by weight polyacrylamide solutions (Separan A P30’) in 
tap water. Fig. 1 shows a plan of the layout of the 
apparatus. The liquid is pumped from a storage reservoir 
through a 90 em long rectangular channel, 5 em wide and 
6 em deep, and measurements were taken in the centre of 
the channel at different distances downstream of a rect- 
angular grid of bars (spacing 5 mm and diameter 1-25 
mm). The velocity at the centre of the channel was kept 
constant at 22-7 em/s, giving a grid Reynolds numberof 10”. 
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Fig. 2. Axial r.m.s. turbulent intensity levels at different distances 
downstream of the grid. my 
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Fig. 3. 
turbulent velocity component. 


The optical arrangement differs only slightly from that 
proposed by Rudd’ and used for his measurements of 
polymer flow in pipes’. Light from a 1 mW laser is 
diverted by lens L, and lens L, acts as a collimator to 
provide a parallel beam which is split by two slits in the 
mask M. Lens L, is then adjusted so that the focus is at 
the centre of the channel and the light is colleeted by lens 
L, and focused onto a photodiode P, backed by a pre- 
amplifier. The frequency output, produced by scattering 
particles passing the fringe pattern formed at the focus, 
is then proportional to the axial velocity. The effective 
resolution of the optical system in the direction of flow 
is about 0-1 mm and, together with noise considerations, 
this limited the maximum wave numbers which could be 
measured with accuracy to about 0-5 mm-t. To ensure 
that there was always a sufficient number of scattering 
particles at the focus, small quantities of taleum powder 
were added to the liquid. 

The output from the photodiode pre-amplifier was 
amplified and clipped to give a frequency modulated 
square wave of constant amplitude, which eliminated 
errors due to any uneven distributions of particles. 
This was fed into a frequency voltage converter the output 
of which was recorded on magnetic tape which was then 
analysed using a digital computer to give power spectral 
density distributions. Alternatively, on-line readings 


+ 


of r.m's. turbulent intensities could be obtained by feeding 


the square wave directly into a spectrum analyser and 
recording the output on an X-Y plotter. 

The r.m.s. turbulent intensity levels u, as a ratio of the 
mean velocity U, are shown in Fig. 2. With water, the 


+ 


variation of U?/u? was initially approximately linear with 
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distance, as expected, but the curve levels out downstream 
as the wall effects begin to predominate over the grid 
turbulence. With the polymer additive, the curve has 
approximately the same shape but the absolute values are 
consistently lower. 

Normalized frequency spectra were computed at a 
number of positions behind the grid using a band width 
of 0-5 Hz and the points shown on the curves were obtained 
by averaging over intervals of one eighth of a decade. 
Spectra for water showed a gradual steepening, character- 
istic of decay, as the distance from the grid was increased, 
and in Fig, 3 results at two positions can be compared 
with those measured using polymer solution. At 7 em 
from the grid there is a marked steepening of the spectrum 
for polymer flow, indicating a deficiency of high wave 
number components, but further downstream there was 
little difference between the spectra for water and polymer. 

These results indicate that the effect of polymer additive 
is both to decrease the overall turbulent intensity and to 
steepen the fall-off of the frequency spectrum towards the 
higher wave numbers, but the effects are only marked at 
positions close to the grid. This supports the photographic 
evidence of Barnard! and Gadd?? but it would be inter- 
esting now to make more detailed measurements at high 
frequency. For this it would be necessary to increase the 
sensitivity of the instrumentation by altering the optical 
geometry to give a smaller scattering volume and 
filtering off the low frequency components before recording. 

This work was supported by a grant from the Science 
Research Council. 
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Application of the Lifshitz Theory to 
the Calculation of Van der Waals 
Forces across Thin Lipid Films 


THEORIES of colloids!, biological cell interaction? and 
thin film stability require an understanding of the role 
of Van der Waals dispersion forces. Calculating these 
attractive forces in condensed media has so far been a 
problem, but we now report a simple method which 
makes it possible to predict attractive energies and to 
investigate the forces in biological processes. 

Theoretical estimates of dispersion energies have been 
limited by several ad hoc assumptions: (a) pairwise 
additivity of individual atomic interactions; (b) contribu- 
tions from field fluctuations at only a single frequency; 
and (c) an arbitrary “‘dielectric factor” correction for an 
intermediate substance. The theory of E. M. Lifshitz? 
happily circumvents these assumptions, because it includes 
all the many-body forces, retains contributions from 
all interaction frequencies and deals correctly with the 
effect of intermediate substances. 

It was thought that the method could not be applied 
to the calculation of short range forces in the absence of 
complete spectral information. We now find that such 
complete data are unnecessary when the substances are 
of similar weight density, and that the Lifshitz method 
can solve a variety of problems. 

As an example we consider an elegant measurement‘ 
of the attraction between two water media separated by 
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dien. infrared ane vee av a pes of OOA 
substances, we calculate by the Lifshitz method a disper- 
sion energy in good agreement with the measured value. 
An abbreviated form of the calculation follows. 

The leading term in the energy of interaction between 
two semi-infinite regions of material “1” separated by a 
small planar gap / filled with a second medium “2” is? 


A 
o 8 IE PE (1) 
16r? J Le(@E)+e,(iE)J > E 


Here 2% is Planck’s constant and ¢,(72) and g,(15) are 
dielectric permeabilities of the media evaluated on the 
imaginary axis in the complex frequency (a) plane. 

The susceptibility e(w) is written in the convenient form 


: Ga 
elo) = 1 + im m e EREA (2) 
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The &; are characteristic circular Eene ; the e; 
constants are proportional to the oscillator strengths. 
On the imaginary w axis the damping terms yjw can be 


ignored, because bandwidths are generally less than 
absorption frequencies. Thus for w= 7 
Croat Č} a 
cei ft aea (3) 
i+ Eloro j 1+ Jo)? 


In the far ultraviolet to X-ray region both ¢, and sae 
have the limiting form 


Gebe (4) 


where N, e, m are electron density, charge and mass. 
Because the values of N are approximately equal for 
materials of light atoms and similar weight density, 
contributions to equation (1) from the far ultraviclet can be 
ignored. Our problem is then reduced simply to finding 
suitable œ; and c; for hydrocarbon and water. 

As a function of real frequency, the real part of the 
dielectric permeability of water, en’, exhibits the following 
behaviour. At 20° C, ¢,’(0)=80, the lowest dipolar 
relaxation occurs at vor = 1-68 x 10° Hz, and the value of 
ex (tw) goes down to 5-2 with simple Debye relaxation’. 
There are next three closely spaced vibration frequencies 
v, at 1-1268, 1-096 and 06-4785 x 10 Hz’, after which 
€w drops to values observed as the square of the index 
of refraction, nw? in the visible range. 

In the ultraviolet region, data are limited’. There is 
one characteristic band about frequency v= 1-82 107° Hz 
(A=1650 A, w=1-14x 10°, and a seemingly much 
stronger one about v=24 x 10% Hz (js 1250 A, a= 
1-507 x 1018). The relative strength of these and the 
presence of other bands in the further ultraviolet are not 


known. The ionization potential of water is 12-62 eV 
corresponding to v=3-083x 10" Hz (w= 1-006 x 10)°) 


(ref. 8). 

Using these characteristic frequencies uz, we wrihe o= 
27v; Taking a mean value 0-9 10 Hz for the vibration 
frequency, we obtain a suitable representation of celti) 
at frequencies below the far ultraviolet: 


cwl”) — l= ee ee 
(5) 1+ 2/1-06 x 10" + (E/5-86 x 104}? (5) 
ew? T 1 RP i 


For Ous we will use values corresponding to either of the 
near ultraviolet peaks or to the ionization potential (a 
common approximation?) 

Hydrocarbon liquids seem® to exhibit negligible dielec- 
tric relaxation between zero frequency and the visible 
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range where sre= npe. Ultraviolet absorption in hydro- 
carbon (ethane) begins near 1600 A (v= 1-88 x 10% Hz), 


increases abruptly at 1350 A (v= 2-22 x 10% Hz) and stays 


constant until a sharp peak at 850 A (v= 3-53 x 10% Hz). 


ethane is Il 65 eV or 


The ionization potential of v= 
2-8 x 104 Hz (m= 1-76 « 10'S rad/s). Thus we take 

aren Rae l AA 

Epel?) ae ł Ee meere ereo me neenemen vee e { (3) 


1+ ( zijo h er 


whe T wre = Ture For vre we use either 
v=28 x 10% derived from the ionization potential. 

Insertion of equations (5) and (6) into equation (1) and 
a simple numerical integration give the energy of Haydon’s 
film. This is stated in terms of the “Hamaker Constant’, 
A, such that E= —A/il2nl*. Experimentally (ignoring 
the negligible retardation effects) A=4-66x« 10°74 
Calculated values using two values? for nre? range from 
4-5 to 54x 10- erg (Table 1) in excellent agreement with 
experiment. 

Water solutes which increase ne seem to decrease the 
estimated value of A (Table 1). Errors introduced by 
ignoring the water vibration spectrum or the ultraviolet 
spectra are significant. There is also some sensitivity to 
the assumed ultraviolet absorption frequency, but either 
the ionization potential or the strongest near-ultraviolet 
peak gives quite satisfactory estimates. 


er Z. 


Table 1. CALCULATED VALUES FOR THE HAMAKER CONSTANT, A (SEE TEXT) 


Hep? rhe? Ax TOD erg Comment 
1-78 2-143 45 
2175 4-9 
pore ultraviolet contribution 
TR TR 3. : j 
T ae a [© pe = 1906 x 10 = ot! 
1-78 2143 33) 7 
2175 Do. Remove vibration term 
2209 463 


In conclusion: (1) There is a large contribution to 
Van der Waals forces through the ‘infrared vibration 
spectrum of water. The calculations are, however, 
insensitive to the precise values of vibrational relaxation 
times. (2) Inasmuch as the index of refraction of water 
ehanges with the addition of solute, so can the dispersion 
forces change. This effect seems to have been totally 
ignored in colloid chemistry and in questions of membrane 
stabilization. (3) The approach of Lifshitz will obviously 
be more suecessful than the method of pairwise summation 
in predicting variation of dispersion forces with the 
addition of materials to mixtures m condensed phases. 
Such predictions may be applicable to problems of cell 
membrane stabilization and cell-cell interaction, as well 
as to the theory of colloid flocculation. 

We thank Dr Eliot Charney for advice on spectroscopy. 
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Oscillating Structure of Thermal 
Annealing of Radiation Damage 
revealed by Neutron Diffraction 


I HAVE reported the fine strueture of the isothermal 
annealing curves of neutron irradiated solid compounds 
in a series of ear a eae +, The structure was confirmed 
An oscillating structure was always 
iad A a herms, irrespeetiv eofthechemicalconstitu- 
tion of the lattice and the nuclear events which produced 
the recoil radionuclides. The phenomenon thus seems 
to be based on some general property of a radiation 
damaged lattice. I now deseribe similar annealing 
behaviour for radiation damage detected phy sically, 
using the neutron diffraction method with irradiated 
single erystals of compounds similar to those studied 
already hy radiochemical means. T'ris-ethylenediamine, 
cobalt nitrate and chloride in the form of single crystals 
were reactor irradiated for I h ina position where the 
neutron thermal nee fast flux were 4-18 x 10)? and 2-6 x 
10"! neutrons em? s-t respectively. The absorbed gamma 
dose was about 30 Mrads. After irradiation the single 
crystal was oriented to give an intense diffracted neutron 
beam at the MAN neutron spectrometer of the 1 MW 
nuclear reactor. The diffraction spectrum for a particular 
lattice plane was taken before and after reactor irradia- 
tion. The maximum was shifted about 0-15 of a degree 
and the new peak was used to examine the variation in 
the intensity; the shape of the peak did not change during 
annealing. 
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Fig. 1. Isothermal annealing at 100° C of a single crystal of 


(Co(H,NCHCHN H,),)C1,.3H.O irradiated for one hour at the reactor, 

The ordinate shows the neutron counting rate I of the diffracted beam, 

subtracted from a standard, This reverses the shape of the curve and 
shows positive changes in recovery of the lattice. 


During isothermal annealing the sample was heated 
by two infrared lamps, one on either side. One minute 
counting was used with 2 min intervals, the neutron 
counter was stationary and received a portion of the 
diffracted beam. Results for a [(Co(H,NCHCHNH aa JCI a 
3H,O single crystal for an isothermal of about 100° C 
are shown in Fig. 1. For this material, however, some 
dehydration occurs after about 20 min heating. To obtain 
Fig. 2 a single crystal of the nitrate of the complex cation, 
which is anhydrous, was heated at about 100° ©. The 
oscillating form of the curve, reproducible for a given 
crystal, is similar in respect of the time period to that 
found or the annealing of the recoil #Co studied radio- 
chemically in the same compound’. Fig. 3 gives the 
results of heating the crystal of Fig. 2 at the higher 
temperature of 130° C. The oscillation of the curve is 
again clear and, as expected at the higher temperature 
according to results taken from the radiochemical anneal- 
ing curves, it is faster. The periodicity of the oscillations 
seems to be the same in both the radiochemical and the 
neutron diffraction annealing isotherms. The radio- 
chemical measurements, however, record recombination 
events affecting only a very small number of lattice units, 


$ 


NATURE VOL. 224 DECEMBER 20 1969 


9 
£ ET 
n > 
e si 
T 

7 

a ae ER 
0 l 2 3 
Time of heating (h) 
Fig. 2, Isothermal annealing at 100° C of a single crystal of 


(CooH,NCHCHNH,),)(NQO,), irradiated for one hour at the reactor. 


while the neutron diffraction data must relate to macro- 
scopie effects in the crystal. The neutron diffraction 
measurements presumably reflect the gradual re-establish- 
ment of the regular lattice spacing of the erystal during 
annealing. The correlation of the effect with the radio- 
chemical data confirms that the latter are also determined 
by repair of the gross radiation damage to the lattice, 
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Fig. 3. Isothermal annealing at 130° C of the crystal used to vive Fig, 2. 


after it had been annealed at 100° C. 


Dr F. Baumgartner has also obtained data by X-ray 
diffraction leading to a similar conelusion?®. 

I thank Dr A. G. Maddock for diseussions and Mr J. 
Elpiziotis and Mr D. Haikalis for help with the experi- 
ments. 
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Submicron Structure of ‘‘Amorphous”’ 
Opal 

THE precious variety of opal. a hydrous colloidal form of 
silica, ts iridescent. Explanations have been offered of the 
origin of the observed play of colours':*, some including 
the most recent optical diffraction evidence®, Electron 
microscope studies were thought to indicate that the colours 
may originate from spherical silica particles arranged 
hexagonally in layers of predominantly random stacking. 
The studies also contributed measurements of particle 
diameter and approximate shape“. Replication diffi- 
culties of sample preparation, however, inhibited these 
investigations, particularly affecting the search for three 
dimensional information, 





Fig. 1. Secondary electron image of a fresh fracture surface of precious 
opal, The stacking period is a seven-layer sequence, forming a step fact 
16 um in height 





Secondary electron image of a precious opal surface showing n 


Fig. 2. 
hollow helical dislocation core after etching and removal of much of the 


silicon, with evidence of growth by a screw dislocation mechanism. 
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I have psed scanning electron microscopy to identify 
face-centred cubic arrays of submicron spherical particles 
as comprising the amorphous (to X-rays) precious variety 
of opal and as causing iridescence in accordance with 
diffraction theory. Photomicrographs of the ultrastructure 
of opal reveal a colloidal origin by agglomeration of small 
silica spheres, less than 800 A diameter, from a sol. This 
process forms large spheres of uniform size (within a 
critical size range of 1500 to 3500 A diameter required for 
iridescence effects) which sediment and organize into high 
efficiency packing arrays. There is evidence for explaining 
the occurrence of the ordered opal structures by the 
presence of a serew dislocation and spiral growth mechan- 
ism. Photomicrographs of unetched and etched surfaces 
ean be compared in Fig. 1 (unetched) and Fig. 2 (etched 
with 48 per cent hydrofluoric acid for a few seconds). The 
features displayed are representative of precious opal; 
the specimen is a blue-green opal from Baracoo River, 
Queensland, Australia. 

T thank Mr John DeVaney for his help with the photo- 
micrographs. I carried out this work asa National Research 
Council resident research associate assigned to the" Jet 
Propulsion Laboratory. 


RAYMOND T. GREER 
Jet Propulsion Laboratory, 
Pasadena, 
California 91103. 


Received August 25; revised November 3, 1969. 


? Deer, A. A., Howie, R. A., and Zusaman, J., Rock Forming Minerals, 4, 210 
(Wiley, New York, 1962). 

3 Baier, E., Experimenta, 22, 129 (1966). 

$ Sanders, J. V., Acta Cryst., A 24, 427 (1968). 

t Sanders, J. V., Nature, 204, 1151 (1964). 

ë Darragh, P. J., Gaskin, A. J., Terrell, B. C.. and Sanders, J. V., Mature, 209, 
13 (1966), 

t Monroe, E. A., Sass, D. B., and Cole, S. H., Acta Cryst.. A 25, 578 (1969). 


Conformation of Xylocholine 


Tue biological activity of quaternary aryloxyethy!- 
ammonium salts is critically dependent on the nature and 
position of the substituents in the aromatic ringt. Thus 
choline phenyl ether bromide is a potent nicotine-like 
ganglion stimulant?4, whereas its 2,6-dimethyl analogue 
(xylocholine) is devoid of ganglion stimulant activity® 
but was the first compound to exhibit adrenergic neurone 
blocking activity®*. Xylocholine also has musearine-hke 
properties*. 

Attempts have been made to correlate the ganglion 
stimulant potency of substituted choline aryl ethers with, 
on the one hand, the possible conformation of these 
flexible molecules? and, on the other hand, the distribution 
of charge in the moleculei. Ganglion stimulant activity 
is only observed when the aromatic ring, the oxygen atom 
and the adjacent carbon atom can adopt a planar con- 
formation®?. Muscarinic activity is known to be associated 
with those molecules in which the O~C-C-—N?* system can 
adept a gauche conformation'!-"4. Although there has 
been much discussion®:5-!§, no satisfactory proposals to 
eorrelate the adrenergic neurone blocking activity with 
the structure of a substituted choline phenyl ether have 
yet been made. 

Knowledge of the preferred conformation of biologically 
active molecules in the solid state may be useful in 
interpreting their actions™-!4; we have thus carried out 
an X-ray analysis of xylocholine bromide. The crystals 
are monoclinic, space group P2,,- with cell dimensions 
a=: 10-93, b= 8-95, c= 15-98 A, B=105-3°, Z=4. Visually 
estimated intensity data were obtained from equi- 
inclination, multiple-film Weissenberg photographs taken 
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with Cu-Ka radiation. The strueture was solved by the 
heavy-atom method. Positional and anisotropic thermal 
parameters of the non-hydrogen atoms were adjusted by 
full-matrix least-squares. Hydrogen atoms located in a 
difference Fourier synthesis were included in the structure- 
factor calculations but were not refined. The final value 
of R over 2236 reflexions is 8-6 per cent. 


Wee SO bo e 


Fig. | 


The molecular conformation adopted in the crystal is 


atoms. 

The N+... O distance is 3-089 + 0-007 Å. Coulombic 
attraction between the nitrogen and oxygen atoms may 
suffice to stabilize the gauche conformation over the trans 
form. The shortest intramolecular O...C and O...H 
separations involving an N-methyl group are 2-949 + 0-009 
and 2254+010 A, respectively, and the C-~H-—-O angle is 
123°+8°. The O... H distance is less than the sum of the 
van der Waals radii, 2:6 A178, and is in the range expected 
fora C—H ...O hydrogen bond, but it cannot clearly be 
resolved on the basis of distance alone that it represents 
a hydrogen-bonded interaction (O... H separation of 
2-35 A is found in 2-nitrobenzaldehyde!*), The C-H 
bonds of the methyl group involved in the close contact 
are staggered with respect to the N*—-C bonds, thus 
producing a pseudo six-membered O-C-C-N-C-H chair 
conformation (Í). 


73 
i — CH, 
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O | 
H 


a 


d) 


This demonstration that the plane of the aromatic 


action to be observed. 

This proposal means that the trimethylammonium 
group and the guanidinium group might fulfil the same 
role!5.!®, for the interesting suggestion has been made*® 
that for effective adrenergic neurone blockade in aryloxy- 
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ethyl-guanidines and -aminoguanidines, there is an 
optimum distance, stabilized by a eyclic hydrogen- 
bonded conformation, between the aromatic ring and the 
cationic head. The implications of this suggestion for 
other guanidines, including the clinically important 
guanethidine, have recently been discussed?®. 
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BIOLOGICAL SCIENCES 


Chemical Evidence concerning the 
Function of Molybdenum in Nitrogenase 


NITROGENASE is a metalloenzyme containing molybdenum 
and iron, and both metals are considered to be directly 
involved in nitrogen fixation. The iron probably picks 
up the nitrogen molecule (dinitrogen) to form a dinitrogen 
complex, but the role of molybdenum is uncertain!. 
We now present a model which indicates the probable 
function of the molybdenum. 

In our model, [ReCl(N,)(PMe,Ph),] (4) plays the part 
of the iron function with dinitrogen on the active site in 
nitrogenase. We found that A reacts with halide com- 
plexes of the early transition metals (for example, with 
MoCl,.2Et,Q) to give strongly coloured crystalline pro- 
ducts (Table 1). The very strong interaction of the metal 
ions with the dinitrogen is indicated by the enormous 
reduction in the N-N stretching frequency, v(N,), from 
2,331 cm in the gas to 1,922 cm~ in A and further to 
1,680 ecm-! in the blue M oCl,.2Et,0 product. This corre- 
sponds to an overall reduction in N-N bond strength of 
the order of 100 kealories/mole. The coloured products 
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were prepared by the reaction of [ReCI(N,)(PMe,Ph),) 
in dichloromethane with the ether or tetrahydrofuran 
solvates B (Table 1). The assignments of WANs yim the 
infrared spectra of the products obtained from titanium 
and molybdenum chlorides were confirmed by preparing 
their N, analogues (Table 1). The car bony! analogue 
of A [Rec] CO)(PMe,Ph),4], (C), [viCO) = 1,780 em~] does 
not form similar products. Thus the point of attachment 
of the molybdenum({IV) and other ions of B is probably 
the terminal nitrogen atom of A, for in all other respects 
C closely resembles 4. That the coloured products are 
essentially adducts is shown by the fact that the titanium. 
(ITT) product i is destroyed in methanol with almost quanti- 
tative recovery of A. The very low wN,) is certainiy 
evidence of strong interference of the reagents B with 
the dinitrogen ligand. Thus we tentatively porn 
our products as [CHPMe, PhhRen NaN o -MCI ASh (SS 

tetrahydrofuran or diethylether; M =T, Cr or Mo}. i 
the titanium(II}) compound r= 8 and y is probably zero; 
in the green molybdenum compound, melting point 


140°-142° in vacuo, c= 4, y= 1, and the magnetic moment 
(uerr)= L5 Bohr magnetons. The structures are not 


conclusively proven, but the presence of the grouping 
Re-N-N-M is almost certain. 


COLOURS AND #(N,) OF THE PRODUCTS OF THE REACTION GF 


Table 1. 
[ReCKN 1 PMe,Ph),] WITH SUHSTANCES H 


B Colour of product Na} Na” 
TiC), 3THE Intense purple 1805 1759 
CrCLL3STHE Violet-purple IROD es 
MoCl, 8THF Green-brown 1850 ae 
MoCl, ZEt.0 Emerald green 1795 1745 
MoChL 2Et.ot Bright blue 1680 1625 


* ¥(5N,) of product from [ ReCKHON MPMe.Phi,), 
f In large excess. 


That attack by two met tal atoms may prov ead & iee pan 
been discussed. by henkis since P ei a 19503 { for 
example, ref. 2), but only one complex containing a bridg- 
ing dinitrogen ligand has been characterized fully", that 
is [(NH,),Ru-N=N-Ru(NH,),/'*. In its BF, salt, 
v(N,) at 2,100 cm-! is only 31 em! lower than in the non- 
bridged analogue, [Ru(NH,),(N,)|[ BF 4]. (ref. 4). Molyb- 
denum is so far unique in producing an enormous lowering 
of v(N,) ane ee also of N- a bond strength. 

2 Because 
dbo 18 A competi ive anha itor Ra a ogen fixation 
in the natural system, nitrogenase probably takes up the 
dinitrogen at an iron site in much the same way gs does 
cobalt m [CoH,(PPh,),] (ref. 5), to produce a complex of 
very low v(N,). The molybdenum then attaches itself 
to the free end of the dinitrogen ligand, so lowering the 
N-N bond strength sufficiently to allow reduction by 
biologically strong but chemically somewhat moderate 
reducing agents, such as reduced ferredoxin. 

The great lowering of v(N,) by molybdenum can be 
explained by an electron ‘ ‘push ~ pull” mechanism, The 
low spin closed shell rhenium(I) (or, in the enzyme, 
iron(IT)) pushes electrons from its f,-orbitals into the 
anti-bonding x-orbitals of the dinitrogen ligand, and the 
open shell molybdenum(IV) withdraws bonding r-elec- 
trons from the dinitrogen ligand into its f,,.-orbitals. Both 
actions would weaken the N-N bend. 

Incidentally, the green molybdenum complex is the 
first dinitrogen complex of molybdenum to be character- 
ized (compare ref. 6). We have also made analogues of 
this complex, for example, from the reaction of [MoCl,- 
(PEtPh,),] with [ReCl(N,)(PMe,.Ph),] we obtain a green 
complex which we formulate 


[(PMe,Ph),Cl Rex: NaN MoCl,(PEtPh,}] 
with v(N,)= 1,810 em-}, and melting point 153°-156° in 


vacuo. Only dinitrogen complexes with v(N,) below about 
1,970 cm-t seem to form the coloured produets with 
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reagents B, and most of the known dinitrogen complexes 
do not form them. 
J. CHATT 
J. R. DILWORTH 
R. L. RICHARDS 
J. R. SANDERS 
ARC Unit of Nitrogen Fixation, 
University of Sussex. 
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Hypothalamic Oestradiol-binding 
Macromolecules 


Evipence has been presented for specific retention of 


oestrogens in the hypothalamus after systemic administra- 
tion of radioactive oestradiol’-*. It was postulated that 
this was attributable to macromolecules in the hypo- 
thalamus with a large affinity for oestradiol. T now offer 
evidence consistent with this hypothesis. 

Chronically ovanectomized Sprague-Dawley rats were 
anaesthetized with ether, the right atrium was incised and 
20 rl. of isotonic saline perfused through the left ventricle. 
The hypothalamus, cerebrum, cerebellum, heart, plasma. 
pituitary and uterus were homogenized in six volumes of 
OOI M tres-HC] (pH 7-4) with 00015 M EDTA. The 
hypothalamic section had the following boundaries: 3 
mm anterior to the optic chiasm (to include the preoptic 
nucleus), the hypothalamic fissures laterally, posterior 
to the mammillary body and at a depth of 3 mm from the 
basal surface. This hypothalamic section included the 
pars tuberalis and a portion of the pituitary stalk. The 
particulate fractions were removed by centrifugation at 
5,000g for 10 mm followed by 100,000g for 1 h. Portions 
(0-2 ml.) of the supernatant fraction were mixed with an 
aqueous solution of ?H-oestradiol (48 Ci/mmole, New 
England Nuclear Corp.) in a final concentration of 2 x 10- 
M. After 1 h, non-bound racioaetive material was 
separated from that bound to macromolecules by gel 
filtration through a polyacrylamide Biogel P-10 column 
(15x10 em). Two fractions of 2 ml. were collected 
starting with the appearance of a macromolecular dye 
marker (blue dextran 2000) in the eluate. Radioactivity 
was extracted into 10 ml. of toluene; isoamyl alcohol 
(19:1) and 5 mi. of the organic phase transferred to a 
phosphor- -containing solution’, Radioactivity was determ- 
med m a liquid semtillation counter with 45 per cent 
efficiency. 

Radioactivity bound to macromolecules from the 
hypothalamus had an average value of 1,060= 90 
dpm. m 0-2 ml. of supernatant (5 x 10-4 M, 1,520 d. pan./ 
mg of protein). Binding of oestradiol was eight times 
greater in the hypothalamus than in plasma and five 
times greater than in cerebrum, cerebellum or heart. 
A greater degree of binding im the hypothalamus than in 
these other tissues was also found using different buffers 
for homogenization, and different concentrations of 
radioactive oestradiol and times of incubation. The 
anterior pituitary and uterus, which accumulate high 
concentrations of oestrogens im vivor®’, also manifested 
considerable binding of macromolecules in the supernatant 
in vitro (about ten-fold more than that found in the 
hypothalamus), The macromolecular bound radioactive 
material in the hypothalamus migrated with the same 
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mobility as authentic» oestradiol in two paper chromato- 
graphie systems. 

The addition of non-radioactive oestradiol (10-7 M) 
decreased the binding of ®H-oestradiol, but 10-5 M 
progesterone or testosterone did not (Fig. 1). Animals in 
one group were injected with non-radioactive oestradiol 
intravenously 75 min before removal of the hypothalamus. 
Less binding was found in the hypothalamic supernatant 
from these animals. Additional studies mdicated that this 
decrease was not the result of free oestradiol carried over 
from in vivo administration. Macromolecular interaction 
was decreased by chymotrypsin but not by deoxyribo- 
nuclease or ribonuclease. A reagent that reacts with 
sulphydryl groups, sodium  p-chloromercuriphenylsul- 
phonate, also decreased hypothalamic binding. 


Y 


Percentage of control 





ite 


PROG ‘TEST EST EST DNase: RNa ( CHY MO PCMPS 
1° M 10° M 107 M in vivo 10°? M 
Fig. 1. *H-Oestradiol (2x 104 M) was mixed with non-radioactive 


progesterone (PROG), testosterone (TEST), oestradiol CEST) or the 
vehicle, 5 al. ethanol, as control, After the addition of ©2 ml. of the 
hypothalamic supernatant and shaking, the mixture was kept in ice for 
1h before gel filtration. Animais in one group received 10 ug of non- 
radioactive oestradiol per 100 g of body weight intravenously 75 min 
before removing the hypothalamus (HST i meo) Enzyme studies were 
performed by incubation at 24° C for to h with *H-oestradiol and 250 
gimi. of deoxyribonuclease, ribonuclease or chymotrypsin (CH Y SLO). 
A stiphydryi reacting reagent, sodium p-chloromeret iiphenylsulphonate 
(PCMPS), was mixed with the hypothalamic supernatant for 30 min 
in ice before the addition of *H-oestradiol for 1h. Each group consisted 
of three or more determinations. The bars and brackets represent the 
percentage of control macromolecular binding +S,F. * Pah ool 
compared with respective controls. 


The results demonstrate macromolecular interaction 
in vitro with the supernatant fraction from the hypothala- 
mus. They do not determine whether the binding 
molecules are particularly concentrated in one type of 
cell or region of the hypothalamic section. The concen- 
tration of radioactive oestrogens in hypothalamic neurones 
has been detected with autoradiographic techniques’. 
A selectivity for oestradiol relative to progesterone or 
testosterone correlates with the speerficity for competition 
in the accumulation of oestrogens by reproductive organs 
in vivo?®, The observation of diminished binding in 
hypothalamic supernatant after a vivo administration 
of oestradiol probably indicates that this macromolecular 
interaction also occurs in vivo. The macromolecules are 
at least in part protein and contain sulphydryl groups 
either at the oestrogen binding sites or at a locus influen- 
eing their conformation. The decrease in supernatant 
binding brought about by proteolytic enzymes or sul- 
phydryl reacting reagents has previously been deseribed 
for uterine oestrogen binding molecules®™ t0, 

Oral contraceptives containing oestrogens prevent 
pregnancy chiefly through the inhibition of ovulation Dy 
decreasing the secretion of gonadotrophins™. secretion 
of pituitary gonadotrophins is controlled primarily by 
hypothalamic releasing factors. It is possible that 
oestrogens decrease the synthesis or discharge of releasing 
factors as a result of the interaction of the oestrogens 
with the hypothalamic binding macromolecules. 
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Effects of Lysine or Valine 
Starvation on Ribosome Subunit 
Balance in HeLa Cells 


RiposoMes consist of two dissimilar subunits* which 
associate reversibly during protein synthesis. It is a 
familiar observation that the two types of subunit occur 
in equal numbers within cells. We show here that when 
S, HeLa cells are starved of lysine or valine this character- 
istic equimolar subunit ratio becomes disturbed, 
When HeLa cells are starved of an essential amino-acid, 
net growth ceases, but protein synthesis continues at an 
appreciable rate for at least 24 h, through turnover’. 
During valine starvation ribosome formation continues 
slowly throughout this period, but preliminary findings 
indicated that fewer 508S than 308 subunits were formed?. 


* The term “subunit”, unless otherwise qualified, refers to the total subunit 
population, including free, monosome associated and polysome associated 
subunits. When such structures are dissociated with EDTA (ref. 1) the 
resulting “derived” subunits sediment at 50S and 30S. “Native” subunits, 
which are found free in the cell cytoplasm and constitate a minority of the 
total subunit population, sediment in low ionic Strength buffer at 60S and 
458. These will be referred to as free subunits. 


2,000 
À. 


Control 





1,000 


Cpm. 





IRS 189 2RS 
Fig. 1. 
for 18 h, and equa 






Labelling pe of cytoplasmic RNA in growing, lysine deficient and valine deficient cells. 
aliquots of cytoplasmic extracts analysed, as described in Table I. 
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Table 1, RADIO TIVETY 


AND ISS 7RNA 


DISTRIBUTION OF HETWEEN OL POPLAS MiG 2S 

Molar ratio; 

Labelled 285 RNA. 
Labelled 188 RN 






Gmissions from mecium ¢.p.m. 288 RNA 


cpm IS BNA 





None 2 Fp BF O-1-0 
Valine bey ied 
observed range) (hfe 1 6) APB TA 
X ya ETAJ s] f F 5 F h ~ s j} 
A i : 2 @xpts. POL 17 eG 
Histidine 2-9 fps 
Phenylalanine pia it LR 
Lysine 4-4 PR 
(observed range) {ți CP p24) 


Valine, reversed 
Lysine, reversed 2-8) 


S, Hela cells were resuspended (40-60 » Oml} in Eagles mediuni? 
supplemented with 5 per cent dialysed horse serum but lacking the armnbne- 
acids indicated, After 6 b, 2 wCi #C-uridine was added, together with 
2x 10° M unlabelled uridine (this concentration supports a uniform rate of 
labelling, after pool equilibration. for at least a generation in growing cells, 
and was also used for the experiments in Figs, 7, 2. 3 and Table 2 
although the amount of isotope added was varied in thoss experiments}. 
After 18 h of labelling, the cells were harvested, cytoplasmic extracts pre- 
pared, and the RNA was released with L per cent sodium dodecyy! aniphate 
(SDS). Aliquots were analysed on SDS-containi ng sucrose gradients as 
described elsewhere’, Radioactivity was assigned to 28S or INA rRNA 
as indicated in Fig. 1. į 
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Molar ratios were calculated assuming miglecular 
weights of 1-9 and 0-71 x 10° for HeLa cell 288 and 185 rRNA respectively’ 
and pyrimidine (0 +C} contents of 48 per cent fur each RNA apecies®, AT 
values are from the same experiment, except that for celia growing in tom- 
plete medium the usual range (based on several experiments) is given, wat 
observed ranges from several experiments are also given in parentheses for 
valine deficient and lysine deficient cultures, The “reversed” cultures were 
starved for 24 h and the missing amino-acid was then restored 3 h befire 
laheHing for a further 18h, 











Corresponding disturbances in ribosome formation on 
starvation for other amino-acids were therefore sought. 

RNA labelling experiments (Fig. 1, Table 1) showed that 
(1) starvation for different amino-acids results in newly 
formed 28S and 18S rRNA accumulating in the cytoplasm 
in different ratios; (2) lysine starvation and valine 
starvation produce opposite effects; (3) these lysine and 
valine starvation effeets are substantially reversible on 
restoration of the missing amino-acid. Other amino-acids, 
combinations of amino-acids, and cell lines remain to be 
tested. (Methionine starvation blocks ribosome matura- 
tion through deficient methylation of ribosomal precursor 
RNA (ref. 7).) 

The known mechanism of ribosome assembly in HeLa 
cells (see refs. 8, 9 for reviews} strongly suggested that in 
these experiments labelled cytoplasmic rRNA would be 
in new ribosomes. Fig. 24 shows that most of the RNA 
formed during lysine starvation cosediments with poly- 
somes or smaller ribosomal particles. Fig. 2B shows that 
when ribosomes are dissociated with EDTA (ref. 1) the 





minus Lysine minus Valine 


SETTAT TATAD ATEA NAA ON cremate HO ASARLAR AA ttf freer nA AA 


1S 


288 TaN 


Hekla cells were ia belje 
The contro culture contained 40x 10t 


cells/ml. at the start of the experiment, and the amino-acid deficient cultures 60 x 10t cells/ml. (It was found that on amino-acid 
starvation less cell death oceurred at higher cell densities.) At the end of the labelling period, all three cultures vielded the same 


amount of cytoplasm. 


Shaded areas indicate estimated incorporation into 285 and 18S RNA. Positions of the 288 and 189 


absorbance peaks are indicated, and absorbance recordings of gradients (B) and (C9 are shown in Fig. 4 (4), 
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labelling pattern of the derived subunits resembles that 
of total cytoplasmic RNA. Corresponding results for 
valine starvation have been published’. Fig. 3 shows that 
the labelling pattern of RNA from the polysome region 
of cytoplasmic extracts closely resembles that of un- 
fractionated cytoplasmic RNA. Together these results 
indicate that: (1) unequal numbers of new ribosomal 
subunits do in fact accumulate in the eytoplasm of cells 
deficient in lysine or valine; (2) new subunits associate 
with polysomes in the proportions in which they are 
present in the cytoplasm, implying normal function of 
both types of new subunit. 

What is the effect of unequal accumulation of new sub- 
units on the total subunit population? Absorbance 
recordings (Fig. 44) of cytoplasmic RNA from cells 
deficient in lysine and valine do not superimpose exactly. 
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The small difference, which was consistently seen, 1s of 
the order expected if only the new 28S and 18S rRNA, 
a small part of the total, is present in unequal amounts. 
Absorbance recordings of free subunits (Figs. 4B, C, D) 
and of RNA from polysomes (not shown) indicate that 
most supernumerary subunits at any time reside in the 
relatively small free subunit pool and not on polysomes. 
This is to be expected from a consideration of the mechan- 
ism of protein synthesis. 

Animal cells generate rRNA through cleavage of nucleo- 
lar ribosomal precursor RNA molecules which contain 
both 28S and 18S rRNA sequenees. What is the fate of 
the missing rRNA here? Table 2 shows that there is no 
corresponding accumulation of precursors in the nucleo- 
plasm or nucleoli (see also ref. 3). The missing rRNA 
must presumably be degraded. 


1,000 


C p-m 


50S 308 


Fig. 2. Association of radioactive RNA with polysomes and ribosomal subunits in lysine starved cella, 


A, Lysine starved HeLa celis were labelled for 18 h as in Fig. 1. 


The cytoplasmic extract was analysed 


by sucrose gradient centrifugation to reveal polysomes. The fractions indicated by the bracke? were 


pooled for the experiment described in Fig. 3. 
starved cells were labelled as in Fig. 1. 





B, Lysine 


A zea nm > OEE ©, 


: Cm). 
Ribosomes were precipitated with Mg**, ieaocinted into 508 


and 30S subunits by exposure to EDTA, a na analysis by sucrose gradient centrifugation as described 
oy Warner’, 
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288 


Fig. 3. 


were labelled as in Fig. 1 and cytoplasmic extracts prepared. 





RNA from polysomes in lysine deficient (left) and valine deficient ( right) cells. 


1,000 


RNA from polysomes (epim. O ~~- ©) 





These cells 
An aliquot from each preparation was 


analysed to reveal polysomes. Polysomal fractions were pooled (bracket, Fig. 2.4, and corresponding 
fractions for polysomes from valine deficient cells), RNA was released with SDS, precipitated with 


ethanol and redissolved in SDS-containing buffer. 
treated directly with SDS to release RNA. All samples were ana 
tion on the same run using the Beckman SW'25-3 rotor. 


A further rn ee of each cytoplasmic extract was 
ysed by sucrose gradient centrifuga- 
Results are plotted on normalized scales to 


illustrate the sim Harity of distribution of radioactivity between total and polysome 285 and 18S RNA. 
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Fig. 4. Asa nm recordings. A, Superimposed absorbance recordings from cytoplasmic extracts of HeLa cella which had been starved of 

lysine (—---—-) or valine (---)for24h. ‘Phe cultures were those of Fig. 1B and iC, Absorbance recordings from sucrose gradient analyses 

of cytoplasmic extracts of control, lysine deficient and valine deficient cells are depicted in B,C and D. Starvation was for 24 h, and samples 

were analysed to reveal monosomes and free subunits (the polysomes were pelleted). Fig. 4C represents the same culture as Fig. 24. The 

recordings were made with a Gilford recording spectrophotometer equipped with flow cell. Each figure was drawn by tracing directly from 
the original recordings, 


Selective rRNA degradation could occur in either of 
two ways. The two types of subunit might be formed 
at unequal rates, the balance of unused RNA being 
rapidly destroyed (probably within the nucleus). Alterna- 
tively the two types of subunit might turn over in the 
cytoplasm at different rates. Two considerations favour 
the first possibility. (1) Figs. 1 and 4A imply that the 
imbalance affects only new subunits. Unequal turnover 


Table 2. DISTRIBUTION OF RADIOACTIVITY BETWEEN CYTOPLASMIC AND 
NUCLEAR RNA IN LYSINE OR VALINE STARVED CELLS (18 H LABEL) 


Minus lysine Minus valine 


285 18S 285 188 
Cytoplasm 37,600 8,590 18,900 17.780 
Nucleoplasm 1.730 180 700 210 
Nucleolar 328 7,390 5,410 
(288 equivalent) (6,380) (4,670) 
Total (corrected) 46,720 8,770 25,010 17,910 
R (45,110) (24,270) 
IK, 
Molar ratio: 25 1-9 05 
“i83 ” 


Hela cells were labelled with “C-uridine as deseribed in Table 1. Cell 
fractions were prepared by previous methods, RNA was liberated with 
SDS and analysed on sucrose gradients. Uptake of uridine into cytoplasmic 
and nucleoplasmic rRNA was estimated as indicated in Fig. 1. Uptake into 
ribosomal precursor RNA in the nucleolar fraction was estimated after 
subtracting a horizontal baseline drawn through the bottom few fractions of 
the gradients (containing only > 458 heterogeneous nuclear RNA). Five 
fractions centring on the 328 peak were defined as 325 RNA. The 32S values 
were also corrected by a factor allowing for the difference in molecular 
weight between 325 and 28S RNA (parentheses), On this basis the molar 
ratio of 285 RNA and its precursors to 18S RNA was calculated. The small 
amount of 45S RNA (about one-third of the 378 peak in each case} was not 
included in the caleulation for 455 RNA is precursor to both 28S and 188 
RNA. There was no evidence for a major build-up of other normally short- 
lived intranucleolar species!*, The values represent 3x 10° cells. 


Table 3. DISTRIBUTION OF RADIOACTIVITY IN CYTOPLASMIC, NUCLEOPLASMIC 
AND NUCLEOLAR RNA (3-5 H LABEL) 


Minus lysine Minus valine 


RNA 228 188 25.5 1aS 
Cytoplasmic 40,700 15,700 25,660 34,400 
Nucleoplasmic 14,100 2,860 7,840 440 
Cytoplasmic + nucleoplasmic 54,800 13,560 33,500 34,840 
Nucleolar 458 +4 4185 45,000 56,200 
Nucleolar 82.8 + IRS 74,900 74,200 
Nucleolar 1858 +208 5,400 10,500 


5x10 cells were labelled for 3-5 h with “C-uridine (10 aCi, 50 pCi/umole, 
final concentration 2x 10-° M). Cell fractions were prepared and analysed 
asin Table 2. Radioactivity in nucleolar RNA was assigned to three classes on 
the basis of the known ribosomal precursor intermediates. ‘The significance 
of the relatively small differences in radioactivity in the 45.9 4415 and 188 + 
~OS regions in the two conditions remains to be determined. These differences 
appear, however, to be in the same direction as the differences in nucieonlas- 
mie +eytoplasmiec RNA, and not to oppose them. 


of new subunits would seem likely only if the latter were 
(unequally) defective in some way. The data in Fig. 3 
suggest that this is not the case. (2) Effects of unequal 
turnover should be minimal after short labelling periods, 
becoming increasingly evident with time. Table 3 
demonstrates a marked difference between labelling 
patterns of mature (cytoplasmie plus nucleoplasmic) 
rRNA in cells deficient in lysine and valine even after a 
short (3-5 h) labelling period, when much of the total 
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During valine starvation the opposite occurs. 
This inequality most probably results from unequal 
subunit maturation. The situation may prove useful 
for examining rate limiting factors in ribosome assembly. 
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Release of Migration Inhibitory 

Factors from Immune Rat 

Lymphocytes confronted with 
Histocompatibility Antigens 

Ropent spleen cells migrate from capillary tubes in vitro 
and this migration of cells from animals sensitized to 
transplantation antigens is inhibited when the specific 
antigen is present'. Non-sensitized cells were not in- 
hibited or exhibited a slight inhibition in similar condi- 
tions. This observation, comparable with results de- 
seribed by Al-Askari?3, led to a study of the mechanism 
of the inhibition. In delayed hypersensitivity the release 
of a soluble protein substance from immune lymphocytes 
after stimulation with antigen has been demonstrated. 
This substance, termed migration inhibiting factor, has 
been shown to inhibit the migration of non-immune 
cellg! 4-889, 

The animals used in thisstudy were inbred Wistar (W) and 
Fisher (F) rat strains. Adult F female rats were sensitized 
to the W strain by skin grafting followed two weeks later 
by an intraperitoneal injection of 4x 107 W spleen cells. 
Animals were killed 7-14 days after the second sensitiza- 
tion and their spleens were removed, Adult F strain 
female rats were immunized to sheep erythrocytes by 
the procedure of Axelrad and Rowley’. Animals were 
killed and their spleens removed aseptically 10 days after 
their second immunization. Single cell suspensions were 
prepared. The cells were washed and suspended in 10 ml. 
Eagle’s medium in Earle’s solution as described beforet. 
5 ml. of spleen cell (2x 107 cells/ml.) suspensions was 
cultured for 24 h at 37° C in milk dilution bottles placed 
in a vertical position. After culture the cell suspension 
was separated by centrifugation for 4 min at 1,500 r.p.m, 
The supernatant was withdrawn and passed through a 
0-45 um pore size ‘Millipore’ filter. The pH of the super- 
natant was adjusted to 7-0 and was then used as culture 
medium for normal cells. 


‘able 1. ALI, OF NON-IMMUNE FISHER SPLEEN CELLS GROWN IN SUPERNATANTS 
FROM INDICATED CULTURES 


immune (to W) 
F spleen cells 
with W spleen cells 


Nonimmune F 
spleen cells with 
W apleen cells 


Immune ito W) 
F spleen cells 


Non-imnuine F 
spleen cells 


lg 0-90 OSF 0-62 
Lil SF 0-97 O57 
1-02 0-95 93 0-52 
0:95 pgs 161 0-63 
1-09 0-93 1-96 0-60 
4°03 0-42 0) O38 67 
Means: 7 ey a 
1-05 + 0-025 0-084 + 0-016 0-905 + 0-020 4-60 + 0-021 
oa. Area of migration in test supernatant 
AQT. = Migration index = gon Sai E a ee 


To test for the release into the medium of active sub- 
stances from spleen cells the following cultures were 
prepared. Control culture T---only non-immune spleen 
cells, syngeneic with the immunized strain. Control 
culture []—non-immune spleen cells, syngeneic with the 
immunized strain, mixed with an equal number of cells 
from the allogeneic strain. Control culture HI-—-spleen 
cells from immunized animals without antigen. Test 
eulture-—immune spleen cells mixed with cells from the 
allogeneic strain used for sensitization. For tests with 
spleen cells from animals immune to sheep erythrocytes 
a control culture of spleen cells from non-immune animals 
mixed with washed ervthrocytes at a dilution of 1: 500 
in normal medium, and a test culture of spleen cells from 
immunized animals mixed with washed erythrocytes 
added at the same dilution, were prepared. 

For migration tests the spleen cells were adjusted to a 
concentration of 4x 107 cells per ml: They were then 
packed in capillary tubes’. The tubes were cut at the cell- 
fluid interphase and placed in circular clear plastic 


NATURE VOL. 224 DECEMBER 20 1969 


chambers and maintained in position with silicone grease. 
The various supernatants derived from the cultures 
deseribed were added (0-5 ml.) to the culture chambers 
either with or without the specific antigenic cells and 
incubated at 37° ©. Cell migration was measured after 
24 h by projecting the microscopic image of cell growth 
at a magnification of x 1-2 on a Bausech-Lomb screen. 
The outline of the area of migration was traced on trans- 
parent paper, which was cut and weighed. The migration 
index (W.J.) was then calculated. In most experiments 
four separate migration chambers were used for each 
group and the average area of migration in these four 
chambers was calculated. Variability between cultures 
is small}. 

Table 1 shows that the migration of non-immune F 
strain spleen cells was inhibited when the media consisted 
of the supernatants from cultures of specifically sensitized 
cells mixed with the corresponding antigen, but was 
unaffected by the various control supernatants. The 
supernatants were all tested on non-immune F strain 
spleen cells which are syngeneic with the immunized 
strain. Antibody against the migrating cells can therefore 
be excluded as the responsible substance. The inability of 
supernatants from immune cells cultured in the absence 
of antigen to alter the migration of non-immune cells 
indicates that the presence of antigen is necessary for the 
release or production of the substance. To study the 
specificity of this antigen dependent substance we com- 
pared the effect of supernatants of cells from immunized 
animals incubated with either the sensitizing or a different 
heterologous antigen (Table 2). Only the specifie antigen 
released the inhibiting factor. 


Tabie 2. EFFECT OF SUPERNATANTS FROM MIXED CULTURES BETWEEN 

SENSITIZED F STRAIN RAT SPLEEN CELLS AND THE CORRESPONDING ANTIGEN 

OR AN UNRELATED ANTIGEN ON THE MIGRATION OF NON-IMMUNE F STRAIN 
SPLEEN CELLS 

ALT. with B Mf. with C 


AMT. with A MU. with D 


i-12 75 ORI 0-46 

EOL O76 0-95 0-60 

1-03 0-70 Lal 0-55 

0-73 OSS 46 

A? O55 

Means: 0-64 
1°05 + 6-63 O-TI +6025 O-Ob + O04 0-54 + 0-136 


The supernatants were from F strain cells from animals immunized to (4) 
W strain cells mixed with SRBC: (B) W strain cells mixed with W strain 
cells: (C) erythrocytes mixed with W strain cells; and (D) erythrocytes 
mixed with erythrocytes, 


Antigen in the form of ultrasonicated W = strain cells 
added to the supernatant failed to increase the inhibitory 
effect of the supernatant in seven experiments (M7, 0-69 + 
0-03 without antigen and 0-7140-02 with antigen). 
Svejcar et al? have demonstrated that supernatants with 
a weak inhibiting activity can be potentiated by the 
addition of the specifie antigen. whereas more active 
supernatants are antigen-1 ndependent. 

Our results indicate that spleen cells from animals 


expressed on allogeneic and autologous targets". Alterna- 
tively the substance may lack immunological specificity. 
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Lymphoid Inhibitor of Human 
Lymphocyte DNA Synthesis and 
Mitosis in vitro 


UXPERIMENTAL evidence has been put forward recently to 

support the hypothesis! that mitotic homeostasis is 
controlled by tissue-specific but not species-specific 
factors which can be isolated from homogenates of the 
corresponding tissues'-*, We have looked for such a sub- 
stance in lymphoid tissue. The effect of lymph node ex- 
tracts on DNA synthesis in lymphocytes has also been 
tested. 

Fresh mesenteric and para-aortic lymph nodes were 
obtained from 65-75 kg Large White and Landrace pigs. 
Infected lymph nodes were discarded. The nodes were 
immediately frozen at — 79° C and transferred to a deep- 
freeze at — 40° C, for storage. To prepare an extract, the fat 


nodes were homogenized at 0°-4° C, then extracted with 
pre-cooled pyrogen-free water, the product being centri- 
fuged for 30 min at 4,000 r.p.m. in the cold. The resulting 
supernatant was either immediately frozen and stored or 
lyophilized and dehydrated over phosphorus pentoxide 
and then stored at — 40°C. 

To test the effect of the pig lymph node extract (PLNE) 
on cell division, human peripheral blood lymphocytes were 
stimulated with phytohaemagglutinin (PHA-P; Difco). 
Blood was obtained by venepuncture using heparinized 
syringes and sedimented at room temperature. The super- 
natant cell-rich plasma was mixed with 20 per cent auto- 
logous plasma in TC 199 to make a suspension containing 
1x 10° lymphocytes per ml. i 

Control 3 ml. portions of this suspension were pipetted 
into sterile Faleon plastie culture tubes. Phytohaemag- 
glutinin was then added in a concentration of 1 ug/ml. to 
the remaining suspension, which was carefully mixed and 
pipetted into culture tubes. The cultures were incubated 
at 37° C for three days, then harvested at hourly intervals. 
The peak of mitosis was found to occur at 70-72 h. To 
determine the effect of incubation time on mitotic rates 
the extract was added in 1 mg or 2 mg quantities to culture 
tubes either 5 h or 7-5 h before analysis. Smears of cell 
suspensions were then made and stained with Wright- 
wiemsa. The percentage of mitoses was determined in 
counts of approximately 1,000 cells. Care was taken to 
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Fig. 1. Inhibition of DNA synthesis as measured by incorporation of 
*H-thymidine into PHA stimulated ivmphocytes in giro., Vertical bars 
indicate means + PAD 


obtain even spreading of cells on the slides and the whole 
slide was scanned. 

The results of these experiments (Table 1) indicate that 
the extract inhibited mitosis and that its effect was greater 
when added to cultures for 7-5 h rather than 5 h, although 
the depression of mitosis was statistically significant in both 
Cases. 


Table 1. EFFECT OF TIME OF INCUBATION WITH PLNE ON THE MITOTIC 
RATE OF PHA STIMULATED LYMPHOCYTES MEASURED AT 64-725 H 
Mitosis in per cent Significance of 
(means + SD.) difference 
Test Control 
1-O4 + 0-56 L422 0-67 
1:38 + 0-33 280 + 0-38 


Incubation 
time (h) 


Pao, > 0-024 


&-O (8 expts.} 
P DaRL 


Ta {$ expts.} 


To determine whether depression of the mitotic rate 
depended on inhibition of DNA synthesis, PLNE was 


when it was added on the third dav of culture; no consis- 
tent dose effect of PLNE was found, using quantities vary- 
ing between 20 ug and 1,000 ug of the extract. 

The mbibition of incorporation of *H-thymidime mito 
DNA was further demonstrated by autoradiography. 
Phytohaemagglutinin stimulated cultures were treated 
with PLNE (0-1 mli./tube) after 46 h of imeubation. The 
cultures were labelled with *H-thymidine at 47 h and were 
harvested at 51 h. The cells were washed and spread 
carefully on glass slides which were coated with Ilford K5 
hiquid emulsion. After three weeks’ storage at 4° C the 
slides were developed and fixed. then stained with Wright- 
Giemsa. A thousand nuclei were counted on each slide 
and accepted as unlabelled only if no grains were present. 
Labelling was considered positive only when the grain 
count was greatly in excess of background radioactivity. 
The results of this experiment are shown im Table 2. 

The possibility that PLN E was cytotoxic was tested using 
Trypan blue exclusion after incubation of PLNE with 
lymphoeytes for 6h, with and without PHA. No lympho- 
toxicity was shown. 
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Table 2. REDPCTION OF NUCLEAR LABELLING ON AUTORADIOGRAPHY USING 
7H-THYMIDINE AFTER INCUBATION WITH PLNE FoR 4 H ON THE SECOND 
DAY OF CULTURE 


Percentage of labelled nuclei (means + S.D.) Significance 
Control Test of difference 
23.7 + $70 (n= 8) 16:21 +413 (n=20) P < 0001 


The principal properties of PLNE as defined by these 
experiments are as follows. PHA-stimulated lymphocyte 
DNA synthesis in vitro is strikingly inhibited (Fig. 1) 
without significant cell death, This has been confirmed in 
mixed leucocyte cultures, and therefore seems to be 
independent of the mode of stimulus. Marked time- 
dependent suppression of mitosis also occurs, and the time 
scale (Table 1) suggests inhibition of DNA synthesis in the 
final preparation for mitosis. These properties are being 
examined further both in vivo and in vitro. 
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Growth of Feline Leukaemia Virus 
in Human Cells 


We have been investigating the aetiology of, and the 
possible relationships between, leukaemia in man and 
domestic animals. We have shown that feline leukaemia 
(lymphosarcoma) is associated with a virus which has 
similar morphological and physical characteristics to the 
known leukaemogenic viruses of the fowl and mouse’*. 
The virus-feline leukaemia virus (FeLV) is found in the 
tissues of spontaneously diseased animals*-*, and induces 
leukaemia in experimental cats inoculated shortly after 
birth®:?-". FeLV replicates in vitro, in cells explanted from 
leukaemic tissues’? and in normal embryonic feline 
cells inoculated with cell-free extracts of tumours'', We 
have found that FeLV grows in human cells. 

The virus (FeLV—5) was isolated from a cat with 
spontaneous alimentary lymphosarcoma and was grown 
in cultures of feline embryonic cells". For these experi- 
ments a stock of virus was obtained by harvesting the 
culture fluid 21 days after infection with a homogenate 
of tumour tissue. The fluid was stored in aliquots at —70°. 
Four cultures of human embryonic lung cells were used. 
A diploid cell line (HEL 2,000) and a primary culture were 
obtained from Flow Laboratories, and two additional 
primary cultures were prepared by trypsinizing lung 
fragments. Each of these cultures was composed 
primarily of fibroblastic cells. The cells were grown in 
Eagle’s minimal essential medium supplemented with 
10 per cent foetal bovine serum (EFB). Cultures in 
5 em plastic plates (Nuclon), which had been seeded 24 h 
previously with 5x 10° cells, were inoculated with 1 ml. 
of virus stock. After three hours adsorption, the inocula 
were replaced with 4 ml. of EFB. Thereafter the infected 
and “sham-infected” cells were subeultured every three 
days as described previously". 

At weekly intervals after infection, the cells were 
examined by electron microscopy for evidence of viral 
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growth. On day 21, an additional method for detecting 
virus was used. Plates of HEL 2,000 cells, which were 
infected with FeLV, were exposed for 24 h to EFB 
containing 10 pCi/ml. of “H-uridine. The medium was 
harvested and clarified by spinning at 12,000q for 10 
min to remove large cellular debris. Three ml. of the 
supernatant fluid was layered onto a column in an ultra- 
centrifuge tube consisting of a 5 ml. gradient of 20-50 per 
cent sucrose on top of which was a 5 ml. layer of 20 per 
cent sucrose. This was spun in a Beekman SW40 rotor at 
36,000 r.p.m. for 90 min, Fractions of 0-25 ml. were 
collected through the bottom of the tube, of which 
0-05 ml. was used to determine the buoyant density. The 
trichloroacetic acid isoluble radioactivity of the remainder 
was counted in a Nuclear-Chicago Mark I scintillation 
counter using a toluene-based scintillation fluid. 

In the electron microscope, virus was found to be 
replicating in each culture of human cells in the third 
week after infection with FeLV. The virus replicated 
continuously in the infected cells and was budded off 
into the culture fluid as shown in Fig. 1. Fig. 2 shows 
groups of viral particles in intercellular spaces. Extensive 
searching failed to reveal particles in any of the uninfected 
cells. Viral growth was also detected by the incorporation 
of radioactivity into purified virus from the cell culture 
fluids. The buoyant density of this virus was in the 
region of 1-126-1-170 g/ml. with a maximum at 1-148, 
which is within the range for virus grown in cat cells, 
There was no such incorporation in the sham-infeeted 
cultures, 

These results indicate that FeLV grows in human cells. 
As far as we are aware this is the first time that a field 
strain of a leukaemia virus has been found to replicate 
in cultured cells from a widely unrelated species. The 
ability of FeLV to cross species barriers in vitro raises the 
question of the relationship of the known leukaemogenic 
viruses to leukaemia in man and in other domestic animals 
from which no viruses have been isolated so far. Recently, 
FeLV has been found to induce lymphosarcoma in dogs’; 
although no virus has been isolated from spontaneous 
leukaemias in the dog, FeLV was recovered from the 
induced cases (personal communication from C. G. 
Rickard). This result is interesting in the light of our 
findings that FeLV replicates also in canine cells in vitro. 

From these results, it is reasonable to question whether 
a relationship exists between the natural occurrence of 
leukaemia in the cat and other species. Associations 
between cancer in man and his pets have been sought and, 
although several examples have been cited in which 
humans and dogs or cats in the same household have 





An incomplete viral particle, showing the developing internal 
budding from the surface of Bs ag lung cell, 
x 120,000, 


Fig. 1. 
membrane structure, 
29 days after infection with FeLV. 
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Fig. 2. 
human cells, 20 days after infection with FeLV. 


Groups of viral particles in the intercellular spaces between 
x 24,000, 


developed leukaemia'*-"*, there is no evidence yet that 
the occurrence of these cases is any more than coinci- 
dence™. It is of obvious importance that the relationship 
of feline leukaemia virus and leukaemia in man should be 
investigated further, 
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Empire Cancer Campaign for Research. 
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Genome Size of Mycoplasmal DNA 


ELECTRON microscopie studies of the contour length of 
DNA from a mycoplasma species, Mycoplasma hominis 
(H 39)', have shown that the DNA in this organism is 
organized in a single circular chromosome, 262 microns 
long, corresponding to a molecular weight of 5-0 x 108 
daltons. The genome size of bacterial DNA is only well 
known for a very few bacteria (genome sizes, 0-83-00 10° 
daltons)*, but the genomes in mycoplasmas may well be 
smaller that those of most or all bacteria. If all or most 
mycoplasmas were to have this same low chromosomal 
DNA content, the findings might be taken as a strong 
indication for their having a common phylogenetic origin 
as well as justifying the placing of mycoplasmas as a 
separate class of organisms’. 

We have determined the genome size in twelve different 
mycoplasmas, comprising seven representatives of sterol- 
requiring Mycoplasma species, two human T-mycoplasmas, 
and three strains not requiring sterol. The genome sizes 
were determined by studying the renaturation kinetics of 
DNA from these organisms. The mycoplasmas could be 
divided into two groups, each composed of members with 
identical genome size. The strains not requiring sterol, 
M. laidlawii A, M. laidlawii B and M. granularum, con- 
stitute a minor group with genome size in the range of that 
seen for bacteria, All the other mycoplasmas have a 
genome size which corresponds to the value mentioned 
above for M. hominis (H 39). 

The study of DNA renaturation kinetics seems to pro- 
vide a promising new technique for the determination of 
genome sizes. It is less tedious than the conventional 
methods, such as chemical determinations of haploid 
DNA content and autoradiography or electron microscopy 
of single intact chromosomes. The method is based on the 
finding that the renaturation of DNA follows second-order 
reaction kinetics’, The genome size for a given DNA can 
thus be determined by measuring the renaturation rate 
for this DNA relative to that of DNA from an organism 
with a known genome. The conditions for genome size 
determinations by the renaturation method are given in 
the recent study by Wetmur and Davidson*. 


Table 1, VALUES FOR THE SECOND-ORDER RENATURATION REACTION RATE 
CONSTANT (K+) AND THE CALCULATED GENOME SIZES FOR DIFFERENT MYCO- 
PLASMA SPECIES 
K, Value 
(l. mole? s-t) 
with standard 


Ualcoulated 
venome sive 


Number of 


Strain designation determina- 


tions deviation in daltons 
T-strain No, 27 (Ford) 2 17°30 + 2-16 +7 10° 
T-strain No. 58 (Ford) 2 18:72 + 2-08 4-4 x 10° 
M, pneumoniae (Mac) ü 17-07 +277 4R x 10" 
M. orale I (Patt) 6 17-54+3-40 4-7 x 10° 
M. salivarium (PG20) j 17-46 + 1-35 47 «10° 
M. fermentans (PG18) ü 17-14 + 1-58 4-8 x 10" 
M. hominis (PG21) 6 IS-18 + 2-10 45» 10° 
M. gallisepticum (PG31) 6 1674+178 9% 10" 
M. arthritidis (PG6) 6 15:52 +250 44% 10" 
M. laidlawii A (F1) Q 7-830 + ORS 1-1 x 10° 
M. laidlawti B (F8) & Si +78 LO x 10° 
M, granularum (Friend) ü R-59 + 166 oS x 10° 
Escherichia coli Bt ü 3:78 +088 2-2» 10° 
Haemophilus influenzae t 7 7-83 +046 LO) « 10" 
Phage Tt ` 45°57 +779 IR x 1" 


* Calculated by the formulas of Wetmur and Davidson’. The molecular 
weight of single-stranded pieces was, for all DNAs examined, 328,000 + 13 
per cent (5.D.) and was used in all caleulations. 


t DNA from the controls: E. coli B, H. influenzae and phage T, was 
renaturated at 73°, 67° and 68° C, respectively. 


The twelve mycoplasmas investigated are listed in Table 
l. DNA was extracted from the T-mycoplasmas as 
described previously*. and from the other mycoplasmas by 
the method of Marmur”. The principles for measuring the 
renaturation rate and for the caleulation of the genome 
size were those of ref. 5. 

DNA at a concentration of 10-15 ug/ml. in 0-01 x SSC 
(SSC is 0-15 M NaCl+ 0-015 M trisodium citrate, pH 7) was 
denaturated and degraded by heating at 100° C for 30 min. 
The denaturated DNA was placed in a thermostated 
cuvette-holder of a Unicam SP 3000 spectrophotometer 
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and equilibrated to renaturation temperature (65°~68° C). 


slope of the lines for the second-order rate plot was calcu- 
lated by the method of least squares. For the first 40 
min the correlation coefficient was between 0-995 and 
0-998, confirming the second-order kinetics. The molecular 
weight of the single-stranded pieces of denaturated DNA 
was measured by neutral band sedimentation in 1 M NaCl 
at 44,000 r.p.m. and 20°C. Atleast two determinations were 
made for each DNA, and the molecular weights were 
caleulated as described by Studier*. The heating procedure 
employed resulted, for all DNAs examined, in a molecular 
weight of pieces which was 328,000 daltons + 13 per cent 
(S.D.). This molecular weight was used in all calculations. 

The second-order reaction rate constants (K,) and the 
The K, 


able. The corresponding genome sizes (4:9- 4-4 x 108 
daltons) are in aecordance with the 
daltons) calculated from the length of the chromosome in 
M. hominis (H 39) measured by an electron microscopic 
technique!. The K, values for the three sterol-nonrequiring 
strains, M. laidlawii A, M. laidlawit B and M. granularum, 
were also identical (7:36-8:59 |. mole? s71) but more than 
two times less than the K, values for the main group. The 
calculated genome sizes (1-1 x 10°-9-5 x 108 daltons) are 
within the range of the smallest bacterial genomes yet 
known’. 

The genomes in bacteria and mycoplasmas, which seem 
to be best known, are the genomes in E. colt (2-1 x 10° 
daltons), Haemophilus influenzae (8-0 x 108 daltons)! and 
Mycoplasma hominis (H 39) (5-0 x 10° daltons)". it is seen 
from Table 1 that our determinations of the genome size 
in these organisms are in good agreement with these 
values. The slight effect of the GC content of the renaturat- 
ing DNA on the renaturation rate, mentioned by Wetmur 
and Davidson®, is thus possibly not valid for simple non- 
viral DNAs. Our determinations on T, phage DNA need 
the same correction factor as found by these authors, For 
these reasons we have not corrected the values in Table 1. 

The few preliminary reports on genome sizes in myto- 
plasmas are partly in accordance with the data obtained in 
this study”. M. arthritidis and M. agalactiae var. bovis 
(strain Donetta) were found by electron microscopie 
studies to contain 44x 108 and 59x 10° daltons of DNA. 
By autoradiography the genomes m M. laid lawii A and 
M. laidlawii B were estimated to be 8-0 x 10® and 8-8 x 10° 
daltons, respectively. On the other hand, M. gallisepticum 
is reported to have a genome size of 1-2 x 10° daltons, a 
result which differs greatly from our determinations. 

From our findings we conclude the following. (a) The 
strains of mycoplasma that do not require sterol, M. latd- 
lawii A, M. laidlawii B and M. granuwarum, constitute a 
distinct group with genome sizes about 1-0 x 10° daltons. 
This is about two times greater than the genome sizes 
found for all the other mycoplasmas examined and is 
comparable in size with the genomes in small bacteria. 
Por this and other reasons the reclassification of organisms 
related to Mycoplasma laidlawiti to a separate family and 
genus within the order Mycoplas matales was recently 
proposed!®, Our study strongly justifies this reclassifi- 
cation. (b) If the sterol-requirmg or at least serum- 
dependent strains investigated here are representative 
of all other mycoplasmas with this characteristic, these 
may constitute a homogenous group of organisms with 
respect to the amount of genetic information they contain. 
The size of their chromosomes corresponds to about 4:6 x 
10° daltons. A genome of this size is smaller than any known 
genome in bacteria. The finding of identical genome sizes 


* 


for these organisms may reflect a common phylogenetic 
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origin for these mycoplasmas. (¢) The possible identity of 
L-phase variants of bacteria and mycoplasmas, still a 
matter of discussion, may also be considered in the light of 
this study. Even if some stable L-phase variants seem to 
eontain minor deletion of their DNA, we feel that such 
identity is unlikely unless the bacteria tested have the 
small genome characteristics of the mycoplasmas. 
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Base Compositions of DNA from 
some Malarial Parasites 


THE base composition of DNA, usually expressed as mean 
molar per cent of guanine plus cytosine (per cent G+), 
has proved to be a useful indicator of phylogenetic 
relationships between organisms. Different base com- 
positions suggest differences iN g information, 
though the converse does not necessarily indicate genetic 
identity. 

It can be calculated from the data of Whitfield’ that 
the base composition of DNA from the rodent malarial 
parasite, Plasmodium berghei, is 40 per cent G+C. By 
contrast, the base composition of DNA from the avian 
malarial parasite, P. lophurae, has been estimated to be 
20 per cent G+C?. We therefore measured the buoyant 
densities in CsCl gradients of DNA from a number of 
species of malarial parasite and from these data we 
calculated base compositions, as described by Schildkraut 


about 
Too 


tion. 

In view of the unexpected difference between rodent 
and primate malarias, it was necessary to consider the 
possibility that the main DNA components m our prepara- 
tions of primate malarial species were host DNA which 
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had similar buoyant densities (Table 1) and that only the 
minor components represented parasite DNA. This pos- 
sibility was particularly relevant because the densities of 
these minor components were similar to those of DNA 
from the rodent malarial species. The most likely source 
of contamination of our primate malarial preparations 
was from residual white cells. There was, however. onl y 
about one of these for every 5,000 parasites and our rodent 
malarial parasite preparations were contaminated to a 
similar degree (Table 1). This explanation of our results 
was therefore ruled out. Our figure (24 per cent G +C) for 
the base composition of DNA from P. berghei differs 
markedly from the figure calculated from Whitfield’s data 
(40 per cent G+ C) and strongly suggests that his prepara- 
tions were contaminated with host cell DNA which has 
this base composition (Table 1). 


DENSITIES AND BASE COMPOSITIONS OF DNA FROM MALARIAL 
PARASITES AND THE BLOOD CELLS OF THEIR HOSTS 

White 
cella 


Table L 


Parasite DNA Host DNA 


Parasite Density Percent (No./10! Per Host 
(gem) G+ para- Density cent 
sites) (gcm G+ 
P. knowlesi (Nuri 1-697 and 37 and 2-0 1-697 3706 Rhesus 
strain) 1-679 19 monkey 
P. jaleiparum (Camp 1-607 and 37 and 2-5 1-607 37 dotus 
strain) 1-679 ig monkey 
P. berghei berghei 1-683 24 O-8 1-700 40 Mouse 
{N 30 strain) 
P. berghei berghei 1-683 24 Ll 1-700 40 Rat 
(WLTM strain) | 
P. vinekei (52 strain) 1-683 24 2-4 1700 40 Mouse 
P. gallinaceum (3B 1-678 1s t 1-697 ar Chicken 
strain) . 
P. lophurae* 1-680 20 + 1-692 39 Duck 


Free parasite preparations, made by a technique involving the use of 
linear sucrose gradients‘ and immune lysis? ( saponin lysis for P. gallinaeceurn), 
were disrupted in an Eaton press. Most of the RNA was removed from the 
crushed celis by centrifugation and then DNA was extracted with buffer 
containing 1 per cent sodium lauryl] sulphate. The DNA was examined by 
analytical ultracentrifugation in CsCl gradients (D, H. W., E. Moustaechi 
and D. Fennell, manuscript in preparation), using DNA from Aficrocorcns 
lysodeikticus (density 1-731 giem®) as marker. The base composition was 
calculated from the observed buoyant density as described by Schildkrant 
et al’, 

* Data of Walsh and Sherman?. 

t Grossly contaminated with red cell DNA (see text). 


We were unable to obtain parasites of the avian species, 
P. gallinaceum, free of contaminating host nuclei. Extracts 
from preparations containing both parasite and host DNA 
gave two bands, with densities of 1-697 and 1-678 g/cm; 
DNA from host red cells gave only the band with the 
higher density (Table 1). It was clear therefore that 
DNA of the lower density band (1-678 g/em3=18 per cent 
G+C) was parasite DNA with a density similar to that 
described by Walsh and Sherman? in P. lophurae. Our 
inability to obtain preparations of this species free of 
contaminating host cell nuclei (DNA density 1-697 g/em3= 
37 per cent G+C) precluded detection of an additional 
parasite component of density similar to that of the 
main component of DNA from the primate malarias 
(also 1-697 g/cm?). Considering, however, that Walsh and 
Sherman found that P was incorporated only into DNA 
with a density of 1-680 g/em* (20 per cent G+) in 
cultures of duck red cells infected with P. lophurae, the 
existence of such an additional component is unlikely. 

Our data demonstrate that malarial species from avian 
(P. gallinaceum) and rodent (P. berghei and P. vincket) 
hosts--often used as model systems in malarial studies- 
contain single DNA components with base compositions 
of about 20 per cent G+C. By contrast, species from 
primate hosts (P. knowlesi and the human malarial para- 
site, P. falciparum) contain major DNA components of 
about 40 per cent G+C and minor ones of about 19 per 
cent G+C. These differences could be reflexions of 
markedly different genomes so that studies of malarial 
parasite metabolism and anti-malarial drug screening 
programmes should always include at least one primate 
malarial species. 

One of us (P. I. T.) received financial assistance from 
the World Health Organization. We thank Dr F. Hawking 
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and Dr J. Williamson for helpful discussions, “Miss Jane 
Dunnett, Miss Daphne Fennell and Mr T. Scott-Finnigan 
for technical assistance and Dr W. H. G. Richards, Dr A. 
Voller and Dr D. C. Warhurst for provision of some of 
the strains. 

Note added in proof. The base compositions of DNA 
from P. knowlesi and P. berghei have recently been con- 
firmed by measurement of thermal denaturation tempera- 
Lures. 
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Synthesis of Cyclic AMP in 


Dictyostelium discoideum and 
Polysphondylium pallidum 

We have shown that the amoebae of the cellular slime 
mould Dictyostelium discoideum are strongly attracted to a 
substance secreted by Escherichia coli and identified as 
cycle AMP?2. We also showed that Polysphondylium 
pallidum produces cyclic AMP? and that the amoebae of 
D. discoideum produce the maximum amount of the 
attractant at the onset of aggregation’. We now wish to 
present evidence that D. discoideum and P. pallidum 
synthesize cyclic AMP. 

Amoebae of P. pallidum, Fr-47, and D. discoideum, 
NC-4 (H), were grown in shake cultures on Escherichia 
coli Bjr. To minimize the production of evclie AMP 
by the bacteria? these moulds were grown on autoclaved 
i. coli (10! cells/ml.) in Sérensen’s M/60 phosphate 
buffer?:*§. A 5 ml. sample of the cleared culture medium 
containing amoebae was added to 500 ml. of eulture 
medium and shaken on a gyratory shaker at 22°C. One 
day after the end of the growth phase the amoechae were 
centrifuged, the supernatant was inactivated in an equal 
volume of methanol and boiled to concentrate it to about 
300 ml. This was evaporated to dryness in a vacuum. 
suspended in a little water and centrifuged to remove 
precipitate. The clear supernatant was taken as the first 
extract. 

An alternative procedure involved centrifu ging the 
amoebae, washing them in Sérensen's buffer and resuspend- 
ing them. Half of this suspension---500 ml.---was ineu- 
bated at 22° C for several hours and then centrifuged. 
The supernatant was treated as before to obtain an extract. 
The other half of the suspension was treated similar] V 
except that the amoebae were centrifuged immediate] ¥ 
to determine the amount. of cycle AMP present at the 
start of incubation. The activity of the extracts was bio- 
assayed as described before’’. The active extracts were 
chromatographed on ‘Sephadex G-I0 and ‘Sephadex 
DEAE 4-25, adsorbed onto activated charcoal aril 
chromatographed on Whatman No. | paper using three 
different solvents?. Extracts that had been treated with 
charcoal were also incubated with phosphodiesterase 
(supplied by Dr R. W. Butcher) which specificall y hydro- 
lyses cyclic AMP to SAMP. The inactivation was the 
method used by Butcher and Sutherland’ except that we 
used 0-5 U of enzyme in a final volume of I mi. Tneubation 
lasted 45 min. 
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Extracts of amoebae of P. pallidum were obtained by 
both these methods. The extract of amoebae at the end 
of the growth phase was more than five times as active 
as the control extract from dead bacteria alone. And 
the extract obtained by incubating amoebae at 22° C for 
3 h was also more than five times as active as the extract 
of amoebae centrifuged without subsequent incubation. 
The chemotactic agent must therefore have been secreted 
by the amoebae themselves. 

This chemotactic agent--the active component in a 
purified extract of amoebae—behaved on chromatograms 
in a manner identical to commercial cyclic AMP in all 
three solvents. After the active component had been 
incubated with beef heart phosphodiesterase, bioassay 
gave negative results. 

The ultraviolet absorption spectrum of the chemotactic 
agent isolated from paper chromatographs was recorded 
on a Cary model 14 spectrophotometer. The absorption 
spectrum, as shown before!, suggests that the active 
material was an adenine derivative. 

It is not clear what this material might be doing in 
P. pallidum, for the amoebae do not seem to be attracted 
by eyche AMP. P. pallidum does not seem to have any 
enzyme which hydrolyses cyche AMP to 5’AMP, and so 
P. pallidum was particularly valuable in showing that 
cellular slime moulds could synthesize this substance. 

Secretion of eyche AMP by D. discoideum was demon- 
strated in a similar way, although the task was more 
difficult because D. discoideum produces phosphodiester- 
ase? which converts eyclic AMP to 5’/AMP. Amoebae 
incubated for some time were twice as active as amoebae 
at the start of incubation. 

Again the active spots on the paper chromatograms 
coincided with those of commercial eyelic AMP. The 
active extract was inactive in bioassay after incubation 
with beef heart phosphodiesterase. 

In the case of D. discoideum cyclic AMP is not only 
produced but known to be a strong attractant! and, 
furthermore, it is known to be inactivated!*. Tt is there- 
fore reasonable to conelude that in this species eychic 
AMP acts as an acrasin and is probably the principal 

4 Barkley, using a 
different method, has also demonstrated the production of 
eyche AMP by D, discoideum”. 
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Immunoglobulin Peptide with 
Complement Fixing Activity 


INDIVIDUAL immunoglobulin molecules often possess 
several biological activities in addition to reactivity 
with appropriate antigen. Such activities include comple- 
ment fixation, skin sensitization, attachment to macro- 


for example’ *, Hill et al.’ sugg 

their observation of repeating amino-acid sequences in 
immunoglobulins, that these molecules might have arsen 
by a series of gene duplications, and Edelman et al.* have 
recently proposed that certain repeating regions of 
immunoglobulin polypeptide chains nught have been 
selected for participation in biological effector functions 
such as complement fixation (domain hypothesis). 
According to this concept it should be possible to associate 
a complement fixation function with a specific submole- 
cular domain in certain immunoglobulin molecules. 

The fixation of complement by IgG molecules was 
associated with the Fe fragment but not with Fab in one 
study?, although reservations regarding the non-participa- 
tion of Fab have subsequently been expressed®*. A more 
specifie positioning of a complement receptor within Fe 
has been suggested recently by Utsumi on the basis of 
studies using the products of very carefully controlled 
enzymatic proteolysis of rabbit IgG. This author was able 
to correlate the loss of complement fixing activity with the 
elimination by papain of a linear region of Fe comprising 
some forty to fifty amino-acid residues. Although such 
an observation is highly suggestive, it is possible that one 
is observing a secondary effect on a more distant site in 
the protein induced by the loss of amino-acids from its 
amino-terminus. Another indirect indication that a 


globulin. 

The preparation and characterization of the IgG 2a 
protein produced by the murine plasmacytoma MOPC 
173 will be described separately, with the details of the 
preparation and characterization of its CNBr fragments”. 
The method involves the separation by gel filtration of 
fragments produced by CNBr cleavage of the intact pro- 
tein’, The topological arrangement of the coded frag- 
ments is illustrated in Fig. 1. 

The ability of this immunoglobulin to fix complement 
was initially established using aggregates prepared with 
his-diazotized benzidine by the method of Ishizaka et al.*. 
Quantitative complement fixation reactions were carried 
out! and C’H-50 units estimated from the intercepts of 
von Krogh plots using three data points in the 20 to 80 
per cent haemolysis range for each determination, 
(Sheep red blood cells, rabbit anti-sheep red blood cell 
serum, and lyophilized guinea-pig serum obtained from 
Institut Pasteur.) We present in Table 1 the complement 
fixing capacity of 50 ug of this protein when in each of the 
following forms: (a) benzidine aggregates; (6) attached 
to polystyrene latex by the method described later: 
(ec) native solution. Because the complement fixing 
activity of this protein compared favourably with that 
reported for several human myeloma proteins®, we 
attempted to locate more specifically a complement fixing 
region. 

Although chemical aggregation is feasible for the 
direct demonstration of complement fixation by intact 
immunoglobulins and their largest subunits, it is less 
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Fig, 1. 
CNBr fragments. A rrows indicate points of CNBr cleavage. 
light chain-heavy chain disulphide bond is not known at present. 


two types of chain is stippled and the complement fixing fragment 


suitable for sinaller peptide fragments, in particular those 
which are available in very small quantities. Conse- 


quently, further studies depended on a modification of 


One-tenth 
per cent solutions of each sample (intact protein or a 
fragment) were prepared in the same buffer and 50 ul. 
of each was added to 1-0 ml. of the polystyrene particle 
suspension. Control tubes received buffer only. After 
12 to 16 h at either 4° or 20° C-—-we found empirically 
that 20° C was more satisfactory-——the tubes were chilled 
to 0°-4° C, and 1-0 ml. guinea-pig complement containing 
approximately thirty C’H-50 units was added directly. 
Complement fixation was allowed to proceed at 37° C for 
90 min, after which the residual C’H-50 units were assayed 
as deseribed. The number of units fixed by each 
sample was determined by subtracting its residual value 
from that of the buffer controls. Two additional controls 
on the specificity of the reaction were included: bovine 
serum albumin attached to polystyrene particles, and the 
MOPC 173 protein solution alone. 

Table 2 shows that a significant amount of complement 
was fixed by both intact MOPC 173 protein and its CNBr 
fragment H-5 in all experiments except number 2 where 
the fixation by H-5 was low, presumably because of poor 


Table 1. COMPARISON OF COMPLEMENT FIXIXG ACTIVITY OF VARIOUS PRE- 


PARATIONS OF MOPC 173 yG 2a PROTEIN 

CH-50 units fixed 

per 50 ug protein 
8-97 


10-76 
14-50 


2-16 


Preparation 
(a) Benzidine aggregates 
(b) Attached to polystyrene latex 


(¢}) Native solution 


Table 2. COMPLEMENT FIXATION ASSAYS OF MOPC 173 +G 2a DIMUNO- 
GLOBULIN AND ITS FRAGMENTS (C’H-50 UNITS FIXED PER 50 HE PROTEIN) 


Experiment 


Sample 1* am oT 4% 5ST at 
y TOG 14:35 Hie fs 13-82 12-82 12-44 
H-4 1:82 —— o sis = Se 
H-5 TO-30 4-18 O40 11-03 1i- D4 Had 
H-8 234 2-95 2RD 206 e 3-40) 
H-9 saae 03G O-7: em vm 70 


BSA —— O00 1°03 mes = - 
* Attachment to polystyrene particles at 4° C, 
TA ttachment at 20°C. Average of duplicate determinations. 
~- Not done. 


Schematic representation of MOPC 173 yG 2a immunoglobulin and localization of its 
The exact arrangement of the 
The variable region of the 
H-5 blackened. 
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attachment to the latex perticles at 
the lower temperature. In contrast, 
complement fixation by fragments H-4 
and H-9 was negligible, as was that 
of the serum albumin. A compara- 
tively low level of fixation (2-4-C°H-50 
units) was repeatedly observed with 
fragment H-6, but it is not clear 
whether this represents true fixation, 
possibly of a complement component 
different from that fixed by H-5, or 
merely non-specific inactivation. 

We conelude that fragment H-5, a 
peptide of approximately sixty amino- 
acids with a molecular weight of 7,000 
(ref. 12), and derived from the amino- 


g S 
d 
a 


Hr Hig He HY 


immunoglobulin in the area of the 
third heavy chain disulphide loop, 
possesses a receptor site for one of the components of the 
complement system. Although a multiplicity of comple- 
ment component sites is clearly possible, componeert 
C'Iq must be considered a serious candidate for an 
association with peptide H-5 because of its established 


intrachain disulphide bond located in this part of the 
intact molecule! (Fig. 1} may stabilize the tertiary struc- 
ture of the area in natural conditions. this bond is not 
essential for the expression of the complement fixing 
capacity of the region represented by peptide H-5. The 
location of this active peptide also suggests that the 
previously demonstrated influence of structural alterations 
in the region of the inter-heavy chain disulphide bonds 
of IgG on its complement. binding efficiency’? may not be 
the result of a direct effect on an immunoglobulin- 
complement interaction site. 

We propose that a complement fixation function can 
be localized within a region of the IgG molecule corre- 


human immunoglobulin Eus. 
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Phosphogluconate Dehydrogenase 
Polymorphism in British Wild Rats 


PHOosPHOGLUCONATE dehydrogenase (PGD) has been 
found to be polymorphic in several species, including the 
rat, when studied by starch gel electrophoresis. Investi- 
gation of this enzyme in the rat revealed three distinct 
electrophoretic phenotypes, giving respectively a slow 
migrating component, the S phenotype, a fast migrating 


and the fast migrating bands, and also a strongly staining 
band with intermediate mobility?. As in all mammals. 
rat PGD was found to be controlled by an autosomal 
gene locus. The S phenotype seemed to be a consequence 
of a homozygous PGD genotype, PGDSPEDS. The SF 
and F types, commonly found in wild but not laboratory 
vats, were considered to be the product of genotypes 
P@DFPGDS and PGDFPGDF respectively. Each (pre- 


gram in heterozygotes was considered to be the result of 
the random association m pairs of subunits of these two 
varieties, thus producing three dimeric oligomers: ss, sf 


differ from each other with respect to optimal pH. Ky and 
stability. 

There is some uncertainty about when Rattus norvegicus. 
the species prevalent in England and Europe at present. 
arose, and how and when it ousted the formerly universal 
Rattus rattus*. About 1728-1730 has been quoted as 
the time of arrival of Rattus norvegicus m Britain. Al- 
though this species has been multiplying and evolving 
in the wild, many tame strains have been reared. But 


“of European origin’, The strains reared in captivity 
have clearly been subjected to very different environ- 
mental stresses from their wild counterparts, and they 
have different physiological and temperamental character- 
istics®. In many cases the genetic make-up has been found 
to deviate from that of wild animals. 


Table 1. FREQUENCY OF PGD PHENOTYPES AND ALLELES IN WILD RATS 

Incidence 

Area No, observed No. predicted of allele 
F SF 5 F SF S PEDS 
(i) Preston, Lancashire 25 19 2 259 173 29 025 
(2) Welsh borders (near i 3 1 4l 47 0l 0:05 

Shrewsbury} 
(3) Birmingham 29 5 2 27-6 T9 06 0-12 
(4) Nottingham 36 ë 53:3 Ta OF 0-06 
(53 Cowbridge, Glamorgan 35 ee ee 350 — mos 0-00 
(6) Pontypool, Glamorgan 40 14 — 0-9 12-2 09 0-13 
(7) Lalesten, Glamorgan 17 T ee 175 60 0-5 O15 
(8) Usk, Monmouthshire T = — Ta ~ -= 0-00 
(0) Hersham, Surrey 1} — —_ 11-0 — e 6-00 
(10) Slirafold. Surrey 40 2 =e 10-0 DQ = 0-02 
(11) Cranleigh, Surrey Pw ae 29.9 .— 0-00 
Totals 327 56 6 8260 5TG D3 


Rats were trapped from various areas m England and 
Wales (Table 1), and we subjected biood haemolysates to 
starch gel electrophoresis, at pH 68 in a gel containing 
phosphate buffer and stained histochemically for PGD. 
as described before’. Some of the samples were also 


but no variation was observed. 

The three PGD phenotypes observed are shown in Fig. 1. 
The incidence of these three types in the wild rats examined 
is given in Table 1, along with the frequencies of the two 
alleles PGDS and PGDF, and also the predicted frequencies 
of the heterozygotes and homozygotes, in a population 
with this frequency of the two alleles, as calculated using 
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Fig. 1. Rat red cell electrophoretic phenotypes. Slots 1-3, type SF; 


slot 4. type S; slots 5 and 6, type F. 


the Hardy-Weinberg formulation® (based on the assump- 
tion of random mating). 

Laboratory rats from ten diverse strains were also 
tested, and only the single slow S phenotype was 
observed, indicating the absence of the PGDE allele. 
This finding contrasted sharply with the considerable 
incidence of this allele in wild rats from all the regions 
tested. We do not know whether this indicates some 


allele predominates but PGDE occurs as well m varying 


frequency. 

Studies of wild Rattus norvegicus from other parts of the 
world would be valuable. (Four such samples, originating 
in Austin. Texas, have been examined in this laboratory 
and found to be of F phenotype.) 

We thank the staff of the Infestation Control Labora- 
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Fisheries and Food for collecting rats. This work was 
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Is Tay-Sachs Disease Increasing? 


Tay-Sacus disease, caused by a recessive autosomal gene, 
occurs approximately a hundred times more frequently in 
Jews from Central Europe (Ashkenazi) than in those from 
the Mediterranean Basin (Sephardic). Mynanthopoulos and 
Aronson? proposed that the difference in gene frequency of 
the two populations is a consequence of simple heterozygote 
advantage in the Ashkenazi. Furthermore, they stated 
that this advantage probably arose fifty generations ago 
when there was a mass exodus of Jews after the Roman 
conquest of Jerusalem. The present gene frequencies in 
the two populations were given by Myrianthopoulos 
and Aronson as gash =0-0126 and qgsepH = 0-0013. This 
corresponds to q'asun = 0000158 and q*sepH = 0-0000017 or 
approximately 158 Tay-Sachs births per million among the 
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Ashkenazi Jews and 1-7 per million among the Sephardic 
Jews. 

Using these data, Myrianthopoulos and Aronson cal- 
culated the fitness value for the homozygous normal 
(w(2'T) = 0-9872) which would result in equilibrium at the 
present frequency of Tay-Sachs disease in the Ashkenazi 
Jews. They further presented calculations (prepared by 
Naylor) of fitness for the homozygous normal (w(7'7') = 
0-956) sufficient to change the frequency of Tay-Sachs 
disease in the two Jewish populations over several genera- 
tions. 

Our independent calculations using the same data con- 
firm those of Myrianthopoulos and Aronson. Using a 
heterozygote advantage of 1-295 per cent (w(Tt)= 1-01295) 
which is equivalent to Myrianthopoulos and Aronson’s 
homozygote disadvantage (w(TT)= 09872) we ealeulated 
an equilibrium frequency of 158 Tay-Sachs births per 
million (curve A, Fig. 1). We have also calculated a fitness 
value w(7't) = 1-05263 (very similar to Naylor’s calculated 
fitness value w(7't) = 1-04602) to account for the change in 
frequency between the two Jewish populations in fifty 
generations (curve B, Fig. 1). 
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Fig. 1, Inerease in Tay-Sachs disease in the Ashkenazi Jews assuming 
simple heterozygote advantage. A, Fitness w(Tt)=1-01295: B, fitness 
wt Tt) = 105263. 


model under the assumptions we have made. The striking 
feature of this curve is that it shows the incidence of the 
disease to be increasing rapidly in Ashkenazi Jews now. 
Furthermore, there is no reason why such a change could 
not be taking place. Genetic counselling would have little 
effect in reducing the reproduction of carriers because most 
of them marry normal homozygotes and go unrecognized. 

The rate of change in the incidence of the disease at the 
present (fiftieth) generation would be 7-5 per cent per genera- 
tion or about one-third of 1 per cent per year. A change of 
this magnitude should be measurable in an appropriate 
study. The acceptability of the hypothesis of heterozygote 
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advantage will thus be decided when we know whether the 
disease is still increasing in this population where it is 
already so frequent. 
R. F. Saw 
A. P, SMITH 
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Potassium Conductance of Skeletal 
Muscle treated with Formaldehyde 


HisToLoGicar fixatives act by combining with and forming 
links between reactive groups of biological molecules, but 
even in the usual strong concentrations they do not 
destroy all chemical and physical properties of the original 
living material. The activity of some enzymes, for example, 
remains after fixation’. Recently the effect on excitable 


membranes of weak solutions of fixatives has been 
examined with electrophysiological techniques which 


allow the results of physico-chemical changes to he 
followed as they develop. In cardiac Purkinje fibres the 
plateau phase of the action potential is prolonged by 
formaldehyde®. In skeletal muscle the usually brief 
action potential acquires a long-lasting plateau during 
exposure to formaldehyde”. Because the conductanee of 
the skeletal muscle membrane is high during the induced 
plateau, formaldehyde can be supposed to act either by 
slowing the inactivation of the sedium conductance or by 
causing a loss of specificity of the more slowly operating 
potassium conductance system in favour of sodium’. A 
prolongation of the action potential of probably similar 
nature has also been reported in crayfish nerve fibres 
exposed to various aldehydes’, 

Another effeet of formaldehyde on the electrical 
properties of the muscle membrane is dernonstrated well 
in muscles kept in an isotonic solution of potassium 
methylsulphate. In such conditions no anion current 
flows and the excitable system is inactivated because of 
depolarization of the membrane. The current-voltage 
relation of the potassium conductance lying in parallel to 
the excitable system can therefore readily be investigated. 
Usually there is rectification, that is, the same sealar 
voltage displacement causes more potassium current to 
flow inwards than outwards across the muscle membrane? 
(Fig. 14). After treatment with formaldehyde the high 
conductance for potassium inward current is abolished 
and the membrane conductance is uniformly low through- 
out the voltage range (Fig. 18). In 10 mM formaldehyde 
this effect takes about 30 min to develop and no reversal 
is detectable within 30 min of the return to formaldehyde 
free solution. 

The rectifying properties of muscle fibres resting in 
Ringer solution are also influenced by formaldehyde, but 
the effect is less evident because of the high chloride 
conductance shunt and the decrease in potassium conduet- 
ance during a maintained strong hyperpolarization. If 
the chloride shunt is removed by using sodium methyl- 
sulphate in place of sodium chloride, formaldehyde is 
much more effective; but a tendency towards depolariza- 
tion of the membrane, resulting from the reduced potas- 
sium conductance, makes such experiments more com- 
plicated than those in isotonic potassium methylsulphate 
solution as described. 

Measurement of membrane constants with weak 
hyperpolarizing current pulses shows that the capacity 
of the muscle membrane is unaltered by formaldehyde. 
The abolition of the inwardly rectifying potassium con- 
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ductance evidently occurs without closure of the trans- 
verse tubules, the membrane of which contributes a 
large part of the capacity® and potassium conductance’, 
Bleetron mucroscopy carried out by Dr Sally Page has 
provided direct evidence that the transverse tubules 
remain open after treatment with 10 mM formaldehyde 
for 30 min, for it has shown that the extracellular marker 
horse-radish peroxidase* penetrates the transverse tubules 
of such museles, 

The inward rectifying potassium conductance can be 
abolished also by replacing extracellular potassium by 
rubidium ions’, and im muscles so treated formaldehyde 
produces no further effect. Conversely, rubidium does 
not alter the current-voltage relation after it has been 
made linear by formaldehyde. In view of their chemical 
disparity, it seems probable that rubidium and formalde- 
hyde produce the same result in different ways. If mobile 
carriers transport potassium ions across the membrane, 
rubidium might interfere by combining with the carriers 
more firmly than does potassium; whereas formaldehyde 
might inerease the affinity of the carriers to potassium 
ions or reduce the mobility of the carriers. 

By virtue of their lower membrane conductance and 
greater space constant, fibres treated with formaldehyde 
ean be repolarized extensively by mward currents while 
they are in isotonic potassium methylsulphate solution. Ifa 
potential equivalent to the normal resting potential is im- 
posed and then the membrane is depolarized to a threshold 
by an outward current pulse, a regenerative depolarizing 
response is elicited (Fig. 2). This response is attributable 
to the repriming and subsequent activation of the delayed 
outwardly rectifying potassium conductance, which has 
the more familiar physiological role of hastening re- 
polarization during the spike of the action potential’®. At 
the peak of the response the membrane potential closely 
approaches the zero current potential, showing that the 
potassium conductance rises to a very high value. The 
long duration of the response reflects the slowness of the 
inactivation process which causes the return to the low 
conductance state. Whenever the delayed rectifier has 
an equilibrium potential near zero it ean be expected to 
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Fig. 1. Effect of formaldehyde on current-voltage relation of frog 
sartorius fibre in isotonic potassium ae bathing solution 
(112 mM KCH SO,, L8 mM CaCl, buffered to pH 7-2 with phosphates). 
Intracellular chloride reduced by pre-treatment with isotonic sodium 
methylsulphate solution. ‘The fibre was impaled near the centre of its 
length by two closely spaced microelectrodes. The total current delivered 
through one microelectrode is plotted along the x axis and membrane 
potential recorded on the y axis. The resting potential was ~4 mV and 
temperature was 21° ©. Slowly rising currents passed inwards and 
outwards, and the inward current was negative. d, The current-voltage 
relation obtained before treatment with formaldehyde had a higher 
conductance in the inward current quadrant A. Thirty minutes after 
the addition of 10 mM formaldehyde the current-voltage relation ran 
linearly through most of the voltage range at a slope equal to the 
minimum conductance reached in the outward current quadrant in the 
absence of formaldehyde. A correction for the changes in spatial 
distribution in membrane current would increase the curvature of A 
but not influence the linearity of B, or the coincidence of the ultimate 
slope conductances in the outward current quadrant. Ifthe development 
of this effect is examined with constant inward current pulses a small 
transient increase in conductance without change in rectification 
precedes the abolition of inward rectification. 
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remain active for along time. Only when the equilibrium 


the normal action potential. 

No mechanical activity attends the depolarizing 
response in preparations treated with formaldehyde. 
This observation acquires significance when compared 
with the behaviour of muscles in which the inward 
rectifier has been abolished by treatment with isotonic 
rubidium methylsulphate solution. Fibres of such pre- 
parations can also be repolarized and subsequently 
stimulated to give a depolarizing response, but a strong 
local contracture is elicited at the same time. Evidently, 
formaldehyde has an inhibitory action on the mechanical 
system, an action not shared by rubidium. 
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Fig. 2. Regenerative depolarizing response resulting from the operation 
of a delayed outwardly rectifying conductance component in skeletal 
muscle membrane. Frog sartorius muscle was placed in isotonic 
potassium methylsulphate solution. The inwardly rectifying com- 
ponent of membrane conductance was abolished by treatment with 
10 mM formaldehyde, The resting potential, - 4 mV, is indicated by the 
uppermost oscilloscope trace. A steady inward current passed through 
one nileroelectrode hyperpolarized the membrane at the recording 
electrode to ~ 105 mV. Outward current pulses lasting 100.ms were added 
as indicated by short traces below the voltage records. The weaker 
outward pulse was subthreshold and the superimposed depolarization 
decayed passively. With threshold depolarization the membrane 
conductance increased greatly after the end of the outward current 
pulse. The time course of the response resembled a cardiac action 
potential and there was an increase in residual conductance that lasted 
several seconds. 


In fibres in which the transverse tubules have been 
disrupted by osmotic shock", the inwardly rectifying 
component of the residual potassium conductance’ 18 
abolished by formaldehyde as in normal preparations. 
Detubulated fibres give depolarizing responses provided 
their input conductance is low enough to allow repriming 
of the delayed rectifier by inward currents. The delayed 
rectifier is therefore located at least in part in the surface 
membrane. The time course of the depolarizing response 
of detubulated fibres in isotonic rubidium methylsulphate 
is not obviously changed by addition of 10 mM formalde- 
hyde solution. Formaldehyde therefore seems to have 
no pronounced effect on the kinetics of the delayed 
rectifier. . 

The ability of skeletal muscle in isotonic potassium 
methylsulphate solution to give a depolarizing response 
and its demonstrable dependence on the time and extent 
of the previous repolarization emphasize that the mem- 
brane potential has a dual effect on the potassium con- 
ductance. In this light the linearity of the steady state 
current-voltage relation obtained by slowly rising inward 


currents (Fig. 1B) signifies that the voltage range for 
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Chemical Sterilization of Honey Bee 
Spermatozoa in vitro 


Insect chemosterilants can act either by attacking the 
gamete (direct action) or by interfering with the tissues or 
nutrients that support the gamete (indirect action)!. It is 
hard to tell whether the chemosterilant acts directly or 
indirectly when the developing gamete is under the 
nutritional and regulatory control of the parent organism. 
But because adult male insects usually have a full com- 
plement of mature spermatozoa immediately after eclosion, 
only a directly acting chemosterilant should be effective 
for adult males. The male organism would then serve only 
as a receptacle for the interaction between the sperm and 
the chemical. When Herskowitz? used vaginal douches 
to insert a mutagen into inseminated female Drosophila, 
he obtained the first indication of mutagenic effects of a 
chemical on sperm outside the male organism. Because 
honey bees, Apis mellifera L., can be successfully fertilized 
by artificial insemination, we could test the direct action 
hypothesis by treating bee semen in vitro with the chemo- 
sterilant ¢ris(l-aziridinyl)phosphine oxide (tepa) and 
determining the effect of the treated semen on the repro- 
duction of the queen bees. 





Fig, 1. Effects of semen treated with tepa on eggs of honey bees. 
ated with untreated semen. Note nucleated cells in egg centre line 
with semen treated with 60 ng of tepa; no cellular proliferation observable ( x 48); 
note advanced embryogenesis ( x 120); d, inviable eggs (26 h old): 
( x 120), 
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As a preliminary step, we injected intrathoracically 
three groups of fifty to sixty males (drones) each with 
2-5 ul. of aqueous solutions containing 25, 50 or 100 ug 
of tepa. After 24 h, semen was withdrawn from the 
drones that survived the treatment, and virgin queens 
were artificially inseminated by the procedure of Macken- 
sen and Roberts*. Table 1 shows that the drones were 
sterilized with tepa, but the dose required for complete 
sterility was much larger than for some other insects*. In 
the test itself, we collected and preserved drone semen (but 
not mucus) by the technique of Taber and Blum‘; then 
we treated it with tepa in glass micro-flasks (volume 
120 ul.) by injecting the appropriate quantity of tepa 
dissolved in 0-85 per cent saline solution into 50-100 ul. 
of semen. The ratio of the semen to the saline solution 
was kept at 10:1, and the treated semen was always 
stored at 25° C and then used within 18-22 h. 

Table 1. VIABILITY OF EGGS OF QUEEN HONEY BEES ARTIFICIALLY INSEMIN- 
ATED WITH SEMEN OBTAINED FROM DRONES INJECTED WITH TEPA 


Percentage No, of queens 


Dose of tepa mortality* of Insemi- Dead in Laying 
(ug) drone) drones in 24 h nated 3h inviable eggs 
25 36 9 2 2 
50 38 xN pa 
100 55 6 i 6 


Groups of fifty to sixty drones were treated, and each queen was insemin- 
ated with 2 to 2-5 drone-equivalents of semen. 


* A high mortality was caused by injury to drones from the injections, 


Eight groups of queens (eleven to fifteen in each) were 
treated as follows. One group was inseminated artificially 
with saline solution containing untreated semen; five 
groups were inseminated with saline solution containing 
semen treated with 1-60 ng of tepa; one control group was 
treated with a saline solution only, and one with a saline 
solution containing 60 ng of tepa. Also, because Macken- 
sen indicated that inseminated queens can produce 
parthenogenetic females (workers) as well as normal 
diploid workers and haploid drones, we used a cordovan 


df 


a, Normal eggs (10 h old) laid by a queen artificially insemin- 
(* 45); b, inviable egg (10 hold) laid by a queen inseminated 
e, cross-section of a normal egg (26 h old); 
no cellular proliferation but extensive necrosis of the yolk 
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mutant strain of queens and wild type drones in all 
experiments so that we could distinguish between par- 
thenogenetic and normal females. (Bees produced 
parthenogenetieally have the cordovan colour of the 
mother; those produced from fertilized eggs reflect the 
colour of the father.) The viability of fertilized eggs was 
usually determined by placing the inseminated queens in 
small colonies (nuclei). When queens were placed in large 
colonies amply supplied with pollen, they laid also un- 
fertilized drone eggs, but the viability of these eggs was not 
affected by any of the treatments. 


Table 2. VIABILITY OF BOOS OF QUEEN HONEY BEES ARTIFICIALLY INSEMINATED 
WITH 3 ul. OF SEMEN TREATED WITH 0-60 NG OF TEPA IN 0-85 PER CENT SALINE 
SOLUTION 


Dose of tepa 
in semen of 
inseminatedt 


Average sperm countin Percentage 
queen spermathecas of eggs yield- 


after injection of ing normal Parthenogenetic 


queens Gig) 3 zl. of semen females progeny 
0 1,455,000 89-4 None 
2 721,000 90-8 None 
5 1,113,000 655 None 
15 1, 759.000 43-6 One queen produced a 
few males 
30 2.708.009 19i Gne parthenogenetic 
female 
gü a 151,000 0 Two queens produced 


a few parthenogene- 
tic females 
Groups of eleven to fifteen queens were inseminated with each dose. 


The results of the treatments are summarized in Table 2. 
The queens inseminated with 3 ul. of semen in saline 
produced only normal females, oviposition was normal 
and the viability of the eggs averaged 89-4 per cent. The 
queens inseminated with semen in saline solutions con- 
taining tepa oviposited normally, but the viability of the 
fertilized eggs was inversely proportional to the dose of 
tepa; with 60 ng of tepa, no eggs were viable. Treatment 
of the queens with 3 ul. of saline solution had no adverse 
effect on oviposition, and most of the eggs gave rise to 
haploid drones. But three queens also produced between 
one and four parthenogenetic females. The treatment 
with a saline solution containing 60 ng of tepa reduced 
oviposition of one queen, but the other queens oviposited 
normally and more than 75 per cent of their unfertilized 

rer Microscopic examination revealed no 
effect of the tepa on the motility of the sperm, and the 


eggs of the same age. 
We were unable to determine whether the non-viable 


eggs were viable. 

We thank Dr €. W. Woods and Miss B. Coe for technical 
assistance and H, K. Poole and J. Edwards for preparing 
slides and photographs. 
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Dieldrin and Eggshell Thickness in Ducks 


CHLORINATED hydrocarbons may cause reproductive 
failure in several vertebrate species, and their presence 
seems to be related to the eggshell quality of birds, Rap- 
tors in Britain, including the peregrine (Falco peregrinus), 
sparrow hawk (Accipiter nisus) and golden eagle (A quila 
chrysaetos), have reproduced less successfully with the 
increased use of chlorinated hydrocarbons, especially 
major part of the phenomenon. 
in raptors and herring gulls (Larus argentatus) has also 
been correlated with DDT residues in the eggs**. 


of bald eagles (Haliaetus leucocephalus) and ospreys 
(Pandion haliaetus) and extirpated populations of pere- 
grines have been related to decreases in eggshell weight, 
Parallel decreases occurred in shell thickness and in the 


eggshell thickness’. 
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Fig. 1. Mean shell thickness of eggs laid by mallard hens given VvariGus 

long-term doses of dieldrin in their feed. Circles are means; @. lateral 

thickness; ©, cap thickness; vertical lines, 95 per cent confidence limits. 
Data are for 1966 and 1967 combined. 


destruction by parent birds and 
thickness’, but apparently no study has related eggshell 
thickness to long-term doses of dieldrin alone or dieldrin 
residues in eggs. We therefore measured these relation- 
ships in a captive population of mallard ducks (Anas 
platyrhynchos} which were also being studied for effects of 
dieldrin on behaviour. 

Eight 20x 40 foot contiguous pens were stocked with 
game farm mallards (fifteen hens and four drakes per 
pen) on January 13, 1966. Dieldrin was dissolved in 
corn oil and mixed into commercially prepared Purina 
Layena pellets at four dose levels-——0 (control), 1-6, 4and 10 
p._p.m. The eight pens were randomly assigned to the 
four treatment doses—two pens per treatment. 

Treatment began on March 13, 1966, and has continued 
with no significant mortality. Eggs were collected twice 
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Table 1. CAP AND LATERAL SHELL THICKNESSES OF EGGS 


Measurement. site 0 (control) 


Cap thickness (mm) 


LAID BY MALLARD HENS GIVEN VARIOUS 


Treatment level of dieldrin (p.p.m.} 
4 
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LONG-TERM DOSES OF DIELDRIN IN THEIR FEED 


10 


0-0050 106)" i} oe PEELE (9408 


1966 + 1967 0-4019 + 0-0056 (94) 0-3877 + 0-0052 (114)§ 0-3931 + 0-005 3836 2 
1966 0-3957 + 0-0070 (32) 0-3835 + 0-0071 (52) t 0-3860 + 0-0076 (47)* 0-3787 + 0-0085 (38) t 
1967 0-4042 + 0-0078 (62) 0-3913 + 0-0074 (62)+ 0-3988 + 00065 (59) 0-3870 + 0-0064 (56) } 


Lateral thickness (mmo 
1048 + 1967 
1966 
1967 


Numbers indicate mean +95 per cont confidence limit (sample size). 
Levels of significant difference from the control: * 0-05; ¢ 0-02. 7 0-01; 


4047 + 06-0054 (94) 
0-3047 + 06-0061 (32) 
0-4072 + 0-0073 (62) 


daily and refrigerated for later artificial incubation and 
subsequent behavioural tests. The period from April 24 
to July 17 ne w hich eomesdes with wW ater fowl G int the 
this end some , eggs were frozen “at weekly Teen ae 
1966 en 1967. 
about: one- ahd: aE the ane kon the Ta Be 
After defrosting for about 10 min the partially frozen 
contents were removed, leaving the outer membrane and 
shell, which dried for about another 5 min until the mem- 
brane was no longer sticky. The thickness (to the nearest 
0-01 mm) of the shell near the large end (cap thickness} 
and midway along the side of the shell (lateral thickness) 
was measured by a Starret No. 1010 micrometer with 
round contact. points. A significant decrease in eggshell 
thickness in comparison with the control was found for 
all treatments (Table 1). Cap and lateral measurements 
showed almost para Hel decreases (Fig. 1). When the 
eggshell thicknesses were plotted by date of collection, 
decreases in the 10 p.p.m. group were apparent by May 
1966; the As aa was, jeans too small for Stanen N 
analysis. The initial decrease in egg 
low dose (1-6 ee follow if by little fai ther a at 
higher doses parallels Ratchiffe’s findings? in wild raptor 
populations. 

The eggshells of herring gulls* decrease in thickness by 
about 10 per cent over a range of about 85 p.p.m. of DD E 
= i aeons of phi pe duce in the entire egg ¢ contents. 


yolks ae pane of P. N. T 

Dieldrin may cause a decrease in eggshell thiekness by 
the induction of hepatic enzymes which then increase the 
rate of metabolism of steroids such as oestrogen’. 

Our results suggest: (1) dieldrin at low sublethal doses 
causes a statistically significant decrease in eggshell 
thickness in mallard ducks; (ii) both cap and lateral 
thicknesses decrease; and (ili) because of dieldrin and 
DDT, other chlorinated hydrocarbons may be similarly 
suspect in other avian species. 

The research was carried out under contract with the 
Bureau of Sport Fisheries and Wildlife, Fish and Wildlife 
Service, US Department of the Interior. We thank E. H. 
Dustman, W. H. and L. F. Stickel for advice, and D. V. 
Sisson for statistical help. 
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Effect of DDT on Calcium Uptake and 
Vitamin D Metabolism in Birds 


THe “thin eggshell phenomenon” has been widely found 
in nature for several species of raptors’ and has been 
demonstrated for a number of species in laboratory 
conditions? Caletum metabolism in birds is closely linke i 
to the reproductive cycle and is, to a large extent, regulated 
by two steroids, oestradiol and vifaqrun D. Avian 
hepatic liver enzymes induced by chlorinated hydro- 
carbons have been shown to increase the metabolam 
of sex hormones both in vitro? and im merot, The 
structure of vitamin D is sufficiently close to that of the 
sex hormones investigated to suggest that increased 
vitamin D metabolism might oceur and thus caletum up- 
take from the gastrointestinal tract be affected. Two 
groups of experiments were carried out: èn vivo studies 
of “Ca uptake in zebra finches (Poephila guitata) and in 
vitro studies of vitamin D metabolism by the yin 
microsomal fractions of rmged turtle doves fring doves: 
Streptopelia risoria). 

Male zebra finches were fed commercial DDT as 
described by Jefferies’, but the intake of DDT was not 
calculated by his method. Instead, the final concentration 
in the brain was used as an index of DDT ingestation. 
After a period of feeding on DDT, each bird received 
20 uCi “Ca fin 0-2 ml. water) by stomach tube P a 
flexible plastic tube on a tuberculin syringe. The birds 
were killed 4 or 8 h later and dec apitated and the on 
were removed for pesticide analysis. The reat of the body 
was plucked, the wings and legs were removed. and the 
body was then ashed at 800° C overnight. The ashed 
remains were weighed and dissoived for scintillation count- 
ing. The results obtained are shown in Table 1. 


Table 1. UPTAKE OF Ca IN THR ZEBRA FINCH 


Peaticide 

content of 
Percentage brain pooled 
Of initial average in 


ppm. Calg 
ashed weight 


{x 10%) dosi ppr Ot 
taken up DTT plas 
Teta bol fies 
DDT for 3 weeks, killed 4h 
after ingestion of “(Ca 712 +273 (#) 56-7 4-81 
Control, 4 h BRO + 282 (8) 54-7 0-37 
DDT for 6 weeks, kiied & h 
after ingestion of “Ca 695+ 76 (4) 52:9 HRN 
Control, & h 6404 201 (3) 49-4 eas 


The mean and the standard deviation are given with the number of birds 
shown in parentheses. 

Two birds that died in tremors during the course of the experiment had 
brain levels of 45-4 and 51-9 ppm. total DDT plus metabolites, 


Ring doves were fed on turkey grower pellets containing 
10 p.p.m. of commercial DDT for 3 weeks before they 
were killed. The livers were split; half bemg used for 
oestradiol metabolism and half for vitamin D metabolism 
studies. The oestradiol determinations were used as a 
control to check for the degree of induction of hydrexylat- 
ing enzymes. The procedure for the determination of 
oestradiol tahoa has been deseribed previousiy?. 
For vitamin D,-1,2-°H (35-4 mCi/mmole} the pr ocedures 
had to be -no'lified because of the sensitivity of this 
compound to oxygen and light. The entire process of 
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incubation and separation was carried out in the dark and 
under nitrogen. The final chromatographic separation 
was carried out on paper treated with 10 per cent mineral 
oil in benzene using 95 per cent aqueous methanol as 
solvent®, The results obtained are given in Table 2. 


Tabie 2. METABOLISM OF VITAMIN P AND OESTRADIOL BY HEPATIC MICRO- 
S OMAL FRACTION OF RING DOVES FED ON DIET CONTAINING 10 ppm. DDT 
Amount of polar metabolites formed in nmoles 
Oestradiol Vitamin D 


Control 24-34 63 (6) B87 48-7 (6) 
DDT DIFAI (6) 386-7479 (6) 


The mean and the standard deviation are given with the number of birds 
shown in parentheses. In all cases 500 mmoles of labelled substrate was 
present, incubation time was 30 min and the weight of the microsomal 
fraction used was 200 meg. 


Digestion in birds is rapid. For example, Stevenson’ 
found, for several species of Fringillidae, that excretion 
started 1-5 h after ingestion and was completed in 25 h. 
In view of this and the fact that the fraction of calcium 
taken up after 4 h and 8 h was similar, it was considered 
that calcium absorption was essentially complete at both 
time periods. Thus the results clearly show that uptake 
of calcium from the gastrointestinal tract in the intact 
animal is not affeeted by DDT. This finding correlates 
with the results of the second experiment which shows 
that in vitro metabolism of vitamin D is not increased 


cium after ingestation, rather than action at the initial 
step of this process. 

This work was supported by a grant from the US 
National Institutes of Health and was carried out while 
I was an established investigator of the American Heart 
Association. I thank Mr Jeffrey Lincer for assistance 
with the pesticide analyses. 
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Distribution of Dietary Squalene ina 
Wandering Albatross, Diomedea exultans 


ALTHOUGH trace amounts of squalene occur widely as a 
precursor to the biosynthesis of sterols, large concentra- 
tions are rarely found in nature and there is little informa- 
tion on the dietary intake of squalene in natural conditions. 
It is therefore interesting that a wandering albatross has 
been found! to have consumed considerable quantities of 
squalene. This conclusion was based on the ¢ omposition 
of 188 ml. of oil collected from its stomach (8-6 per cent 
squalene and 77 per cent wax esters) and on evidence 
that the stomach oils of birds of this order are dietary 
residues. I now report the distribution of dietary squalene 
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in the organs of the same albatross, and its exclusion from 
the brain. Excess squalene in these organs did not 
enhanee cholesterol synthesis. 

Details of the albatross, which was obtained as a 
skinned carcass, have already been reported’. Organs 
and tissues were dissected out as shown in Table 1. 
Lipids were extracted by the method of Folch et ai.’. 
Squalene was determined by a method previously de- 
seribed'. The sensitivity of the method was confirmed by 
analysis of a test mixture of lipids containing 5-2 p.p.m. 
squalene in which 4-4 p.p.m. were found, giving a recovery 
of 85 per cent. Total cholesterol was determined by the 
ferric chloride method? after isolation of cholesterol and 
cholesterol ester fractions by preparative thin-layer 
chromatography. 


Table 1. CONCENTRATIONS OF SQUALENE AND CHOLESTEROL IN TISSUES OF 


THE WANDERING ALBATROSS 


Squalene Cholesterol Lipid 
Tissues (p.p.m?) tailo g) (wt. per cent) 

S. fat—pectoral region $60 0-30 80-3 
S. fat—abdominal region 4,120 023 4-0 
Muscle—pectoral 230 0-03 P 
Muscle-—thigh RO 0-03 3-2 
Blood-—aorta 15 (OD Qt 
Bload-—-inf. vena cava 5 GRI 2 
Brain—cerebraum Not detected 5S ay 
Liver 1,030 28 3:5 
Heart 76 0-06 G9 
Kidney 54 0-26 BF 
Pancreas 106 Ob 54 
Duodenum 683 10 J22 
Midgut 520 0-13 12:3 
Duodenal contents 4-26 x 108 0-10 vied 
Midgut contents 6-25 x 10 0-09 G7 


* Relative to tissue weight. 


Squalene was found in all the tissues and organs 
examined, except the brain (Table 1). The squalene 
content varied, and was seen to be directly proportional 
to lipid content only in the two samples of muscle. Sub- 
cutaneous fat had levels of squalene that were moderate 


ma Raal 


There are no comparable data on normal squalene 
concentrations in other animals, except for human skint 
(not applicable) and rat liver which contains 25 p.p.m.®™* 
--about 3 per cent of the amount found in the albatross 
liver. Presumably squalene levels in the other organs of 
the albatross are similarly higher. Feeding squalene to 
rats has provided limited data? which reveal a similar 
deposition of squalene. 

Several attempts to find squalene in the brain failed, 
although the blood contained an average of 10 p.p.m. 
and the analytical method can detect 0-1 p.p.m. This 
situation is strikingly similar to reports that, unlike other 


tissues, brain cholesterol undergoes little if any inter- 
change with blood cholesterol after the completion of 
myelinization®-!°. The barrier in the brain to the passage 
of cholesterol thus seems to be equally effective with 
squalene. 

Because the colon was empty, I could not determine the 
amount of squalene being exereted in the faeces. The con- 
centration of squalene in the contents of the midgut 
(6-25 per cent of the lipids) was not, however, markedly 
different from the stomach oil (8-6 per cent), showing that 
it was absorbed at about the same rate as the wax esters. 

In spite of the presence of relatively large quantities of 
squalene, cholesterol concentrations in all of the organs 
analysed were equal to or lower, but never higher, than 
those reported for similar organs from other animais?!, 
The rates of cholesterol synthesis have been established 
for many tissues, among which rat liver and human skin 
are unique for having excess amounts of squalene’. In 
these tissues squalene is relatively inert, with only a srnall 
fraction going to cholesterol*. My work shows that other 
organs also have this ability to maintain normal rates of 
cholesterol synthesis in the presence of excess squalene. 
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The LKB UV Analyzer, 

the Uvicord is completely compatible with the UltroRac. 
The Uvicord detector unit is here shown incorporated, 
with the UltroRac, in a separation system. 
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A Fraction Larger 


Yes, our Fraction Collector, The UltroRac, is | | 
a fraction larger than some others on the mar- j 
ket, but we do not consider this a disadvan- f 
tage and neither do our customers who only 

speak of the ADVANTAGES of owning an / 


LKB UltroRac. The UltroRac gives users / ) 
reliable collection, ease of operation, easily 

varied test-tube capacity and freedom of | 

choice in the method of collection. Any num- 

ber of test-tube racks can be removed from 

the collecting platform without interrupting 













the collecting process. 


Write or phone LKB today for a fully illus- 
trated brochure on this QUALITY instru- 
ment and the many others in the LKB Labo- 


ratory Instruments Line. 
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@ Space Saving 

® Coldroom Use 

è Standard Test Tubes 

@ Removable electronic unit 
@ 200 test-tube capacity 

è Time, drop and volume 
Stainless steel support rods 
Polypropylene racks 
Provision for event marking 
Power outlet for flow pump 
Electronic counting system 
Positive flow control 
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Microscopists all over the world are 
becoming class-conscious.Sincethe 
recent RomeConferenceon Electron 
Microscopy, an ever-growing num- 
ber of these people has concluded 
that the Philips EM 300 is a class by 
itself, and they want to be associated 
with it. 

The result has been a rapid rise in 
the membership of the EM 300 Club. 
There are now more than 400 owners 
of the Philips EM 300 Electron Mi- 
croscope in 26 countries. 

In deference to its members’ typi- 
cal dislike of meetings, officers, dues 
and after-dinner speeches, the EM 
300 Club has dispensed with the 


<a LLL LE 


There are now 


over 390. 


mem 








pomp and left only the privilege... 
the privilege associated with owner- 
ship of the most respected high-res- 
olution electron microscope in the 
world 

EM 300 owners are the exclusive 
beneficiaries of the inherent quality 
of the EM 300... the finest service or- 
ganisation...the finest research and 
development team ... and pernaps 
most important of all, protection 
against obsolescence. As new im- 
provements are introduced...such as 
the recent TV display system with 
image intensifier, X-ray spectrometer 
attachment, prepumped airlock, and 
specimen chamber cold trap... they 


400 
bers of 
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Ae 
are designed so they may be in- 
stalled quickly and easily on instru- 
ments already in use. 

Have you considered joining this 
privileged class of electron micro- 
scopists? We should be pleased to 
welcome you into full membership. 
Just contact your Philips represen- 
tative, or send for your free EM 300 
brochure. 


N.V. Philips’ Gloeilampenfabrieken, 
Analytical Equipment Department, 
Eindhoven, the Netherlands. 

PHILIPS] ANALYTICAL EQUIPMENT 
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Identification of Chemicals triggering 
Cercarial Penetration Responses of 
Schistosoma mansoni 


I HAVE carried out experiments to show that chemicals 
present on mammalian skin cause cercariae of S. MANSONI 
to initiate penetration responses, and discharge the 
contents of the penetration glands. 

Schistosomiasis (bilharziasis) is a serious disease which 
is increasing in many parts of the world because of expand- 
ing irrigation. Previous work has not revealed which 
chemicals initiate penetration responses in cercariae’. 

I obtained cercariae as before?, and solutions were 
prepared with redistilled water (freshly boiled to eliminate 
CO,). A sample of 100 ml. from each solution was heated 
with 275 mg of Oxoid ion agar, poured into Petri dishes 
(6x L5 em), and allowed to solidify. Cercariae in 3 mil. 
of spring water were pipetted onto the surface of the 
agar, and observed with a stereomicroscope. Responses 
were defined as follows. A penetration attempt occurred 
when a cercaria was attached to the agar with its acetabu- 
lum and made at least three probing movements of its 
forebody; or when it was attached to the agar with its 
oral sucker and made three contractions of the body; or 
when it discharged its gland contents or shed its tail. 
Penetration occurred when at least the anterior end of the 
cerearia was inserted beneath the surface of the agar. 
There was no response when cercariae remained suspended 
or swam in spring water overlay; or walked over the 
surface of the agar by alternately attaching the oral 
sucker and acetabulum, but did not exhibit the positive 
responses described here. 

The results of preliminary experiments indicated that 
275 mg of agar in 100 ml. of 1-2 mM short-chain fatty 
acid or 5-0 mM amino-acid gave the highest percentage 
of positive responses. while chemicals at 001 mM were 
not significantly different from the control consisting of 
agar made with boiled. distilled water or spring water. 
Fatty acids in a concentration of 10 mM in the agar 
rapidly killed cercariae. 

T have carried out two types of experiments to provide 
quantitative evidence that the presence of certain chemi- 
cals significantly increases the number of cercariae initiat- 
ing penetration responses. First, about fifteen cerearae 
were pipetted onto each agar plate at room tempcrature. 
The cercariae making positive responses during 10 min 
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| The exact number of sercariae 
per plate was determined at the end of each experiment. 
Cercariae leaving the surface of the agar and subse- 
quently returning were counted each time they made a 
positive response. Except for controls, ib was not always 
possible to count all positive responses. These data 
showed that there was a significant increase im the number 
of penetration attempts when butyric acid or certain 
amino-acids were present in the agar. 


were counted (Table 1). 


Table 1. SUMMARY OF THE PERCENTAGE OF CERCARIAE OF S, manaors 
ATTEMPTING PENETRATION OF AGAR AT 23° C QUNTAINING Y YOM SOLU PIONS 
GF CHEMICALS 
Total No. 
of cercariag 
253 (143 
fd (5) 


Per cent attempting 
Chemical penetration + SE. 
Contre) 
Butyric acid ki 
Aspartic acid 227 (13) ; 
Glutamic acid 226 (17) h 3 

Lysine 33 (2) 15643 

The control was agar made with redistifled, boiled water, © ervations 
were made for 10 min. Numbers in parentheses are numbers of experiments, 





Table 2. SUMMARY OF THE PERCENTAGE OF CERCARIAR UF A. PHIR 


PENETRATING AGAR at 87° © 
Total No. 


Chemicals teated of cereariae (per cent + SE! 
Control 3,201 (76) 0 


469 (123 Bo + B 
1,008 (16) Zr 
5 mM ghitamic 1,138 (27) 1422 
O-5 mM lactic 1,052 (18) IE Soa 
1 mM glucose 238 {10} n 
0-85 per cent wiy Natl 160 {8} G 
5 ae pen 418 (19) Q 
1 mM butyric aa oe oe 
1 mM aspartic . 204 (7) ace 
1mM butyric 
1 mM aspartic - 
1 mM glucose | 
Cereariae were added in spring water at 23° C, and counting was l h lata. 
The control} was agar made with redistilled, beiled water. Numbers io. 
parentheses are numbers of experiments. 


1 mM butyric 
5 mM aspartic 


604 (17) $223 


In the second type of experunent, agar plates wers 
maintained at 37° C. The percentage of cercariae showing 
a positive response was determined 1 h after the cereariae 
had been added by counting all the cercariae and those 
that had penetrated (Table 2). Most of the cercarise 
recorded as having penctrated had completely entered 
the agar. Many also discharged the contents of their 
penetration glands. These data show that the presence 
of short-chain fatty acids, aspartic, glutamic or lactic 
acid in agar triggered penetration, and mitiated penetra- 
tion responses in those cercariae that discharged the 
contents of their penetration gland, although they cad 
not penetrate. In similar experiments 5 mM glycine, 
alanine, serine, threonine, methionine, valne, proline, 
leucine, histidine, phenylalanine, lysine or arginine sud 
not stimulate penetration. Many, but not all. cercamar 
were viable at the end of | h, as judged by their movement. 

Other experiments, to be reported in detail laser, 
showed that Schistosomatium douthitti cercariae did act 
attempt to penetrate mouse skin from which ether soluble 
materials had been extracted. When an ether extract of 
mouse skin was evaporated, and the residue rubbed on 
mouse ears that had been placed in ether, removed, dried 
and rehydrated. the factor(s) stimulating the initiatica af 
penetration was rest ored (see Wagner. ref. 1). 

When the test solutions were confined to a small 
plug, Jane Hubbard (unpublished work) found si 
ficantly more ccreariae in the area close to the phig fhan 
in other areas of the dish. 

The chemicals that stimulated cereariae to pencmrat 
are similar to those that attract miracidia to snaiis*. 
Lactic acid-lactate is an effective buffer for pH 4:(h4-5, 
is an important constituent on the skin surface, and is an 
attractant for mosquitoes’. Amino-acids are also import- 
ant buffers in the skin‘, and the fatty acids contribute to 
the low pH’. Thus it seems reasonable to suggest that the 
chemicals shown to cause penetration by cercariae of S. 
mansoni in vitro are the same that stimulate penetration 
responses 77 vivo. 
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These data support an earlier hypothesis? that the 
finding of hosts by parasitic flatworms is analogous to 
finding food in free living forms. There may have been 
adaptation of responses by free living organisms to new 
tasks as these organisms evolved towards parasitism (also 
suggested by Lenhoff*), in addition to the development of 
entirely new behaviour as proposed by Davenport’. 

This work was supported by grants from the US 
National Science Foundation, US National Institutes of 
Health, and the University of California. I thank Andy 
Ma, Dianne Young, Sharon Underwood and Laura 
Feichter for assistance. 

Austin J. MacInnis 
Department of Zoology, 
University of California, 
Los Angeles. 
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Bark Beetle Attractants: 
.Mechanism of Colonization by 
Dendroctonus frontalis 


Tur devastating attack of Dendroctonus frontalis Zimm. 
on pine trees depends on successful host selection, mass 
aggregation, and colonization, often progressing rapidly 
from tree to tree within a forest?. Females beginning 
the attack release a pheromone’, and the penetration of 
the bark by these beetles liberates host volatiles which 
complete the potent population attractant’. The princi- 
pal pheromone has been identified as 1,5-dimethyl- 
§6,8-dioxabieyelo [3.2.1] octane (“frontalin”)*, which 1s 
concentrated in the hindguts of emergent adults. Other 
compounds identified from D. frontalis hindguts are trans- 
verbenol in females and verbenone in males’. We now 
report the identification of the host terpene responsible 
for boosting the attraction of frontalin, and results which 
explain the roles of trans-verbenol and verbenone in the 
aggregation mechanism. 

Resin volatiles from host pine trees in south-east Texas 
were obtained by short path distillation of freshly collected 
oleoresin and analysed by gas chromatography. The 
major terpene component of Pinus taeda, P. palustris, 
P. elliottii and P. echinata was «-pinene in each case, with 
smaller amounts of camphene, myreene, 8-pinene, Hmon- 
ene, methyl chavicol and traces of a-thujene, 3-carene 
and terpinolene. Commercially available host terpenes 
were purified by preparative gas chromatography and 
tested separately with synthetic frontalin and trans- 
verbenol using tree trunk simulating olfactometers® 
(Table 1). The additive effect of «-pinene on frontalin 
attraction was clearly superior to that of the other 
terpenes. Frontalin consistently attracted more males 
than females, and the addition of «-pinene did not notice- 
ably change the sex ratio of responding beetles. 
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Fig. 1. Attack mechanism of Dendroctonus frontalis. 


Table 1. RELATIVE EFFECT OF Pinus laedu RESIN CONSTITUENTS ON THE 
ATTRACTIVENESS OF FRONTALIN AND trans-VERBENOL TO Dendroctonus 
frontalis, SOUR LAKE, TEXAS, 1960 


Materials released Total No. of Sex ratio 


Data Host frans- D., frontalis male : 
constituent Frontalian Verbenol responding formali 

April 14-15 o-Pinene mt- + 104 1:033 
Limonene -+ + 48 1:032 

3-Carene -} 4- 39 120-32 

Methyl chavica!l + + 24 1:050 

April 16-19 a-Pinene + + Os 1: 0-42 
A-Pinene + 41 3:0-37 

Camphene + + 42 1:022 

Myreene -+ + BL 1:012 

April 19-21 a-Pinene + + 86 1:034 
Ferpinolene + + 26 41:020 

Fresh resin ~} 28 1:0232 

a + -$ 20 1:029 

April 22 — + = 12 I: 033 
axes + + i 1:045 

a- Pinens + == 44 1:045 

a-Pinene -+ + 36 i OlT 


Field bioassays of trans-verbenol, verbenone and fron- 
talin combinations were performed in the same manner. 
The supplementary effect of érans-verbenol found in 
experiments using crushed beetles’ was repeatedly con- 
firmed in experiments with the synthetic chemicals. 
Trans-verbenol did not alter the sex ratio, but the addition. 
of some verbenone resulted in a marked decrease in male 
response. Furthermore, the presence of large quantities 
of verbenone inhibited the response of both sexes (Table 2). 
The results provide a basis for proposing the mechanism 
for D. frontalis attack behaviour shown in Fig. I. 

Females beginning the attack release frontalin and 
trans-verbenol as soon as they land on the bark. Initial 
boring causes the exudation of resin and release of 
a-pinene, The resulting potent attractant combination. 


Table 2, EFFECT OF VERBENONE CONCENTRATIONS ON RESPONSE OF Dendrac- 
tonus frontalis YO PHEROMONES IN COMBINATION WITH a-PINENE, SOUR 
LAKE, TEXAS, 1969 


Total 
Materials released No. of Sex 
Date Host. Female- Male- D. frontalis ratio 
COT produced produced respond- male: 
ponent compomnds compounds ing female 
April 2 a-Pinene Frontalin tirans- -l 51 1:023 
verbenol 
a-Pinene Frontalin frans- Verbenore OL aes 
verbenol (APpPrOx. 
t5 mgh) 
= Frontalin frans- Verhenone 36 1:6-91 
verbenol (Q-5 mgh) 
cod Frontalin Verbenone 16 1:285 
(5 mgh) 
June 8-9 a-Pinene Frontalin — 59 1:028 
a-Pinene Frontalin Verbenone 3 Tat 
(approx, 


10 mesh) 
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causes the aggregation of large numbers of beetles, with 
males predominating by about 3:1. In epidemie condi- 
tions many females land on adjacent trees, which become 
» the next focal points of attraction. The aggregating 
„males in turn release verbenone, which first reduces the 
response of males and eventually reaches a level that 
=- inhibits further response of both sexes. This inhibition 
© by high verbenone concentrations is accompanied by the 
-, cessation of resin exudation, and frontalin is no longer 
produced by the successfully feeding females. It seems 
that trans-verbenol can activate the frontalin attraction, 
but has little significance as soon as a plentiful supply of 
g%-pinene is present. The role of trans-verbenol may, 
however, be more critical as a substitute for -pinene 
when trees have a low olearesin exudation. 

For the first time synthetic chemicals have been used 
to duplicate the natural processes by which a bark beetle 
selects its host, attracts the flying population, regulates 
the sex ratio and prevents overpopulation of a single tree. 
The strong attraction of frontalin and z-pinene combina- 
tions is competitive with that of natural D. frontalis 
infestations, and therefore may represent a potentially 
powerful tool for the management of this pest. 

The research was supported, in part, by the Southern 
Forest Research Institute of Houston, Texas, and the 
Margaret T. Biddle Foundation. 
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Comparison of the Sr/Ca Ratio of 
Fossil and Recent Mollusc Shells 


BiocHEMiIcaL evolution has occurred in molluse shells 
with respect to their Sr contents, according to Lowen- 
stam’, and this thesis has subsequently been elaborated?:3. 
Contemporary forms are thought to be able to discriminate 
more efficiently than ancient molluses against Sr relative 
to Ca in seawater, so that modern molluse shells generally 
contain lower Sr/Ca ratios than ancient shells. Evidence 
for this is a systematic decrease in the Sr/Ca ratio in 
unrecrystallized aragonitic gastropod shells from the 
Pennsylvanian to present? and in unrecrystallized aragon- 
itic cephalopods from Carboniferous to present®. Hallam 
and Price? do not seriously consider the possibility of 
post-depositional alteration of shells without reerystalliza- 
tion as an explanation for the observed relationship 
between the Sr/Ca ratio and age, and it may be that the 
Sr content of calcareous shell material is altered before 
recrystallization*-*. If so, it may be difficult to differen- 
tiate the role of biochemical evolution from post-deposi- 
tional alterations caused by diagenesis or weathering. 
To investigate post-depositional changes in molluse 
shells, we studied the Sr content of Recent and fossil 
gastropod and bivalve shells. Analyses in duplicate for 
both Sr and Ca used atomic absorption spectrophotometry. 
Artificial standards, prepared from spectrographically 
pure reagents, matched the unknowns as closely as pos- 
sible. The accuracy was calculated as the coefficient of 
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variation for eleven analyses of the same sample (from 
separate powdered aliquots), and is 1-1 per cent for Ca 
and 1-7 per cent for Sr. We studied only shells of easenti- 
ally pure aragonite or calcite (within the limits of accuracy 
of standard X-ray diffraction procedures), to avoid the 
effect of variable mineralogy of shell composition. We 


assume that, at the very least, all shells consist of 95 


Coastal Plain between Virginia and Florida. Thin section 
observation verified the lack of apparent reerystallization 
of the shells. Previous investigations? have compared the 
composition of fossil and Recent shells of the same species 
or genus, to reduce the effect of taxonomic variables im 
controlling shell composition. We feel that comparing 
the composition of gastropod and bivalve shells as a group 
is @ more severe test of the significance of fossil~Recent 
compositional differences, but have nevertheless also 
included a comparison of the generic and specific levels. 


Table 1. MBEAN SriCa RATIOS OF RECENT AND FOSSIL MOLLUSC SHELLS 
S Ne SD No, of 
Mineralo Sr/Ca atom wie NO, g 
a i ratio x i0-* shells 

Recent Aragonite 2-05 1-00 37 
All fossil Aragonite 244 0-84 151 
Upper Pleistocene Aragonite 1:97 SO 25 
Lower Pleistocene Aragonite 2°35 1:20 4 
Pliocene Aragonite 2-94 1-26 8 
Upper Miocene Aragonite 2°27 O60 66 
Middle Miocene Aragonite 2-69 1-20 22 
Lower Miocene Aragonite 2-73 0-59 19 
Eocene Aragonite 3-36 1-38 ; 
Recent Calcite 13h O18 4 
All fossil Calcite 1-02 0-31 34 
Upper Pleistocene Calcite or O4 tee 

Upper Miocene Calcite 1-10 51 id 
Middle Miocene Calcite 1-01 Odd 3 
Lower Miocene Calcite 1-06 0-56 2 
Eocene Calcite O74 0-27 5 
Cretaceous Calcite 1:07 ail 8 


Table 1 lists the Sr/Ca atom ratios of Recent and fossil 
shells. Analyses of calcitic and aragonitic shells are listed 
separately. The average Sr/Ca ratio of fossil shells is 
consistently different from that of Recent shells. and 
significant differences between fossil and Recent arithmetic 
means can be demonstrated at the > 985 per cent and 
90 per cent confidence levels for aragonite and calcite, 
respectively, by Welch’s test’. This test does not require 
equal variances of the two populations from which the 
samples were drawn, so it is preferable to the more stand- 
ard Student ¢ test. Strontium is relatively high in fossil 
aragonitic forms, as noted before!*, but the Sr content of 
calcitic fossil shells is low compared with Recent shells, 

Table 2 compares the average Sr/Ca atom ratio of the 
shells of two species and two genera from two or more 
fossil locations as well as from the Recent. AH these shells 
are pure aragonite, That the Sr/Ca ratio increases with 
age is again apparent on the generic and specific level, as 
with the class level comparisons (Table 1). 


Table 2. COMPARISON OF THE SriCa ATOM RATIO (x 10") OP THE SHELLS 


OF TWO SPECIES AND TWO GENERA 


Upper Lower aA 
Recent Plelsto- FPleisto- PHocens Upper Middle 
Species cene cene Miocene Miocene 
Mercenaria 
mercenaria 173 (1) 215 (D 2140) l ES 
Chione latilirata 1-83 (1) 2291) 2-28 (1) 
Genus i 7 
Chion 1-50 (2) 1-77 (D WAZ (2) B25 (3) 
Mercenaria 1:87 (1) 222 (8) 2°31 (1) 2-15 (1) 


Numbers in parentheses indicate number of shells analvsed, 


Several lines of evidence favour post-depositional 
alteration. First, the appearance of the fossil and Recent 
compositional differences is geologically sudden (in the 
Pleistocene) and there seems to be no consistent widening 
of these differences with increasing age (Tables I and 2). 
A smoother change in the Sr/Ca ratio with age would be 


1224 


apparently lose Sr while fossil aragonitie shells seem to 
gain Sr. If the biochemical evolution mechanism can be 
extended to calcitic shells, then the trend in this instance 
is toward less efficient extraction of Ca relative to Sr 
from seawater, because fossil calcite shells exhibit low 
Sr/Ca ratios. It is difficult to explain why aragonitic 
secreting molluses have been evolving in the direction of 
greater shell purity while calcitic forms have not. Third, 
the evidently different behaviour of Sr in calcite and aragon- 
ite shells can be predicted from erystal chemistry. The 
large Sr ion may play a stabilizing part in the nine-fold 
coordinated Ca position in the aragonite lattice; hence 
the post-depositional increase. On the other hand, the 
Ca position in the calcite crystal lattice is a smaller site 
with six-fold coordination. The stability of calcite may 
therefore be enhanced by post-depositional loss of Sr. 
Pilkey and Goodell’? have further demonstrated that the 
large Ba ion follows a similar path to Sr, and is enriched 
in fossil aragonitic shells and depleted in fossil calcitic 
shells. 

Two indirect lines of evidence support the stabilizing 
role of Sr in the aragonite lattice. First, the only naturally 
occurring SrCO, compound, strontianite, has a crystal 
atructure similar to that of aragonite rather than calcite. 
In addition, the negative free energy of formation of 
strontianite is slightly greater than that of aragonite 
( — 272-00 + 0-20 kealories/mole for strontianite compared 
with — 26957+4020 kecalories/mole for aragomte)®. 
Second, data for distribution coefficients ®-!! 


( D= Sr/Ca aragonite or calcite’ 

Sr/Ca aqueous solution / 
demonstrate that the average Sr/Ca ratio of fossil aragon- 
itie shells is lower than the equilibrium ratio, whereas the 
average Sr/Ca ratio of fossil calcitic shells is higher than 
the equilibrium ratio. Ratios from fossils of both 
mineralogical types are closer to their respective equill- 
brium ratios than are those of Recent shells. Įn post- 
depositional changes before reerystallization the Sr/Ca 
ratio thus tends with age to approach the equilibrium 
ratio for both aragonitic and caleitic specimens. ‘These 
relationships hold whether calculations use the Sr/Ca 
ratio of normal marine waters (9-5 x 10-3) or known values 
of Atlantic Coastal Plain pure waters (6-9 x 10-*) 
(ref. 12). 

Although the distribution coefficients are only known 
accurately% for 90°-100° C, rather than the 20°-30° C 
that probably prevailed during the alteration process, 
the distribution coefficients are nevertheless higher at 
lower temperatures!*, Any higher distribution coefficient 
in the ease of aragonitic shells will not invalidate our 
conclusion, but could affect the case of calcitic shells. 
For example, when the Sr/Ca ratio of marine waters is 
combined with a distribution coefficient of 0-13 (upper 
limit from Oxburgh et al. for 30° C), the equilibrium 
ratio of 1-2 x 10-4 is between the fossil and Recent aver- 
ages (Table 1). But ratios from Coastal Plain waters are 
probably! nearer 8 x 10°%, so the conclusion that calcites 
approached the equilibrium ratio during post-depositional 
alterations is probably still valid. 

We believe the evidence strongly indicates that the 
Sr/Ca ratio of fossil molluse shells may be significantly 
altered by inorganie processes before recrystallization. 
A biochemical evolutionary trend in Sr uptake could 


possibly be superimposed on the observed post-cdepost- 
tional alterations. Tt seems difficult, however, to differen- 


tiate biochemical factors from inorganic diagenetic effects. 

One consequence affects geochemical tools applied to 
carbonate materials. Radiometric dating of shell material, 
as well as oxygen and carbon isotope and trace element 
studies, are based on the assumption of unaltered com- 
position. The post-depositional fractionation of isotopes 
in unrecrystallized calcareous invertebrate skeletal mater- 
ial therefore needs urgent investigation. 
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Genotype, LSD and T-maze Learning 

in Mice 

VARIATION in T-maze learning im mice is determined by 
genetic and environmental (treatment) effects and inter- 
actions among them!-‘, Lysergic acid diethylamide-25 
(LSD-25) affects attack and inhibition behaviour, gross 
locomotor activity and swimming time in a water T- 
maze®-?, Strain differences in aggressive behaviour reac- 
tion to LSD, that is to say, a genotype x treatment inter- 
action, have been suggested’. Here we evaluate the 
effect of LSD-25 and genotype on T-maze learning and 
demonstrate a significant genotype x treatment interaction 
for some components. 

A complete diallel cross, including inbreds and recip- 
rocals, was made among four inbred lines: A/HeJ, C3H/J, 
CS57BL/J6 and SWR/J. Six single pair matings were 
made for each line and cross. Each pair was housed in a 
plastic cage (8 x 11x45 inches) with commercial bedding 
and food (Purina Lab Chow pellets) and water supplied 
as required. The cages were assigned by random numbers 
to a position in a standard mouse room. Litters were 
weaned at 21 days and caged as a group until tested at 


sex x treatment subclass: 
each sex in each litter were given 0-4 mg/kg body weight 
LSD tartrate (Sandoz batch 65002) intraperitoneally 2 min 
before the start of the test, and the other half were given 
an equivalent volume of a placebo (Sandoz batch 65045), 
The LSD solution and placebo were dilated with normal 
saline so that a volume of 0-1 ml. to 0-5 ml. was injected. 

We used a single unit electroshock alley T-maze with 
sides of opaque acrylic plastic and hinged tops of clear 
acrylic plastic. The floor consisted of 1/8 inch diameter 
stainless steel rods 3/8 inch apart. The start box was 
2x 4x4 inches, the runway was 2 x 8x 4 inches and each 
stem of the cross arm was 2x 8x4 inches. A guillotine 
door separated the start box and runway. Direet current 
was passed through the floor of the start box, runway and 
to either stem of the cross arm by an alligator clip. The 
current could be varied from 0-15 mA at 35 V to 0:50 mA 
at 50 V. 

Each mouse was removed from its cage, identified, 
weighed, injected with LSD or placebo and rested in a 
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separate cage for 2 min before testing. The test involved 
placing the mouse in the start box for 5 s before raising 
the guillotine door. Five seconds after the door was raised, 
0-15 mA at 35 V was applied. Corrections were permitted 
and the animal was required to reach the correct stem 
(no current) before a trial was considered complete. A 
correct response consisted of the animal moving from the 
start box to the correct stem without error, The test 
ended when the criterion of nine consecutive correct trials 


was satisfied. If a mouse failed to enter the correct stem 
within 55 s after shock was initiated, the level was raised 


to 0-5 mA at 50 V and the latency for the trial recorded 
as 60.3. Forty mice made an error on or after the twenty- 
first trial. They were judged untrainable and the total 
munber of trials recorded as thirty. There were twenty-one 
males and nineteen females in this group. Twelve of the 
forty received placebo and twenty-eight LSD. The pro- 
cedure adopted would thus tend to minimize the effect 
of LSD with respect to the statistical analyses. 

The response measures analysed include (1) the number 
of trials to criterion, (2) the median latency for all trials, 
(3) the median latency for the final nine trials, (4) the 
percentage of trials requiring stimulus, and (5) the per- 
centage of errors. The mathematical model describing 
the data is an extension of that formulated by Henderson® 
and includes the effeets of treatment, sex. inbred lines, 
heterosis, general combining ability, specific combinmg 
ability, maternal ability, residual reciprocal effects and 
the appropriate interactions. The linear contrasts among 
the linecross means defining the main effects are deseribed 
by Griffing. A least squares analysis of variance? was 
completed. 

Our conclusions are: (1) The effect of LSD-25, dif- 
ferences among inbred lines, and differences in general 
combining ability among lines are highly significant for 
all responses. (2) Heterosis is highly significant for all 
responses except the number of trials to criterion. (3) The 
significant interactions include: (a) treatment. x heterosis 
for the number of trials to criterion, percentage of trials 
stimulated and percentage of errors; (b) treatment x in- 
bred lines for the number of trials to criterion and median 
latency for all trials; (c) treatment x general combining 
ability for the median latency for all trials. (4) All remain- 
ing main effects (sex, maternal ability, specific combining 
ability, residual reciprocal effects) and interactions involv- 
ing them are small and not significant. They were removed 
from the model and the analysis repeated to obtain more 
efficient estimates of the significant effects. 

Least squares means for the various comparisons, except 
the treatment x general combining ability and treatment x 
inbred line interactions, are given in Table 1. 

LSD-25 greatly inhibited T-maze learning in all re- 
sponses. The median latency for the final nine trials was 
increased by 57-6 per cent. The percentage of trials 


Table 1. LEAST SQUARES MEANS FOR SIGNIFICANT EFFECTS (ADJUSTED FOR 
UNEQUAL NUMBERS BY LEAST SQUARES) 
Median Median Per cent 
; : Number latency latency trials Per cent 
Classification trials to forall fer final stimu- errors 
criterion trials nine trials fated 

Treatment: 

Piacebo 15:3 RS 6-6 R45 16-8 

LSD-25 19-2 5 10-4 93-8 22-4 
Heterosis: 

Inbreds — 11:3 10-1 93-2 18-4 

Crossbreds —_ Bef 6S 835-2 20-7 
Inbred lines: 

AiHed 18-2 16-7 16-0 96:7 19-6 

C3H/J 1h] 14:3 E7 955 13-8 

C57/BL/I6 13-0 8-1 R-(} IGT 13-8 

SWR/J 29.3 6-2 5-0 78:8 27T 
Genie breeding value 

for crossing: 

Aled 14-2 10-9 Qy 2-5 167 

C3H/S 16-1 10-6 77 82-8 15-4 

COT BL/I6 151 4 7-9 93-8 17-0 

SWR/i 19-9 3:8 we 1-0 63-7 355 
Treatment x heterosis: 

Placebo x inbred 15-1 — sas 90-4 14-8 

Placebo x crossbred 156 — == 77-4 19-0 

LSD-25 x inbred 20-0 ~~ — 95-5 22:4 

LSD-25 x crossbred 18-4 — on 81-5 22-4 
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requiring stimulation was least affected but was increased 
by 10-8 per cent. 

The least squares means of all hybrids were compared 
with the means of all inbreds and interpreted as & measure 
of heterosis. The absence of heterosis for number of trials 
to criterion and its existence for both latency measures are 
consistent with our previous results!!. Crossbreds moved 
more rapidly and required fewer stimul, but made more 
errors than inbreds. This may have been caused by 
greater exploratory behaviour of crossbreds*. 

LSD-25 increased the number of trials required to 
reach criterion for crossbreds by 2-8, from 156 to 184, 
while for the inbreds the increase was 4:9, frorn 15-1 to 
20-0. LSD-25 thus had a greater adverse effect on inbreds 
than on crossbreds. The percentage of errors committed 
by inbreds was inereased from 14-8 with placebo to 22+ 
with LSD-25, while the increase for crossbreds was from 
19-0 to 22-4 per cent. LSD-25 also had a greater effect on 
erossbreds for the percentage of trials stimulated. For 
all responses the interaction was the result of a larger 
detrimental effect of LSD-25 on the genotype {inbred or 
crossbred), demonstrating higher learning ability with the 
placebo. 

The highly significant differences among iibred lines 
were expected". The treatment x inbred line interaction 
for the number of trials to criterion was largely a result 
of the extreme adverse effect of LSD on the A/HeJ line, 
where LSD-25 increased the number of trials from 129 
to 23-4. All other lines were increased, but by a much 
smaller number. 

The interaction for median latency for all trials was 
caused by a large effect of LSD-25 on the C3H/J line in 
which LSD-25 increased the median latency from 9-7 to 
19-0 s. There was no difference between treatments 
for the SWR/J line and only small differences for the other 
two. 

yeneral combining ability effects are assumed to be 
one-half the additive genetic value (breeding value} of the 
line’. The SWR/J line was the poorest inbred ime with 
respect to the number of trials to criterion and percentage 
of errors, and was also the poorest line for crossing: but 
it was the best performing inbred line with respect to 
median latency and percentage of trials requiring stimula- 
tion, and performed best in crosses. The breeding value of 
the SWR/J line was increased only slighthy when LSD-25 
was administered, but it mereased markedly for the other 
three lines. 

These data suggest that the major genetic source of 
variation in electroshock alley T-maze learning in mice 
results from additive genetic variance. LSD-25 generally 
inhibits learning ability. The few significant mteractions 
were always caused by an exceptionally greater negative 
response of a line or cross to LSD-25. In no instance was 
learning ability enhanced by LSD-25. 

This work was supported by the US Public Health 
Service. The LSD-25 and placebo were provided by the 
US National Institute of Mental Health. 
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Some Effects of a Hallucinogenic 
Compound (Cyprenorphine 
Hydrochloride; M 285) on the 
Light Reinforced Behaviour of Rats 


CYPRENORPHINE hydrochloride (M 285)! is a morphine 


These effects were more 
severe after 1-0 mg intramuscularly with distinet hallucina- 
tions in three of ten patients (personal communication 
from A. L. A. Boura). 

Lhe effect of the common hallucinogenic drugs (such 
as LSD-25, psilocybin, mescaline) in changing the sub- 
ject’s perception of himself and his environment suggests 
that sensory input has in some manner been altered. The 
action of LSD-25 (and possibly other hallucinogens} 
seems?" to simulate the process of conditioning and 
increases the significance level of stimuli to which animals 
are exposed. This significance level can presumab! y be 
determined by the animal's responsiveness to the stimuli, 
and to this studies of sensory reinforcement are relevant. 
Sensory stimulation { particularly visual) can act as a 


reinforcer of operant behaviour in animals‘. 


Reduced response 
rates would thus be predicted for response contingent 
(RC) visual stimulation after drug administration. 

Thirty-six hooded female rats, between 80 and 90 days 
old, were raised and kept in normal laboratory conditions 
and illumination, with free access to food and water. 
The experimental chamber was a sound-insulated, light- 
proof Skinner box, 10x 10x10 inches, lined on three 
walls with black Perspex. The end wall had a white 
Perspex screen just above a single lever, which was about 
3 inches above the metal grid floor of the box. Six of 
these boxes were used simultaneously. The screen could 
be evenly illuminated from behind, at a level (about 1-5 
foot-candles at a point 3 inches above the lever and 3 
inches from the sereen) matched for each box and stimulus 
eondition. When light was dependent on response, it 
remained for as long as the lever was depressed. 

Each rat was placed in a dark experimental box for 
30 min, during which a response (lever press) produced 
no change in the stimulus eondition—no light (NL). Two 
groups of nine rats were matched on the basis of average 
response rate during this base-line period. On the follow- 
ing day, one group received 0-3 mg/kg of M 285 intra- 
peritoneally in 0-9 per cent saline solution. The other 
group was injected with saline. Ten minutes after injec- 
tion the rats were placed in the dark experimental boxes 
for 1 h, with response-contingent steady light available. 
Response duration and frequeney scores were recorded 
after each period of 30 niin. 

The results are shown in Table 1. Tt can be seen that 
the saline group shows a typical light reinforcement (LR) 
effect, with response rate in the first half hour of RC 


NATURE VOL. 224 DECEMBER 20 1969 
<0-005). The M 285 group, however, shows only a very 
slight and insignificant increase in response rate in the 
RCL session. Because the RC light remained on for as 
long as the lever was depressed, the longer average 
response duration of the saline group in the second half 
hour of the experimental session also shows a greater 
preference for visual stimulation. 


Table 1. AVERAGE RESPONSE 





FREQUENCY (RF) AND DURATION IRD) IN 


BASELINE (NL) AND RESPONSE CONTINGENT LIGHT (RCL) CON DITIONS 
Day 1 (NL) Day 2 (1 h RO steady light) 
_ OS hour | First 0-5 hour Sscond OS hour 
AF RD RE - RD RE RDP 

Saline 310 1:32 43-2 1:73 23 pa 

M 285 198 124 22e 1-31 HER T3 


indicated is to depress the LR effect in the experimental 
RCE situation. One interpretation of this result is that 


It thus seems that the effect of M 285 at the dosage 


of M 285 may be to depress general motor responding 
including lever pressing. 

A control experiment examined the second hypothesis. 
The procedure was the same as in the previous experi- 
ment, with two equally matched groups of nine rats. 
After either saline or M 285 (0-3 mg/kg) injections on the 
second day, however, both groups were run for I h in 
the dark experimental boxes with no RC light. 


Table 2. AVERAGE RESPONSE FREQUENCY AND DURATION IN BASELINE (NL) 


AND CONTROL (NL) CONDITIONS 


Day 1 (NL) Day 201 hour NL) 
0-5 hour First 0-5 hour Second O5 hour 


Saline mec 1-07 16-5 1:58 >a ici 
M 285 255 137 ng 137 178 Lend 


Rats were injected intraperitoneally with saline (2 = 9) or 03 mg/kg M 285 
Gr 9) 10 min before the control session on day 2. 


Table 2 shows a typical drop-off in response rate for 
both groups in the experimental session with no RC 
stimulation. The M 285 group, however, responded 
slightly more than the saline group. 

The results of this experiment provide no evidence for 
the notion that M 285 inhibits general motor responding. 
It thus seems likely that the main effect is in relation to 
the relative significance of the stimulation to the animal. 

Similar experiments with M 285 at 0-03 and 0-06 mg/kg 
failed to reveal any significant effect on light reinforced 
response rates. When higher dose levels were used (1:0 
mg/kg), response rates were depressed in both RCL and 
control (NL) conditions, indicating general depression of 
motor activity. 

We thank Reckitt and Sons, Ltd, Hull, for supplies 
of M 285, and Dr A. L. A. Boura for advice and assistance. 
The work was supported by a grant from the Medical 
Research Couneil. 
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Behavioural Differences 
between Chinese~American and 
European—American Newborns 


In the course of an investigation of newborn behaviour 
among widely distributed ethnic groups, some interesting 
preliminary results have appeared. 

Twenty-four Chinese-American and twenty-four Euro- 
pean-American newborns were examined while still in 
the nursery. The Orientals were largely of Cantonese 
background and the Caucasians largely of middle-Euro- 
pean background. All families were middle class and the 
bulk were members of a pre-paid health plan (Kaiser 
Hospital, Table 1), Table 1 summarizes the potentially 
important co-variables other than ethnic group, and we 
see that none could have accounted for the ethnic dif- 
ferences presented here. 

Table 1. COMPARISONS OF POTENTIAL CO-VARTABLE™ 
Chinese-American Enropean-Americah 

Mean age and range in 
hours (N.8.) 

Ynitial state (rated 1-6, 
from deep sleep to very 
alert) means (N.S.) 

Distribution of sexes* 

Mean birth weight in 
grams t (P= 0-05) 

Mean Apgar? rating at 5 S 
min after birth (N.S.) RRG 

Mean hours of labour 
(N.S) 


33°27 (5-72) 


11 male, 13 female 


2-79 
11 male, 13 female 
3,104°33 3.447 -°81 
G00 


6-05 DTT 


Medication daring labourè 


Mean age of mothers (N.S) 


Mean number of previous 
pregnancies (N.S.) 


Hospital 


16 received systemic 
drugs 

$ received only local 
anaesthetic or none 


26-70 


1-83 


16, Kaiser Hospital, 
San Prancisco 


®, Chinese Hospital, 
a * 


13 received systemic 
drugs 

11 received only local 
anaesthetic or none 


26-66 


2-41 
20, Kaiser Hospital, 
S.F., 
4, Lying-in, Chicago 


3, U.C. Medical Cen- 
ter, S.F, 

* There was no significant interaction between race and sex. 

+ When weight is treated as a co-variable it does not affect ethic 
differences. 

t A rating of viability; based on heart rate, colour, respiration, tonus, 
and crying. Optimal score is 10. 

§ Although systemic drugs significantly lowered Apgar (P = 0-02), au tomatic 
walk (P= 0-02) and tonic deviation of the head (P = 0-02), statistical treat- 
ment indicates that these drug differences did not affect ethnie differences. 


The behaviour scales we used were modifications of a 
procedure developed by Brazelton; a full deseription ts 
available frorn the authors and will be published soon. 
Briefly, they consist of twenty-five general behavioural 
items rated 1-9, and fifteen standard neurological signs, 
usually used to sereen for neural damage, rated 0-3. The 
twenty-five general items may be arranged into five 
categories as follows: (1) temperament—seven items; 
(2) sensory development——four items; (3) central nervous 
system maturity-—six items; (4) motor development~~ 
five items; (5) social interest and response-—three items. 

All testing was done during September and October 
1968. Each test session lasted between 30 and 40 min. 
Testing was performed in the newborn nursery by N.C. F. 
as D.G.F. watched. and scoring was done immediately 
afterwards in a room next to the nursery. Apart from a 
reliability sample of four infants. scoring depended on 
verbal agreement between the authors. Four arbitrarily 
selected infants formed the reliability sample and of the 
160 items involved the authors were over I point apart 
in only three instances; all scales reported below yielded 
reliability coefficients of 0-912 or better, with an average 
reliability of 0-969. | 

A multivariate analysis of variance indicated that, on 
the basis of total performance, the two groups were 
decidedly different (P = 0-008). Further analysis indicated 
that the main loading came from the group of items 
measuring temperament and which seemed to tap excit- 
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ability/imperturbability (P=0-001). While the following 
discussion is based on mean ethnic differences on the 
distinguishing items, it should be emphasized that there 
was substantial overlap in range on all scales between the 
Chinese and Caucasian infants. 

The European—American infants had a greater tendency 
to move back and forth between states of contentment 
and upset (lability of states) (P= 0-01), and they showed 
more facial and bodily reddening (P =0005), probably 
as a consequence. The Chinese-American infants were 
scored on the calmer and steadier side of these items. In 
an item called defensive movements, the tester placed a 
loosely woven cloth firmly over the supine baby’s face for 
a few seconds. While the typical European-American 
infant immediately struggled to remove the cloth by 
swiping with his hands and turning his face, the typical 
Chinese-American infant lay impassively, exhibiting few 
overt motor responses (P = 0-0001). Similarly, when placed 
in the prone position, the Chinese infants frequently lay as 
placed, with face flat against the bedding, whereas the 
Caucasian infants either turned the face to one side or 
lifted the head (P=0-02). Inasmuch as there was no 
difference between the groups in the ability to hold the head 
steady in the upright position (7?= 0-91, pull to sit), this 
maintenance of the face in the bedding is taken as a 
further example of relative imperturbability or ready 
accommodation to external changes. In an apparently 
related item, rate of habituation, a pen light was repeatedly 
shone on the infants’ eves, and the number of blinks 
counted until the infant no longer reacted (shut-otfs), ‘The 
Chinese infants tended to habituate more readily (P= 
0-06). 

There were no significant differences in amount of 
crying. and when picked up and consoled both groups 
tended to stop erying. The Chinese infants were, however, 
often dramatically immediate in their cessation of crying 
when picked up and spoken to, and therefore drew 
extremely high ratings in consolability (P= 0-007). The 
Chinese infants also tended to stop erving sooner, without 
soothing (self-quieting ability, P = 0-06). 

To summarize, the majority of items which differen- 
tiated the two groups fell into the category of tempera- 
ment. The Chinese-American newborns tended to be less 
changeable, less perturbable, tended to habituate more 
readily, and tended to calm themselves or to be consoled 
more readily when upset. In other areas (sensory develop- 
ment, central nervous system maturity, motor develop- 
ment, social responsivity) the two groups were essentially 
equal. 

We thank Dr T. Berry Brazelton for training us in 
these methods, the cooperating hospitals and staff, and 
Murray Edelman and David Truslow for statistical help 
and advice. 
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Cultivation of Haploid Plants 
from Tobacco Pollen 


Ir sterile immature anthers of Nicotiana tabacum (2n = 45) 


Plantlets were thought! to be formed only if the pollen is 
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initially in the tetrad condition; but many plantlets have 
been obtained? using older anthers which undoubtedly 
contained separate pollen grains. We have attempted to 
resolve this difference, and to determine precisely the point 
at which transition to plantlet formation takes place. 
At the same time, we have studied the early divisions 
within the pollen at this transitional point. We now give 
a brief account of our findings. 

In one experiment, using the variety ‘White Burley’, 
buds varying in petal length from 6-24 mm were selected 
from glasshouse-grown plants. The oldest buds were 
opening, and differed in age from the youngest by seven 
days. The buds were surface sterilized for 20 min in a 
006 per cent solution of sodium hypochlorite containing 
0-1 per cent “Tween 20° as a wetting agent. Anthers were 
removed aseptically in a stream of sterile air, and plated 
singly in disposable plastic containers (Sterilin universal) 
each containing 10 ml. of the medium recommended in 
ref. 2 either with or without the addition of an auxin. 
The cultures were kept in a constant environment cabinet 
regulated to give 12 h alternating periods of light (warm 
white fluorescent, 1,000 foot candles) at 28° C and darkness 
at 22°C. 

Four anthers were plated from each bud, and the fifth, 
after staining in acetocarmine, was used to assess the 
state of development of the pollen. Buds with petals 
of 6-7 mm contained pollen mother cells in various 
stages of meiosis (category A); buds with petals of 8-16 
mm contained pollen grains which were all uninucleate 
(B); in buds of 17-20 mm, the grains were undergoing 
the first pollen grain mitosis (C), and in the oldest buds, 
mitosis was over and the grains were entirely binu- 
cleate (D). 

After 4-5 weeks in culture, plantlets emerged from 
some of the anthers. The numbers emerging varied from 
one anther to another; in some instances, as many as 
40-50 per anther were obtained (Fig. 1). In all cases, 
the anthers from which plantlets first emerged came from 
either category C or the older stages of category B (petal 
length, 14-16 mm). A few plantlets were also obtained 
from younger stages of category B (petal length, 10 
13 mm), but these all emerged later than the others over 
a period of several weeks. None of the anthers from 
categories A and D produced plantlets. We concluded 
that the first pollen grain mitosis was the critical transi- 
tional point for plantlet formation. Most probably, in 
anthers of category B (petal length, 14-16 mm), DNA 
synthesis had already occurred in readiness for mitosis at 
the time of culture, and mitosis began soon after the 
cultures were set up. In anthers of category B (petal 
length, 10-13 mm), on the other hand, DNA synthesis 
may not have occurred until during the culture period, 
thus delaying the formation of plantlets. 





Fig. 1, Plantlets emerging from an anther after 39 days of culture ( x 6). 
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Our conclusions on the transitional! point were confirmed 
in a second experiment in which the pollen was examined 
at regular intervals throughout the culture period. As 
anticipated, pollen in anthers of category B (petal length, 
14-16 mm) underwent mitosis early, and by the second 
day of culture it was almost entirely binucleate. Similarly, 
in anthers of category C, mitosis was complete by the 
second day. In anthers of category B (petal length, 
10-13 mm), on the other hand, pollen was still uninucleate 
at this time. A striking feature of the binucleate grains 
after two days in culture was their differential response 
to staining by acetocarmine. In some, the cytoplasm 
stained densely, and this partially obscured the two 
nuclei; whereas, in the others, the cytoplasm stained 
lightly or not at all, and the two nuclei could readily be 
seen (Fig. 2). 





, 


Binucleate grains stained with acetocarmine after 2 days of 


Fig. 2. 


culture. Left, normal pollen grain: right, embryoidal grain. A 


Generative nucleus ( x 60), 


The densely staining type behaved subsequently like 
normal pollen grains. By the sixth day there was evidence 
of pollen-tube formation, and by the fourteenth, tubes 
were frequently observed into which the generative 
nucleus had migrated. In a few instances. tubes were 
seen contauung two nuclei, which suggested that the 
generative nucleus had divided to form sperm nuclei. 

The lightly staining type proved to be embryoidal grains. 
As in normal pollen grain development, mitosis resulted in 
the formation of two morphologically different nuclei, 
one being smaller and staining more densely than the other, 
We have therefore retained the terms “generative” for 
the smaller nucleus, and “vegetative” for the larger, to 
facilitate deseription of subsequent divisions, Mitosis 
commenced in the embryoidal grains on the sixth day of 
culture. In many instances, only the vegetative nucleus 
divided, and on the tenth day, and again on the fourteenth 
day, multicellular embryoids were seen in which all the 
cells were clearly derived from the vegetative nucleus: 
the generative nucleus appeared as a small densely 
staining body at one end of the embryoid (Fig. 3). In 
other instances, both nuclei divided, apparently in a 
haphazard manner; either the generative or the vegetative 
nucleus divided first, and sometimes they divided syn- 
chronously. The daughter nuclei retained the morpho. 
logical characteristics of the parent nuclei. After fourteen 
days, embryoids were observed, similar to that illustrated 
in Fig. 3, but carrying four diminutive generative daughter 
nuclei squeezed between the enlarging embryoid and the 
original pollen grain wall, In no instance did we observe 
more than four generative daughters. In older cultures, 
the embryoids had burst out of the original wall and 
assumed a spherical shape. At this stage, generative 
nucle: could no longer be seen. While we are uncertain 
about the ultimate fate of the generative nucleus and its 
derivatives, we are satisfied from our observations of the 
early stages that it contributes few if any cells to the 
plantlet. 


NATURE VOL. 224 DECEMBER 20 1969 





Fig. 3. Young embryoid after 14 days of culture. G, Generative nucleus 
( x 980). 


The formation of embryoids from such a specialized 
structure as a pollen grain is yet another very striking 
example of the totipotency of plant cells. How the 
expression of this totipotency is restored in the vegetative 
cell of the grain by culturing the whole anther is a problem 
for future study. Our results show that this expression 
is restored in a relatively small proportion of the grains, 
although, in absolute terms, the numbers may be large. 
In our best preparations, up to 5 per cent of the grains 
developed into multicellular structures during the early 
stages of culture. Because the average number of grains 
in a mature tobacco anther is about 40,000, it follows 
that there were probably about 2,000 potential plantlets 
in some anthers. 

We thank Mr L. F. LaCour for his help in the staging 
of anthers and Mr L. 8. Clarke for producing the photo- 
graphs. 
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Uptake of Sulphur Dioxide by Barley 
Leaves at Low Sulphur Dioxide 
Concentrations 


SvuLPHUR dioxide (SQ,) is a major air pollutant, especially 
in industrial areas', and it is of considerable interest to 
determine the fate of this gas in the atmosphere. Plant 
leaf surfaces form an important part of the total available 
surface on which the gas may be sorbed and thus removed 
from the atmosphere. The work reported in this com- 
munication attempted to measure the amounts of SO, 
sorbed by barley (Hordeum vulgare) leaves at SO, con- 
centrations ranging from the country air level (10-20 yg 
m~) to that typically found in the region of industrial 
districts (100-150 ug m~) (ref. 1). 

Atmospheric SO, effects on plant material have been 
investigated for many years and this work has been the 
subject of a number of reviews'-*. Because research has 
been concentrated on leaf damage by SO,, most data have 
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been obtained for relatively high concentratians of SO, 
and may not apply to most plants which are never exposed 
to concentrations that cause visible leaf damage. In our 
study, barley plants at the three-leaf stage were exposed, 
two at a time, to a continuous flow of sulphur-35 SO, in 
a glass tube 30 cm long and 5 cm m diameter. The con- 
centration of SO, and the humidity were kept constant 
during the exposure. The flow rate was 2 em s~. Total 
SO, uptake by the leaves was obtained from their sul- 
phur-35 activity. A pressure porometer** was used to 
determine the degree of opening of the stomata. 

The uptake of SO, can be expressed in the same terms 
as the uptake of carbon dioxide and other gases by plant 
leaves’. The rate of uptake of SO, per unit area of leaf, 
divided by the volumetric concentration of SO, in air, 
has dimensions of velocity. This term is called the velocity 
of deposition and is denoted by vy. 


SO, absorbed per cm? of leaf surface per second 








vy = 
SO, per em? in air 


If this term is integrated over the time of the experiment, 
then 
SO, absorbed per em? of leaf surface 


vg = SY Y —— 
Dosage of SO, in air 


where dosage has the units of wg s cm*, 

The reciprocal of vy is the total resistance to mass 
transfer and is denoted by r. By analogy with Ohm's law. 
the resistance can be considered to be the sum of the 
external resistance, ra, to transfer through the boundary 
layer of air flow over the leaf, and the internal resistance, 
rœ Within the leaf. Conventionally, vy is expressed in 
terms of the total leaf area. On the other hand, resistances 
have been calculated from the uptake of gas per unit plan 
area of the leaf. Thus we have: 


r = Fa a Fi = 1/2, (1) 


The internal resistance may be further divided into 
stomatal resistance, r. and an internal resistance, Primes. as 
suggested by Monteith? and Gaastra”. The aerodynamics 
of the flow of air over the leaf determine ra, the dimensions 
of the stomata and the diffusivity of the gas determine rs, 
while the value of rme, depends largely on little known 
chemical and biochemical reactions. 

The results of the experiments with barley leaves are 
given in Table 1. Table 2 gives the results of experi- 
ments on the uptake of SO, by inert surfaces carried out 
in the same apparatus. 

It is generally accepted that the primary factor control- 
ling SO, sorption by plant leaves is the degree of opening 
of the stomata*:*°, When the stomata are wide open, 
gas absorption by the leaf is at its maximum. The results 
in Table 1 indicate that this is indeed the case for S50, 
uptake by barley leaves. In the humidity range 80-85 
per cent, there is at least a factor of six increase in average 
deposition velocity for barley leaves with open stomata 
compared with leaves with closed stomata. 

The effect of relative humidity on the absorption of 
gases by plant leaves has been attributed largely to its 
effect on the stomata’*. At high humidities the stomata 


Table 1. AVERAGE DEPOSITION VELOCITIES AND RESISTANCRS 
EXCHANGE WITH THE FIRST LEAF OF BARLEY SERBDLINGS IN 
CONDITIONS 


FOR SO, 
4 VARIETY OF 


Relative No. of 

humidity Stomatal experi- Range of rg values Average tg Average r 

(percent) condition ments (em s“) (em $’) (cm a") 
10-20 Closed 4 0000540008 0-0028 180 
30-40 Closed -4 0-0016-0-0023 0:0019 265 
50-60 Closed 9 0007 -0'013 0010 50 
70-75 Closed 4 0005 -0'021 0-012 42 
75-80 Closed 10 0007 -0:028 HOLS 34 
R0O-85 Closed Ñ 0007 -0014 wo ir 
80-85 Open 6 0-037 -0-059 0-066 7 
85-90 Öpen 8 0:045 -0:13 0:065 73 
90-95 Open 4 0-11 25 0-18 2s 
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are open and the degree of opening decreases when the 
humidity decreases. The results in Table 1, however, 
suggest that the humidity of the air also influences uptake 
of SO, when porometer readings indicate that the stomata 
are closed. The results of Table 2 show that the uptake of 
SO, by non-living surfaces is also increased with increasin g 
humidity. Hence the first six results in Table 1 probably 
represent the sum of the sorption of SO, by leaf surface 
compounds and by a thin film of water on the leaf, Some 
workers have suggested that SO, can enter the leaves 
other than through the stomata?. If this is the case, part, 
at least, of the SO, at low humidity may enter in this way. 


Table 2. DEPOSITION VELOCITIES FOR SO, ON TO A VARIETY OF SURFACES 


AT LOW AND HIGH HUMYEDITTES aT ISS € 


SO, Expo- 
i concen- sure Relative vy £ 
Sample tration time humidity (cm s1) {s crc?) 
(ag m) (min) = (per cent) 

Oolitic Limestone 365 21 11 0-032 16 
Qolitic limestone 372 10 St 0-062 x 
Lead foil 365 2} Hi D35 15 
Lead foil 372 10 Si 0-54 1-0 
Mild steel 365 21 it O07 295 
Mild steel 372 1G Sl 0-20) 2a 
Copper sheet 365 21 11 0-002 250 
Copper sheet Sez 10 s] 0-40 1:3 
Aluminium foil 365 2I ii O12 4b 
Aluminium foil 872 10 ï} O33 1S 
Filter paper 86 2i 1 O10 50 
Filter paper 372 10 81 0-31 15 


Other workers? have found that variations in relative 
humidity in the range between 50 per cent and 75 per 
cent do not significantly affect the susceptibility of plants 
to SO,. The results in Table 1 obtained for SO, dosages 
which caused no visible damage indicate that vy does not 
vary in this range; the uptake of SO, by barley leaves 
with closed stomata is the same at the same dosage in 
the humidity range 50-80 per cent. At higher humidities, 
however, it was not possible to maintain stomatal closure 
and here the uptake increased markedly with humidity. 

If the surface of the leaf were a perfect. sink for the 
deposition of SO,, the rate of SO, uptake would be 
determined by the external resistance alone, which is 
1-2 s em^ in the conditions of the present experiments. 
According to Thom" this value is independent of leaf 
posture, and comparison with the experimental values for 
rin Table 1 indicates that the external resistance is an 
appreciable but not a large fraction of the total resistance 
when the stomata are open. When the stomata are closed, 
rq is a negligible part of the total resistance. In the field, 
the wind speed would be at least a factor of ten higher 
than the air speed used in these experiments, and ra would 
be an even smaller fraction of the total. It also follows 
that the experimental values of resistance, r, would be 
expected to be only slightly lower if the experiments had 
been carried out at high wind speeds. 

If the calculated value of ra is subtracted from the 
total resistances in Table 1, the range of values for the 
internal leaf resistance, r,, given in Table 3 are obtained. 
Also included in Table 3 are some of the resistance values 
reported in the literature for carbon dioxide and water 
vapour. When the air is humid and the stomata are 
open, the experimental values for r, for SO, are about the 
same as the sum of rs and 7 mes reported for carbon dioxide. 
Because it is determined solely by the physical dimensions 
of the stomata and the diffusivity of the gas, rs must be 
similar for SO, and carbon dioxide. Because the experi- 
mental values of total resistance are similar, the value of 
mes for SO, and carbon dioxide at high humidities and 
with open stomata must also be similar. It is surprising 
that this should be the case in view of the different 
metabolic roles of the twé gases. 

The values of r; obtained for SO, when the stomata were 
closed give an indication of the resistance of the leaf 
euticle to SO, uptake. These values will be influenced by 
the extent of the reaction of SO, with the chemical com- 
pounds making up the cuticle, the amount and pH of 
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water sorbed by the cuticle in which the SQ, could be 
dissolved, and by any other opening to the interior of the 
leaf through which the gas may pass. The latter category 
would include mechanical splitting of the cuticle, damage 
of the cuticle by insects and plant pathogens, and the 
presence of pores of very narrow diameter---the ecto- 
desmata, 


Table 3, LITERATURE VALUES FOR RESISTANCE OF LEAVES TO GASEOUS 


EXCHANGE COMPARED WITH THOSE OBTAINED FOR SO, 


Penman 
Gaastra® Waggoner? and Monteith? 
Resistance (CO) (H.O) Sehofekl? (H,O) SO, 
{CO} 

refstomata 35-40 (min) 10-1,8600 33-1735 

closed} 
rs (stomata 3 0-3-3 0-5-2 7 

open) bre PAGA 
Pines & RA ae 
Minimum 10 20 2N 

total r 


The results referred to so far have been expressed in 
terms of gaseous uptake per unit area of leaf surface, In 
& mature crop, the leaf area is usually greater than the 
area of ground in which it is growing. Depending on the 
erop concerned, the area of leaf surface per unit area of 
ground may vary by a factor of two to a factor of ten. 
The SO, deposition rate per unit area of ground will 
therefore be increased relative to that per unit area of 
leaf, but not necessarily in the same ratio because the 
lower leaves may experience different conditions to the 
upper leaves. A factor of four has been derived® for the 


convert the vy per unit area of leaf for SO, to that per unit 
area of ground. When this factor is applied to the results 
im Table 1 the maximum deposition velocity for SO. to 
the ground is found to be about 1:5 em s- Eriksson?! 
quotes a vy for SO, deposition on to plants of 2-0 em a-t 
while Bromfield (personal communication) has obtained a 
vg of 0-72 em s7 for SO, deposition on to plots of Sinapis 
alba plants. 

Meetham® reported in 1950 data for SO, pollution over 
Britain in the preceding decade, which included the 
observation that, of the 5-0 million tons of SO, emitted 
each year, 3:9 million tons were deposited on land. Of 
this 3-9 million tons of SO, only 0-7 million tons were 
collected in deposit gauges which are efficient for the 
colleetion of rain. The remaining 3-2 million tons of SO, 
must have been absorbed by other surfaces. Chamberlain!* 
used Meetham’s data to derive a vty value of 1-8 cm s! 
for the total deposition of SO, over the total ground area. 
of Britain. If the average deposition of SO, in rain, 
which is quoted as being one-sixth of the total deposition, 
is taken into account, this v value approaches that 
obtained for SO, deposition on to plant leaves. Most 
of the ground area of Britain is covered by vegetation, 
so this is not altogether a surprising result. 
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Nitrogen Fixation by Gunnera- 
Nostoc Symbiosis 


THE genus Gunnera (Haloragaceae) contains forty species, 
all herbaceous, ten being endemic to New Zealand. Glands 
occurring at the bases of leaves become invaded by the 
blue-green alga Nostoc puntiforme}? which becomes intra- 
cellular? and is capable of nitrogen fixation in culture®*, 
Algal glands have been described for several New Zealand 
species®®, 

Blue-green algae enter into symbiosis with a variety of 
plant groups’ and for some of these, the phycobiont has 
been shown to fix nitrogen making it available to the host. 
It has been assumed? that the same holds true for Gunnera— 
Nostoc, although Scott? speculates that any contribution of 
fixed nitrogen from Nostoc to Gunnera must be negligible. 
This communication reports several experiments which 
establish the nitrogen fixing ability of the Gunnera—Nostoc 
symbiosis. 

Growth experiment. G. dentata Kirk plants were 
established in sand culture, supphed with minus-nitrogen 
nutrient, and grown for ten weeks in a controlled growth 
room. Plants thrived, showing no deficiency symptoms, 
while radish seedlings in the same conditions developed 
severe nitrogen deficiency symptoms fourteen days after 
germination. Mean relative growth rate for Gunnera was 
2-9 ¢/100 g/day while mean nitrogen increased from 0-783 
mg/plant to 6-84 mg/plant. 

Acetylene reduction experiment. Sliced stem tissue 
of G. arenaria Cheesem containing Nostoc glands was 
placed in serum bottles and gassed with an acetylene 
mixture. Gas samples were assayed at intervals for ethylene 
by gas chromatography. Results (Table 1) indicate a 
linear production of ethylene with time and inhibition of 
ethylene production by hydrogen, two features common to 
nitrogen fixing organisms. 


Table 1. PRODUCTION OF ETHYLENE FROM TISSUE SLICES OF G. arenaria” 
; mmoles C, F E algal protein 
Exposure time ~H, +01 Per cent. 
(h) atmospheres H, inhibition 
1 30 14 53 
2 p4 2] 1 
4 $3 26 89 
8 145 65 55 


* Gas mixture: 0-1 atmosphere C,H,, 0-2 atmosphere O», 0-7 atmosphere 
Ar, or with 0-1 atmosphere H, replacing 0-1 atmosphere Ar. 


Table 2. ATOMS PER CENT EXCESS YN IN VARIOUS PARTS OF G. arenaria 
PLANTS AFTER EXPOSURE TO PN,” 
Exposure time _ Plant part 
th) Node cluster Leaf Internode Root 
1 0-400 0:040 0-006 0-004 
3 0-613 0-022 0-018 0-016 
5 1-184 0-080 0-144 0-039 
9 2231 0-463 0-182 H-184 


* Gas mixture: 0-1 atmosphere N (95 atoms per cent excess YN), 0.2 
de pher O, O07 atmosphere Ar, 6-001 atmosphere CO, Means of two 
plants. 


1N, experiment. Rooted rosettes of G. arenaria were 
incubated in the light in 200 ml. flasks containing |N,,. 
Single flasks containing two plants were harvested at 
intervals and the 70 per cent ethanol soluble nitrogen 
assayed for N, all values being measured against standard 
plant nitrogen from unexposed plants. 
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The node cluster (containing Nostoc glands) was yapidly 
and heavily labelled while the slower incorporation of “N 
into other parts of the host verifies that fixed mitrogen. is 
readily transferred to the host. After nine hours, a small but 
measurable quantity of YN was detectable in the ethanol 
insoluble fraction indicating that fixed nitrogen bad been 
incorporated into host protein. 

Gunnera-Nostoc therefore represents an effective nitro- 
gen fixing symbiosis in which the host may rely compietely 
on the alga for combined nitrogen. Because Gunnera m 
New Zealand occupies pioneer situations in wet areas the 
symbiosis is of considerable ecological significance. From 
the growth experiment described it is estimated that 
up to 72 g N/m?/annum (64 lb N acre? year) may be 
added to the ecosystem by this symbiosis. 

This work was supported by a grant from New Aealand 
Universities Grants Committee for the purchase of the mass 
spectrometer. We thank Mr G. Grayston for assembling 
and operating this instrument. 
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Phosphatase Release of Inorganic 
Phosphorus in Lake Kinneret 


ALTHOUGH the activity of enzymes mediating the release 
of soluble inor ganic phosphorus (Pi} in lakes has received 
some attention}, it is stall difficult to estimate their ecologi- 
eal role. Some results for in situ activities of alkaline 
phosphatases have been obtained by measuring the 
release of P; from water samples saturated with chloro- 
form. This compound, routinely used for P; assays, 
seems to have no effect on phosphatase activity. 

The experiments reported here were carried out on 
Lake Kinneret (Lake Tiberias) in northern Israel (area 
174 km?, maximum depth 42 m, epilimnion pH range 
7-9-9-0). Samples from 1 metre depth were taken at a 
central lake station from April to July 1969. This period 
covers the end of homothermy and stabilization of the 
thermocline and is characterized by heavy algal blooms, 
usually of the dinoflagellate Peridinium westii. 

Glass jars, thoroughly washed with 0-5 N HCI, 
filled with 4 litres of lake water; 50 ml. of chloroform was 
added and the jars were stored at 22° C in darkness. 
Samples, taken u aped y and at intervals, were assayed 
for total phosphorus‘, dissolved inorganic phosphorus 
and bacterial count by standard plate methods®. Phos- 
phatase activities of unfiltered sub-samples were also 
determined with p-nitrophenyl phosphate! with the 
addition of chloroform to the tubes. The activities of 
alkaline phosphatases extracted from plankton or ob- 
tained commercially, assayed with p- -utrophenyl phos- 


Were 


phate, were unaffected by chloroform. Results of a 
typical experiment are presented in Fig. 1 and a summary 


of seven experiments is given in Table 1 
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; Table 1, SUMMARY OF INORGANIC PHOSPHORUS RELEASE EXPERIMENTS (1969) 


Natural’ substrates 


Activity with Relative activities 





Experiments Total P *; Total P Initial P release p-nitrophenyl (a atural’’ substrates at 

(ug P/i) released as Pi? (ag P/ljday) phosphate (eg P/L/day) p-Nitropheny! phosphate “ 10) 
Lake water 13/4 40 41 (4:5) 35 70 Sü 
Lake water 27/4 39 41 (4-0) 4:5 150 3-0 
Lake water 11/5 26 80 (3-7) 4-25 157 a 
Lake water 8/6 12 d+ (3-5) +2 ~~ aera 
Lake water 7/7 27 46 (3-0) 4-3 165 25 
Lake water 23/7 12 58 (3-53 3:25 _ eee 
Algal bloorn 25/3 210 35 (3:5) 26-0 325 a4 

* In parentheses—days till maximum release. 
In all cases, except for autoclaved controls, a rapid or about 2 tons P per day. Our findings also unply that 


initial rise of P; was observed. The rates of P; release 
in the jars were. however, only from 2-6 to 8 per cent of 
the rates of activities measured with p-nitrophenyl 
phosphate as substrate. Slightly higher initial values of 
P: were observed in autoclaved samples. This result, 
previously noted by Heron’, may have been caused by 
chemical hydrolysis or by removal of P; from the glass 
containers, rather than by release of internal pools of Pi, 
because samples in which more than 90 per cent of the 
algal cells were broken by homogenization showed no 
significant rise in initial Pi. Bacterial contamination was 
rarely found and never exceeded 100 organisms/ml. 


20 + 
. 1b E ia ° 
t% i 
= i 2 
: ie 
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va 
Z 
s ra 
5+ é 
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P 
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Time (days) 
Fig. 1. Release of soluble inorganic phosphate. Four litres of water 


taken from 1 metre depth in the centre of Lake Kinneret (11/5/69). 

Sample treated as described in the text. Bacterial counts (mean of six 

assays) were: 20 cells/ml. at 2 days, 72 cells/ml. at 8 days. A--- A, 

Total phosphorus: @—@, soluble inorganic phosphorus; ©G---+— ©, 
soluble inorganic phosphorus in autoclaved sample. 


In these experiments between 40 and 60 per cent of the 
total muitial phosphorus was released as P; within 3-5 to 
45 days. Addition of a commercial preparation of 
alkaline phosphatase at this time gave no further increase 
in Pi, indicating that no substrate compounds susceptible 
to enzymatic attack remained. The average initial rate 
of release of P; was 4-0 ug P/l./day, representing approxi- 
mately 3-0 tons P per day in an epilimnic layer of 
0-5 m (volume 715 x 10° m*), where the main photosyn- 
thesis occurs. In a sample taken from a very dense algal 
bloom of P. westii (about 2,000 cells/ml.), the rate of P; 
appearance was much greater, 26 ug P/l./day, although 
only 35 per cent of the initial total phosphorus was con- 
verted to Py. 

During these experiments the total phosphorus concen- 
tration in the 0-5 m layer was approximately 20 tons 
P, to which only about 100 kg P per day was being added 
out. If 40 per cent (as a low estimate) of this total phos- 
phorus were available for enzymatic breakdown, then 
about 8 tons P of Py could be released within 3 to 4-5 days, 


45 : 0-18 (data of Professor W. Rodhe and Dr C. Serruya). 
We therefore estimate a daily phosphorus requirement of 
the primary producers in the 0-5 m layer of approximately 
l-4 tons P. Our figures for P; release thus seem reasonable, 
although inorganic phosphorus is not necessarily the sole 
source of this nutrient for algae’. The low concentrations 
of P; generally measured in the epilimnion (from <1 to 
5 ug P/L), together with my results, substantiate the 
view that there is a rapid epilimnetic turnover for many 
phosphorus compounds. For comparison, the experi- 
ments*?° with equilibrated seawater systems gave rates 
for P; release of 4-2 ug P/l./day and 7-1 ug P/l./day respec- 
tively, while a wide range of turnover rates in lakes 
depending on source and season of sampling has also 
been reported?!!, 

Our results show a potential enzymatic capacity for P; 
release of about double that of the independently cal- 
culated phosphorus requirement. Part of this excess 
capacity may be artefactual because treatment with 
chloroform caused some cell disintegration as miero- 
scopically observed. This may have exposed potential 
substrate compounds and unmasked enzymes which would 
not have interacted normally. Nevertheless, our method 
seems to give a truer estimate of ecologically significant 
phosphatase activity than that obtained with p-nitro- 
phenyl phosphate’. 

Conflicting reports of the effects of chloroform on 
samples assayed for Pj undoubtedly arise from the nature 
of the samples examined and the experimental techniques 
used. My experiments do not reveal small short-term 
fluctuations which may occur initially’. These may 
result from the release of internal pools of Pj, solubilization 
of phosphate compounds, residual metabolic uptake and 
passive adsorption of Pj. 

While it is important to stress the fragmentary nature 
of these data, these results may have general implica- 
tions for the evaluation of phosphorus nutrition in aquatic 
environments. 

I thank Mr K. Green for technical assistance and 
Professor W. Rodhe for advice and criticism. 


T. BERMAN 
Kanneret Limnological Laboratory. 
PO Box 345, 
Tiberias, Israel. 
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Book Reviews 


HILL LAND MANAGEMENT 


Ecology and Land Use in Upland Scotland 

By D. N. McVean and J. D. Lockie. Pp. x+134+18 
plates. (Edinburgh University Press: Edinburgh, Sep- 
tember 1969.) 40s. 


Decisions on land use in upland Britain are usually made — 


on economic grounds, without recognizing the opportuni- 
ties or restraints afforded by the physical and biological 
characteristics of the land. This book is important and 


are likely to determine the final choice, it emphasizes that. 
satisfactory land use---that is, one that will provide a 
sustained yield of a resource—must take full account of 
the ecology. 

After an introduction which is an admirably succinct 
essay on the principles of resource management, the 
authors give a brief introduction to the principal features 
of the climate, geology and soils of upland Scotland and 
a historical account of its vegetation. In a chapter on 
geological and accelerated erosion of soil and peat, they 
emphasize that much of the potential fertility of the parts 
of the Highlands with the most extreme conditions has 
been dissipated by destructive deforestation and subse- 
quent unwise management. If the area in its pristine 
state were to be opened up today using all modern 
knowledge wisely, a pattern of much more productive use 
could be established. Land use in the area should aim 
therefore not only at the conservation of the present 
resources but towards the restitution of original quality— 
an accumulation of capital. This situation is familiar in 
many of the “undeveloped” countries abroad, a term 
which is so often a misnomer for countries which have been 
rashly overdeveloped. Because the effects of its develop- 
ment in Scotland have been insidious rather than 
dramatic, they have been less readily recognized. 

The book goes on to deal with the chief uses of land in 
upland Scotland, hill farming, forestry, sport and game 
animals. the conservation of habitat and of wildlife, and 
tourism. Fishing is unaccountably omitted, although it 
surely forms an integral part of the pattern. These chap- 
ters are the heart of the book. For each use there is a 
balaneed and detailed assessment of the effect of various 
types of management of the various categories of hill land, 
the possibilities of improvement and the dangers of misuse. 
The results of much widely scattered research are brought 
together in a coherent and readable text which should 
be read by all concerned with upland land management. 

The authors then examine the possibilities of patterns 
of mixed uses and to what extent these can be compatible. 
This leads them to recommending a Land Capability 
Survey and they propose categories adapted for the 
Scottish Highlands along the pattern of those used by 
the United States Soil Conservation Service. 

A proper assessment of the capability of the Highlands 
for a variety of uses or combinations of uses is long over- 
due. Only when this ecological framework is firmly 
established will it be possible to assess how best the land 
can be managed without further deterioration and what 
the economic and social consequences would be. Is 
it @ pipedream to believe that we might then examine 
the cost of restitution of the hill land to the higher degree 
of fertility that might be sustained under the prevailing 
climate and design policies directed to this end ? 
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The quality of the text is not matched by the quahty 
of production. The reproduction of the plates, ini particu- 
lar, is poor. The absence of a good map in a book which 
mentions so many names will be an intolerable handicap 
to anyone unfamiliar with the country. The book aiso 
shows internal evidence of delays in publication, 

M. E. D. Poors 


LONDON’S BIRDLIFE 


Birds in London 

By W. H. Hudson. (A Reprint with an Introduction 
by Richard Fitter.) Pp. xvi+339+4 17 plates. (David and 
Charles: Newton Abbot, October 1969. First published 
1898.) 50s. 

Iv is pleasant and proper that this minor classic of htera- 
ture and natural history should again be available, As 
reading matter it has not lost its charm, and as a source 
of information it provides opportunity for interesting 
temporal comparisons. Not only can we contrast Hudson’s 
account with our knowledge of the present birdlife of 
London, but he himself notes changes from still earlier 
times. These points are underlined in a new introduction 
by Richard Fitter, a writer on London’s birds in our own 
day. 

The book was originally published after Hudson had 
spent the summers of 1896 and 1897 in London. At that 
time the woodpigeon was a novelty, as contrasted with its 
present abundance and uncharacteristic tameness. ‘The 
rook still had a foothold, but now no longer nests in the 
area. The carrion crow was and remains the predominant 
member of the family; but the jay has meanwhile estab- 
lished itself. In winter, the blackheaded gull had begun to 
frequent the urban reaches of the Thames, and even to 
visit the parks in severe weather; it and kindred species 
are now regular and numerous in the parks and elsewhere. 
On the waters of the parks the dabchick had lately begun 
to nest, but it does so no longer; now the coot and the 
moorhen breed there in large numbers. Most striking of 
all, the starling had but recently begun to roost numer- 
ously in central London, and apparently as yet only in 
trees; compare this with the vast flocks that now roost 
nightly on the National Gallery and other buildings. 
Hudson’s assessment was that the losses up to his day 
exceeded the gains; since then the balance has tipped the 
other way. 

London itself has, of course, changed enormously in the 
period, even apart from the huge expansion of the built-up 
area. Londoners too, it seems, have greatly changed in 
their attitude to the birds, now treated by the public as a 
cherished possession of the metropolis. There are also 
increasingly many of them who, without claiming to be 
ornithologists, can identify even unusual species in the 
field with skill and certainty. It is a strange thought that 
Hudson himself, living in an age when “sight records” 
were always suspect, was no great hand at this. 

LANDSBOROUGH THOMSON 


LINKS IN THE ENERGY CHAIN 


Advances in Marine Biology 

Edited by Sir Frederick S. Russell and Sir Maurice Yonge. 
Vol. 7: The Biology of Euphausiuds. By John Mauchline 
and Leonard R. Fisher. Pp. ix+454. (Acacdernic Press: 


London and New York, July 1969.) 1208; $17.50. 


THE seventh volume of this now well established series is 
devoted entirely to a review of the biology of one of the 
most important groups of Crustacea im the energy web 
of the oceans. The brief introduction, emphasizing the 
vital role of the euphausiids, is followed by two chapters 
on their taxonomy and distribution. A key is given to the 
identification of the eighty-five known species, with charts 
illustrating their distributions. 


1234 


The next forty pages deal with the reproductive systems 
and the* complexities of larval ecology. The considerable 
vertical movements of euphausiids are discussed in chapter 
five. The importance of these migrations in the recycling 
of chemicals has been demonstrated partially through the 
agency of the radioactive zine discharged into the north- 
eastern Pacific. The twenty-five pages on feeding mechan- 

isins and food highlight the tremendous problems in mak- 
ing quantitative studies in this field. The brief account 
of the chemical composition of euphausiids has an impor- 
tant discussion on the role of vitamin A, which is concen- 
trated at improbably high levels in their eyes. Here is 
the principal source of the reserves of vitamin A in the 
livers of whales and many commercially important fishes. 
Chapter eight, on vision and bioluminescence, describes 
the spectral sensitivity of the eye pigments and so sug- 
gests the means of adaptation to a particular isolume. 
This leads to an insight of the mechanism controlling 
vertical migration. The chapter on growth, maturity and 
mortahty tells of the considerable variations in breeding 
patterns, both within and between the species. It is 
followed by thirty-seven pages on the ecology of distribu- 
tion. A testimony to the nutritional value of the euphau- 
siids is brought out by the impressive lists of major 
predators. The staggering abundance of the euphausiids, 
particularly in the Antarctic, is described in the last 
chapter on their place in the marine economy. Now that 
the main predators of the euphausiids, the whales, have 
been so voraciously decimated, man is turning to direct 
exploitation of the crustaceans. 

In a work of this nature there are inevitably omissions 
and minor errors. Perhaps most surprising is the exclusion 
of Glover’s work! on the distribution and abundance of 
euphausiids of the North Sea and north-east Atlantic. 
One would also have expected a note on Cushing and 


Richardson's estimate? of the population density of 


Nyctiphanes couchi in the North Sea. 

The text is ee a ee from Dee aan errors, 
de delay potu een n and luminesce nee Foul 
be 96 seconds. The style is usually simple and direct but 
with the occasional horror such as the sentence of seven 
lines on page 249. The 600 references illustrate the growth 
in the study of euphausiids, 30 per cent having been 
published in the past decade. The meticulous care 
characteristic of the whole review is reflected m the 
thorough subject and author indices. As one who has 
laboured through the diffuse literature on the group, I 
am conscious of the gratitude which is due from the whole 
community of marine scientists to Dr Mauchline and the 
late Dr Fisher for this stimulating and extremely welcome 
compendium on the Euphausiacea. The preliminary work 
is over. The challenging task of quantitative evaluation 
of eu ance! populations awaits us. L. T. JONES 
t Glover, R. 8., Hull Bull. Mar. Ecol., 8, 23 (1952). 
2 Cashing, D. T: and Richardson, I, D., J, Mar, Riol, Ass. UK, 35 (1956). 


COMPREHENSIVE HAEMATOLOGY 


Blood Platelets in Man and Animals 

Bv Bernard Maupin. Vol. 1: Pp. xiv+444. Vol. 2: 
Pp. x +487, (International Series of Monographs in Pure 
and Applied Biology, Zoology Division, Vol. 41.) (Per- 
gamon: Oxford, London and New Y ork, August 1969.) 
3608; $45. 

Tas comprehensive work is divided into two volumes. 
The first volume contains the text only, while the biblio- 
graphy, which contains more than 7,500 references 
collected over a peried from 1938 to 1964, is published 
m cone second Soe Dr Ee has - COV ae every 


wo! on ne niles e p on aa n e. 
biochemistry. immunology, and pathology of the platelet. 
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It is a great pity that such an ambitious book took so 
long to prepare for publication, because what has been 
presented is historical rather than representative of 
current ideas on the nature and function of the platelet. 
The considerable effort that must have gone into collecting 
such a vast bibliography is, to an extent, wasted, because 
the author has presented the result of his labours so 
uneritically. Throughout the text, where opposing views 
on a particular topic are given, no attempt has been made 
to explain or reconcile ‘the different opinions. In my 
opinion, these vclumes will be purchased by the reference 
libraries as a comprehensive reference book rather than 
by the individual. M. P. ESNOUF 


MOTHER TIES 


Attachment of the Young 

Imprinting and Other Developments. By F. V. Smith. 
(Contemporary Science Paperbacks, No. 38.) Pp. vii + 
120. (Oliver and Boyd: Edinburgh, September 1969.) 
7s 6d. 

Tus little bock provides a compact introduction to the 
literature on attachment behaviour in young animals. 
From the viewpoint of a reader who wishes to enlarge 
his background for understanding human development, 
the book is overly focused on studies of birds rather 
than mammals. In this it parallels the hterature on 
imprinting, which was discovered in birds first. Smith 
briefly reviews many studies of the innate processes which 
ordinar ily assure that a young creature will become firmly 
attached to its mother soon after birth. Visual and 
auditory modes largely mediate the tie in birds, while 
tactile, kinaesthetic and sometimes olfactory modes are 
more important in mammals. 

Brief chapters on activities g 
mammals and on implications fos ‘the ude of alana 
present evidence that important distortions of develop- 
ment occur when attachment behaviour is interfered 
with. For instance, in goats, “As soon as the newborn 
kid becomes mobile, the doe, in normal circumstances, 
maintains a ‘safe’ area around it. Intruders are butted 
away and after the butting the mother circles the kid, in 
effect ensuring freedom from interruption and favourable 
conditions for the attachment of mother and young... . 
Kids whose ‘safe’ territory has not been maintained, 
because of accident or experimental design, do not develop 
a normal social life. It is soon apparent that they lack 
confidence and poise in social relationships with other 
kids. Invitations to play are received with aggressive 
butting and, before long, communication is so bad that 
other kids react to it as an inanimate object”. 

In eases the bird data, the author’s attention 
to the specific research details of each study cited reduces 
the book’s usefulness to the general reader, who may lose 
the conceptual thread. His style is largely that of a 
technical review article to which some continuity has 
been added. This makes it an excellent survey for the 
student who is beginning a systematic study of the field. 
As a general introduction to the topic Į prefer J. P. 
Scott's Early Experience and the Organization of Behaviour, 
also a paperback, which presents much more material 
about mammals, LEONARD J. FRIEDMAN 


ENTROPY FOR EVERYBODY 


Knowing and Guessing 

A Quantitative Study of Inference and Information. By 
Satosi Ww atanabe. ao xiii +592. (Wiley: New York and 
- 1969.) 21 Te. 


ine certain. of fie more venerable of British institutions, 
physies is still described as natural philosophy, in spite of 
the fact that physics nowadays seems to depend more on 
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machines than on philosophy. That the breed of natural 
philosophers has not entirely died out, and that it would 
be a pity if it did, is evidenced by this book. Knowing 
and Guessing cuts across several disciplines—physies and 
philosophy, of course, and communication theory, cyber- 
netics and statistics. And let it be added immediately, 
before the specialist in any one of these fields summarily 
dismisses the book as unworthy of his attention, that this 
is no shallow book with a smattering of this and that, but 
one from which each specialist probably has something to 
learn, even in his own field. 

A unifying theme is the notion of the entropy of a prob- 
ability distribution. The importance of the idea of entropy 
began to be generally appreciated, outside the realm of 
physics, following its introduction by Shannon in the 
field of communication theory, about 1948. Entropy 
can be interpreted as a “natural” measure of indetermin- 
acy, uncertainty, disorderliness; and any attempt at 
quantifying these concepts inevitably involves this 
measure. It is not surprising, therefore, that the emphasis 
on quantitative thinking that is characteristic of the 
present. age has resulted in manifold applications of the 
measure over a broad range of disciplines. 

In this book, many of these appheations are brought 
together. An entropy theorem for Markov chains, 
designated the H-theorem, is the mathematical counter- 
part of the second law of thermodynamics. An inverse 
H-theorem is relevant to an analysis of the learning process 
in terms of decreasing entropy of creditability distribu- 
tions. The interdependence of two random variables 
depends on the information that one provides about the 
other, and entropy becomes relevant in measuring such 
interdependence, as in communication theory. Taxonomy 
and classification attempt to produce order, so entropy is 
again relevant. And so on. 

The bringing together, in one book, of such applications 
of the notion of entropy is in itself a useful exercise. It 
would be wrong, however, for me to leave the impression 
that this book is only concerned with these applications, 
The whole notion is explored in depth, and, for instance, 
both Boolean logie and the modular logic underlying 
quantum mechanies are discussed. 

The author’s style is lucid, his comments are penetrat- 
ing, his examples illuminating. The result is a fascinating 
hook, which will be of interest to scientists in many 
different fields. SAMUEL D. SILVEY 


COLOURFUL FOODS 


The Oxford Book of Food Plants 

By 8. G. Harrison, G. B. Masefield and Michael Wallis. 
Illustrated by B. E. Nicholson. Pp. vii-+206. (Oxford 
University Press: London, November 1969.) 55s. 


As all well informed gourmets know these days, a succulent 
steak may not have its origin in the animal kingdom. 
It may be a reconstituted extract of the soybean, which 
the botanist calls Glycine max. This proteinaceous plant 
is an annual herb belonging to the pea family. It is erect 
and bushy, up to six feet tall and has white or purple 
flowers. You can see a picture of it-——or at least a stand- 
ardized version, for there are more than a thousand 
varieties—in The Oxford Book of Food Plants. True to 
the high standards of a series which already includes 
British wild flowers, garden flowers and flowerless plants, 
the colourful illustrations are the dominant feature of 
this book. Most of the fruits have been drawn from life, 
collected together from all parts of the world, and some- 
times even grown specially. 

The declared purpose of the book is to provide accurate 
and attractive illustrations and descriptions of the plants 
which serve the human race for food. On this subject it 
is a storehouse of information, and would be ideal equip- 
ment for Christmas revellers faced with the sort of news- 
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paper quiz that demands: what is the garden huckle- 
berry ? or what would you do with a stray rambutan ? 
The answers should be that a garden huckleberry (Solanum 
intrusum) is a plant of the potato family, said to be a 
native of Africa, and sometimes grown in Britain ie 
America for its small black fruits, which are sand to be 
insipid and unpopular; while as for the rambutan 
(Nephelium lappaceum), you would naturally eat its fruit, 
which apparently have tasty white flesh surrounded by a 
coat of soft yellow spines. 

Many other useful and astonishing pieces of knowledge 
can be gleaned from a reading of this book. Who knew, 
for example, that the cultivation of sugar beet (Beta 
vulgaris subspecies cicla) was first encouraged so that 
Napoleon could boycott cane sugar (Saccharum ofieinarum) 
from the British colonies, or that carambola is not a charac- 
ter from a Jacobean tragedy, but Averrhoa carambola, & 
small tree, native to Indonesia, with very juicy yellow 
fruits used in jellies, tarts and preserves, as well as for 
making a drink ? 

And then, of course, there are pictures of all those 
plants which provide the more familiar potent drinks, 
from nettle tea (almost as good as nettle pudding) to 
absinthe and vermouth, which come from <Artermzsia 
absinthum, otherwise known less gloriously as wormwood. 
Habitual drinkers may be interested to know that they 

are probably being slowly poisoned by a perennial herb 
belonging to the daisy family. In short, this is the sort. of 
book that makes learning enjoyable, although the know- 
ledge gained may not be very high power ed. It would 
make a suitable gift for one of those old fashioned people 
who think that botany consists only of giving names to 
flowers and is no use to anybody. Mary LINDLEY 


AFRICAN FOSSIL MAMMALS 


Fossil Vertebrates of Africa 

Vol. L Edited by L. 8. B. Leakey. Pp. ix+ 102. 
(Academic Press: New York and London, September 
1969.) 508; $7.50. 


DerinG the past three decades, mainly under the aegis 
of Dr L. S. B. Leakey, a very extensive programme of 
field work in East Africa has resulted in the collection of a 
vast quantity of fossil] vertebrates, mostly of high quality, 
chiefly mammalhan, and varying m age from Miocene 
through Pleistocene. The British Museum (Natural 
History) has published the scientific results in a series of 
monographs, Fossil Mammals of Africa, which between 
1951 and 1967 ran to twenty-two papers. The volume 
under review is the first of a second series which promises 
to maintain the same high standards of scholarship. ‘The 
quality of illustration is of prime importance in palaeon- 
tological work and in this volume there is some room for 
improvement. Line drawings alone are rather inadequate 
in Butler’s systematic treatment of insectivores and bats, 
while the photographic plates of Leakey’s Cercopithecoidea 
often have too much contrast to reveal clearly the tooth 
and bone morphology. The editor might consider half- 
tone plates or the authors might be asked to coat specimens 
for photography. 

The volume comprises four papers by authors from four 
different nations, each inevitably written in very different 
styles; while this in itself can be refreshing, the series 
would profit from some uniformity of presentation and 
more careful proof reading would have allowed fewer 
mistakes to pass. These criticisms, however, should not 
be allowed to override the real yalue of the scientific 
contributions. 

Butler’s paper on the Miocene insectivores and bats 
is a sequel to his papers in the earlier series. Some sixty- 
three additional specimens are reported on, coming from 
Rusinga, Songhor, Koru and Napak. The Maecroscelidea 
are treated as a separate order and a new species of 
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Rhynchocyon is described. Lanthanotherium is recognized 
in the faunas for the first time, an interesting addition in 
view of its occurrence in Europe and North America. 
The bat material is limited to two humeri. Von Koenigs- 
wald’s paper deals with three new genera of Miocene 
primates, two of them placed in the Cercopithecoidea and 
one in the Oreopithecoidea. The separation of these 
specimens into new taxa at generic level is questionable 
and not adequately maintained by the textural descrip- 
tion. In the discussion, the author raises a number of 
interesting issues, but these are not pursued sufficiently 
to assess their significance. 

R. E. F. Leakey presents a paper on two Pleistocene 
cercopithecoids from Lake Baringo; a new genus of 
eolobid and a new species of baboon. Both are known 
from well preserved skull and mandible, and these are 
described in detail with the aid of comparative tables 
which make the morphological characteristics quite clear. 
Hooijer reports on the rhinoceroses from a series of 
Pleistocene sites in East Africa; the bulk of the material 
comes from the Olduvai succession, with additional 
specimens from Baringo, Laetolil, Omo, Kanam, Naivasha 
and Olorgesailie. Skull, mandible and teeth were avail- 
able, together with a fair quantity of posteranial material 
which, however, is difficult to identify. Hooijer recog- 
nizes only two rhinoceroses in the Pleistocene of East 
Africa (as in South Africa), and these are Diceros bicornis 
and Ceratotherium simum, the first a browser and the latter 
a grazer. This simplicity is admirable and removes much 
of the confusion in earlier literature when taxa were 
ereated on inadequate data. 

The volume is the forerunner of what promises to be 
a very important series of monographs on African fossil 
mammals. R. J. G. SAVAGE 


PERSONAL PETROLOGY 


Metamorphic Petrology 

Mineralogical and Field Aspects. By Francis J. Turner. 
(McGraw-Hill International Series in the Earth and 
Planetary Sciences.) Pp. xi+403. (McGraw-Hill: New 
York and Maidenhead, 1968.) $13.50; 126s. 


PURCHASERS of this book will possess the best text 
available on metamorphic petrology, perhaps more 
appropriately sub-titled “An Aspect of Mineral Stability 
and Regional Occurrence”. The use of “aspect” in the 
singular results from the highly personalized nature of 
the work and from the admitted biases of the author. 
It includes several new sections, and substantial revisions 
of older material from the author’s former books, com- 
mencing with a section on the regional occurrence of 
metamorphic rocks, followed by a chapter on meta- 
morphic facies and thermodynamics, then two chapters on 
theoretical and experimental aspects of mineral stability, 
three more chapters on metamorphic facies (including 
discussions of several regions) and finally a section on 
‘“Temperature-Pressure-Time Regimes of Regional Meta- 
morphism”. Illustrations are clear and generous in 
number; the bibliography to 1966 is excellent, and 
indexing is comprehensive. Purchasers also acquire one 
misprint every six pages and a number of erroneous 
arguments and tendentious statements. 

There is much to be said in favour of the concept of 
this book, combining broad facts of occurrence, details of 
mineral assemblages, an appraisal of experimental data 
on metamorphie minerals, a review of the metamorphic 
facies concept and an attempt to relate metamorphic 
rocks to erustal pr&cesses. It leaves out, however, 
petrographic and structural properties, all discussion of 
metasomatism and of the impact of isotope geology on 
studies of metamorphism, notably those concerning 
temperatures and time. The absence of discussion of 
metasomatism and the curt and cursory treatment of 


NATURE VOL. 224 DECEMBER 20 1969 


open chemical systems is a serious omission from a book 
purporting to discuss metamorphic petrology in general. 

The first chapter introduces several examples of 
metamorphic complexes, unfortunately divided into 
contact and regional, perpetuating thereby the problems 
which arise from this thermochemically arbitrary division. 
The examples are well chosen, but the illustrations are 
weak, containing insufficient detail. The second chapter 
contains discussions of facies and of thermodynamics 
which could well be placed elsewhere and critically 
reconsidered: there is no mention of facies series at this 


stage. The thermodynamics is too brief and contains 
misleading simplifications: the section on coupled 


reactions is almost unintelligible, particularly as the 
diagrams are on different pages from the relevant text. 
The only positive value of this latter section derives from 
coupled reactions involving quartz, to which it might be 
usefully reduced. The third and fourth chapters contain 
the meat of the book, the quintessence of any course on 
metamorphic petrogenesis. Unfortunately, the author’s 
bias towards low-pressure values of the AlI,SiO, triple 
point mars this and later sections, while some generaliza- 
tions, such as that most solid-solid reactions character- 
istically have slopes of perhaps 15 to 20 bars/degree, are 
most misleading, and there is too little mention of fugacity 
or equilibrium pressure and of the importance of fo 
The author himself has pointed out that the ordinates in 
Figs. 4-9, 10 and 12 should be stated as weight per cent. 
The remaining chapters usefully relate the ACF-diagram 
type of treatment of facies to actual examples and to PT 
conditions of formation. The section on the low-tempera- 
ture facies is particularly useful, but the granulite and 
eclogite facies sections are weak, it being particularly 
unfortunate to choose an SiO,-undersaturated rock to 
define the granulite facies boundary (page 325). The 
new idea of “‘transitional’’ facies is anathema to me, 
and I hope that I shall not see again the very odd slopes 
for the PT conditions of the high pressure facies series 
(Figs. 8-3, 4); further, the restriction of metamorphic 
conditions to 10 kbar and 750° C seerns unlikely. Never- 
theless, it remains true that this is the best and most 
useful book there is on the subject. R. Std. LAMBERT 


TRANSITIONAL RELATIVITY 


Relativity and High Energy Physics 

By W. G. V. Rosser. (The Wykeham Science Series for 
Schools and Universities.) Pp. xi+ 147. (Wykeham: 
London and Winchester, 1969.) 20s. 


Tuts book is the seventh in a very interesting series, ‘The 
aim of the series is to bridge the awkward gap between 
school and university teaching in science, and the pub- 
lishers have hit upon the intriguing idea of supplementing 
the chief author, in each case an experienced teacher of 
science, with a second author who is a school master and 
who presumably works over the material to be sure that 
it is digestible. Such an attempt to bridge the gap is 
certainly commendable and in this case it is largely 
successful. 

The book starts with a short chapter on Newtonian 
mechanics and the principle of relativity, and then there 
follows a chapter in which the variation of mass with 
velocity is developed from experimental information. 
In order that the experimental laws should hold in all 
inertial frames it is deduced that the Lorentz transforma- 
tions must be the appropriate ones between these frames. 
In chapter three the author goes back to a more historical 
approach to special relativity, and sketches the path 
taken at the end of the nineteenth century. 

In chapter four, yet another approach is given in which 
the constancy of the speed of light is taken for granted 
and radar methods of determining coordinates are used, 
as in Bondi’s exposition and in Bohm’s book. This 
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chapter does not seem logically quite satisfactory. The 
radar method of determining distance is used on the 
basis of the velocity of light being constant. To some 
extent this is giving too much away, because the constant 
nature of the velocity of light arises from the conventional 
nature of distant simultaneity. This would not matter 
if it were not that the thing which is really difficult to 
understand about special relativity is how the velocity 
can be constant for different reference frames. The radar 
method when fully worked out, taking into account the 
conventional nature of time at distant points, does 
explain this. Chapter five deals with some consequences 
of the Lorentz transformation although the infamous 
clock paradox is moved to the special chapter seven at 
the end of the book. Chapter six is in many ways the 
least satisfactory part of the book. The author evidently 
does not wish to leave out of consideration general 
relativity, but within the technical bounds of what he 
can do, he is able to say very httle about it. As a con- 
sequence, chapter six has an extremely cotton-wool 
texture. By the time one has reached the end of it, one 
feels very little wiser than when one began. 

The book is nicely produced and extremely suitable for 
its purpose. Each chapter concludes with a number of 
numerical problems and the answers to these are given at 
the back of the book. The index is quite satisfactory. 

n W. KILMISTER 


MASTERFUL PAPERS 
Collected Papers of G. H. Hardy 


Including Joint Papers with J. E. Littlewood and others, 
Vol. 3. Edited by a committee appointed by the London 
Mathematical Society. Pp. 748. (Clarendon Press: 
Oxford; Oxford University Press: London, May 1969.) 
105s. 


EARLIER volumes in this handsome series dealt with 
Hardy’s work (including collaboration) on number theory 
and the present volume is concerned with work on trigono- 
metric series and the mean values of power series. The 
transition is a natural one, for the subjects are closely 
related. The work of Hardy and Littlewood in number 
theory led them to develop new methods of dealing with 
problems relating to summability of series and more than 
half of this book is taken up with papers on trigonometric 
series which are concerned with summability and related 
questions. 

The theory of Fourier series is one of the central subjects 
of analysis and it has been responsible for many of the 
major developments in mathematics during the past 
two hundred years. The notion of function grew out of 
problems in the theory of convergence of Fourier series 
and both Riemann’s and Lebesgue’s definitions of the 
integral first appeared in the context of trigonometric 
series. Cantors work in set theory was inspired by it 
and much of modern function theory and abstract har- 
monic analysis has close associations with the classical 
theory of Fourier integrals. Hardy and Littlewood 
enriched the whole theory, as the papers in this book 
amply demonstrate. It is impossible to deseribe all the 
aspects of their work in a short notice, but the following 
examples seem to me to be particularly elegant. 

The first two groups of papers are concerned with 
convergence and summability questions, In the latter 
case, Hardy and Littlewood were concerned primarily 
with the problem of obtaining conditions for the Cesaro 
summability (C,3) of the Fourier series at a given pomt 
for some 8>-—1. (No solution is known if 6 is given in 
advance.) They obtained the complete solution: some 
Cesaro mean of the Fourier series of f converges if and 
only if some Ceséro mean of f converges. 

The third section contains papers on the Young-—Haus- 
dorff inequalities, while the fourth and fifth are concerned 
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with special series and a wide range of miscellaneous 


questions. One of the most remarkable results is the 
theorem of Hardy that the property 

i 4 im; 

Q 


is characteristic of the Bessel function Jelt) of order v and 
zeros Am, An. (That is, the functions sin t and ftJ (t) are 
the only function orthogonal with respect to their own 
zeros mn (0,1).) 

The final section deals with mean values of power 
series. The chief problem here is the study of the mean 
value 


rèd 
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of a function f regular in the unit disk. The class of 
functions for which up(f;ọ) is bounded is the Hardy class 
Hr, which is of fundamental importance in the study of 
the Fourier series of functions in L®, Hardy and Little- 
wood made outstanding contributions to this theory, a 
theory which has been extensively generalized to abstract 
spaces in recent years. 

As in the earlier volumes, one cannot but be impressed 
by the power and beauty of the ideas here presented and 
of the elegance with which they are exposed. It is a 
pleasure to read these papers, which are not only of histori- 
cal interest but which are also essential background 
material for a subject which is still of imtense mterest, 
albeit of extreme difficulty. Hardy and Littlewood’s 
interest in the subject grew out of their work im number 
theory and it is entirely appropriate that the next major 
advances in the theory of trigonometric series probably 
await further developments in number theory, 

: J. V. ARMITAGE 


Correspondence 


“Deka-deci” Notation 


Sin,— Whereas it is important for scientific and technical 
purposes to have a numerical notation which is both 
compact and unambiguous, each of the two forms of 
notation used at present has definite defects, particularly 
concerned; this is illustrated in Table 1. 
these methods, the explicit method (column 1), is simple 
to apply, but with the quite common examples used here 
it is cumbersome and can easily lead to errors, while 
with a large number involving a sequence of zeroes (as In 
the example) there is no way of indicating how many 
of the zeroes represent significant figures rather than 
simply filling up the spaces in front of the decimai pomt. 
The second, index, method (column 2) is more con pact 
and it does enable the number of significant figures to be 
indicated; however, the index, being a superseript 
symbol, is visually and typographically inconvenient, and 
also being a small symbol it is easily disfigured if the text 
is produced or reproduced imperfectly. 

Table 1. APPLICATION OF THE TWO COMMONLY USED FORMS OF NOTATION, 


AND OF THE PROPOSED “ DEKA-DECI”’ NOTATION, TO A LARGE NUMBER AND A 
SMALL (FRACTIONAL) NUMBER* 


Explicit form Index form “Deka-deci™ form 


12,300,000 1-23 x 10° 1:23.D7 (‘One point two three deka seven’’) 
0-000 456 4-56 x 10-4 4-56d4 (Four p@int five six deci Tor} 


* Other slightly different forms of notation, for example, the European 
continental one with a comma in place of a full stop for the decdmal point, 
and sc on, have been disregarded for the present purposes. 

The application of the proposed “deka-deci” notation 
is demonstrated in the last column of Table 1; this method 
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leads to a form even more compact than the index method, 
and avotds the disadvantages of the latter while retaining 
its useful features. One point to be noted is that, to 
standardize the method and also to give the most rapid 
indication of the order of magnitude of the figure involved, 
the number after the indicator letter (D or d), representing 
the power of ten involved, should preferably be chosen 
so that the number before the letter lies between one and 
ten, as in the examples given. One further point is that 
the indicator letter will always occur sandwiched between 
two numerals, except in the representation of pure powers 
of ten where it would often be permissible to represent, 
for example, ten million by D7 rather than 1D7; in 
either case, however, because of its placing there should 
be no cause for confusion between this letter and any 
mathematical symbols in the text or any abbreviations 
for units of quantities involved. 

In certain instances it is possible to avoid altogether 
having to denote a large number or a small fraction by 
using metrie prefixes to represent decimal multiples or 
submultiples of the units involved (the terms used here, 
“deka” and “deci”, stem of course from the corresponding 
metric prefixes); this, however, is not always a convenient 
procedure if we are dealing with a series of figures ranging 
over several powers of ten, while it is not possible to do 
this at all if the quantities involved are pure numbers. In 
any case, the metric prefixes form a collection to which 
it is absurd to apply the name “system”; the consistent 
adoption of the presently proposed notation would remove 
the need for such prefixes (except, perhaps, the most 
eonvenient ones between “muilli-’? and “‘kilo-’’) because it 
provides a much clearer and more direct indication of the 
order of magnitude involved, while this will also avoid 
the increasingly embarrassing problem of coining metric 
prefixes for multiples and submultiples outside the present 
limits. 

Yours faithfully, 


P. MOLYNEUX 
Department of Pharmacy, 
Chelsea College of Science and Technology, 
Manresa Road, 
London SW3. 


Appointments 


Dr W. H. Gutt has been appointed head of the Building 
Research Station Materials Division; Dr L. H. 
Everett has been appointed deputy head. 


Announcements 


Professor G. A. Barnard, University of Essex, has 
been elected president of the Institute of Mathematics 
and its Applications. 


The Science Research Council invites applications from 
suitably qualified men and women engineers and teachers 


may vary in length from three months to two years. 


Further details can be obtained from the Science Research 
Council, State House, High Holborn, London WCl. 


An international training course on Cell-Mediated 
Immune Reactions, with Special Emphasis on 
Molecular Aspects of Cell Surfaces will be held in 
Stockholm, June 8-18, 1970. The course will be spon- 
sored by EMBO and will be organized jointly by members 
of the departments pf immunology, tumour biology and 
bacteriology at the University of Stockholm and the 
Karolinska Institute Medical School. Details of applica- 
tion can be obtained from Professor P. Perlmann, 
Wenner-Gren Institute, Norrtullsgatan 16, 8 113 45 
Stockholm, Sweden. 
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Awards under the Royal Society and Nuffield Founda- 
tion Commonwealth Bursaries Scheme have been 
made to the following: Professor T. C. Chambers 
(University of Melbourne) for study of the taxonomy, 
structure, evolution and geographical distribution of the 
fern genus Blechnum; Dr P. M. Clifford (McMaster 
University, Ontario) to study rock deformation; Dr 
F. R. Hewgill (University of Western Australia) for 
work on electron spin resonance techniques in studying 
oxidation of organic compounds; Professor P. R. 
Jefferies (University of Western Australia) to study 
methods used for research on microbiological oxidation 
of terpenoids; Dr G. A. R. Johnston (John Curtin 
School of Medical Research, Canberra) to study the active 
transport of likely amino-acid synaptic transmitters in 
the mammalian central nervous system; Dr K. V. 
Krishna Rao (Osmania University, Hyderabad) for 
research on organic and inorganic crystal structure 
analysis; Dr C. F. Lim (University of Singapore) to 
study the venomous marine snails of the family Conidae 
in the Australian area; Dr J. V. Lovett (University of 
New England, New South Wales) to work on cereals: 
Dr K. G. Marathe (University of Poona) to study 
modern methods in tracer applications and photo- 
chemistry; Dr Soon Ng (University of Malaya) to study 
various aspects of nuclear magnetic resonance spectro- 
scopy; Dr A. M. Nhonoli (University College, Dar es 
Salaam) to learn new techniques in the investigation of 
anaemias; Dr R. L. Oliver (University of Adelaide) for 
work on granulite facies metamorphic rocks; Dr G. I. 
Opat (University of Melbourne) for research in theoretical 
elementary particle physics; Dr G. S. C. Pillai (Central 
Marine Fisheries Institute of South India) to study coral 
collections; Dr E. Senogles (University College of 
Townsville, Australia) to study gas phase free radical 
reactions; and Professor T. G. Vallance (University 
of Sydney) to develop and complete studies of al tered 
mafic voleanic rocks and their metamorphic derivations 
from various areas in the British Isles. 


International Meetings 


March 4, Electroluminescent Solid State Devices, 
London (Meetings Officer, The Institute of Physics and 
the Physical Society, 47 Belgrave Square, London SW 1). 


March 5-6, Relaxation Phenomena and Mechanical 
Properties of Polyvinylchloride, Strasbourg (Secre- 
tariat TUPAC, Macromolecular Division Conference on 
PVC, Centre de Recherches sur les Macromolecules, 6 rue 
Boussingault, 67 Strasbourg, France). 


and Research, Oak Ridge (Mr J. L. Duggan, Special 
Training Division, Oak Ridge Associated Universities, 
PO Box 117, Oak Ridge, Tennessee 37830, USA). 
March 23-25, Structural Dynamics, Loughborough (Mr 
J. M. Charles, Department of Transport Technology, 
Loughborough University of Technology, Loughborough, 
Leicestershire, UK). 

April 1-4, Thermodynamics, Cardiff (Meetings Officer, 
The Institute of Physics and the Physical Society, 47 
Belgrave Square, London SW1). 

April 6-8, European Congress on Perinatal Medicine, 
London (Professor P. J. Huntingford, St Mary's Hospital 
Medical School, London W2). 


April 6-10, Analytical Chemistry, Birmingham (Society 
for Analytical Chemistry, 9-10 Savile Row, London W1). 


April 7-10, Experimental Stress Analysis, Cambridge 
(Institution of Mechanical Engineers, | Birdcage Walk, 
London SW1) 

April 8-9, Nuclear Gas Turbines, Leicester (Secretary, 
British Nuclear Energy Society, 1-7 Great George Street, 
Westminster, London SW1). 
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April 12-17, Geoscience Electronics, Washington (Tech- 
nical Conference Services, IEEE Headquarters, 345 East 
47th Street, New York, NY 10017, USA). 


April 12-17, Railway Cybernetics, Tokyo (Foreign 
Department, Japan National Railways, 1-1 Marunouchi, 
Chiyoda-Ku, Tokyo, Japan). 


April 12-18, Metal Spraying, Paris (CEFRACOR, 28 
Rue Saint Dominique, Paris 7, France). 


April 13-18, International Iron and Steel Meeting, 
Luxembourg (Verein Deutscher Eisenhuttenleute, Breite 
Strasse 27, 4 Dusseldorf 1, Germany). 


April 13-18, Gynaecology and Obstetrics, New York 
(Professor H. C. Taylor, jun., 630 West 168th Street, 
New York, NY 10032, USA). 


April 14-16, Industrial Carbons and Graphite, London 
(Secretary, 3rd Conference on Industrial Carbons and 
Graphite, Society of Chemical Industry, 14 Belgrave 
Square, London SWI) 


April 15-17, Polymer Solutions, Manchester (Secretary, 
The Faraday Society, 6 Gray’s Inn Square, Gray’s Inn, 
London WC1). 


April 21-24, Magnetics, Washington (Magnetic Group, 
Institute of Electrical and Electronics Engineers, 345 East 
47th Street, New York, NY 10017, USA) 


April 26-30, Group Medicine, Winnipeg (Dr R. E. 
Beamish, St Mary and Vaughan Streets, Winnipeg, 
Canada). 


April 27-May 1, 77th Health Conference, Eastbourne 
(Mr A. P. Wells, The Royal Society of Health, 90 Bucking- 
ham Palace Road, London SW1). 


May 17-22, Photographic Science and Engineering, 
New York (Society of Photographie Scientists and 
Engineers, 1330 Massachusetts Avenue, NW Washington 
DC 20005, USA). 


May 18-22, Mechanical Behaviour of Material, Kyoto 
(Society of Material Science, 1-101 Izumidono-Cho, 
Sakyo-Ku, Kyoto, Japan). 


May 19-21, Signal Processing Methods for Radio 
Telephony, London (Conference Department, The Insti- 
tution of Electrical Engineers, Savoy Place, London WC2). 


May 24-27, Nuclear Reactors and Radioisotopes, 
Toronto (Canadian Nuclear Association, 11 Ouest rue 
Adelaide, Toronto 1, Canada). 


May 24-28, 3rd International Congress of Social and 
© Preventive Medicine, Venice (Segretaria del IH Con- 
¿+ gresso Internazionale di Medicina Preventiva e Sociale, 
Ospedale al Mare, 30126, Lido di Venezia, Italy). 


May 25-30, 5th IMEKO Congress, Versailles (Institute 
of Measurement and Control, Dr S. S. Carlisle, 20 Peel 
Street, London WI). 


May 26-29, Studies in Modern Fabrics, London (The 
Textile Institute, 10 Blackfriars Street, Manchester 3, 
UR). 

May 30—June 6, 6th Congress of International Federa- 


tion of Prestressing, Prague (Mr P. Gooding, Terminal 
House, Grosvenor Gardens, London SW1). 


June 1-5, Nondestructive Testing, Hannover (Secre- 
tariat der 6 IONT, Postfach 1424, 3 Hannover, Germany). 


June 1-6, 6th World Mining Congress, Madrid (Mr 
A. G. Readett, International Department, National Coal 
Board, Hobart House, Grosvenor Place, London SW1). 


June 1-6, Mineral Processing, Prague (Ustav Pro 
Vyskum Rud, Modranska 23, Prague 4, Czechoslovakia). 
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June 8-10, Chemical Reaction Engineering, Washing- 
ton (Dr R. L. Gorring, c/o Research Department, Central 
Research Division, Mobil Research and Development 
Corporation, POB 1025, Princeton, New Jersey 08540, 
USA). 


June 14-20, Large Dams, Montreal (Secretary, US 
National Committee, International Cormmuission on Large 
Dams of the World Power Conference, c/o Hngmeers 
Joint Council, 345 East 47th Street, New York, NY 
10017, USA). 

June 22-25, 6th International Thyroid Conference, 
Vienna (Dr R. Hofer, Medizinische Universitatsklmik, 


Garnisongasse 13, 1090, Vienna, Austria), 
June 28—July 4, 4th International Congress of Radia- 


tion Research, Evian (Secrétaire Général, Congrés Inter- 
national de Radiobiologie, Fondation Curie, 26 rue d’Uim, 


F 75 Paris 5, France). 


June 29-July 1, Mendel Colloquium, Brno (Secretariat 
of the Mendel Colloquium, Moravian Museum, Brno, 
Czechoslovakia). 


July 3-25, Gondwana System, South Africa (Dr W. T, 


de Kock, Council for Scientific and Industrial Research, 
POB 395, Pretoria, South Africa). 


July 6-10, Microwave Spectroscopy, Bangor (Meetings 
Officer, The Institute of Physics and the Physical Society, 
47 Belgrave Square, London SW1). 


July 7-9, Scientific Management of Animal and Plant 
Communities for Conservation, Norwich (Dr A. 5. 
Watt, Botany School, University of Cambridge, UK). 


Fisheries for Scotland, Marine Laboratory, POB 101, 
Victoria Road, Torry, Aberdeen, Scotland). 


July 7-10, Chemistry and Physics of Organic Scintil- 
lators and Liquid Scintillation Counting, California 
(Dr C. T. Peng, Sehool of Pharmacy, University of 
California, San Francisco Medical Center, San Francisco, 
California 94322, USA). 


July 8-9, Catalytic Oxidation-—Principles and Pro- 
cesses, London (Dr J. F. Gibson, The Chemical Society, 
Burlington House, London WIV OBN). 


Sabbatical Itinerants 

In the hope of providing some practical assistance in the 
good cause of mobility between laboratories, Nature 
advertises the needs for housing of families about to 
take up periods of sabbatical leave. To begin with, 
no charge will be made for advertisements like this. 
It is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 

whether they are effective. 


Vacant: Furnished family home, University of the 
West Indies, Kingston, Jamaica, for up to 6 persons, 
large garden, lovely outlook, domestic and garden 
help available; vacant end of June 1970 to end of 
September 1970. Please contact, by air-maul, 
Professor D. A. N. Hoyte, PO Box 93, Mona, 
Kingston 7, Jamaica. 

Vacant: From early July 1970 for 1 year, 4 bed- 
roomed furnished and detached house m New 
Malden, Surrey. Garden, garage and full central 
heating. Frequent train service,” 20 minutes to 
Victoria or Waterloo. Please contact Dr B. P. 
Dash, Department of Geophysics, Imperial College 





WE 
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Reports and Publications 


(not included in the monthly Boolsa Supplement) 
Great Britain and Ireland 


The TUC: a Plan for the 1970s. By John Hughes. (Fabian Tract 397.) 
Pp. 36. (London: Fabian Society, 1960.) 5x. [316 
Philosophical Transactions of the Royal Society of London. D: Biological 
Sciences. Vol. 256, No. 804 (2 October, 1960): Histology and Fine Structure 
af the Pre-Optic Nucleus and H ypothalamic Tracts of the European Eel 
Anguilla anguilla L. By J. F. Leatherland and J. M. Dodd. Pp. 135-140. 
(London: ‘The Royal Society, 1969.) 218.) $2.75. [310 
Royal Observatory Annals, No, 3: First Greenwich Catalogue of Stars for 
1950.0. Prepared under the direction of the Astronomer Royal. Pp. 205. 
(London: Science Research Council, 1969.) 76s, net. 1310 
Policy on Radiobiological Research. Pp. 21. (London: Medical Research 
Council, 1969.) i610 
BBC, Engineering Division. Monograph No, 78: Aspects of High-Quality 
ic, L. 8. 


Monitoring Loudspeakers. By H. D. Harwood, S. A. Hughes and C, L. 8. 


Gilford. Pp. 16. (London: BBC, 1969.) 5s. {610 
Edinburgh School of Agriculture. Calendar 1969/1970. Pp. 67. (Edin- 
burgh: Edinburgh School of Agriculture, 1969.) [810 


University Grants Committee, Statistics of Education 1967. Vol. 6: 
Universities. (Department of Education and Science Series.) Pp. XXXVi+ 
155. (London; HM Stationery Office, 1969.) 42s, 6d. net. {610 

Building Research Station. Current Paper 31/60: The Transmission Loss 
of Multi-Layer Structures. By B. H. 8. Shart and J. W. Beauchamp.) 
(Reprinted from Journal of Sound and Vibration, May 1969, Vol. 9, 3. 
Pp. 10. (Garston; Building Research Station, 1969.) Gratis. {710 

British Association for the Advancement of Science. Annual Report 1968- 
69, Pp. 27. (London: British Association for the Advancement of nite 
1969.) 710 

British Glass Industry Research Association. F ourteenth Annual Report, 
1969. Pp. 48, (Sheffield: British Glass Industry Research ae 
1969.) 7i 

Ministry of Technology. Forest Products Research. Bulletin No. 42: 
The Strength Properties of Plywood. Part 4: Grade Stresses. By W. T. 
Curry. Second edition, Metric Units. Pp.iv+16. (London: HM Stationery 
Office, 1969.) 68. net. . A [710 

Building Research Station. Current Paper 27/60: Towards a General 
Method for the Design of Drainage Systems in Large Buildings. By M. S.T 
Lillywhite and A. F. E. Wise. Pp. 22. (Garston: Building Research 
Station, 1969.) Gratis. . {R10 

Royal Observatory Bulletins. No. 154: Line Intensities in the Visual 
Region of Cassiopeiae. By R. M. Catchpole, B. E. J. Pagel and A. L. T. 


Powell. Pp. 17. (London: Science Research Council, 1960.3 6s. net. [816 
University of Oxford, Oration by the Vice-Chancellor and Annual 


Report 1968-1969. (Supplement (1) to Oxford University Gazelle, No, 3406.) 
Pp. 37-57. (Oxford: The Univerity, 1969.) 2s. [810 


Other Countries 


Technology: Processes of Assessment and Choiee—Report of the National 
Academy of Sciences. (Committee on Science and Astronautics, US House 
of Representatives.) Py. xiv +163. (Washington, DC: Government Print- 
ing Office, 1969.) $0.75. _ [299 

Joint Committee on Atomie Energy, Congress of the United States. 
Selected Materiais on Environmental Effects of Producing Electric Power. 
Pp. vill+ 553. (Washington, DC: Government Printing Office, oe 
$2.50, I% 

US Department of the Interior: Geological Survey. Professicnal Paper 
383-0: Effect of Tectonic Structure on the Occurrence of Ground Water in 
the Basalt of the Columbia River Group of the Dalles Area, Oregon and 
Washington. By R, C. Newcomb. Pp. ii+33+plate 1. (Washington, 
DC: Government Printing Office, 1968.) (299 

Canada, Department of Energy, Mines and Resources. Geological Survey 
of Canada. Catalogue of Types and Figured Specimens of Fossil Plants in 
the Geological Survey of Canada Collections (Megzaplant Supplement 1963- 
67). By W. A. Bell. Pp. vii+-36. $1. Bulletin 178: The Clearwater Com- 
plex, New Quebec. By H. H. Bostock. Pp. 63. $2, Memoir 855: Palaco- 
zoje Geology of the Lake Simcoe Area, Ontario. By B.A. Liberty. Pp. 201 
(30 plates). $4.50. Paper 60-4: Abstracts of Publications in Scientific 
Journals of the Geological Survey of Canada, April 1968 to March 1069. 
Pp. 47. $1.50. Paper 69-40: Field Laboratory Methods used by the Gev- 
logical Survey of Canada in Geochemical Surveys. No.11: Uranium in Soil, 
Stream Sediment and Water. By A. Y. Smith and J. J. Lynch. Pp. v +. 
86.75. Paper 68-46: Sulphur Isotope Study of the Muskox Intrusion, 
District of Mackenzie (86 J/13 0/3). By Akira Sasaki. Pp. vii-68. $2. 
(Ottawa: Queen’s Printer, 1969.) {110 

United States National Museum Bulletin 205: Revision of Recent Bair- 
diidac (Ostracoda), By Rosalie F, Maddocks. Pp. iv+126. (Washington: 
Smithsonian Institution Press, 1969. Available from US Government 
Printing Office.) 31. . i [110 

Annals of the Cape Observatory. Vol. XXIL: Second Cape Catalogue for 
1950.0, Observations of the Sun, Moon and Planets 1986-1950. Pp. 1+ 405. 
(Observatory, Cape: Royal Observatory, 1968.) {110 


HOW TO BUY NATURE 


Volumes start in January, April, July and October, but subscriptions 


may begin with any issue. 
The direct postal price per subscription for one copy of NATU RE 


each week is; 

#142 MONTHS (52 issues and 4 indexes) 
Great Britain and Eire 
United States of America (by air freight) 
CARBOA oo iociie's ae nee eersoe2 (by air freight) 
Elsewhere overseas{by surface mail 
(Charge for delivery{by air mail on application) 
*Shorter periods pro rata. (Minimum three months.) 





NATURE VOL. 224 DECEMBER 20 1969 


_ United States Department of the Interior: Geological Survey. Professional 
Papers 581-C: Organic Extracts from JOIDES Cores Off Northeastern 
Florida. By E. E. Bray and E. D. Evans. Pp. v+7. 30.25, Professional 
Paper 609; Geology of the Tepee Creek Quadrangle, Montana-Wyoming. 
By Irving J. Witkind. Pp. iv+ 101+ plates 1 and 2. (Washington, DC: 
Government Printing Office, 1969.) {110 
‘Mitteilungen aus der Biologischen Bundesanstalt für Land- und Forst- 
wirtschaft, Berlin-Dahlem. Heft 134: Regein und Begriffe für die Doku- 
mentarische Erfassung von Pflanzenschutaliteratur. Von Dr. W. Laux, 
Dr, W. Sicker und Dr. D. Blumenbach. Pp.57. (Berlin-Dahlem: Biologische 
Bundesanstalt fir Land- und Forstwirtschaft, 1969.) 12 DM. {610 
Institut Royal Météorologique de Belgique. Publications Série B, No, 55: 
Le Temps en 1968, Par Dr. R. Sneyers. Pp. 61. (Uecle-Bruxelles: Institu 
Royal Météorologique de Belgique, 1969.) {G10 
Organization for Economic Co-operation and Development. Reviews of 
National Science Policy--Italy. Pp. 209. (Paris: OECD; London: HM 
Stationery Office, 1969.) 24 francs, 40s., $6. 710 
Bulletin of the American Museum of Natural History. Vol. 142, Article 1: 
A Review of the Water Snakes of the Genus Natrix in Mexico. By Ro 
Conant. Pp. 1-140+plates I-22. (New York: American Museum of 
Natural History, 1969.) $8. {810 
La Ceinture du Pacifique et les Sy 
{ 


. . ; nehronismes de son Activité Sismique. 
Par Georges Dubourdieu. Pp. 55. 


l 
Mendon: Collège de France (Géologie), 
{910 


1969.) 

From Biology to Ethics. By Jacques Monod. (Occasional Paper No. 1.) 
eae (San Diego, California: The Salk Institute for Biological agin’ 
1969). 910 


WHO Technical Report Series No. 430 : Specifications for the Identity 
and Purity of Food Additives and their Toxicological Evaluation: Some 
Antibiotics. (Twelfth Report of the Joint FAO/WHO Expert Committee 
on Food Additives, Geneva 1-8, 1963.) Pp, 49. (Geneva: World Health 
Organization; Londen: HM Stationery Office, 1969.) 6s., 3 Sw. r 
Ši. 910 

Publications of the United States Naval Observatory. Second Series, 
Vol. XIX, Part 2: Results of Observations made with the Six-Inch Transit 
Circle 1956-1962---Observations of the Sun, Moon, and Planets. Catalogue of 
2,554 Stars for 1950.0. Corrections fo FK4, GC, and N30. By A. N. Adams 
and D. K. Scott. Pp. 295-436. (Washington, DC: Government Printing 
Office, 1968.) [910 

Annalen der Meteorologie (Neue Folge), Nr 4: Meteorologen-Geoph ysiker- 
Tagung in Hamburg von 1. bis 6. April 1968. Meteorologische Vortrage 
Pp. 286, (Offenbach a.M.: Selbstverlag des Deutschen Wetterdienstes, 
1969.) i 1010 

US Department of Agriculture, in co-operation with University of Arizona 
Agricultural Experiment Station. Production Research Report No, 108: 
Rearing Cotton Insects in the Laboratory. By Raymond Patana. Pp. 6. 
(Washington, DC: Government Printing Office, 1969.) {1010 

Queen Victoria Museum and Art Gallery, Lanceston, Tasmania. Annual 
Report 1967/1968. Pp. 1244 plates. Records of the Queen Victoria Museum. 
No, 33: Flora of Rocky Cape. By M. J. Firth. Pp. 16. No. 34: The Birds 
of Flinders Island. By R. H. Green. Pp. 32. (Launceston: Queen Victori 
Museum, 1969.) {1319 

Prototype University Plans for the Development of Biomedical Engineer- 
ing. Pp. ix+62. (Washington, DC: National Academy of Engineering, 
1969.) . 1310 

US Department of Agriculture. Index-Catalogue of Medical and Veterin- 
ary Zoology. Subjects: Trematoda and Trematode Diseases. Part 11: 
Hosts: Genera A-L. Part 12: Hosts: Genera M-Z. By Mildred A. Doss and 
Marion M, Farr. Pp. v+694. (Washington, DC: Government Printing 
Office, 1969.) Part 11, $1.50; Part 12, $1.25, {1310 

Republic of Cyprus, Ministry of Commerce and Industry. Annual Report 
of the Geological Survey Department for the year 1968. By Y. H. Stavrinou. 
Pp. 83. (Nicosia: Geological Survey Department, 1969.) {1310 

Quaternary Geology and Climate. (Vol. 16 of the Proceedings of the Vil 
Congress of the International Association for Quaternary Research.) Edited 
by H. E. Wright, Jr, Pp. ix +162. (Washington, DC: National Academy of 
Sciences, 1969.) $15.75 paper; $18.25 library binding. [1310 

US Department of Agriculture. Index-Catalogue of Medical and Veterin- 
ary Zoology. Supplement 17, Part 3: Parasite-Subiect Catalogue, Parasites: 
Trematoda and Cestoda, By Dorothy G. Segal, J udith M. Humphrey, 
Shirley J. Edwards and Margie D. Kirby. Pp. ii +272. (Washington, DC: 
Government Printing Office, 1969.) $2. 1310 

Annals of the Agricultural College of Sweden, Vol. 35, Nr, 3: Studies of 
Root and Foot Rot Diseases of Cereals and Grasses. By Hans Eric Nilsson. 
Pp. 275-807. (Uppsala: Ultuna Library of the Agricuitural College of 
Sweden, 1969.) {1410 

Le Renoncement Scientifique de Notre Epoque. Par Jean Rigaud. 
Pp. 78. (Clermont-Ferrand: Pierre Rigaud, 12 Boulevard Pasteur, 
1969.) [1419 

Smithsonian Studies in History and Technology, No. 2: Catalogue of 
Meteorological Instruments in the Museum of History and Technology. 
Prepared by W. E. Knowles Middleton, Pp. v+128, (Washington, DC: 
Smithsonian Institution Press, 1969. Available from US Government 
Printing Office.) $3.26. [1410 

National Health Council, New York. National Voluntary Health Agen- 
cles: Profiles of 19 Member Agencies of the National Health Council. Edited 
by Dorothy Ducas. Pp. 63. (New York, NY: National Health Council, 
1869.) Gratis, {1510 
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Ethyl diazoacetate 
+ 


N=N = CHCO.C,.H; 


For the preparation of large rings via the Buchner method of ring-enlargement; for the 
syntheses of heterocyclics by the addition to 1,4-quinones and for the preparation of 
homologous §-keto esters from ketones.(!) 

No. E2220-1 ETHYL DIAZOACETATE 20 g.—S6. 100 g.—S25. Kg.—3210. 


Diethyl azodicarboxylate (DAD) 
C.H,O.C-N= N-CO.C.H;, 


For the preparation of many nitrogen containing Diels-Alder adducts, x-ketoaldehydes and 
for photochemical dehydrogenations.@) 
No. D9000-8. DIETHYL AZODICARBOXYLATE 25 g.—$9.25 100 g.—%$34. 


(1) L. F. Fieser and M. Fieser, Reagents for Organic Synthesis, Wiley, 1967, p. 367. 
(2) /bid, p. 245. 





Write for our latest catalog 








IN THE U.S.A. IN GREAT BRITAIN 
Aldrich Chemical | Ralph N. Emanuel Ltd. 
Company, Inc. 264 Water Road, 
2371 NORTH 30th STREET, Alperton, Middlesex 
MILWAUKEE, WISCONSIN 53210 Tel: 01-998 4414 















j | 
D E W A R ABIKA: 


Do you want sturdy, lightweight, durable, i Sy . 


10, 25 or 50 litre liquid nitrogen storage 
dewars straight off the shelf ? 


Self shielded Helium Dewars, storage and 
transfer equipment for all liquefied gases 
are available from: 


SGPEMBLY LIMITED 


SPEMBLY TECHNICAL PRODUCTS LTD. 
Tribune Drive 

Sittingbourne, Kent 

Telephone SITTINGBOURNE 5252 Telex 92643 





A member of the Leadenhall-Sterling Investment Group. 
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Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion, 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear fram any cause whatever, nor do 
they accept liability fer printers’ errors, 
although every care is taken to avoid mistakes. 
Semi-dispiayed £6 per single column inch, 
Minimum £3, each additional f/f2th of an inch 
10s, Full page £158, Half page across £80. 
Colour (orange) £20 extra, 7/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scere and Son, Limited, | Clement's 
inn, Strand, London, W.C.2. Telephone: 
A 4743. Telegrams: Textualist, London, 





APPOINTMENTS VACANT 


REGIUS CHAIR OF MATERIA 
MEDICA 
UNIVERSITY OF GLASGOW 
The Secretary of State for Scotland in- 

vites applications for the 

REGIUS CHAIR OF MATERIA 
MEDICA i 

in the University of Glasgow, which will 


fall vacant on Septernber 30, 1970. A note 
of the Conditions of Appointment may- be 


obtained on request from the Private Sec-— 


retary, Room 4507, St. Andrew's House, 
Edinburgh, BHI 3DB. 

Three copies of applications, accom- 
panied by the names of three referees, 
should be sent not later than January 24, 
1970, to the Private Secretary. (1944) 


UNIVERSITY OF 
BRITISH COLUMBIA 


= Department of Chemistry 


GRADUATE TEACHING 
ASSISTANTSHIPS 


Graduate Teaching Assistantships are 
available for candidates with high 
academic records who wish to pursue 
further studies towards the Ph.D. in 
Chemistry. Excellent research facili- 
ties are available in all areas of 
modern Chemical Science, ranging 
from Bio-Organic Chemistry to 
‘Chemical Physics. Stipends $3,600 
(minimum) per annum. 


Application forms and further par- 
ticulars may be obtained from the 
undersigned. 


Professor C. A. McDowell, 
Department of Chemistry, 
University of British Columbia, 
Vancouver 8, British Columbia, 
Canada. 





(1932) 


SCIENCE GRADUATES REQUIRED 
with Hon. Degrees in either Pharmacology 
or Physiology or Zoology /Biochemisrry. 
Some statistical knowledge required. Train- 
ing and supervision in Pharmacological and 
Toxicological nie kia will be given. Ex- 
cellent opportunitcs for keen bright 
Nclentisis exist in the Deparment of 
Pharmacology engaged in the research of 
new therapeutic compounds. Participa- 
tion in the Pension and Assurance Scheme. 
Apoy: Managing Director,  Biorex 
Laboratories, Luh. Biorex House, Canon- 
bury Villas, London N.L (2016) 








Csi 
FLAVOUR 


RESEARCH 


SCIENTIST 
AUSTRALIA 


DIVISION OF 
FOOD PRESERVATION 


GENERAL The research programme of the Division of Food Preservation of the 
Commonwealth Scientific and Industrial Research Organization includes many aspects 
of the physical and biological sciences related to the needs of the food industry. The 
Division is located at North Ryde, N.S.W., and has a staff of over 100 scientists working 
in the fields of physics, chemistry, biochemistry, plant physiology, microbiology, and 
food science, and it is housed in modern laboratories provided with a wide range of 
research facilities and equipment. 


DUTIES The Division has begun a comprehensive programme of research into the 
chemistry of food flavour, and the team so engaged is well equipped for the concen- 
tration, separation and identification of flavour components by chromatographic and 
spectroscopic techniques. To complete this team it is proposed to appoint a research 
scientist who will be responsible for establishing the contribution that isolated corme 
ponents make to overall flavour. This aspect of flavour research, largely unexplored, 
provides an excellent opportunity for an imaginative and enterprising approach. A 
statement giving a brief account of the current programme in flavour research may be 
ebtained from the address below. 


QUALIFICATIONS Applicants should have a Ph.D. degree in science or post- 
graduate research experience of equivalent standard and duration, supported by 
satisfactory evidence of research ability. The area of research envisaged could embrace 
several disciplines. A suitable applicant could have his major experience in any of the 
following fields: biochemistry, organic chemistry, physical chemistry, animal or human 
physiology, but in any case some knowledge of organic chemistry would be desirable. 


SALARY Depending upon qualifications and experience, the appointment will be 
made within the salary range of Research Scientist, $45,960~$A7,562 pa. or Senior 
Research Scientist, $A7,869~$A9,173 p.a. For an applicant having an exceptional 


research record consideration would be given to appointment within the range of 


Principal Research Scientist, $A3,560-5A10,996 pa. Salary rates for women are 
$A428 p.a. less than the corresponding rates for men. Promotion within CSIRO to a 
higher classification is determined by merit. 


CONDITIONS The appointment will be initially for a fixed term of three years, after 
which, if mutually desired, either an extension of tenure or appointment for an indefinite 
period willbe considered. The appointment will be conditional upon passing a medical 
examination and an initial probationary period of twelve months may be specified. An 
indefinite appointment carries with it Commonwealth Superannuation Fund ar Provident 
Account privileges. Fares paid for the appointee and his dependent family. 


Applications (quoting Appointment No.: 300/502), and stating full name, place, date 
and year of birth, nationality, marital status, present employment, details of qualifications 
and experience, together with the names of not more than four persons acquainted 
with the applicant’s academic and professional standing, should reach: 


The Chief, Division of Food Preservation, CSIRO, P.O. Box 43, Ryde, 
N.S.W., AUSTRALIA, 2112, by the 16th January, 1970. 
(2047) 


CHEMIST 


This is an interesting post for a man preferably with post-graduate experience 


in soil physics and possessing knowledge of agricultural chemistry. Besides 


responsibility for the routine work of the chemical laboratory the successful 


applicant will carry out investigations on matters related to the establishment 
and maintenance of amenity turf. In return we will offer him an attractive 
salary, three weeks annual holiday, staff pension scheme and help with removal 
expenses, 
Please write for further particulars to the Secretary, The Sports Turf Research 
institute, Bingley, Yorkshire. (1968) 
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NATURAL ENVIRONMENT 
RESEARCH COUNCIL 
NATURE CONSERVANCY 
ASSISTANT EXPERIMENTAL 
OFFICER /EXPERIMENTAL 
OFFICER 


Applications are invited for the post of 
Assistant Experimental Officer / Experimen- 
tal Officer in the Range Ecology Group of 
we Mountain and Moorlands Habitat Team 
based initially at the Nature Conservancy 
Scottish Headduarters. 12 Hope Terrace, 
Edinburgh 9, and subsequently at Bar- 
chory, near Aberdeen. 


DUTIES. The successful candidate will 
be expected to assist with the research pro- 
gramme of a team working on Red Deer. 
Much of the work will be done at various 
places in the Highlands and periods will 
be spent away from home. A full current 
driving Heence is essential. 


AND EXPERI- 


OLIALIFICATIONS 
ENCE: General Certificate of Education 
for equivalent) in five subjects two of which 


should be scientific subjects (preferably 
biological at “AT level. At age 22, can- 
didates are expected to have a Pass degrec, 
Dip. Tech, H.N.C. (or equivalent in a bio- 
logical subject. A training in zoology is 
reaguired and an interest in ecology and/or 
conservation problems in upland = areas 
would be an advantage. 


SALARY SCALES: National rates. 

Assistant Experimental Officer (18 and 
under 28 on December 31. 1970), £683 
iage 18) to £1,208 tage 26) to £1,454, 


Experimental Officer (at least 26 and 
eee 34 at December 31, 1970), £1,590 to 
£2,006. 


Initial appointment will be non- pension- 
able but there are prospects of a perman- 
ent ando pensionable post. Application 
forms and further particulars may be ob- 
tained from Establishments (©, The Nature 
Conservancy, 19 Belgrave Square, London, 
SW. Completed application forms to be 
returned by January 16, 1970. Please 
quote reference: P 490. (2043) 





LAURENTIAN UNIVERSITY 
SUDBURY, ONTARIO, CANADA 
DEPARTMENT OF GEOLOGY 
STAFF APPOINTMENTS 
1970-71 

... Applications are invited for two staff positions 
for the Fall of 1970 in a young and developing 
‘department, The unique ecological setting of 
Sudbury lends itself particularly to studies in 
petrogentsis, ore deposits, mineral exploration 
geophysics and geochemistry, Precambrian strati- 
graphy, structure and sedimentation. The De- 
“patiment is moving into a new building in the 
Spring of 1970 providing about 20,000 square feet 
of laboratory, research and office space. Philips 
X-ray diffraction and spectrographic research 
facilities are available, as well as hydrothermal 
and analytical laboratories for mineral synthesis 
studies, 

(D PETROLOGY MINERALOGY-—to teach 
graduate and undergraduate courses in mineral- 
ogy and petrology: to develop research in these 
fieids within a co-ordinated programme in the 
Department. Interests and experience in X-ray 
analytical procedures, silicate analysis and petro- 
genesis are desirable. 

GD SEDIMENTOLOGIST-—to teach graduate 
and undergraduate courses in sedimentary petro- 
graphy, sedimentary processes and environments 
and their relation to sedimentary ores; to de- 
velop research in these fields within a co-ordin- 
ated programme concerning the Precambrian 
terrains of Northern Ontario. 

Applicants must have a Ph.D. and experience 
in both teaching and research. Salary and rank 
are dependent on qualifications; appointments 
effective from September 1, 1970. Applications. 
giving personal résumé, research interests and ex- 
perience, and the names of at least three referets 
who are in a position to assess the applicant's 
character, scholarly ability and aptitude for 
teaching. should be sent to: 

D. H. WILLIAMSON, 


Chairman. 
Department of Geology, 
Laurentian University, 
SUDBURY, Ontario. (2043) 


antsy tere rem Rewer ereenn: 


SR ONA ne Vivenase= anw CTEM ERTIES IO PRIORITY 
be pevpaarpynjasabcdestatannyanein ltt: naaa AS AHI ANAS 


In association with its existing Institute of 
Molecular Genetics in Berlin-Dahlem 


Max-Planck-Gesellschaft 


is presently establishing a Research Laboratory for Bio- 
chemistry, Biophysics and Molecular Biology. Starting 
approximately July 1970 this laboratory will provide oppor- 
tunities for | 


4 junior scientists 


to be responsible for a research group of their own and to 
carry out a fully independent research program. Each group 
will have available about 130 square metres of floor space. 
adequate provisions and technical supporting staff, basic 
equipment and operating expenses. 


Applicants should already have done some recognized 
research work. Appointments will be limited to 5 years. 
Salaries will be individually negotiated and will be within 
the range of DM 32,000 to 38,000 per annum (AH2-AH3 
Deutsche Hochschullehrerbesoldung). Applications should 
be submitted before April 1, 1970, to 


The President of the 
NMiax~-Planck-Geselischaft 

zur Férderung der Wissenschaften e.V. 
8000 München 1 

Postfach 647 


20253 


ULSTER: 
THE NEW UNIVERSITY 


School of Biological and Environmental Studies 


Eight new appointments will be made (effective from October, 1970) ; two 
at READER/SENIOR LECTURER level and six at LECTURER level. 


Salary : READER/SENIOR LECTURER £2,920-—£3,670 with FS.5.0. 


LECTURER 
Lecturer scale £1,240 x £115--£2,850 with FSSC. 
(Initial appointment will be at one of the first six points 
on scale.) 


Applications are particularly welcome within the fields listed below, though 
well qualified candidates with other interests will be considered. 


BIOLOGY : Animal behaviour. 
Experimental taxonomy of plants. 
Physiological plant ecology. 
The ecology of aquatic invertebrates. 


GEOGRAPHY : Geomorphology (especially coastal or Quaternary) or Bio- 
geography. 
Economic Geography with emphasis on North America and / 
or quantitative methods. 
Geography of Eastern Europe or U.S.S.R., with any appro- 
priate systematic interests in Human Geography. 


g Wake of the posts advertised are common to the two main subjects within the 
school: 
Pedology (especially soil chemistry) ; 
Human Ecology (preferably with special reference to tropical 
environments). 


Further particulars may be obtained from the Registrar, The New Univer- 
sity of Ulster, Coleraine, Northern Ireland (quoting Ref. 69/166), to whom 
applications should be sent, together with the names and addresses of three 
referees, not later than January 16, 1970. (20673 
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Nature 
Two Editorial Opportunities 


Molecular Biologist or Physiologist to coordinate the 
selection of original manuscripts concerned with the 
molecular explanations of biological processes, to edit 
most of those accepted and to contribute to the written 
commentary on this branch of science at the front of Nature. 
Research experience and passion for literacy essential. 


Science Journalist to contribute regularly to Nature- 
Times News Service and to the general news columns of 
Nature. Proven experience of science writing and a science 
degree essential. Scope for contributing to the development 
of a unique news service. 


Salaries to match experience. Good prospects of rapid 
advancement. Apply in writing to Editor, Nature, 4 Little 


Essex Street, London WC2. 
(2029) 


CITY OF LIVERPOOL 
MUSEUMS _ 


Applications are invited for the following post: 


Keeper of Invertebrate 
Zoology 


S$ O1(£1845—-£2245 p.a.) 


The person appointed will be in charge of the Department of Invertebrate Zoology and 
his work initially will be concerned with planning and executing the natural history 
displays in the new Museum. 


Applicants should have a relevant degree and/or the Diploma of the Museums Asso- 
ciation. Previous museums experience is desirable but not essential. 





Application forms, returnable by 31st December, 1969 and further particulars from Director, 
City of Liverpool Museums, William Brown Street, Liverpool, L3 8EN. 


Stanley Holmes Town Clerk 


UNIVERSITY OF KENT 
AT CANTERBURY 


FACULTY OF NATURAL SCIENCES 


RESEARCH /GRADUATE 
ASSISTANTS IN CHEMISTRY 


Applications are invited from graduates 
in Chemistry, Biochemistry or Microbiology 
for appointment as Research Assistants or 
Graduate Assistants to work on aspects of 
biological inorganic chemistry. One post 
is available immediately and another from 
October, 1976. Sagary, £800 per annum. 

Further particulars and application forms 
may be obtained from the Assistant Regis- 
trar, Chemistry Building, The University, 
Canterbury, Kent, to whom completed ap- 
plications shouki be submitted by January 
2, 1970, quoting reference No. 4.39/69. 

£20523 





UNIVERSITY OF SHEFFIELD 
LECTURESHIP IN ZOOLOGY 
Applications are invited for this post arising 
from the appointment of Dr. D. Bellamy to the 
Chair of Zoology at Cardiff. The post would 
be suitable for a ZOOLOGIST or BIOCHEM- 
IT. Research interests should be in the general 
field concerned with vertebrate physiology and 
biochemistry. Salary scale £1,240 by £115 to 

£2,850 with F.S.S.U. provision. 

Further information from the Registrar, tos 
whem applications (one copy naming thre: 
referees) shouki be sent by February 10, 1970. 
Quote ref. R.74/G. (2063) 


THE BIOLOGY DEPARTMENT OF MOUNT 
Allison University will have an opening for a 
lecturer oc Assistant Professor to seach in first 
and second vears and to develop an advanced 
level course in one of the following fields: Cyto- 
genetics, Botanical Cytotaxonomy, Entomology, 
Mammology, Ichthyology~-~Applicants write lw 
D. S. Fensom, Head, Biology Department, 
Mount Allison University, Sackville, N.B.. 
Canada. (2018) 
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TOBACCO RESEARCH 
COUNCIL LABORATORIES 
HARLOW HILL 
HARROGATE—-YORKSHIRE 


A vacancy exists for an enthusiastic man 
or woman for a challenging post as a 
TECHNICIAN or SENIOR TECHNA 
CIAN in the CHEMISTRY DEPART- 
MENT of these Laboratories. The work 
will require abilty and imagination in a 
relatively new field of research. 


Education bryond H.N.C. would be re- 
quired along with an interest and possibly 
some experience in the Chemistry of bjo- 
logical systems. 


_ Please write, giving brief personal par- 
ticulars to 


The Personne! Officer, 

Tobacco Research Council 
Laboratories, 

Otley Road, 

Harlow HIHN, 

HARROGATE, Yorkshire. 


(2042) 


TOBACCO RESEARCH 
COUNCIL LABORATORIES 
HARLOW HILL 
HARROGATE--YORKSHIRE 


require a young 


GRADUATE CHEMIST 


nicotine. 


In addition to a degree in Chemistry, 
applicants should have had two or three 
years’ experience in organic and analytical 
techniques, including G.L.C. Knowledge 
of radiochemical techniques will be essen- 
tial and, if an otherwise suitable applicant 
lacks experience in this field, he must be 
prepared to accept training in the tech- 
niques, 


Please write, giving brief personal par- 
ticulars to: 


The Personne! Officer, 
Tobacco Research Council 
Lahoratories, 
Otley Road, 
Harlow Hill, 
HARROGATE, Yorkshire. 
(2042) 





CHIEF ANIMAL HOUSE 
TECHNICIAN 


Required to assume charge of the labora- 
tory animal houses of the University of 
Surrey. Applicants should be fully experi- 
enced in the husbandry of all common 
laboratory species, with particular regard 
to the pure line breeding of smali rodents. 
Animal facilities at Guildford are not yet 
fully operational and candidates must have 
first hand experience of the initial organ- 
isation of anima! houses Including design 
and functioning of premises, purchase of 
equipment, and animals and engagement 
and training of staff. 

Candidates should be holders of a Home 
Office Licence, together with at least Cer- 
lificates A and B. The successful applicant 
will participate in research and ass.st in 
the practical teaching of laboratory animal 
science. 

The preferred qualification is FLAT. of 
its equivalent, but full allowance wil be 
made for previous expzrence and responie 
sibility in a similar post. 

Salary scale: £1,385 to £1,578 per 
annum. 

Applications, giving the names and ad- 
dresses of two referees, should be sent to 
the Staff Officer, University of Surrey. 
Guildford, Surrey, by January 30, 1970. 

(2622) 


É nAban AASE EADE AARAA tn ATENA SH HAANitM RABARCNTETAHT aN ASIN ONeT SETH ITTNP 

















NATURE 


MACMILLAN (JOURNALS) LTD 


No. 5226 SATURDAY DECEMBER 27 1969 


CONTENTS 


ON WHICH SIDE ARE THE ANGELS ?—INSTITUTES AND Untversities—Lunar 


Seience-—Enriched Uranium—-Foot and Mouth—Botany-—Miscellaneous Intelli- 

gence—100 Years Ago—-Parlament in Britain. i ; : ; 
SLIMMING AT THE INSTITUTE OF CANCER RESEARCH , . : : . 
Cursps on Panic AND PESTICIDES . : . : l f ' : 
SOMBRE GREETING FROM ABROAD . . . l : : : : 
News and Views—SeismoGRaPHS AND TEST-BAN TaRaTiEs—Meteors—-Archae- 

ology — Space Research — Nuclear Structure — © hemistry — Public Health — 


Tumour Virology—Auxin— Biological Control—-E ntomology . 
Srrontium-90 anp INFANT MortTauity by Patricia J. Lindop and J. Rothlat 


GENETIC Controt or Hexose ProspHate Uptake BY Escherichia coli by H. L. 
Kornberg and Janet Smith ; : as 

Is THE GALAXY LOSING Mass on A Time Scare or A BILLION YEARS ? by D. W. 
Sciama . ; l ; ; ; : . ; : ; : 

SMALL EARTHQUAKES AND EXPLOSIONS IN WESTERN NORTH AMERICA RECORDED 
gy New Hic Gary, Lone Perion Seismocrarus by Peter Molnar, John 
Savino, Lynn R. Sykes, Robert C. Liebermann, George Hade and Paul W. 
Pomeroy . ; ; : ; ; : a 

MULTIPLE MOLECULAR SPECIES or CIRCULAR R-racror DNA ISOLATED FROM 
Escherichia coli by Stanley N. Cohen and Christine A. Miller . 

RIFAMPICIN INHIBITS Focus Formation IN CHICK FIBROBLASTS INFECTED WITH 
Rous Sarcoma Virus by Heidi Diggelmann and Charles Weissmann ; 

RIFAMPICIN: a ÑPECIFIC [NHIBITOR OF VACCINIA VIRUS ASSEMBLY by Bernard 
Moss, Edith N. Rosenblum, Ehud Katz and Philip M. Grimley ‘ 


Letters to the Editor (see overleaf) . ; ; i . ; ; 5 


Book Reviews by Gerd Buchdahl, H. N. V. Temperley, David A. Dunnett, W.G. V. 
Rosser, I. N. Sneddon, N. B. Price, T. W. Tinsley, J. B. Free, K. Hellmann 
and W. T. Singleton . : i ; ; ; : ; ; 


Correspondence-—More Alarums and Excursions by Jim Shapiro, Larry Eron 
and Jon Beckwith; Thomas, Richard and Harold by John D. Morton; No 
Peace for the Wicked by K. W. Baynes; New Clothes for Old Body by Tan 
Sutherland ; 


University News—Announcements-—International Meetings-—Sabbatical Itinerants 


Recent Screntivric AND TECHNICAL BOOKS . . i : , ; i 


(Continued 


Vol, 224 


12361 


1263 


1268 


1323 


1837 


12338 
XXI 


everleati 











XIV 
=> el = NATURE DECEMBER 27 1969 





Make a successful 

atomic absorption 

spectrophotometer 
-then make it 

even better 





And that's exactly what Pye Unicam have lamps and excellent optical quality, whilst 
done with the world-famous Unicam SP90 still preserving the outstanding detection 
Atomic Absorption Spectrophotometer. limits. And, of course, there are all the first- 
It's now the Unicam SP90 Series 2, but it's class features and accessories associated 
not just the name that has changed. with the original SP90 spectrophotometer— 
Absorbance or energy scales can now be like flame emission facilities, a wide choice 
presented in linear form on the integral of flame and burner systems (including 
meter or on a pen recorder, with continuous nitrous oxide with a new burner head), a 
scale expansion of upto 10x forabsorbance. three-lamp turret and automatic sampling. 
Results can also now be shown on a digital For more information and full technical 
display and printout accessory. The details on this new instrument and the 
sensitivity specification has been increased range of hollow cathode lamps, write to 

as a result of improved hollow cathode Pye Unicam Ltd. 





PYE UNICAM = 


Pye Unicam Ltd 
York Street Cambridge, CB1 2PX, England 


Precision Instruments Telephone (0223) 58866 Telex 81215 
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Annales de I’Institut National 


de la Recherche Agronomique 


ANNALES AGRONOMIQUES 
science), 6 issues annually. 


ANNALES DE L'AMELIORATION DES PLANTES (Plant 
breeding), 4 issues annually. 


ANNALES DES SCIENCES FORESTIERES (Forestry), 4 issues 
annually. 


ANNALES DE PHYTOPATHOLOGIE (Mycology, bacteriology, 
virology), 4 issues annually. 


ANNALES DE ZOOLOGIE—ECOLOGIE ANIMALE (Zoology, 
ecology), 4 issues annually. 


ANNALES DE TECHNOLOGIE AGRICOLE (Agricultural and 
food technology), 4 issues annually. 


ANNALES DE ZOOTECHNIE (Animal breeding and animal 
production), 4 issues annually. 

ANNALES DE BIOLOGIE ANIMALE, BIOCHIMIE, BIO- 
PHYSIQUE (Animal biology, biochemistry, biophysics), 
4 issues annually, 

ANNALES DE GENETIQUE ET DE SELECTION ANIMALE 
(Animal genetics), 4 issues annually. 

EE a 


APIDOLOGIE (Bee and Beekeeping) co-edited by I.N.R.A. 
and Deutscher Imkerbund, 4 issues annually. 


(General agronomy, soil 


Subscriptions should be sent to: 


SERVICE DES PUBLICATIONS I.N.R.A., 
route de St-Cyr, 78-VERSAILLES, France. 


Specimen copy on request 
(Orders can also be sent through any bookseller) 
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We now have capacity 
for aluminising certain 

_ types of mirrors, at short 
notice. . 
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CHEMTRIX 
polarographic systems 


featuring image 
storage, for the 
added dimension 
in organic and 
inorganic chemical 
analysis 


Precise chemical analysis to 
parts-per-billion made in less 
than a minute, with storage 
display for detailed waveform 
studies. Several models are 
available, with such features 
as digital readout of peak cur- 
rent (Id) and three-electrode 
operation for dynamically con- 
trolled IR compensation. 


Polarographic Systems 
Model SSP-2 

3-Electrode System $3070 
Model SSP-3 Digital 

Readout System 

Piug-in units available separ- 
ately. Tektronix oscilloscopes 
available locally woridwide. 





Other Chemtrix Instruments 


Type 800 

Wavetorm Source for 
Electrochemistry 

(Triangle and rectangular 
waveforms, variable slope with 
wide-range control) 


No. A-111 

Glassy Carbon 

Electrode 

(For voltammetry in anodic re- 
gion where DME operation is 
prohibited) 


For information on these and other polarographic instruments and 
Systems, contact your local representative, or write directly to: 


All prices f.0.b. factory. 


CHEMTRIX, INC. 


Instrumentation fer Sctence 
P.O. Box 725 Beaverton, Oregon 97005 U.S.A. (503) 648-1434 








Spectrometer 
No. 2 


Fitted with a variable half 
shadow polariser on the 
collimator, and an analyser with 
detachable quarter wave plate 


on the telescope. 


Rack and pinion focusing. 
Both polarising attachments are 
quickly removable to permit use as a 
conventional spectrometer. 


Micrometer eyepiece to the scale 
reader enables direct measurement of 


angle to 10 secs. 


For further details of this instrument, also of polari- 
meters and refractometers, please write to Dept. N 


BELLINGHAM & STANLEY LIMITED 


E DISTRIBUTORS IN U.K, OF SCHOTT INTERFERENCE MLTERS ‘ i Ga 
-i 61, MARKFIELD AD. LONDON NIS. TEL.O1-506 2675 
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On which Side are the Angels ? 





THERE are powerful reasons for not making a fuss 
about the transition from the sixties to the seventies 
a few days from now. For one thing, time is known 
to be continuous. For another, attempts artificially 
to separate one interval from another usually stimulate 
exaggeration or oversimplification. Were the sixties, 
after all, years in which molecular biology and 
astronomy, to single out only two fields of interest, 
made more rapid progress than even their supporters 
would have expected? Or were the sixties years in 
which the conflict between scientific research and its 
sources of money finally came into the open? It 
would be as wrong to describe the decade in any such 
simple way as it ‘would be, for example, accurate to 
follow Dr James Shapiro and his colleagues (see page 
1337) in their gloomy forebodings. Yet there is an 
important issue now separating professional science 
from much of the rest of society which will cast a 
long shadow in the years ahead. Dr Philip aes 
put the problem well in his statement in London last 
week (see page 1250) of the difficulties which have arisen 
in the United States in making sure that science is 
supported not merely by money bat by the enthusiasm 
of young people. The truth is that there have emerged 
in public opinion of science and technology a group 
of interlocking heresies. Anybody looking for a good 
cause to fight in the decade ahead could hardly do 
better than to help stamp out these misguided notions. 

The first and most obvious heresy is what may be 
called the pollution movement—the opinion that there 
is close at hand some kind of human catastrophe that 
will spring from the application of science in tech- 
nology. Two manifestations of this point of view are 
especially in evidence just now. There is, for example, 
the assertion that recent developments in molecular 
biology, test-tube fertilization of mammalian ova and 
even transplantation techniques will lead to the arti- 
ficial and probably malevolent manipulation of the 
quality of human life. Genetic engineering, as it is 
called, is only one of the features of this process which 
the doomsdaymen are accustomed to single out. To 
tell from the woe which is sometimes lavished on this 
awesome prospect, it must to many of them be com- 
forting that the anti-pollutionists often promise a more 
immediate catastrophe. Better perhaps the present 
generation should perish from too much DDT in the 
milk or be drowned as the seas rise than that the 
genetic inheritance of its progeny should be so per- 
verted by the molecular biologists that the popula- 
tion comes to consist of a horde of unisexed morons 
manipulated and fiendishly exploited by a handful of 
determined villains, sustained by repeated transplants 
of heart, lungs and even brain. 

Why is there such currency for these fantasies? It 


is not enough to say that the common instinet. 
macabre mon which has sprung a rich nets : he 





science pet is adaga new E one its expression. 
The way in which Dr Shapiro and his colleagues link 
their fears about genetic engineering with the wide- 
spread anxiety about the war in Vietnam shows that 
the wellsprings of the Doomsday Fallacy are much 
The problem of the urban communities in 
advanced societies and especially the United States, 


nearer. 


like the continuing disparity between industrially 
advanced and backward societies, is also a constant 
irony. Even moderates are sometimes driven. to con- 
clade that if science and technology cannot make much 
headway with these problems, then attention should 
better be directed elsewhere. It is only fair to say that 
those who go further in their despair about the solution 
of urgent problems can only infrequently be shown 
evidence that the problems which oppress them may 
vet be solved—if that were possible, immediate solu- 
tions would be preferable to discussion. It does not 
follow from this, however, that some kind of disaster 
is inescapable. Certainly there is no warrant for the 
strange prophecies which frequently suggest that 
disaster will spring from science and its application. 
The truth is probably the opposite. There is as much 
reason to believe that science will contribute to 
the enlightenment and prosperity of the future as it 
has helped in the past. 

In the circumstances, the alienation of young people 
is more easily understood. Proclamations of seience’s 
great potentiality for changing the fabric of society 
— become unfashionable. One difficulty is that the 
rapid growth of science, and the development of the 
institutions which support it, has tended to muffle 
people’s natural voices. But there is also an undoubted 
change in the character of science teaching at all levels. 
The gap between the rudiments and the excitement is 
often too large to be bridged across undergraduate 
lecture rooms. The emphasis which has been given, in 
the past decade, to the link between science and pros- 
perity has naturally prompted many young people to 
ask whether they really wish to become laboratory 
fodder. In circumstances like these, declarations about 
the horrors of genetic engineering or the dangers of 
pollution meet a ready response. 

What is the truth ? To begin with, there are-sound 
technical reasons for believing that, in spite of what the 
jeremiahs say, science and technology will contribute 
substantially to the solution of dauntmg problems. Is 
it not, after all, a simple fact that the world’s food 
supply, measured in calories per head, has more than 
kept pece with the growth of pepulation m the past 
thirty-five years, chiefly because of the improv ement 
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of agricultural productivity ? Is it not reasonable to 
expect that the attention now being paid to fast 
ground transport systems will also contribute to the 
improvement of the great decaying cities? It is even 
on the cards that the imaginative exploitation of the 
modern techniques of city planning could help to 
create sensible modern cities. To be sure, this would 
not by itself ensure the resolution of the deep social 
conflicts which abound in the great cities, but the 
developments which science could bring could help to 
provide a framework for some kind of progress. Mere 
prosperity would be a great help. Considering all the 
circumstances, it is not merely irrelevant but mis- 
chievous to raise false spectres like genetic engineering 
and some of the more bizarre speculations about 
pollution. 

It is worth spelling out just why some of these 
gloomy prospects must not be taken too seriously. 
Where the horrors of biology are in question, one of the 
most simple truths is that there can be no simple 
assurance that the rudimentary manipulations with 
bacteria and viruses which are now possible or within 
sight will certainly be applicable to mammalian sys- 
tems. Even if they were, however, nobody can know 
what use would be made of them. It is possible to 
conceive of ways in which combinations of manipula- 
tions in molecular biology might allow compassionate 
medical people to make good some kinds of genetic 
defects, but even this is not yet the kind of prospect 
which could be held out as a promise to those who 
might benefit. What justification can there be for 
supposing that there may be a more immediate threat 
in the perversion of an unknown technique in the 
hands of a medical profession which, for all its faults, 
has so far consistently worked in a beneficent direction ? 

Similar arguments can give the lie to many of the 
more gloomy prophecies about the supposed destruc- 
tion of the environment. There is, for example, the 
old fear that the use of fossil fuels will increase the 
amount of carbon dioxide in the atmosphere, with a 
consequent reduction of the rate at which heat energy 
ean escape from the surface of the Earth. Even people 
who do not know whether carbon dioxide is soluble in 
water—by no means an irrelevance—are now ready 
to recite the dire consequences—the melting of the 
Antarctic ice-cap, the flooding of a great many coastal 
cities and a permanent change in the climate. Yet no 
honest person can be sure that this would be the 
course of events. The greenhouse effect could work 
the other way, and increase the production of snow, 
thus helping to increase the Earth’s capacity to 
reflect sunlight and eventually striking a new point 
of equilibrium. But this, of course, is speculation. 
The certainty is that whatever effects there may be 
are likely to be at once slower and smaller than the 
more gloomy prophets say. It has taken a century 
and a half to increase the content of carbon dioxide 
in the atmosphere by 10 per cent, and this seems not 
so far to have disturbed even the long-period regularity 
in the fluctuation of the climate. Is it really wise to 
pretend that the melting of the Antarctic ice-cap 


NATURE VOL. 224 DECEMBER 27 1969 


should come near the top of the list of disasters to be 
avoided ? 

The danger, of course, is that exaggeration will 
obscure the problems that matter. And it is, of course, 
prudent to make sure that DDT and other organo- 
chlorine pesticides do not accumulate needlessly in 
people’s livers, which is why it is good to welcome the 
level-headed report of the Wilson Committee on that 
subject (see page 1249), which carefully strikes a 
credible balance between the economic benefits of using 
pesticides freely and the potential dangers of using 
them at all. The committee under Professor Michael 
Swann which, some weeks ago, defined the uses which 
may safely be made of prophylactic antibiotics in 
agriculture, had the same quality of good sense. Like 
the Clean Air Act, now a decade old, these are splendid 
illustrations of the use of simple commonsense to help 
improve the environment. (The ballpoint-happy com- 
mittees which have recently recommended the banish- 
ment of cyclamates and the avoidance of contraceptive 
pills with greater concentrations of oestrogens are in 
another camp, and were plainly responding to the 
fashionable hysteria about the environment.) If these 
are the tasks that the British Government’s new com- 
mission on the environment will tackle, nobody will 
complain. What it must avoid is the witch-hunt for 
imaginary causes of improbable disaster which the 
Doomsday camp would like to see. 

The fact that many professional scientists have 
recently been contributing to this misguided assess- 
ment of the risks of modern life is reprehensible. In 
the long run, however, it will be even more serious if 
there is not some deliberate attempt to turn the 
argument around and to assert that technology is as 
much now as in the thirties a means by which the 
quality of life can be improved. This has become a 
muted sermon. Is it any wonder that governments in 
Britain, the United States and elsewhere now tend to 
take the view that science and technology are predict- 
able ingredients in the industrial economy? In the 
United States, this kind of calculation has already 
been carried too far, as Dr Handler says. It is absurd 
that the government which supports the Apollo pro- 
gramme will not pay for the radiotelescopes which are 
needed to support a reasonable programme of radio- 
astronomy. In Britain, the pendulum is about to 
swing too far. After six years of the application of the 
doctrme that science must be relevant, there is a 
danger that the committees which decide how money 
should be spent will also limit the uses which can be 
made of science in the years ahead. This, in the long 
run, is where the penury now being forced on science 
will cause the most serious damage. What society most 
needs of the scientific community are means not yet 
identified for increasing the distance between the 
modern world and that of the australopithecines. 


lessly tolerant of the reduced budgets and closer march- 
ing orders which governments apply. This is yet 
another battle which must be fought and won quickly 
if the seventies are to be productive. 
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Institutes and Universities 


THERE is a strong case for writing nothing about the 
unhappy few months through which the Institute of 
Cancer Research has just passed. For one thing, the 
worst is probably now over. The financial nettle which 
seems to have been the most urgent cause of trouble 
has been firmly grasped. Then, in spite of the doubts 
which have stemmed from the report of the Medical 
Research Council Committee which examined work at 
the institute a few months ago, there is no doubt that 
much of what is done there is of the highest quality 
and there is, indeed, a danger that too much public 
discussion will be distracting and even unsettling. And 
then, as everybody agrees, it is important that the new 
director, Professor T. Symington, should be free to 
get on with his exacting task without impediment. if 
what had happened at the institute had been a simple 
money shortage, these arguments would have been 
conclusive. The past few months, however, have raised 
broader issues from which much is to be learned else- 
where. Outsiders will naturally be unwilling to suggest 
just how the institute should chart a course for the 
future—the new director and his able colleagues are 
perfectly capable of doing that—but there is a case for 
thinking that the institute as a whole will be helped 
if some of the wider issues get a public hearing. This 
is the only objective of the chronicle of recent events 
at the institute which appears on page 1247. 

One of the most conspicuous features of what has 
happened at the institute is that close on twenty 
people have had to be sacked. It is important that 
the institute is entirely within its rights in taking such 
a course. After all, there is no reason why scientists 
should be exempt from the economic laws which apply 
to other kinds of workers. Moreover, the institute 
seems to have dealt generously with those who will 
have to leave, and has at the same time done what it 
can to make sure that people’s feelings and prospects 
are not unreasonably damaged. Yet it is bound to be 
something of a shock that rude happenings like this 
can afflict people who have made a career in research, 
and who may be hard pressed to find other niches in 
which their special interests can be followed. At the 
institute, affairs are complicated by the fact that many 
members of the staff have tenure because of their 
status as senior members of the University of London. 
It is inevitable that there should be a sense of inequality 
among those who have been asked to go. 

The first question to be asked is how the scientific 
profession should safeguard the interests of its members 
on occasions like this. Simple trade unionism is not 
the answer and is, indeed, entirely inappropriate in 
circumstances in which an individual may be quite 
unable to transfer his interest from one specified task 
to another. It is also important that ways should be 
found of making it even easier than at present to close 
down laboratories —- government laboratories are 
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especially prone to exist long after they have oute. 
lived their usefulness. The question then arises whether 
the professional institutes should not be equipped to 
provide the practical help which redundant research 
scientists may require. Job registers would serve a 
useful purpose. Formal training in new techniques, 
or even opportunities to go back to universitics for 
training courses, are not entirely to be dismissed. Tn 
the long run, however, the research staffs of smallish 
institutes will be the more secure when they are also 
a part of a larger organization. Where the Institute of 
Cancer Research is concerned, this is a part of the case 


organization like the Institute of Cancer Research and 
the academic world outside? How like a university 
can a mission-oriented laboratory be? One of the 
problems at the Institute of Cancer Research has been 
the way in which the Ad Hoc Committee which drew 
up the list of the people to be sacked did so without 
taking the advice of the Academic Board which is 
formally entitled to give advice about the general 
strategy of research. Nobody will dismiss this as an 
easy problem. If the need to reduce the staff had been 
demonstrated, it might easily have been understood as 
cowardice if the Ad Hoc Committee had sought de- 
tailed approval for its plans. Certainly it is unthink- 
able that a board of thirty members would have been 
able to give unanimous approval to the Ad Hoe Com- 
mittee’s proposals for dealing with the money shortage. 
But, given the close relationship which there must be 
between the composition of the research staff and the 
directions of research policy, it is only natural that the 
events of the past few months have raised the question 
whether the Academic Board has any powers worth 
keeping. This, no doubt, is why some members of the 
staff are seeking stronger representation of the Acad- 
emic Board, but it is probably also prudent to recognize 
that there are bound to be limits to the extent to 
which a mission-oriented laboratory can be run on - 
syndicalist lines. The most that can be hoped for is — 
that a director will use the board as an effective 
sounding board for trying out his own ideas on the 
strategy of the research programme. 

But may not the best strategy for a cancer research 
establishment be a programme of fundamental research 
at the level of the cell? This is a perfectly proper 
question. The answer could well be a qualified afirma- 
tive, but this again is not for outsiders to say. It is, 
however, good that the Medical Research Council has 
established a coordinating committee for cancer re 
search. It will help if the several laboratories with a 
finger in the pie know mere accurately and more 
immediately what each of them is up to. In such a 
climate, it may also be easier for organizations such 
as the Institute of Cancer Research to formulate a 
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mixed strategy, with some interest in immediate appli- 
vations and some in the more distant future. Then, 


too, it would be easier for the institute to diversify 


its structure, by forming closer links with a university 
or with a teaching hospital. Perhaps the most serious 
dack in the discussions of the past few months has 
“been that of an exploration of alternative structures. 
But that, of course, is what new directors are for. 
Everybody will wish Professor Symington luck. 


LUNAR SCIENCE 


Apollo 12 springs Surprises 


from our Astronomy Correspondent 

It now seems certain that the samples recovered from 
Oceanus Procellarum are sufficiently similar to those 
from Mare Tranquillitatis to prevent any heart search- 
ing, yet different enough to whet the appetite for more. 
The ages of the rocks from Oceanus Procellarum, for 
example, seem to be 500 million to 1,000 million years 
less than the 4,000-4,500 million years for the Tran- 
quillitatis samples, which compare with the 4,700 
million years estimated for the age of the Solar System. 
something like 34 kg was returned by Apollo 12, 
half as much again as from Apollo 11. According to 
prelimmary reports from Houston, there is far less 
dust in the Apollo 12 collection—half of the Tranquil- 
litatis sample was material finer than 1 em—~and there 
are forty-six rocks up to 4:9 kg in weight. They 
include a specimen of about 0-7 kg with an unusually 
coarse-grained appearance which is suspected to be 
impact debris originating from deep within the Moon, 
possibly excavated from Copernicus 200 miles away. 
The other rocks range from fine-grained to coarse- 
grained, Only two of them are breccias, a much smaller 
proportion than from Apollo 12, although to what 
extent the distribution of rock types is a subjective 
effect of the astronauts’ sampling technique is not 
known at present. Chemical analysis shows that the 
rocks tend to have less titanium than the surprisingly 
rich Tranquillitatis material, but they contain more 
iron, 

More staggering this time than the sample analysis 
are the data from the package of experiments left 
behind on the Moon. It now looks as if it will take 
several months and a large amount of computer time 
before the surprising results of the crashdown of the 
upper stage of Intrepid are interpreted (Nature, 224, 
836; 1969). Estimates of the impact are narrowing 
down to a TNT equivalent of one ton, trivial by the 
standards of seismologists. Yet the disturbance at the 
seismometer took five minutes to build up, and about 
an hour to decay with a period of one second. On 
Earth such behaviour would be unthinkable, first 
because the terrestrial disturbance would have dis- 
appeared within a few minutes and, second, because 
the periodicity would have been longer than one 
second. It seems probable, however, that the trace is 
more likely to be explained by the overall structure of 
the Moon than by the resonance of a hypothetical 
underground structure. 

It is also surprising that the magnetometer left 
behind should have registered a lunar magnetic field 
between 30 and 40 gamma, when 2-3 gamma were 
what was expected (1 gamma is 10- gauss, so that 
the strength of the Earth’s field at the equator is 
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35,000 gamma). The question people will be asking is 
what this implies about the lunar interior and whether 
it can be interpreted in terms of remanent magnetism 
in the lunar rocks. Clearly a network of magneto- 
meters would help to pinpoint the field, and this will 
be one of the aims of future missions. 

People are now looking forward to Apollo 13, 
scheduled for lift-off at 1528 EST on March 12 next 
year, when the landing will be on a completely different 
kind of surface from the maria sampled so far. The 
site is at 17° 36’ west and 3° 48’ south in the highland 
region of the Fra Mauro formation, about 110 miles 
east of the Apollo 12 site. Nobody knows what to 
expect, except that the landing site is likely to be the 
most rugged so far. This is why the separation from 
the command module will take place at the lowest 
altitude yet to allow the lunar module more fuel to 
manoeuvre. Meanwhile lunar scientists will be going 
over the results from Surveyor 7 which landed near 
Tycho two years ago to become the only Surveyor in 
a highland area. 


ENRICHED URANIUM 


Go-ahead for Centrifuge Project 


THE jigsaw puzzle of the British nuclear fue) policy took 
a step nearer completion last week with the news that 
Britain, West Germany and Holland have approved 
the terms of an agreement to do with collaboration on 
the centrifuge method of enriching uranium. This is 
not the same as signing the agreement. Before this 
can be done it has to be vetted by Euratom under 
Article 103 of the Euratom Treaty which lays down 
that any agreements between members and non- 
members of Euratom—and Britain is not a member 
although West Germany and Holland are-——have to be 
approved by the Euratom Commission. But nobody is 
expecting any objections and when the agreement is 
signed the exchange of technical information between 
the three countries can begin. The announcement 
means, of course, that the extension to the gaseous 
diffusion plant at Capenhurst, which is the traditional 
and (largely because of its electricity consumption) the 
less economic method, will not now be built. The next 
part of the jigsaw to fit into place is the British nuclear 


Last week Mr Benn was making no secret of the fact 
that the negotiations for the centrifuge agreement had 
been long and extremely difficult. They began just 
over a year ago with a meeting at the Hague which 
started a round of speculation about the magnitude 
of the economies which the centrifuge process will 
achieve as well as about the political implications of 
West Germany's participation which the announce- 
ment has done nothing to stop. All Mr Benn will say 
about the selling price of the enriched uranium is that 
it will be competitive with the American product. 

Initially the agreement allows for plants at Capen- 
hurst and at Almelo in Holland with each plant able 
to do up to 50 tonnes of separative work per year by 
1972, later going up to a total of 350 tonnes per year. 
West Germany has been consoled with the design and 
construction headquarters. The plants at Capenhurst 
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and Almelo will be owned and run by subsidiary 
companies of an enrichment organization which will 
provide 51 per cent of the equity capital of each sub- 
sidiary and with headquarters in Britain. Thus the 
capital for the Almelo plant, for example, will be 51 
per cent from the enrichment organization and 49 per 
cent from West Germany and Holland. The entire 
arrangements will be supervised by a joint committee 
from the three countries which will deal with questions 
to do with the non-proliferation treaty, security, and 
arrangements with other countries. 

There has been no exchange of technical information 
yet, but it is believed that Britain is going to learn a 
lot from cooperation with the Dutch. Even so, it 
looks as though the agreement is meant to be taken 
as a model of the kind of cooperation in advanced 
technology which the Ministry of Technology would 
want to become commonplace if Britain joined the 
European Economic Community. Mr Benn stressed 
that the agreement would be different from other 
European ventures—people hope it will be more suc- 
cessful than some—because it wil] involve essentially 
industrial collaboration with a minimum of govern- 
ment supervision through the joint committee. The 
shares of both the enrichment organization and the 
organization which builds the plants will be held by 
commercial enterprises nominated by the three govern- 
ments. The hope is, of course, that the arrangements 
will be integrated into the EEC. Collaboration with 
other countries beyond the three so far extends to 
informal discussions with Italy and Belgium, and 
Sweden has expressed interest. 





FOOT AND MOUTH 


Viruses in the Wind 

THREE paragraphs on airborne virus transmission are 
by all accounts the most scientifically significant con- 
tents of Part Two of the Northumberland Committee’s 
report on foot and mouth disease, published on Decem- 
ber 16 (HMSO, 12s 6d). The importance lies not so 
much in what the report says—about the persistence 
of the virus in humid air and its transport by wind 
for over sixty miles in ideal conditions—as in the 
implications of the research on which it is based. Some 
veterinary scientists now believe that at least 90 per 
cent of the spread of the disease is caused by the wind, 
and that the value of some of the control measures to 
isolate farms and restrict movements within infected 
areas is chiefly psychological. 

The report complements the prophylactic recom- 
mendations of Part One, which was published in June, 
by examining what should be done after the disease 
has broken out. Nearly all of its conclusions have 
already been accepted by the Minister of Agriculture: 
they deal with the organization of control centres, 
the restrictions of movement and access required to 
contain the disease, and compensation for farmers 
whose herds have been depleted. In effect, they tighten 
up existing regulations in the light of the 1967-68 
epidemic, and reject some of the emergency action 
taken at the time. Disinfected pads on roads, for 
example, seem to have been useless in that they did 
not affect any likely route of transmission. 

If airborne infection is the main source of foot and 
mouth disease, the Northumberland Committee’s 
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recommendations are by no means irrelevant. The 
disease is so obviously contagious that everything 
possible must be done to keep susceptible animals 
apart. On the other hand, it may be that the recom- 
mendations are silent on the role of wind and raing 
spreading the disease because much of the basic avii 
ence has only come to light in the last few months, 
largely as a result of work by P. B. Wright (Weather, 
94 204; 1969) and L. P. Smith and M. E. Hugh-Jones 
(Nature, 228, 712; 1969). 

Smith and Hugh-Jones showed that in four British 
epidemics the pattern of spreading was almost entirely 
downwind, and suggested that rainfall was important 
in depositing virus particles. There is some controversy 
over how the disease was actually picked up, because 
although animals could have grazed in damp grass on 
which the virus had been deposited it has been claimed. 
that the virus is much more infectious when it 1s in- 
haled in the form of an aerosol. What seems to be 
agreed, however, is that virus will travel in the wind 
when the weather is humid. There is no evidence that 
virus particles actually are deposited on to foodstuffs 
in rain rather than inhaled from the atmosphere, but 
there are plenty of correlations between the way the 
disease has spread and the direction of the wind, and 
it is significant that outbreaks always seem to begin 
in wet weather. 

Buried in the report’s suggestions is the idea that an 
epidemiological team should be based on each control 
centre. Whether such a team would be expected to 
make full use of the knowledge about airborne trans- 
mission is not clear, but at the moment an epidemio- 
logy unit of the Ministry of Agriculture, said to be 
existing on paper rather than in practice, does include 
meteorologists. The report itself mentions that 
meteorologists who this year studied an outbreak that 
occurred in 1960 were able to predict from weather 
data alone exactly how the disease spread. If such 
forecasts could be made rapidly in the event of a fresh 
outbreak, they would presumably be useful in determin- 
ing areas to be placed under restriction; but on this 
possibility the report makes no explicit recommenda- 
tions, saying in a postscript simply that “this approach 
will be valuable . . . in indicating where to look for 
secondary outbreaks”. 

By keeping the wind evidence separate from its 
suggestions for governmental action, the report thus 
gives the appearance of concentrating its attention 
chiefly on stopping paths of transmission that may be 
relatively unimportant. The committee kept to the 
view expressed in Part One of its report that volun- 
tary vaccination of animals should not be permitted. 
If, however, virus can travel sixty or so miles in the 
air, unvaccinated animals could be susceptible to infec- 
tion that is imported by an otherwise uncontrollable 
route, and Wright has pointed to the possibility of air- 
borne transmission from the Continent in several recent 
outbreaks. 





BOTANY 


Cancerous Peus 


from our Botany Cosrespondent 
THE study of neoplastic pea pods has become one of 
the chief concerns of the applied genetics department 
of the John Innes Institute according to the latest 
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annual report (1968, 30np), the second to come from 
the institute's new home in Norwich. The develop- 
ment of neoplastic growths on the pods of peas, as 
shown in the picture, is due to a single dominant 
gene, the activity of which is affected by the quality 
of light falling on the pod. l 

The latest development for the investigation of this 
phenomenon has been a special agar culture medium, 


containing yeast extract and a high concentration of 


salts, in which the growths form more quickly than 
they do in vivo. Experiments are in 
determine the effects of specific bands of light when 
applied to different parts of the pod. The intention 
is to treat pods with tritiated thymidine, dissect away 
the epidermis, using a new technique, and locate auto- 
radiographically the site of incorporation of the isotope, 
which will be the site of initiation of the neoplasm. 

The other chief concern with peas is the problem of 
rogues, inferior plants which deviate from the usual 
characteristics of a variety of breed, and which are 
produced by the activity of unstable genes. Members 
of the department have been investigating this pheno- 
menon for several years, and now with a new chief, 
Professor D. R. Davies, the work has been reinvigorated 
and expanded to cover other aspects of the biology 
of the garden pea. Biometrical and pathological 
investigations have begun, to support a full plant 
breeding programme. Oddly enough, there has been 
no government support for research into the breeding 
of the pea, in spite of the need to step up production 
to counteract the present rate of importation of 60,000 
tons per year, worth about £3,000,000. 

Since Professor R. Markham became director of the 
institute it has absorbed the ARC Virus Research 
Unit which he headed at Cambridge, and virological 
activities at Norwich are now considerable. During 
1968 the first evidence clearly emerged for a virus 
infection of a fern. Rod shaped particles were success- 
fully transferred between individuals of harts- 
tongue fern, Phyllitis scolopendrium, and the male 
fern, Dryopteris filix-mas. Similar particles have also 
been found in some other ferns, and the virus seems to 
be transmitted through the soil, possibly by nematodes. 
It will no doubt be interesting to see whether viruses 
have anything to do with the degeneration of bracken 
on Ilkley Moor, which is to be the subject of a special 
study. 


progress to 





Neoplastic pea pods on the right, and normal pods on the left. 
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Miscellaneous Intelligence 


Tue Ministry of Agriculture has just published the 
proceedings of a symposium on soil science that was 
held on October 22-23, 1964, with the comment that 
“the papers brought together the most recent informa- 
tion on the subject”. It is odd that a ministry which 
banned cyclamates at seven days’ notice should take 
five years to publish a 178 page book, but perhaps 
this is a case of the tail not knowing where the head 
is buried. 


Ix the three weeks between November 11 and Decem- 
ber 4, Dr Glenn T. Seaborg, chairman of the US Atomie 
Energy Commission, delivered nine speeches totalling 
some 70,000 words. Is this a record ? 


News that a Georgian scientist, Dr Galina Kandelaki. 
has successfully pollinated wheat with pollen from a 
cactus need not be viewed with too much alarm. This 
is no exercise to set the desert blooming with prickly 
wheat but only an instance of the phenomenon known 
as pseudogamy, in which a foreign pollen can sometimes 
set a seed into parthenogenetic development. Dr 
Kandelaki hopes the cactus pollen will goad into fer- 
tility hybrid wheats that have so far proved sterile. 





100 Years Ago 





A DEDUCTION FROM DARWIN'S THEORY 


T HERE is one important consequence deducible from 

Darwin's profound theory which has not yet been 
noticed so far as I am aware. The theory is capable 
under certain reasonable conditions of accounting for the 
fact that the highest forms of civilisation have appeared 
in temperate climates. 

I conceive it to be the essential consequence of Darwin’s 
views that no form of life is to be regarded as a fixed 
form; but that all living beings, including man, are in a 
continual process of adjustment to the conditions in which 
they live, If this be so, it will of necessity follow that the 
longer any race dwells in given circumstances, the more 
perfectly will it become adapted to those circumstances. 
A migratory race, on the contrary, will always be liable to 
enter climates unsuited to it, and less favourable to the 
development of the greatest amount of energy. Negroes 
can bear a tropical heat simply because the race has 
grown more accustomed to it than Europeans, who bring 
with them indeed a superior degree of energy and intellect, 
but soon sicken and fail to reproduce themselves in equal 
perfection, 

From a leading article by W. Stanley Jevons in Nature, 
1, 231, December 30, 1869. Jevons was the English 
economist who suggested that commercial crises and 
the sunspot cycle might be interrelated. 
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Parliament in Britain 

Secondment of Civil Servants to Industry 

FIFTEEN civil servants have been seconded to industry 
this year, and the government hopes to increase the 
scope for temporary interchange of staff between the 
civil service and other employment. No incentive 1s 
given to encourage civil servants to take temporary 
work in industry, but Mr Peter Shore, Minister without 
Portfolio, said that he is sure that many would be keen 
to take the opportunity without any particular incen- 
tive being supplied. Mr Tam Dalyell and Mr John 
Osborn had asked what proposals the government has 
for secondment of civil servants to industry, but Mr 
Shore refused to go into details. (Oral answers, 
December 15.) 


Storage of Drugs 

Mr Meru Rees, Under Secretary to the Home 
Office, said that the Home Secretary is preparing 
regulations under section 4 of the Dangerous Drugs 
Act about the storage of drugs in chemists’ shops, and 
the Secretary of State for the Social Services is about 
to give further advice to hospitals. Mr Albert Booth 
had asked for steps to be taken to reduce the risk of 
addictive drugs being stolen from chemists’ shops, 
hospitals and doctors’ surgeries. (Oral answers, 
December 18.) 


Upper Clyde Shipbuilders 

THE maximum charge to public funds resulting from 
the undertakings given to the Upper Clyde Shipbuilders 
will be £7 million in loans and any payments arising 
from guarantees in the event of the company’s insol- 
vency. Guarantees will be restricted to orders which 


Slimming at the Institute 


THe Institute of Cancer Research now has a new 
director; in July Dr T. Symington, professor of patho- 
logy at Glasgow, will become director of the Institute 
of Cancer Research, including the Chester Beatty 
Research Institute, whose previous director, Sir Alexan- 
der Haddow, retired in March. It remains to be seen 
how far Professor Symington’s task will be complicated 
by the manner in which seventeen members of the 
staff of the institute have recently been declared 
redundant. 

The institute faces a budgeted deficit next vear of 
nearly £100,000, assuming that the expected £200,000 
accrues from legacies. Faced with the necessity of 
reducing costs, as well as the possibility that a new 
director would not be found for some time, the Com- 
mittee of Management in January this year appointed a 
panel to make the necessary savings. The way in 
which the panel selected those to be made redundant 
has, however, opened up dissensions among the 
scientific staff of the institute, especially because it 
did not consult the Academic Board on the matters of 
scientific policy involved. 

The panel, known as the Ad Hoe Priorities Commit- 
tee, seems to have been chosen to include the senior 
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are likely to be profitable and which will be completed 
quickly. Mr Anthony Wedgwood Benn emphasized 
that the government does not intend to provide a 
permanent safety net for the company. (Written 
answers, December 16.) 


Student Health in Polytechnics 

Mr Frank Jupp asked the Secretary of State for 
Education and Science whether he will make a study of 
psychological stress, with particular reference to mental 
breakdown, suicide and drop-out rates, among students 
at polytechnics. Mr Gerry Fowler said, however, that 
no such study would be made by the Department of 
Education and Science. Student health services are 
provided in the polytechnics only for students under 
nineteen years of age, except in the area of the Inner 
London Education Authority, which has wider powers 
under a local act. (Written answers, December 16.) 


Oral Contraceptives 

Mr Davin Ennats, Secretary of State for the Social 
Services, rejected a suggestion from Dr Summerskill 
that he should institute an inquiry into the adverse 
effects of oral contraception. The Dunlop Committee. 
he said, would issue a full report in about three months’ 
time and the Medical Research Council, the Family 
Planning Association and the Royal College of General 
Practitioners are also doing a good deal of research 
into the effects of oral contraceptives. Asked by Mr 
Arthur Dean about the publicity given to the Dunlop 
Committee’s early warning about high oestrogen con- 
traceptives, Mr Ennals said that this had been the 
result of a press leak after a circular had been sent to 
manufacturers warning them of the committee’s 
forthcoming recommendations. (Written answers, 
December 15.) 


of Cancer Research 


by our Special Correspondent 


scientific staff at the institute who were aware of the 
financial problems. The committee consists of Profes- 
sor J. W. Boag (chairman), Professor P. Alexander, 
Professor A. B. Foster, Professor P. E. Thorapson 
Hancock, Professor L. F. Lamerton, Dr F. J. C. Roe 
and Professor D. W. Smithers (who is also chairman 
of the Academic Board). . 

The Academie Board, which has thirty members, 
including the professors and readers of the institute 
together with six elected members representing the 
rest of the staff, was not informed of the existence of 
the Ad Hoe Committee until Mareh 4 this year. 

It seems then to have been told that the committee's 
terms of reference were simply to perform the day-to- 
day administrative functions that would usually be 
the task of the director. In particular, the board 
was not told that the committee might make particular 
decisions about redundancies. The Academic Board 
expressed the hope on March 4 that its authority to 
advise on matters of scientifie policy would not be 
usurped, and is said to have been reassured on this 
point. | 

On May 12 and 13 the branches of the Institute of 
Cancer Research in London and in Sutton were visited 
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at the invitation of the institute by a subcom- 
mittee appointed by the Medical Research Council. 
The MRC subcommittee included Dr J. A. B. Gray, 
the secretary of the MRC, and Professor T. Crawford. 
chairman of the scientific advisory committee of the 
British Empire Campaign for Cancer Research, organiza- 
tions which last year provided £458,000 and £240,000 
respectively of the institute’s £800,000 current income. 
Professor Symington, the new director, was also a 
member of the visiting committee. 

It seems to have been agreed at a meeting of the 
Academic Board in August that the only way in which 
redundancies could be made without loss of morale in 
the institute was within the framework of a positive plan 
such as would arouse the enthusiasm of the scientific 
staff who would be with the institute over the next 
five years. But before any plan could be drawn up, 
it would first be necessary to appoint a new director, 
to unify the institute on a single site, and to find ways 
of increasing its income. 

Early in September, the report of the MRC sub- 
committee (see Nature, 224, 531: 1969) became avail- 
able and on September 22 the Committee of Manage- 
ment met to consider both the report and the com- 
ments prepared by the Ad Hoc Committee. At the 
meeting, the Committee of Management empowered 
the Ad Hoc Committee to consider “the termination 
of work which is no longer sufficiently relevant”. 

On October 28, the Ad Hoc Committee laid before 
the Academie Board a document in which it was 
proposed that about twenty unnamed scientists should 
be declared redundant. The board debated the re- 
dundancy plan and rejected it by a large majority. 
There then followed two more meetings of the Committee 
of Management and several of the Ad Hoe Committee 
which resulted in exactly the same proposals for 
redundancy being made and implemented, except 
that the period of notice for the staff concerned was 
extended from 6 to 12 months. 

What are the reactions to the redundancies ? The 
Ad Hoc Committee believes that it has made the best 
of a difficult and unpleasant job. It has taken tre- 
mendous care to assess the work of those involved, 
most of whom have good prospects of finding other 


| Report of the MRC Subcommittee 


| 
Tue MRC Subcommittee visited the Chester Beatty 
| 

| 





Research Institute in Lo don, in which some three-fifths 

of the staff of the Institute of Cancer Research are 

employed, on May 12 and the part of the institute based 
at Sutton on the following day. The subcommittee 
apparently concluded that the work undertaken at 

Sutton was generally of high quality but that much of the 

work presented during the first day of the visit was of 

indifferent quality, and that lack of strong direction had 
led to a dispersion of effort. The subeommittee seems 
to have suggested that some of the lines of research 
pursued at the Chester Beatty were unprofitable and 
, could be curtailed. 
The subcommittee is said to have admitted the diffi- 
| culty of assessing the work of a large institute in a short 
| time but to have felt confident in having formed a valid 
opinion of the institute as a whole. 

This correspondent has an apology to-make to the 
immunologists at the institute for whom, it was said, 
“the report (of the MRC subcommittee) had few words of 
comfort” (Nature, 224, 531; 1969): it is now understood 
that the report in fact praises much of the immunological 
work of the institute. 


a a e aaan, 
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jobs. If the seythe has mown particularly heavily 
among the younger research workers, it must be 
remembered that under university regulations profes- 
sors and readers cannot be deprived of their posts 
except in cases of insanity or “gross moral turpitude”. 
The Ad Hoc Committee admits that the choice of those 
asked to leave was not made primarily in the light of 
the MRC subcommittee’s report. 

Many of the staff of the institute do not see the 
redundancies in quite the same light. First, they are 
not persuaded that the redundancies are necessary at 
all, Second, even if the redundancies are necessary, 
they should not have been decided on until the Acade- 
mic Board had had the chance to debate in general 
terms the question of scientific policy. 

Third, it is felt by some that the people asked to 
leave have been treated unjustly. Are the redundan- 
cies really the consequence of an assessment of the 
direction of the institute’s progress? Or is there 
more to be said? The Ad Hoc Committee is plainly 
unable to spell out all the reasons, but uncertainty 
creates a sense of Injustice. Naturally people cannot 
know at this stage how easy it will be to find new 
jobs. 

Another matter of concern to some of the staff is 
that there is no obvious relation between the list of 
redundancies and the general recommendations made 
in the report of the MRC subcommittee. It is true 
that the report is of mixed authority, as would be 
expected, and the MRC subcommittee was not in any 
case concerned to recommend on individual cases. 
None the less, those on the draft list of redundancies, 
which is firmly believed to have been compiled before 
the MRC visit, might at least have been given the 
chance to present their work before the subcommittee. 
Did the Ad Hoc Committee, which helped to arrange 
the visit, wish to present only the best work to the 
subcommittee ? 

How has this state of affairs come about? Even if 
the Ad Hoc Committee has made the correct decisions, 
as it may well have done, it must share the blame with 
the Committee of Management for going behind the 
back of the Academic Board. The Committee of 
Management believes that it would not have been 
fair to lumber a new director with the odium of sacking 
people, but new directors, after all, are expected to 
bring new brooms. 

There is also some anxiety about the management 
of the institute’s deficit. It is inevitable that cancer 
research institutes should be dependent on funds from 
several sources, but since there would presumably be 
no question of staff being declared redundant were 
the institute in surplus, the management of money 
has become a central issue. The income has risen in 
the past seven years in a creditable manner. Disregard- 
ing the annual income from legacies of about £200,000— 
which in good years has been invested—the institute's 
total receipts on current account have risen from about 
£500,000 in 1962 to £800,000 for the last financial year, 
an increase of more than 50 per cent. During this 
period the grant from the MRC has climbed steadily 
from £280,000 to £458,000 and that from the British 
Empire Cancer Campaign for Research from £170,000 
to £245,000. The puzzle is to know on what grounds 
the institute could have expected more funds than it 
already receives. Has it been playing Micawber, 
and have people suffered needlessly as a result ? 

(Leading article, p. 1243) 


NATURE VOL. 224 DECEMBER 27 1969 


1249 


Curbs on Panic and Pesticides 


CERTAIN uses of DDT and other organochlorine pesti- 
cides in Britain are to be banned as soon as possible, 
following acceptance by the Minister of Agriculture 
of the recommendations made by the Advisory Com- 
mittee on Pesticides and Other Toxic Chemicals. The 
committee found no evidence that the residues of the 
pesticides in the environment are harmful to man, but 
on the principle that their presence is undesirable, it 
recommended that alternative pesticides should, where 
possible, be used. : 

The pesticides whose use has been restricted include 
DDT, aldrin, endrin, dieldrin, TDE and heptachlor. 
About 400 tons of these chemicals are used each year 
in Britain and the recommendations are expected to 
halve this amount. The restrictions affect uses of the 
organochlorines in agriculture, horticulture, food 
storage, home gardens and kitchens. 

The committee has Dr Andrew Wilson, professor of 
pharmacology at Liverpool, as chairman, and appointed 
as chairman of its scientific subcommittee Professor 
M. Cohen of the Plant Pathology Laboratory. In 
reviewing the uses of DDT, the committee was be- 
latedly discharging the advice of its predecessor which 
recommended in 1964 that the use of DDT “should be 
reviewed at the end of three years”. The principal 
evidence, a survey of the use of organochlorines in 
agriculture and horticulture, was completed by the 
Plant Pathology Laboratory in November 1968, but 
it has taken a year for the report to see the light of day. 

The report is a thorough document which reviews 
the effects of the organochlorines on wildlife and man 
and their distribution in food and the environment as 
well as the commercial and domestie uses of the sub- 
stances (Further Review of Certain Persistent Organo- 
chlorine Pesticides Used in Great Britain. HMSO, 12s 6d). 

The committee “found no evidence of recent wide- 
spread deaths among birds attributable to single or 
short term intakes of the chemicals under review” 
although certain local casualties tend to occur. The 
evidence available indicates that dieldrm was respon- 
sible for the marked declines in the population of 
peregrine falcons and sparrow hawks that started in 
1955 and began to recover in 1966. (The use of dieldrin 
was heavily restricted in 1964.) 

It is true that the eggshells of peregrine falcons and 
sparrowhawks became thinner in the late 1940s and 
have stayed thinner ever since, which parallels quite 
closely the growth in the use of DDT, but this evidence 
‘is not precise enough to establish a causal relationship 
with certainty”. 

The committee finds that DDT incorporated into 
the topsoil may take 3 to 6 years to decline by 50 per 
cent, but that the rate of loss diminishes with time. 
Although the amounts of DDT commonly found in 
soil have marked effects on soil invertebrates, they 
“do not influence significantly the total number of soil 
microorganisms or the beneficial processes for which 
they are responsible”. Above ground, DDT “reduces 
both numbers and the range of species of beneficial 
arthropods” but the status quo ante is generally 
restored a few years after cessation of use. 


acute DDT poisoning is occurring very widely among 
birds in Britain” although many wild birds contain 
residues of DDT or its metabolite DDE. Although 
there is experimental evidence that DDT can delay 
the attainment of sexual maturity in some species of 
birds, the production, fertility and viability of eggs 
“are not seriously affected by DDT except at levels 
that affect the general physiological state of the 
birds”. 

‘urning to man, the committee estimates from 
samples of food its inspectors have bought and analysed 
that the average daily intake of organochlorines, im 
micrograms per kilogram of body weight, is as follows 
(figures in parentheses are the acceptable daily intakes 
proposed by the FAO/WHO expert committee on 
pesticide residues): DDT 0-6 (10-6), dieldrin i (O01), 
BHC 0-2 (12-5). The most recent survey suggests that 
in Britain the quantity of organochlorine residues in 
human fat is tending to fall rather than rise. 


What are the effects of DDT on man? The com- 


reported from Hungary in which a high incidence of 
leukaemia occurred in the third generation of mice 
whose parents were fed a diet with a low dose of DDT. 
The World Health Organization has arranged a repeti- 
tion of this experiment, the results of which will not 
be available for two years; meanwhile, the committee 
remains in doubt as to how to interpret these experi- 
ments, “the implications of which could be so important 
that we believe these data must be discussed, and 
agreement on their interpretation reached “on an 
international basis’. Nevertheless, although dieldrin 
and DDT occur in human body fat, there is “no 
evidence that this results in any adverse affects on 
man’. 

In summary, the committee considers it “undesirable 
that the human environment should contain sub- 
stances capable of producing toxic effects and whose 
continued presence conveys no benefit to human 
survival and well-being. If, However, priority is given 
to the removal of those substances, the presence of 
which is known to be harmful to man, then on such a 
basis no high priority can presently be assigned to the 
removal of DDT or dieldrin. . . . We believe that the 
problem of persistent organochlorine pesticides in the 
environment is only part of the larger problem of 
pollution of the environment by man; and, although 
important, it should be looked at against the back- 
ground of pollution arising from industrial and 
domestic effluents’. 

Finally, it should be noted that the Wilson Commit- 





tee, unlike the Committee on Drug Safety in its recent 
pronouncement on the contrageptive pill, emphasizes 


that its conclusions apply to Britain alone and need’. — 


not necessarily relate to other countries. Nor does the 
committee neglect to recommend that no use of the 
pesticides should be denied for research. 
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Sombre Greeting from Abroad 


Dr Prue HANDLER, president of the US National 
Academy of Sciences, chilled the bones of some of those 
who listened to him speak at the dinner held by the 
Biochemical Society in London on December 17 to 
celebrate the 500th meeting of the society. Dr Handler 
warned his British colleagues against some of the 
dangers which were now apparent in the United States. 

First of all, he pointed out that “at the very height 
of scientific success, when the stage has been set for 
ever more revealing explorations of the nature of life, 
when the technology bred of science has catalysed 
stupendous economic growth and gone far to mitigate 
the brute condition of man, now we are experiencing a 
violent world reaction. 

“Science has taken into account the less wise aspects 
of its use for the existence of nuclear, chemical and 
biochemical weapons for contamination, of air, earth, 
water and food, while its enormous contributions to 
human welfare seem all too easily to go forgotten. 
Thoughtful students and their elders, as well as legis- 
lators, suddenly allege that science is not relevant and 
they thrash about for other means to achieve the good 
lite, albeit without notable success, 

“Around the world, one senses a mounting hysteria 
exaggerating the magnitude of the nevertheless quite 
genuine threat of varying forms of pollution, for 
example, accompanied by impatience to right all 
historic wrongs, impatience with decaying cities and the 
spoiled countryside, impatience with the necessarily 
slow methodical ways of science. 

“In the United States, seemingly, one might find 
explanation for this mood in the mystery of an un- 
popular and expensive war, but that is too facile, the 
mood is universal. Witness the behaviour of youth in 
London, Paris, Tokyo and Moscow. Witness the very 
reason for moving next year’s international biochemical 
congress from Rome to Switzerland. Nor is this a 
quickly passing phase—it appears to be a profound 
movement, expressive of man’s innermost yearnings, 
albeit yet without a sense of direction. No society is 
untouched and none will ever again be the same. 

“In some small part, the success of biochemistry 
has contributed to this movement by stripping life of 
the element of magic; by revealing that man really 
is at one with all of the forms of life, so that the likeli- 
hood of his being that special creature fashioned in the 
image of his maker seems increasingly implausible; by 
suggesting that the wonder of learning is really a trial 
and error process by which successful behavioural 
patterns are recorded and fortified simply by the 
solidification of synaptic connexions; by indication 
that evolution is essentially an undirected trial and 
error process. Many of our young people are dismayed 
and sink instead into contemplation of the purposeless- 
ness of life, a belief which appears to underlie the 
rapidly changing moralities of our day. The dis- 
enchantment with science expressed by our youth is 
finding fertile soil elsewhere. 

“In the United States we are, I regret, decelerating 
the pace of geience. Federal appropriations for funda- 
mental research, measured in effective purchasing 
power, have declined by almost a third since 1966. 
The trend continues. We fancy ourselves a pluralistic 


society, so that after the Second World War we con- 
vinced ourselves that it is rational to ask that each 
government agency with a science-based mission——be 
it defence, nuclear power, agriculture or the public 
health—should support some fraction of the funda- 
mental research endeavour. In contrast, our so-called 
mission oriented agencies are now expected increasingly 
to utilize their resources for applied research and we 
fail to compensate by strengthening our National 
Science Foundation, the agency whose mission it is to 
strengthen science itself across the land. 

“We begin tọ succumb to student pressures to con- 
vert great universities into mere teaching factories, a 
trend whose consequences are all too easily predicted. 
To be sure, we in the States continue to spend a greater 
sum on research than any other nation, but whereas 
yesterday’s science expenditures expressed as a frac- 
tion of the GNP also exceeded those of other nations, 
that is no longer the case. Indeed, we are now in some 
danger of dismantling a significant fraction of our 
scientific establishment and sadly I must report that 
the turning point is not in sight. 

“It is my sincere hope that you will not follow our 
short-sighted example in this as you did, for example, 
in the foolish decision to ban the use of cyclamates. 
For two decades, our government agencies have en- 
joyed the freedom to take a broad and enlightened 
view of the scope of science relevant to their missions. 
Now, in the face of declining appropriations, an angry 
ery for what is termed relevance and the distress that 
515 billion and taxes spent on biomedical research since 
the Second World War has failed to yield a dramatic 
improvement in the physician’s capability to cope with 
the major dread diseases, our Congress and the agencies 
increasingly develop programmes of what are called 
directed or targeted research at the expense of free 
roaming fundamental research. An amendment re- 
cently passed to the appropriation to our defence 
department states that no funds from this appropria- 
tion may be used to support any project which does not 
bear a clear and apparent relation to a specific military 
function. But our defence department had been utiliz- 
ing $400 million annually to support a wide ranging 
programme of undirected research in all areas of science 
and it is uncertain how much is relevant by this 
definition. If the same condition is attached to other 
appropriations—for example, that of our National 
Institutes of Health—the heyday of American science 
eould well be behind us for a generation. Once again 
there is a danger that the urgent will drive out the 
important, and my own principal occupation as presi- 
dent of the academy is to avert that disaster. 

“Concomitantly, student pressures are overcoming 
the inertia of that most conservative of all human 
Curricula are 


to be faltermg missteps, but a few have succeeded 
and the world of learning and enquiry is both enriched 
and fortified in its claims for continued existence.” 
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NEWS AND VIEWS 


Seismographs and Test-ban Treaties 


Srvce the first successful negotiation of the partial 
test-ban agreement in 1964, the interest of the arms 
control negotiators has turned to other things—the 
sea-bed, outer space and the Non-Proliferation Treaty. 
All along, however, there has been an undercurrent 
of suspicion that comparatively modest improvements 
of the technique for detecting underground explosions 
would make possible an extension of the partial test- 
ban to underground explosions as well. The report on 
page 1268 should go a long way to strengthen this 
belief, even if more work remains to be done before it 
will be possible for the seismologists to undertake with 
certainty to distinguish between all underground 
explosions and all natural earthquakes. 

The starting point for the new development is a 
new seismometer which is a hundred times as sensitive 
to long period seismic waves, in the interval between 
20 and 80 seconds, than instruments of the kind now 
widely used in seismic observing arrays of various 
kinds. In the experiments which have been reported 
by the team from the Lamont Geological Observatory 
and the University of Michigan, one of these instru- 
ments was mounted at the bottom of a mine-shaft in 
New Jersey and used to monitor the seismic signals 
from explosions and earthquakes in the western United 
States, more than 2,000 miles away. 

The sensitivity of the new instrument to seismic 
waves with long periods is important for two reasons. 
First, there is much less naturally occurring noise with 
periods of oscillations greater than twenty seconds. 
Second, the Rayleigh and Love waves which travel 
along the surface of the Earth from underground 
disturbances, natural or otherwise, are predominantly 
centred in this region. What has emerged from the 
experiments in the United States is that there is a sharp 
distinction between the amplitude of ground motion 
after explosions and earthquakes. On the whole, 
explosions give the least pronounced disturbances, 
and it appears that Rayleigh may be more suitable than 
Love waves as means of distinguishing between the 
two kinds of phenomena. Inevitably, the preliminary 
studies have been carried out between earthquakes 
and explosions of substantial size, corresponding to 
earthquake magnitudes of about 4:5 or more. The 
crucial question for test-ban negotiations is to know 
how far down this scale of magnitude the distinction 
between the two kinds of underground disturbances 
will persist. The object of their curiosity will be to 
find whether it is possible, by means of instruments 
sited some thousands of miles away from the site of 
an explosion or an earthquake, to distinguish under- 
ground explosions corresponding merely to a kiloton 
or so of explosive power. One cheerful feature of the 
work now reported is that the clarity of the distinction 
between earthquakes and underground explosions seems 


to persist to the lower limits of observations so far. 
What does this imply for the discussion of the UN 
Disarmament Committee in Geneva? Evidently 
there is a long way to go before the work now described 
from one site in North America can be applied elsewhere. 
It will also be necessary to make sure that the observing 
site in New Jersey used for these observations is not 
abnormally suited for the detection of still weaker 
signals. It is, however, the sobering truth that instru- 
ments of the kind which now seem to function were 
first suggested for use in the monitoring of a test-ban 
treaty as long ago as 1958. Why has it taken more 
than a decade for the first successes to be reported ? 
Given the importance of the subject, one would have 
thought that government agencies would have been 
able to take a more vigorous initiative, but there is 
now at least an opportunity for reconsidering the whole 
basis of the test-ban treaty and trying to extend the 
present partial test-ban to underground explosions. 


METEORS 


Southern Shooting Stars Counted 


from our Astronomy Correspondent 


Tue question of how much meteoric material the 
Earth is sweeping up from the solar system is proving 
a ticklish problem. Estimates have been known to 
differ by several orders of magnitude, almost entirely 
due to different ideas about the amount of meteoric 
matter which is going unrecorded. Less serious a 
problem, but not negligible, is that of extracting 
the sizes and masses of the particles which are 
recorded by visual, photographic or radar observations 
when they burn up in the lower thermosphere. The 
radar method detects the train of ionization left 
behind by the incandescent particle, and by this 
technique it is possible to record considerably fainter 
meteors than those of magnitude four which are about 
the limit for the eye. An account of radar observations 
of meteors from a southern hemisphere station has now 
been published (C. S. L. Keay and C. D. Ellyett, Mem. 
Roy. Astron. Soc., 78, 185; 1969) which is valuable 
because it shows how the meteor rate can change from 
year to year. 

In the thirty-one months between February 1963 and 
August 1965, the meteor radar at Christchurch, New 
Zealand, recorded more than 2-3 million meteors, which 
averages to a rate of 114 per hour. What this means in 
practical terms is that the radar had to be kept in 
operation as nearly continuously as possible, and the 
Christchurch team report that their equipment was out 
of action for the commendably short fraction of 5-27 
per cent of the thirty-one months. Adding to this the 
times when data had to be rejected because of inter- 
ference or because the radar was working imperfectly, 
the records are virtually 90 per cent complete. As 
expected, of course, they show that the form of the 
annual variation in the meteor rate is roughly the same 
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from vear to year, although the level of activity can 
vary markedly in different vears. Keay and Ellyett 
have compared the 1963-65 data with a similar 
survey with the same radar covering the twelve months 
from February 1960 to January 1961, and they have 
found that the 1963 rate can be more than twice that 
of 1960. This was particularly so during May, June 
and July, and confirms similar reports from Canada 
and Sweden. 

Because the way the meteor rate changes throughout 
the day is more or less the same for corresponding 
months of the different years, Keay and Ellyett agree 
that the different levels of activity have less to do 
with changes in the flux of meteoroids entering the 
atmosphere than with the ability of the atmosphere to 
produce detectable trains of ionization—in other words, 
to act as a detector of solid particles. What meteor 
radars are sensitive to is the electron line density 
generated by the meteoric particles, and the detector 
will work best in years when the air density is high in 
the region of the lower thermosphere where most of 
the meteoric ionization is produced—roughly between 
80 and 110 km. Obviously there is a tendency to blame 
the Sunspot cycle, but it is by no means sure that this 
is the whole answer. The effect is more marked in 
May-July because these are the months when showers 
which are rich in fainter meteors, such as the Delta 
Aquarids and the Arietids, are active. 

For afficionados, the Christchurch radar operates 
at 69-5 MHz, higher than might be expected, using 
crossed dipoles for transmission and reception, The 
limiting magnitude—the faintest meteor which the 
radar can detect—is about 8, which for those who 
consider meteoroids to be solid bodies rather than 
fluffy clumps of particles corresponds to a radius of 
about 0-3 mm. 


ARCHAEOLOGY 


How the Physicist Helps 


from a Correspondent 

TWENTY years of research on carbon dating were 
marked in London on December 11 and 12 by a joint 
meeting of the Royal Society and the British Academy 
on the impact of the natural sciences on archaeology. 
Professor W. F. Libby (University of California, Los 
Angeles) began the meeting by recounting his story of 
the discovery of radiocarbon, and described the per- 
fection of a suitably sensitive method for detecting its 
very weak activity. His first measurements of natural 
radiocarbon, were made on enriched samples of methane 
from the City of Baltimore sewage works. The enlist- 
ment of a panel of experts to help him to choose the 
most suitable samples for testing the potential new 
dating method shows how amicable cooperation 
among the disciplines achieves the most fruitful results. 
His success can be judged by the 30,000 samples dated 
in the several dozen laboratories now established 
throughout the world. | 

With refined measuring techniques came the possi- 
bility of testing the basic tenets of the simple theory, 
and, as with most sciéntific theories, modification is 
necessary. In this case, the assumption of a constant 
concentration of radiocarbon in the biosphere for the 
past tens of millenia has been demonstrated to be 
invalid. Dr Briant Bannister (University of Arizona, 
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Tueson) described how, by cross dating the growth 
rings of trees, especially the sequoia and bristlecone 
pine, it has been possible to construct an absolute 
chronology extending for more than seventy centuries. 
Besides its usefulness in its own right for archaeological 
research, this dendochronology provided woed of 
known age for directly checking the radiocarbon time 
scale. Careful mea asurements made in laboratories of 
the Universities of La Jolla, Pennsylvania and Arizona 
have demonstrated that the iadiocarbon concentra- 
tion has varied by 1 to 2 per cent during the past 2.000 
years and that the deviation progressively increases 
for the next 5,000 years back in time. This has the 
effect of foreshortening the carbon-14 time scale and 
all radiocarbon dates appear younger than historical 
dates by periods of time increasing to about 750 vears 
at a range of 7,000 years. This effect was confirmed by 
several speakers who have dated critically chosen 
objects from Egypt. 

Dr V. Bucha (University of California, Los Angeles) 
explained these past changes by the interaction of the 
Earth's magnetic field with impinging cosmic rays. 
The varying field he has measured affected the radio- 
carbon production in a manner which correctly pre- 
dicted the results of the radiocarbon calibration scale, 
Minor fluctuations remaining can be explained in 
terms of radiations associated with Sunspots. The 
calibration curve contains some 400 measurements 
by Professor H. Suess (La Jolla) and slightly fewer 
by Dr E. Ralph (Pennsylvania) and Professor P. 
Damon (Arizona), and surely must be the most expen- 
sive calibration curve of all time. 

Professor H. Godwin (University of Cambridge), 
who established radiocarbon dating in Britain, showed 
how it has facilitated the solving of various types of 
archaeological problems, even though a revision of 
Mesolithic and Neolithic chronology by the order of 
a thousand years has been necessary. In Britain 
radiocarbon dating has been particularly useful in 
relating cultural changes to geographical, climatic 
and vegetational changes. 

Describing advances in the relatively new method of 
dating fragments of pottery by thermoluminescence, 
Dr M. J. Aitken (University of Oxford) modestly 
claimed an accuracy of only about 5 per cent, which 
will surely improve as work continues. This is an 
independent method of dating which might well be 
used in monitoring the radiocarbon time scale. 

Professor D. G. Kendall (University of Cambridge) 
led the audience through the complex mathematical 
process of a practical problem of seriating tombs in a 
cemetery. Information about the presence or absence 
of certain chronologically significant features within 
the tombs was all he required to produce a similarity 
matrix, which was used in the ubiquitous computer 
for beginning a multi-dimensional scaling procedure 
leading to the placement of the tombs m correct 
chronological order. This method could be generalized, 
he explained, and should be most useful for the archaeo- 
logist. 

The principal difficulty in making use of such 
techniques, as Mr H. Barker (British Museum), among 
others, emphasized, is the need for scientists and 
archaeologists to collaborate inside and outside the 
laboratory, and to establish intelligible information 
exchange. With such communication, the impact of 
the natural sciences on archaeology would be only 
just beginning. 
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SPACE RESEARCH 


Where the Action Should Be 


from a Correspondent 


SOME urgent Once oF research i in hae lower Topia 


held at the Roy al e e in Tea Review! ing 
current problems in the physics and chemistry of the 
lower ionosphere—for the purpose of the meeting con- 
sidered to be the D and lower E regions—Professor 
S. A. Bowhill (University of Illinois) showed how 
current thinking differs from that of just a few years 
ago. Then it was thought that the lower ionosphere 
was the simplest ionospheric region; now the reverse 
is considered to be true, and the physics and chemistry 
of this region are known to be very complex, being 
controlled by both large and small scale dynamical 
processes, such as eddy diffusion, and by the activities 
of minor neutral and ionized constituents such as 
water vapour. 

The second point has been demonstrated clearly by 
the mass spectrometric observations of Dr R. S. 
Narcisi and his colleagues (Air Force Cambridge Re- 
search Laboratories, Bedford, Massachusetts). Nareisi 
described the most important results from his rocket- 
borne mass spectrometers. His early measurements 
involving the observation of positive ions had shown 
an abundance in the D region of cluster ions and 
water vapour, H,O* (H,O),, with the most abundant 
positive ions having mass 37 (H,0*.H,O). Water 
vapour is only a very minor constituent in the iono- 
sphere, and therefore the dominance of these cluster 
ions illustrates very forcibly the important role of 
minor constituents in the chemistry of the lower. iono- 
sphere. Narcisi’s results also show that the density of 
water cluster ions falls drastically at the mesopause 
near 82 km. No completely satisfactory explanation 
for this has been proposed. The most recent rocket 
flights monitoring negative ion concentrations have 
shown. again the importance of water clusters. A 
sequence of ions of the type NO,.(H, O), predominated 
in the D region, for n =0-5. 

The importance of laboratory experiments, in par- 
ticular the identification of reaction rates leading to 
the production of the positive and negative water 
cluster ions observed in the D region, was stressed by 
several speakers. Dr D. Smith (University of Birming- 
ham) described a likely scheme for the production of 
the positive water cluster ions, which has been built 
up from laboratory observations of ionic reactions. 
Agreement between the D region concentrations of 
positive ion and those predicted from calculations 
based on laboratory data is not good, because of a 
lack of critical data; for example, no measurements 
have been made of the recombination rates of the 
water cluster positive ions with electrons or negative 
ions. Professor J. B. Hasted (Birkbeck College, London) 
highlighted the important processes which are expected 
to influence the concentrations of negative ions in the 
lower ionosphere and Dr R. P. Wayne (University of 
Oxford) discussed the likely role of the metastable 
oxygen molecule O, @A,) in the aeronomy of the D 
region. 

The object of the meeting was to attempt to de- 
termine the areas of research likely to be fruitful in 
the coming year. The overwhelming impression created 
by the speakers and discussions was the great need for 


both in situ measurements in the D region, in, particular 
of the concentrations of mimor neutral constituents, 
and laboratory measurements of reaction cross-sections, 
including reactions involving water vapour and water 
cluster ions. There were warnings of the dangers 
of attempting to relate paré ameters measured at dif- 
ferent times from different rockets, and carefully 
planned integrated experiments were called for. 





NUCLEAR STRUCTURE 


Surprises in Lead 


An unexpected deficiency of electric charge near the 
centre of the nucleus of lead-208 has been found in 
new measurements of the elastic scattering of electrons 
at energies of 248 MeV and 502 MeV. Undulations in 
the charge distribution also seem to be smaller than 
anticipated from shell model calculations, and J. 
Heisenberg et al. (Phys. Rev. Lett., 28, 1402; 1969) 
suggest that there is strong evidence for long range 
correlations between the protons in the nue Jeus of 
lead. 

These results are quite surprising. In calcium-40 
which, like lead-208, is doubly magic and so a suitable 
isotope for nuclear structure ca alculations, the protons 
have been found to bunch together towards the centre 
of the nucleus, a behaviour which is substantiated by 
simple shell model calculations. In lead- 208, however, 
there seems to be a dip in the charge density of about 
7 per cent at the centre of the nucleus, and Heisenberg 
et al. see no way for this to have been. introduced 
through the analysis. Performing a regular partial 
wave analysis, they found that the dip was independent 
of the form of parametr ization used for the components 
of the charge density, and independent also of whether 
the fitting procedure was embellished by use of the 
energies of X-rays emitted from muonic atoms. 

What, then, is the explanation? Heisenberg et al. 
suggest that it probably lies in the inadequacy of the 
single particle model for lead, where the interactions 
between different pairs of nucleons are assumed to be 
independent. They point out that the correlations 
between protons in the nucleus must be significant, 
and that a satisfactory model must be based on 
Hartree-Fock many- body wave functions which takes 
this into account. They refer to a semi-classical model 
of the nucleus, including long range forees, which 
apparently predicts the dip correctly. 

The long term objective, of course, is to be able to 
explain the energy levels in the nucleus in terms of the 
forces between individual nucleons. A common way of 
proceeding is to feed scattering data into some model 
based on suitable wave- functions, and to reproduce 
new results for comparison with further experiments. 
The essential gain from the experiment of Heisenberg 
et al. is likely to be in understanding the importance 
of correlation effects in a model of the nucleus. 

Electron scattering only provides information about 
the distribution of protons in the nucleus. One of the 
exciting questions at present is how the neutrons are 
distributed in the nucleus relative to the protons, and 
this can be answered by studying the mass distribution 
in conjunction with the charge distribution. Analysis 
of nuclear reactions seems to suggest that the neutrons 
protrude from the nucleus relative to the protons, 
having a larger mean square radius, but reports of 
beta- decay measurements seem to imply no such 
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discrimination between the two types of nucleon. This 
still seerhs to be an open question. 

Although there are several ways of measuring the 
mass distribution in a nucleus, including nucleon or 
pion scattering and kaon absorption, techniques for 
recording the charge distribution are more scarce, One 
way is to study the X-rays emitted from atoms that 
have captured a negatively charged mu-meson into 
orbit. Muons, being heavier than electrons, orbit much 
nearer the nucleus, and on undergoing transitions emit 
X-rays which offer valuable information about how 
the charge is distributed inside the nucleus. 


CHEMISTRY 


Magneto-optical Effects 


from a Correspondent 


Ir was appropriate that the Faraday Society held its 
symposium on magneto-optical effects at the Royal 
Institution on December 11 and 12. It was there that 
Faraday discovered the connexion between light and 
magnetism in 1846, when he found that the axis of 
plane-polarized light could be rotated by passing it 
through a piece of glass between the pole-pieces of an 
electromagnet. 

Although the Faraday effect has been widely studied 
by physicists, only since the middle of the 1960s has 
it attracted much attention among chemists. Magnetic 
optical rotatory dispersion (MORD) and the related 
technique of magnetice circular dichroism (MCD) 
provide a means of examining the angular momentum 
properties of both the ground and excited states of 
molecules with electronic transitions which remain 
too broad, even at low temperatures, for the Zeeman 
effect to be observed directly. The chemical systems 
studied by these methods in the past few years include 
small high symmetry inorganic molecules, transition- 
metal and rare-earth ions doped in crystals, organic 
compounds and biological macromolecules, all of which 
were discussed at the symposium. 

Perhaps the most fruitful application of MCD 
spectroscopy has been in assigning electronic transitions 
in inorganic chromophores. Professor P. N. Schatz 
(University of Virginia) presented results on solutions 
and crystals containing B-subgroup ions with s? 
ground states, such as In* and Sn** in alkali metal 
halides. The magnetic moments of the lowest excited 
states are lower than expected for octahedral ions, and 
discussion centred on mechanisms by which the angular 
momentum might be quenched, such as distortions 
resulting from charge compensation vacancies, or what 
inorganic chemists would call the “inert pair effect”. 
Professor Schatz also reported some high-resolution 
MCD data obtained at liquid helium temperatures on 
hexachloroosmate ions doped into Cs,ZrCl, which, 
when fully analysed, may help to resolve the contro- 
versy about whether the absorption bands in these ions 
result from ligand-field or charge transfer transitions. 

MCD spectra are clearly going to be a most useful 
adjunct to the attempts, such as those described by 
Dr A. J. Thomson (University of East Anglia) and 
Dr P. Day (University*of Oxford), to extract quantita- 
tive chemical information from inorganic charge trans- 
fer spectra. Day and Dr B. Briat (Paris) have obtained 
MCD spectra of transition metal tetrahalide complexes. 
In these, as in the hexahalides studied by Schatz, 
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the role of metal and ligand spin-orbit coupling is 
crucial to an understanding of the spectra. In a 
similar vein, an analysis of the MCD through the spin- 
orbit components of one of the ligand—field transitions 
of the tetrachlorocobaltate ion enabled Dr R. G. 
Denning (University of Oxford) to derive metal- 
ligand mixing parameters of a type which will be 
valuable for testing molecular orbital calculations. 

For MCD experiments on crystals the light must be 
propagated along a unique erystal axis. To overcome 
this problem and enable anisotropic centres to be 
studied, Drs J. Badoz and B. Briat (Paris) described 
some measurements of the Cotton—Mouton effect 
(magnetically induced linear dichroism). 

The selection rules governing the appearance of an 
MCD spectrum are determined, of course, by sym- 
metry, and Professor P. J. Stephens (University of 
Southern California) gave an unusual example of how 
MCD spectra could be used to examine the shapes of 
molecules in solution. He concluded that in fuming 
sulphuric acid solution the Se?* ion is square, as are 
Tet and the previously unknown §}*. 

Other participants dealt with various aspects of the 
Zeeman effect in molecular spectroscopy. Professor 
R. M. Hochstrasser (University of Pennsylvania) 
showed how the zero-field splittings of triplet states in 
organic molecules could be determined from high 
resolution Zeeman experiments in fields below 20 kG, 
while by monitoring the effect of microwave pumping 
on the phosphorescence spectrum, Professor M. 
Sharnoff (University of Delaware) was able to deter- 
mine the electron spin resonance parameters of short- 
lived triplet states in benzophenone. Finally, the 
effect of magnetic fields on microwave pure rotation 
spectra led Professor W. H. Flygare (University of 
Illinois) to an elegant method for determining the dia- 
magnetic anisotropies of small organic molecules. 


PUBLIC HEALTH 


Hereford’s “Woolly Bear” 


MILITANT council tenants in Hereford have been respon- 
sible for drawing attention this autumn to a local 
plague of “woolly bear”. In fact, the pest is a well 
known suburban resident over a wide area of southern 
Britain, from the Severn to the Wash, but it seems 
recently to have strayed a little north of its normal 
beat. Larvae of the insect, Anthrenus verbasci (alias 





Lava of Anthrenus verbasci. 


NATURE VOL. 224 DECEMBER 27 1969 


“woolly bear’ or “carpet beetle”), attack stored 
clothing, soft furnishings, lagging and similar snug 
environments—even nests and dead birds in roof spaces 
—and, although the authorities assure householders 
that there is no threat to public health, the infestation 
causes damage and nuisance. Pyrethrum sprays and 
DDT are reasonably effective pesticides, but eradica- 
tion is chiefly dependent on the vigour with which 
spring-cleaning and blanket shaking is pursued. The 
prevalence of the pest seems, moreover, to be related 
to the internal and external climate, for the worst 
effects have been evident after warm summers and 
in homes with central heating. 


TUMOUR VIROLOGY 


Getting Crowded 


from our Cell Biology Correspondent 


THE contents lists of volumes of the Proceedings of 
the US National Academy of Sciences are an accurate 
index of the changing fashions in biological research. 
In the nineteen-sixties molecular biology of bacteria 
and their phages must have accounted for about half 
of the material published; to judge from the latest 
number the seventies will see the rise of tumour 
virology. Already the number of tumour virologists 
far outstrips the number of new ideas, which means, 
of course, that all the obvious experiments are being 
carried out simultaneously in half a dozen laboratories. 

For example, it has been known since 1965 that 
polyoma virus causes resting cells to renew DNA syn- 
thesis, but although essentially the whole of the cell’s 
DNA is replicated the cells do not go into mitosis 
unless they are transformed. During the normal 
mitotic cycle DNA synthesis is accompanied by syn- 
thesis of histones: is this the case when cell DNA 
synthesis is stimulated by polyoma virus ? Earlier this 
year Shimono and Kaplan (Virology, 37, 690; 1969) 
reported that infection of mouse kidney cells in culture 
with polyoma virus resulted in both DNA and histone 
synthesis, and furthermore that the degree of stimula- 
tion of the two processes was correlated. Winocour, 
in a footnote to a review (Adv. Virus Research, 14, 
200; 1969), made the same assertion and now Hancock 
and Weil (Proc. US Nat. Acad. Sci., 68, 1144; 1969) 
have confirmed the point thoroughly yet again. About 
thirty hours after infection with polyoma virus the 
chromatin from primary mouse kidney cell cultures 
contains about 50 per cent more DNA than the 
chromatin of mock infected controls. The chromatin 
from the infected cells also contains about 50 per cent 
more histone and non-histone protein. Infection with 
polyoma virus apparently activates the regulatory 
system in host cells which controls the initiation of 
chromosome replication and not simply DNA replica- 
tion. 

Another widely pursued topic is the nature of the 
new antigens that appear on cells transformed by poly- 
oma and SV40 virus. Several groups have provided 
evidence to indicate that the new antigens which appear 
on the surfaces of cells transformed with the DNA 
viruses are present on the surfaces of untransformed 
cells, but are masked in some way that renders them 
undetectable. The latest report from Sachs’s labora- 
tory, for example (Inbar and Sachs, Proc. US Nat. 
Acad. Seci., 68, 1418; 1969) indicates that the surface 
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membrane sites on both transformed and abortively 
transformed mouse cells which bind concanevalin A 
ean be found on normal cells after treatment with 
trypsin. Stable and abortive transformation seems to 
result in some identical change in the cell surface. 

Another popular idea is that viral transformation 
results in changes in the composition of cell membranes, 
although with membrane chemistry In its present messy 
state searching for the significant putative changes is 
not much different from searching for needles in hay- 
stacks. Mora, Brady, Bradley and MacFarland (Proc. 
US Nat. Acad. Sci., 68, 1290; 1969), however, claimed 
recently that in mouse cell lines transformed with 
SV40 virus the cell membranes contain reduced amounts 
of certain higher ganglioside glycolipids compared with 
the membranes, not only of normal cells, but also of 
spontaneously transformed cell lines. Mora ef ai. sug- 
gest that the presence of the virus genome is required 
for the change in pattern of gangliosides in the mem- 
brane. It remains to be seen whether this result can 
be repeated and extended to cells transformed with 
RNA viruses. 


AUXIN 


Conflicting Evidence 


from our Plant Physiology Correspondent 


Two recent reports have cast fresh doubt on the 
currently fashionable theory that auxin promotes and 


messenger RNA. The question of whether or not 
protein synthesis is involved seems to remain un- 
answered. 

Nelson, Han and Reinhold of Jerusalem have studied 
the effects of two inhibitors of RNA synthesis, and of 


the presence or absence of the auxin indolyl-3 acetic 
acid (LAA) (/srael J. Bot., 18, 129: 1969). The growth 
of the tissue was inhibited by all the poisons, but, 
whereas the inhibitors of RNA synthesis, 8-azaguanine 
and actinomycin D, did not significantly affect the 
rate of auxin-stimulated growth until nearly one hour 
after application, the effect of the inhibitor of protein 
synthesis, cycloheximide, could be seen m Jess than 
twenty minutes. Nelson ef al. concluded that, whereas 
the primary site for the action of auxin cannot be at 
the level of genetic transcription, it is possible that the 
hormone stimulates the synthesis of new protein 
necessary for growth. 

This view is not shared by D. Nissi and M. H. Zenk 
of the new Ruhr University at Bochum, who have 
adopted a quite different approach (Planta, 89, 323; 
1969). If IAA regulates growth by chemical induction 
of protein synthesis through the transeription and 
translation of DNA, it is clear that there must be some 
delay between the addition of the hormone to the 
system and the first observable signs of growth. Such 
a time-lag is well known in bacterial systems, where 
it is known to be independent of the concentration of 
the inducer. A similar state of affairs would be 
expected in plants if similar time consuming processes 
were operating. Nissl and Zenk, however, using a 
precise optical method to measure changes in the rate 
of growth, have discovered that the time-lag for the 
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promotion of growth by auxin in oat tissues is depend- 
ent on the concentration of the hormone, varying from 
a few minutes at high concentrations to more than an 
hour at low concentrations. At 21°C, and with 10-3 
molar IAA, the lag was of the order of twelve minutes 
—just long enough for gene activation to occur. At 
40° C, however, even this short lag was reduced to 
zero. 

These results weigh heavily against the idea that 
either derepression of genes or the stimulation of 
protein synthesis are the primary targets for the action 
of auxin. There is much evidence that auxins influence 
the metabolism of nucleic acid and protein, but this 
may well consist of secondary effects. Nissl and Zenk 
suggest that the primary site where auxin acts must 
be a pre-formed system, already present in the cells 
and awaiting the auxin “trigger”. Such a system 
might involve the activation of a molecule which could 
cleave and redistribute macromolecules in the plant 
cell walls, rendering the walls soft and plastic as 
Cleland suggested (Ann. NY Acad. Sci.,144, 94; 1967). 
The mechanism of auxin action has been a major source 
of controversy in plant physiology for more than forty 
years and, as these latest reports indicate, the argument 
shows no signs of dying down. 


BIOLOGICAL CONTROL 


Protecting Chrysanthemums 


from our Botany Correspondent 


AN insect predator which was tested successfully as an 
agent of biological control in the field last vear has been 
used recently in the glasshouse to protect chrysan- 
themums from aphid pests. The results of trials at the 
Glasshouse Crops Research Institute are most pro- 
mising (N. E. A. Scopes, Ann. Appl. Biol., 64, 433; 
1969). 

The attempt to use larvae of the insect Chrysopa 
carnea as predators of Myzus persicae on chrysanthe- 
mums was stimulated by a report that large numbers 
of the predators released into cages of cotton have 
considerable potential as a means of controlling the 
population of the pest Heliothis. Scopes reasoned that 
a glasshouse and a cage in the field are two similarly 
enclosed environments, and so the same predator 
should flourish and be effective in both. 

Larvae of C. carnea showed themselves to be preda- 
tors of Myzus persicae by consuming at least 300 
aphids each in 15 days when confined with them, 
together with a lettuce leaf to provide moisture, in a 
small pill box covered with gauze. In these conditions 
another aphid, Aphis gossypii, a pest of cucumber 
plants, was also eaten by C. carnea, but there was no 
hope of using the predator for this purpose in the glass- 
house, because the leaves of cucumber plants are too 
hairy for these larvae to move around easily. They 
have no difficulty, however, in propelling themselves 
rapidly over the leaves of chrysanthemum plants. 

Great predatory potential was revealed when larvae 
and aphids were confined in aerated polythene bags 
sealed over potted chrysanthemums. C. carnea 
suppressed populations of the aphid even when 
predator and prey were in the ratio 1 : 150, although 
aphids were totally eliminated only when the ratio 
was 1:50. Using a formula developed by S. Bom- 
bosch, Scopes calculated that a ratio of 1 : 58-7 would 
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just control the aphid during the lifetime of the larvae. 
He predicted, however, that because larvae at the third 
instar stage of development can consume many more 
aphids than can earlier larval stages, a ratio of one 
predator to 200 aphids in this case would still achieve 
control. This figure was confirmed on chrysanthe- 
mums, and larvae of C. carnea even markedly 
suppressed the aphids when outnumbered by 300 to 
one. 

Having shown that it is possible to predict the extent 
of control of Myzus persicae by C. carnea in a polythene 
bag, Scopes let the predators loose in the glasshouse. 
He found that to control the pest this time he needed 
a rather larger proportion of predators than the 
theoretical 1 : 58-7. Control in the glasshouse appar- 
ently requires one predator to less than fifty aphids. 
There was no control, however, if the density of the 
aphids was four or fewer per plant, for the predators 
did not seem to be prepared to search them out. 

Larvae of Chrysopa carnea thus seem to have a future 
in the glasshouse for the control of large populations 
of Myzus persicae. After numbers have diminished 
under the scourge of this predator the parasite Aphidius 
matricariae could be brought in to control the smaller 
population of the pest. 


ENTOMOLOGY 


New Mite 


A NEW species of mite has been found in Greece. It is 
called Cenopalpus eriobotryi, and has been described 
by Dr E. N. Hatzinikolis in Annales de VInstitut 
Phytopathologique Benaki (NS, 9, 57; 1969). All 
stages of the mite, except the adult male, were found 
on the leaves of loquat trees (Eriobotrya japonica) in 
Attica. The drawing shows an adult female, which is 
356 um long. 
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Strontium-90 and Infant Mortality 


by 

PATRICIA J. LINDOP 
J. ROTBLAT 

The Medical College of 


St Bartholomew’s Hospital, 
London ECI 


Mvucu publicity has recently been given to the claim by 
Professor E. J. Sternglass of the University of Pittsburgh} 
that he has uncovered a hitherto unsuspected genetic 
effect of strontium-90 in man (papers presented at Han- 
ford Symposium on Radiobiology of the Foetaland Juvenile 
Mammal, 1969, and meeting of the Health Physics 
Society, 1969, and refs. 1-3). Among other effects, this 
is supposed to cause an increased mortality of children 
during the first year of life, and to be so sensitive that it 
has already resulted in the death of 400,000 children in 
the United States alone due to tests of nuclear weapons 
earried out between 1945 and 1962. This figure is several 
orders of magnitude greater than the number of victims 
thought as possible from nuclear weapons tests. Extra- 
polating from his figure, Sternglass predicted that the 
employment of antiballistie missiles (ABMs) by the 
United States, even if successful, against an enemy’s 
nuclear attack would result in the death of all children, 
and he used this as a powerful argument against the 
introduction of ABM systems’. 

The damaging action of even small doses of radiation, 
particularly on the foetus, has been established and 
accepted by the scientific community for some time. The 
probable risks of genetic or somatic damage from radiation 
have been one of the principal arguments against carrying 
out nuclear tests which release radioactivity into the 
atmosphere. If Sternglass’s deductions are correct, this 
would necessitate a complete reassessment 
of the whole problem, not only in relation 
to tests, or uses of nuclear explosives for 
non-military purposes, but in relation to 50 
all peaceful uses of radiations and, im 
particular, the standards of radiation pro- 
teetion. On the other hand, if Stern- 
glass’s claims proved to be wrong after 
they had been accepted and used as an 
argument against ABMs, multiple inde- 
pendently targeted re-entry vehicles 
(MIRVs), or nuclear armament in general, 
this could have a considerable adverse 
effect. The stand which many have taken 
in these matters would have been dis- 
credited, and the psychological reaction 
could easily lead to a relaxation of the 
rules governing radiation protection. For 
this reason—apart from the purely scienti- 
fic aspect—it is important to assess the Ped 
validity of the claims made by Sternglass. 

We intend to analyse Sternglass’s thesis, 
and show that it has no scientific justifica- 
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Sternglass’s Assumptions eee 
aed 
Sternglass has listed three effects pro- 
duced by small amounts of *Sr in the Fig. 1. 


The recent claim that strontium-90 resulting from tests of nuclear 
weapons has killed 400,000 children in the United States since [945 
does not stand up to careful analysis. 


body: (i) increased infant mortality; (ii) increased foetal 
mortality; and (iii) increased incidence of leukaemia 
in children. We shall deal only with the first of these. 
for Sternglass has put most emphasis on it in his more 
recent publications. The arguments about foetal mortality 
are substantially the same, and the leukaemia data havé 
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been refuted convincingly by Alice Stewart’. 


Sternglass deduced the increase in infant mortality 
from the decline in the downward trend in infant mortality 
observed in the United States since 1950. Fig. l, reproé- 
duced from his publications, shows a logarithmic plot of 
the rate of infant mortality (children dying during the 
first year per thousand live births) for the whole popula- 
tion of the United States, against time, since 1934. The 
data are taken from the National Center for Health 
Statistics (ref. 5 and mimeographed tables for 1950-70), 
and there can be no doubt about their validity. As is 
seen, a break in the nearly linear downward trend oceurs 
about 1950. g 
individual states, and for different sections of populations 
(white and non-white, city and rural), is the basis for his 
hypothesis, which has the following principal features. 

The levelling off of the mortality curve after 1950 is 
a consequence of a genetic effect of “Sr from nuclear 
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linearly downwards. By extrapolating this line he has 
calculated the excess mortality caused by the tests, and 
deduced from this that about one in every hundred 
children born in the United States during that period 
died as a result of nuclear weapons tests. He has related 
this increased mortality to Sr fallout by showing that 
the excess mortality, calculated from the extrapolated 
line, varies with time in exactly the same way as the 
Sr content of milk (Fig. 2). 

Powerful support for this argument is obtained by 
drawing such excess mortality curves for individual 
states. The fallout over the United States is not uniform; 
wet states have about two to three times as much fallout 
as states with low rainfall. Fig. 2, taken from Sternglass, 
shows the excess mortality, as well as the **Sr content of 
milk, for two states, Missouri with a high rainfall, and 
Texas with a low rainfall; the correlation with Sr in 
the milk is very good. 

Although Sternglass has not explained the mechanism 
of action of very small doses of Sr in producing such 
high mortality, he has referred to experimental data for 
mice provided by Lining in Sweden as evidence that such 
an effect has been observed. 

The argument that the effect is genetic rather than 
somatic is based on an analysis of the effect of the first 
nuclear weapons test carried out in New Mexico in 1945. 
Sternglass has claimed that this test resulted in an 
increased mortality in 1950 in the states lying downwind 
from the test area——-Texas, Louisiana, and so on (Fig. 3). 
This excess mortality was not observed in 1946, as would 
have been expected, according to him, if the effect was 
somatic in origin. 


Analysis of the Assumptions 


The calculations of “excess infant mortality” are based 
on the assumption that the logarithm of infant mortality 
rate varies linearly with time. We can see no theoretical 
basis for such an assumption. It cannot be true, for if 
we extrapolate the line used by Sternglass backwards in 
time, we find that less than 100 years ago the infant 
mortality in the United States was 100 per cent! Stern- 
glass quoted mortality cumves starting from 1934, but the 
same source gives data back to 1930, and other sources 
provide data for earlier years, and it is clear from these 
that, before 1935, the mortality curve had a much smaller 
slope. 
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Correlation of excess mortality with "Sr in milk in (a) Missouri and (6) Texas. 


Infant mortality in a given country at any particular 
time has several causes, for example, a low standard of 
hygiene, lack of care, infectious diseases, accidents and 
genetic defects. The steady increase in standard of 
living in the developed countries during the past century 
has resulted in a gradual decrease in the mortality rates. 
When an important advance is made which eliminates, or 
greatly reduces, one cause of death, for example, the 
introduction of sulphonamides and antibiotics, which no 
doubt markedly reduced infectious diseases which con- 
tribute to infant mortality, there is a sudden drop in the 
mortality curve; the steep slope may continue for some 
time until this particular cause has been eliminated, and 
then the curve resumes its smaller slope until a further 
cause of infant death can be removed. Thus the mortality 
curve would be expected to have a general downward 
trend, but with slopes varying from time to time. A 
typical example is the infant mortality curve in England 
and Wales, for which data are available since 1870 (refs. 
6 and 7) (Fig. 4). Until the nature of the variation of 
mortality with time is fully understood, there can be no 
justification for using any seemingly straight portion of 
the curve to extrapolate over a number of years; cer- 
tainly, no quantitative conclusions can be drawn from 
such an extrapolation. 

Next we shall analyse the alleged correlation between 
Sr fallout and change in mortality rates. Sternglass has 
claimed that he analysed the data state by state and found 
a close correlation between the amounts of **Sr in milk in 
a given year and the ‘excess mortality”. This correlation 
does not seem to hold in all cases. For example, California 
~~-not mentioned by Sternglass in relation to infant mort- 
ality-—-has about the same “excess mortality” as New 
York, but the fallout rate was about three times less, 
(Our data refer to the role of strontium deposition on the 
ground, as published by the Health and Safety Laboratory 
of the US Atomic Energy Commission’; the strontium in 
the milk is roughly proportional to the deposit on the 
ground.) Nevertheless, there seems to be some degree of 
correlation, and it is incumbent on any critic to explain it. 

First consider the situation in other countries’. France, 
Italy and Japan have about the same amount of global 
fallout as the United States, yet the mortality curves are 
quite different (Fig. 5). For France, the break did not 
occur until 1962, and even then the deviation was only 
very slight; for Italy, no sign of a break in the curve 
ean be seen by 1965; and for Japan the curve becomes 
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Fig. 3. Sternglass gave the following caption to this figure. Geographical distribution 
of excess infant mortality in the United States relative to the values expected on the 
basis of the 1940-45 rate of decline. (a) For 1946, 1 year after the test in New Mexico; 
(b) for 1950, 5 years after the test. Note the absence of any evidence for a direct radia- 
tion effect in utero or early infancy in the 1946 plot, suggesting that the major effect is 
genetic in nature. The excess mortality in North Dakota may be correlated with the 
very high level of strontium-00 recorded by the Atomic Energy Commission for the Mandan 
Milk Sampling Station in North Dakota throughout the 1950s. 
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1963 have a much higher degree of uni- 
formity than those for 1935 and 1950, The 
standard deviation is only 2-2° and the 
coefficient of variation 10 per cent, com- 
pared with 24 and 19 per cent for 1935 and 
1950 respectively. Had **Sr made a signifi- 
eant contribution to the mortality in 1963, 
figures for 1963 would have been expected 
to be more variable than figures for the 
earlier dates, taking into account the 
difference in the deposition of **Sr between 
states. And 1963 might also have been 
expected to bring a higher mortality rate 
in states with a higher fallout, but no such 
difference can be detected; in Georgia 
it is not higher than in Texas, nor in 
Missouri than in New Mexico. A simple 
explanation of the uniformity in 1963 is 
that by that time all states had received 
the maximum benefits from the factor 
that has contributed to the steep reduction 
in mortality rates since 1935. 

The next point to note is that in 1935 
several states had much higher mortality 
rates than others, and that the relatively 
high rates persisted in 1950. The highest 
values are for New Mexico, Arizona, 
Colorado and Texas, all within the area of 
low rainfall. Because these states had 
further to go in decreasing infant mortahty 
than the others, it is obvious that by 1950, 
when most of the other states had already 
reached the plateau, these were still above 
the plateau. Therefore, the break for 
these states did not start until several 
years later which, by the Sternglass 
eriterion, is interpreted as a smaller excess 
mortality. As already mentioned, these 
states have a low rainfall which is usually 
associated with harder living conditions, 
and about 30 years ago it was probably the 
cause of the greater infant mortality. By 
contrast, a highly developed state, such as 


steeper after 1958. On the other hand, for Australia, 
with about one-tenth of the strontium fallout, there is a 
break in the curve at about 1952, which—according to 
Sternglass—would be interpreted as a considerable excess 
mortality. Clearly, there is no discernible relation between 
Sr deposition and infant mortality rates in these 
countries. 

Turning to the United States, some light can be shed 
on the problem by comparing the actual mortality rates 
in the different states over the period in question’. Table | 
shows the data for 1935, 1950 and 1963. The first two 
years were chosen as the beginning and end of the linear 
portion, and the third as the year when the test ban 
was concluded and when the **Sr deposition was greatest. 
To avoid fluctuations in any one year, we have taken an 
average in each case of three years around the centre 
year. Thus, the figures for 1935 are the means for 1934, 
1935 and 1936. 

The data in Table 1 apply to the white population only. 
The infant mortality rate for the non-white population is 
nearly twice that for whites. The proportion of non- 
whites to whites in the different states differs considerably, 
and so the use of rates for the whole population would 
confound the picture. 

The first thing to note is that the mortality rates for 


California, had no excess mortality in 1935—and thus 
seems to have a large excess of infant mortality by the 
Sternglass technique, despite a low fallout. We must 
thus conclude that it is the low rainfall which is the factor 
common to high infant mortality in 1935—and therefore 
the small apparent excess mortality by the Sternglass 
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eriterion-- and the low Sr deposition, but that there is 
no causal, link between high infant mortality and high 
fallout. 

The claim that evidence obtained with animals supports 
the Sternglass effect collapses when a quantitative analysis 
is made. Professor Liining of Stockholm, whose work is 
quoted by Sternglass, has made a public statement 
repudiating the use of his data as a basis for the Sternglass 
effect. Lining and his colleagues injected Sr intra- 
peritoneally into male mice, mated them with unirradiated 
females, and studied the foetal mortality in the offspring. 
The effect observed was so small that they had to use a 
great many animals. The final results have not yet been 
published, but in a personal communication Liining gave 
us some preliminary data: 18,000 controls and more than 
20,000 irradiated mice were used and the foetal mortality 
rate was 7-5 per cent in the controls and 8-7 per cent in 
the irradiated mice. This small difference is probably 
significant, but it should be noted that Liining’s mice 
received 18 mCi of *Sr which is an enormous dose com- 
pared with the strontium from fallout. Assuming that 
only 1 per cent of this **Sr was retained in the mice. the 
concentration of °’Sr per gram of body weight was 100,000 
times greater than that in the human adult from all the 
tests of nuclear weapons. 

The use of the apparent effect of fallout from the 
Trinity test to show that the alleged action of strontium 
is a genetic effect is even more far-fetched than Sternglass’s 
other evidence, So far as we know no measurements were 
made of the amounts of *Sr deposited in the southern 
states following the Trinity test, but, from current know- 
ledge of the deposition of global fallout from the detona- 


Table 1. INFANT MORTALITY RATES FOR THE WHITE POPULATION OF THE 


UNITED STATES 


1935 1950 1963 

Alabama 54-5 31-2 23-5 
Arizona 9-4) 38-4 23-0 
Arkansas 43 27°38 23-3 
California 45-4 24-3 2)-4 
Colorado 732 34-3 23-5 
Connecticut 44-5 aio 22-0 
Delaware 53:3 26°2 is-4 
District of Columbia 44-3 28-3 24-8 
Florida 51% Pia | 22-6 
Georgia G14 27:2 22-4 
Hawaii 51-8 25-3 20-0 
Idaho pü 26-4 23-0 
Tinos 47° 24-4 21-2 
Indiana 52-7 207 23-5 
iowa 45-4 25:2 2-5 
Kansas m2 pase | 22° 
Kentucky 83-5 36-8 247 
Louisiana DT 257 2pü 
Maine 65i 31:0 25 
Maryland 559 23-4 21-4 
Massachusetts 47°70 23°3 20-7 
Michigan 40-4 26-0 21-6 
Minnesota 45-4 24-7 27 
Mississippi SLO 30°2 23-9 
Missouri STQ 27:2 21-8 
Montana 5-8 P83 25-6 
Nebraska 43-6 242 2LF 
Nevada 5529 31-5 28-5 
New Hampshire 53-6 25:2 22-5 
New Jersey 43-4 22-3 20-8 
New Mexico 119-5 43-3 27-9 
New York $71 23-4 213 
North Carolina 62-2 275 22-0 
North Dakota 55-o 28-2 23-4 
Ohio 50-1 25-8 21-0 
Oklahoma 54:0 97-7 21-7 
Oregon 41-8 23-6 21-9 
Pennsylvania 50-7 26-0 215 
Rhode Island 40-8 257 24-8 
South Carolina 63-7 29-0 230 
South Dakota 52-8 255 242 
Tennessee ü- l 34-4 Zde 
Texas 66-2 38:3 25-0 
Utah 50-4 24:3 19-4 
Vermont 53-1 FTR 24-0 
Virginia 61-2 2-8 23-6 
Washington e 44-6 262 22-5 
West Virginig B4 35-0 Zod 
Wisconsin 47-7 235-7 24-5 
Wyoming 596 33°0 203 
Mean 55:7 28-2 22-9 
Standard deviation 13-2 5-4 2n 


Figures are per thousand Hye births. 
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tion of high yield weapons in the atmosphere, we can 
calculate that the **Sr deposition in these states should 
have been, by 1963, at least thirty times greater than 
from the 20 kiloton explosion in the Trinity test. Yet the 
“excess mortality” in 1950, as Fig. 3 shows, was only 
about three times lower than in 1963. 

To obtain this value of “excess mortality”, Sternglass 
had to abandon his principal argument that the 1935-50 
line should have continued, and resort to an extrapolation 
from the years 1940-45, which obviously must have a 
different slope, for otherwise there would be no “excess 
mortality” in 1950. 

Furthermore, the assumption that the fallout from the 
Alamogordo test was in an easterly direction is unsup- 
ported. The source quoted by Sternglass® suggests that 
the wind was blowing towards the north-east. In that 
case Louisiana, Mississippi, Alabama and Georgia, which 
show the largest “excess mortality”, should have been 
outside the principal radioactive cloud, and Oklahoma, 
Missouri and Ulmois should have received the fallout. 

Finally, if it takes four years for the effect to manifest 
itself, why did it begin to decrease as soon as the amounts 
of strontium-90 began to diminish, as implied by Stern- 
glass in the extrapolation from 1967 in Fig. 1? A genetic 
effect would have been expected to continue for some time 
after the cessation of tests. In summary, none of the 
evidence given by Sternglass stands up to objective 
analysis, and we must conclude that there is no justifica- 
tion for linking the break in the downward trend of the 
infant mortality curve with strontium fallout. 


' Sternglass, E. J., Bull. af Atomie Scientists, XNV, No. 4, 18 (1969), 

= Sternglass, E, J., New Sci., 48, 178 (1969). 

* Sternglass, E. J., Esquire (September , 1969). 

+ Stewart, A., New Sei., 48, 181 (1969). 

* fafant Mortality Trends 1920-64 (National Center for Health Statistics, 
Washington, DC, 1965). 

è (7K Statistical Abstracts, No. 71 (1912-28), 

* Demographic Year Book (United Nations, 1966), 

* Health and Safety Laboratory: Fallout Program (US Atomie Energy 
Commission, New York, 1969). 

* Lamont, La, Day of Trinity (Hutchinson, 1966). 
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Antarctic Ecology Volume | 

Edited by M. W. Holdgate The Nature Conservancy, London, England 
January 1970, xx-+-604 pp., 120s. SBN 12.352150.5 

This is the most complete reference work to date on a rapidly expanding field of biological research, 
in two volumes it gives a broad coverage of the ecology of the Antarctic regions, and allows com- 
parisons with Arctic regions. The sequence of this volume parallels the major food chains of the 
Antarctic Ocean, and emphasizes the central role of phytoplankton and krill in the total ecosystem. 
it covers past environments and biotas, marine plankton and its pelagic consumers, marine benthos, 
fishes, seals and sea-birds. 


Biology ‘of the Reptilia Volume 2 


Morphology B 
Edited by Carl Gans Department of Biology, State University of New York at Buffalo, New York, USA 
and Thomas S. Parsons University of Toronto, Ontario, Canada 
January 1970, xiv +374 pp., 110s. SBN 12.274602.3 
This multi-volume treatise presents a comprehensive review of the class Reptilia, divided as mor- 
phology, embryology and physiology, and behaviour and ecology. Each chapter is designed to give 
the specialist a complete summary of present knowledge of a particular topic in reptiles. 
Topics of interest to anatomists, physiologists, and zoologists in general, as well as to herpetologists, 
are covered by experts, most of them currently engaged in active research in the flelds they cover. 
Contents G. Underwood: The Eye. T. S. Parsons: The Nose and Jacobson’s Organ. |. L. Baird: 
The Anatomy of the Reptilian Ear. R. Barrett: The Pit Organs of Snakes (with appendices by P, F. A. 
Maderson and R. M. Meszler). C. Gans and T. S, Parsons: Taxonomic Literature on Reptiles, Author 
index. Subject index. 


Advances in Insect Physiology Volume 6 


Edited by J. W. L. Beament, J. E. Treherne and V. B. Wigglesworth 

Department of Zoology, University of Cambridge, England 

December 1969, x--304 pp., 90s. SBN 12.024206.0 

in these volumes, the physiology of insects is approached in its relation to other areas of blological 
science. In Volume 6, five articles deal with insect neurobiology, electrochemistry of muscie, lumin- 
escence, biochemistry of pigments, and the physiology of cold resistance. 

Contents Frost Resistance in Insects. Neural Control of Firefly Luminescence, Postembryonic 
Development and Regeneration of the Insect Nervous System. The Biology of Pteridines in Insects. 
Electrochemistry of Insect Muscle. References. Author Index. Subject Index. Cumulative List of 
Authors. Cumulative List of Chapter Titles. 


Essays in Biochemistry Volume 5 


Edited by P. N. Campbell Department of Biochemistry, University of Leeds, England 

and G. D. Greville Agricultural Research Council Institute of Animal Physiology, Babraham, 
Cambridge, England a. Me od B 

January 1970, xiv--196 pp., 30s. SBN 12.158105.5 

This is a well established ànd highly acclaimed series intended for senior students and lecturers in 
biochemistry. Each essay presents an overall view of one aspect of the subject, indicating its origin, 
present status and likely future development. Research workers wishing to obtain an up-to-date 
picture of topics outside their speciality will find Essays useful as a source of information. 

Contents Actions of Steroid Hormones at Cellular and Molecular Levels. The Structure of Collagen. 
The Synthesis and-Metabolic Controt of Polysaccaridés and Lignin during the Differentiation of Plant 
Cells. The Biosynthesis of ‘Multichain Proteins. 7 


The Biological Basis of Medicine Volume 6 


Edited by E. Edward Bittar Department of Physidlogy, University of Wisconsin, Madison, 
Wisconsin, USA AK l 


Assisted by Neville Bittar Department of Medicine, University of Wisconsin, Madison 
Wisconsin, USA ` ome T 

December 1969, xvi-+-618 pp., 145s. SBN 12,102706.6 — 

This is the last of a six-volume treatise that bridges the gap between the biological sciences and clinical 
medicine. These volumes are the work of over one hundred specialists, recognized experts in their 
fields, dealing at an advanced level with the applications of cell biology in medicine. 


These unique and valuable works will be of interest to students and teachers of medicine at all levels. 


Academic Press London and New York 


Berkeley Square House, Berkeley Square, | Lil Fifth Avenue, 
London WIX 6BA, England. ak New York, NY 10003, USA 
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Genetic Control of Hexose Phosphate Uptake by 


Escherichia coli 


by 
H. L. KORNBERG 
JANET SMITH 


Department of Biochemistry, 
School of Biology, 
University of Leicester 


Wuewn Enterobacteriaceae grow on carbohydrates as sole 
carbon source, the C,-acids required for maintenance of the 
tricarboxylic acid cycle are supplied through enzymatic 
fixation of carbon dioxide to phosphoenolpyruvate (PEP), 
catalysed by PEP-carboxylase!?. As would be expected 
from the anaplerotic® role of this enzyme, mutants devoid 
of PEP-carboxylase activity (ppc) do not grow on carbo- 
hydrates although they grow readily on acetate, for in these 
conditions C,-acids are provided through the glyoxylate 
cycle. It is known that the key enzyme of this cycle, 
isocitrate lyase, is inhibited by C,-acids such as PEP or 
pyruvate. Consequently, the addition of either pyruvate’, 
or of carbohydrates catabolized to C,-acids, to cultures of 
ppe mutants growing on acetate leads to cessation of 
growth, which can be reversed by addition of glyoxylate, 
the product of isocitrate lyase action (Fig. 1). 
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Fig. 1. Effect of carbohydrates on the growth of E. coli K1,.1.2.5¢ 


(ppe-uhp*). To cultures growing on 50 mM. acetate as sole carbon source 
were added either 5 mM glucose or 5 mM glucose 6-phosphate at 1-75 h. 


The arrest of growth was reversed by the addition of 5 mM sodium 


glyoxylate at 5-5 h. 


Advantage may be taken of this phenomenon to isolate, 
from ppc mutants, further mutants that are resistant to the 
inhibitory effect of some carbohydrates but not to that of 
others: such mutants are often found to be altered in their 
ability to take up the former carbohydrates from solution. 
The purpose of this article is to illustrate the utility of this 
technique by describing the isolation of mutants unable to 


Table 1, 


A novel procedure yields E. coli mutants lacking the ability to take 
up hexose phosphates. The affected allele is located at about 72 min 
on the E. coli linkage map, co-transducible with pyr E. 


take up hexose phosphates, and to locate the gene specify- 
ing the uptake of hexose phosphates (whp) close to the 
pyrE marker on the Æ. coli genome. 

Suspensions of nutrient broth-grown K1.1.2.5° (Table 1), 
an Hfr-H derivative of E. colt K12 devoid of PEP-carb- 
oxylase? and PEP-synthase® activities and forming iso- 
citrate lyase constitutively’, were spread on plates contain- 
ing both 25 mM sodium acetate and 5 mM glucose 6- 
phosphate as carbon sources, a basal salts mixture? 
supplemented with methionine and thymine {each at 
40 ug/ml.), and 1-5 per cent Oxoid No. 1 agar. After 2 days 
at 30° C, colonies appeared (at a frequency of about 1 per 
107 cells plated); several of these were purified by repeated 
single-colony isolation, and the one chosen for detailed 
study was designated K1.1.2.5°.11. This mutant differed 
from its parent in being unaffected by the presence of 
glucose 6-phosphate in its growth on acetate (Fig. 2); ite 
growth was similarly unaffected by fructose 6-phosphate. 
But-—and as also shown in Fig. 2—growth on acetate was 
still arrested by the addition of glucose; similar effects 
were caused by the addition of other substances that are 
catabolized to C,-inhibitors of isocitrate lyase, such as 
fructose or gluconate. Like its parent, K1.1.2.5° 11 was 
unable to grow on carbohydrates as sole source of carbon; 
enzymatic assay? of sonic extracts of nutrient broth-grown 
cells confirmed that this mutant still lacked PE P-carboxy- 
lase activity. It was thus probable that K1.1.2.5°.11 owed 
its resistance to growth inhibition by hexose phosphates to 
loss of the ability to take up these substances from the 
media. 

Transfer of the defective allele to the recipient (F~) 
strain K2.1t yielded recombinants with which this inter- 
pretation was confirmed. From the cross of [141.1.2.5°.11] 
x K2.1t], recombinants K2.1.2.5°.11 were obtained by 
selection for arg and for resistance to streptomycin 
(Table 1). When such a recombinant was crossed with the 
Hfr-strain P10, which injects its genome in the order 
O-metA-ppe-metBF ..., the entry times for the ppe‘ 
(see ref. 9), mett, uhp+ and xyl* alleles were found to 
be approximately 3-5, 4, 10 and 12 min, respectively 
(Fig. 3). 

In order to locate the uhp marker more precisely, the 
Hfr strain AB2297, which injects its genome in the order 
O-axyl-ilu-ppe . . . , was crossed with K2.1.2.5°.11, and 
ppe* met* recombinants were selected on plates containing 
glucose medium supplemented with histidine, threonine, 
leucine, isoleucine and valine. The recombinants were 


ORGANISMS USED IN THIS WORK 


Response to Genetic 
Organism Origin Genetic markers streptomycin mating type 
K1.1.2.5¢ Laboratory stock mab thyu.ppe pps ie R s Bir 
K1.1.2.5¢.11 K1.1.2.5° mtBF thy ppe popsi R why 5 Hfr 
K2.1¢ Ref. 5 his,argH BCE, thr leu.cyl pps R F- 
K2.1.2.5¢.11 [K1.1.2.5¢,11 x K2.1t] meal BF his,thrleucyl ppe, pps iciR,uhp R F- 
P10 F. Jacob thr leu S Hfr 
A B2297 E. A. Adelberg pur ile, tyi 3 Hfr 
K2.1.11f Ve x K2.1.2.5¢,11] met BF his,thr leuuhp,pps.cyl R F- 
K2.1.11i A B2297 x K2.1.2.50.11] ile, his thr leu,ryl uhp pps R . p 
AT2243 A. L. Taylor pyrE,metB S Hi 


The genetic markers used indicate a requirement for arg, arginine; his, histidine; ilv, isoleucine plus valine; lev, leucine; pur, purines: pyr, pyrimidines: 


thr, threonine: thy, thymine; absence of ppc, PEP-carboxylase; pps, PEP-synthase; eyl, ability to ferment xylose; 


uhp, uptake system for hexose phos- 


phates; ielR, constitutive formation of isocitrate lyase. R and S denote resistance and sensitivity to streptemycin respectively ; Hfr and E- the donor {male} 


and recipient (female) mating types. 


1262 


screened for ilv- and uhp-; one such ilv- uhp- double 
mutant (I$2.1.1]1) was analysed by interrupted conjuga- 
tion with’ P10. As shown in Fig. 4, the whp marker was 
located between those specifying ilv and gyl. 

Phage Pl--ke, grown on K1.1.2.5°, was used to infect 
K2.1.11i; no uhp* colonies were detected among the more 
than 400 ilv+ and xyl+ transductants obtained. On the 
other hand, when phage lysates prepared from the uhp- 
donor K1.1.2.5°.11 were used to infect the pyrE-mutant 
AT2243, nearly half of the pyrE* transductants had also 
received the uhp-~ allele. These findings therefore locate the 
uhp marker very close to pyrE, at about 72 min on the 
linkage map published by Taylor and Trotter’. 

That the uhp+ allele specifies the uptake of glucose 6- 
phosphate is demonstrated in Table 2. It is known?" that 
the hexose phosphate transport system is inducible. 
Preliminary experiments with the uhp* organism K2.1t, 
grown on a variety of carbon sources in the presence of 
5 mM glucose 6-phosphate, confirmed that external hexose 
phosphate is required for this induction, and that the trans- 
port system was almost fully derepressed after growth on 
20 mM glycerol plus 5 mM glucose 6-phosphate. Accord- 
ingly, the uhp* and uhp- cultures listed in Table 2 were 
grown on this medium supplemented with the appropriate 
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Effect of carbohydrates on the growth of E. coli K1.1.2.5¢.11 
The experimental conditions were identical to those 
described under Fig. 1, 


fev. tS 
a QS 


ml 
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No. of recombinants x10 
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Fig. 3. Kinetics of transfer from the Hfr strain P10 to the mutant 
K2.1.2.5¢.11 of the genes permitting growth on LA) glucose, (@) glucose 
6-phosphate, (A) xylose, and (©) of the mett allele. The cultures 
were mixed in the ratio 1:5 (Hfr: F-) and after.3 min at 37° C were 
diluted 1 : 100. The times plotted on the abscissa are the intervals 
between the time of dihition and the mechanical interruption of mating. 
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Time (min) 
Fig. 4. Kinetics of transfer from the Hfr strain P10 te the mutant 
K2. LAL of the genes permitting growth on (©) glucose in the absence 
of isoleucine and valine, and (@) glucose 6-phosphate and (A) xylose 
as carbon sources. The cultures were mixed in the ratio 1:5 (Hfr: Eo 
and after 3 min at 37° C were diluted 1 : 100, The times plotted ou the 
abscissa are the intervals between the dilution and the mechanical inter- 
ruption of mating. 


amino-acids, each at 40 ug/ml. The cultures were harvested 
by centrifugation, washed with carbon-free basal medium 
and the uptake by such washed suspensions of 0-05 mM 
4C-glucose 6-phosphate was measured at various times 
over a period of 10 min. It is apparent from the results 
obtained (Table 2) that uhp- mutants are greatly reduced 
in their ability to catalyse the uptake of labelled glucose 
6-phosphate and that this ability is restored to them by 
the genetic transfer of the uhp* allele. Because uhp- 
mutants do not differ significantly from uhpt mutants in 
their ability to take up hexoses or non-metabolizable hex- 


Table 2. ACCUMULATION OF MC-GLUCOSE 6-PHOSPHATE BY WASHED SUS- 


PENSIONS OF E. coli 
Radioactivity accumulated (counts 


Organism uhp x 208 /minfml. of cell water) in 
allele 30 8 5 min 10 min 
K2.1.11f = 1-4 2+ 2-9 
R211 — p2 2] 26 
K2.1it ~ 3-3 ios 24°54 
2.1 [recombinant] “te 38 14:0 26-6 


Cultures were grown at 37° © in media containing 20 mM glycerol and 
5 mM glucose 6-phosphate as carbon sources, harvested, washed in basal 
nitrogen-free salts medium! and suspended in this medium to 0-68 mg dry 
weight/ml. Samples (2 ml.) of these suspensions were shaken at 37° © for 
15 min: “C-glucose 6-phosphate (to a final concentration of 6-05 mM: 
1 #Ci/2 ml, suspension) was added. Samples (0-1 ml.) were rapidly removed, 
and assayed for radioactivity as previously described", 
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Is the Galaxy losing Mass on a Time Scale of a 


Billion Years? 


by If the galaxy has been losing mass in gravitational waves for longer 


D. W. SCIAMA 


Department of Applied Mathematics 
and Theoretical Physics, 
University of Cambridge 


In this article I discuss whether the galaxy could be losing 
mass on a time seale of a billion (10°) years. My reason 
for doing so is Weber's! recent claim to have detected a 
flux of gravitational radiation at the Earth. Weber’s 
present data (unpublished) together with existing theories 
suggest that the galaxy might be losing mass in the form 
of gravitational waves of frequency 1,660 Hz at the rate 
of 0-2 Mo Hz yr-?*. He does not regard this as certain. 
It is, however, of great interest to speculate on the conse- 
quences. On the reasonable assumption that the radiation 
is broadband (Weber’s bandwidth was only 0-017 Hz) 
one consequence would be that at the moment the galaxy 
is losing mass at a rate of at least ~300 Mo yr. As 
explained in detail in unpublished work of G. B. Field, 
M. Rees and myself, this rate of mass loss would be 
close to the maximum average mass loss over the past 
~108 yr permitted by well established observations of 
stellar kinematics. The reason is that the mass loss 
would weaken the gravitational attraction of the galaxy, 
and so stellar orbits would tend on average to expand. 
Most of the stars in our vicinity have a rotation period 
in the galaxy ~2-5x 108 yr, so that the expansion rate 


* Low signal to noise ratio makes it dificult to estimate intensity of the 
signals causing coincidences. Recent observations (unpublished) suggest that 
most coincidences are associated with intensity twenty times smaller than 
the values suggested in ref. 1, 











than 10° yr at the rate recently indicated by Weber, it should contain 
no stars in bound orbits with periods exceeding 10° yr. Analysis 
of stellar motions indicates that the distribution of periods does 
have a cut-off close to 10? yr although this may be for other reasons. 


of their orbits is essentially determined by the average 
mass loss over this period. The expansion would lead to a 
K term in the distribution of radial velocities relative to 
the Sun (analogous to the Hubble law for the expansion 
of the universe), and such a K term is not observed for 
most types of star. The corresponding upper limit to 
the average mass loss ~ 200 Mo yr. 

It has also been pointed out in unpublished work of 
Field et al. that an average mass loss of ~70 Mo yr” 
over the past 2-5 x 10° yr would lead to a recession velocity 
of the local standard of rest from the centre of the galaxy 
of ~7 kms-. Such a recession was proposed some time 
ago by Kerr? to account for the systematic difference 
in the rotation curves of the galaxy derived from 21 cm 
observations on opposite sides of the Sun-centre line (Fig. 
1) and for the heliocentric appearance of the distortions 
in the neutral hydrogen layer in the disk of the galaxy 
(Fig. 2). This proposal has been neither proved nor dis- 
proved since, although there have been interesting erii- 
cisms by Schmidt* and Woltjer®. The most important is a 
dynamical one, based on the observed fact that there is 
no systematic difference in the average outward motions 
in the vicinity of the Sun of different constituents of the 
galaxy, whether it be interstellar gas, young stars or old 
stars. Thus the average motion of all types of material, 
whatever its age, would have to be an outward one of 
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Fig. 1. Galactic rotation curves for northern (@-—-@) and southern (© ---~- ©) sides of the 


Sun-centre line, derived by Kerr? from 21 cm tangential-point observations, assuming circular 
rotation. 
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~7 kms. This would require a change in the gravita- 
tional potential in our vicinity on a time scale of a billion 
years, Which Schmidt naturally regarded as improbably 
short (the age of the galaxy being ~ 10" yr), We now see 
that this is just the time scale derived from a mass loss 
by gravitational radiation of ~ 70 Mo yr, for in 10° yr 
the galaxy would lose 7 x 10° M o, Which is of the same 
order as its present mass (1 or 2x 109 MW). It therefore 
seems worthwhile to inquire further whether there is any 
evidence against the hypothesis that the galaxy has been 
losing mass at this rate for the past 10° yr. One could 
even consider the same problem in relation to the past 
10'° yr, but this has been done elsewhere®. We concen- 
trate here on the past 10° yr, because this is the time 
scale for the postulated mass loss itself. 


-40e 





Fig. 2. 


Relief map construeted by Kerr? for the outer parts of the 
galaxy, showing the height in parsecs of the centroid of the hydrogen 
density relative to the galactic plane. 


What features would we expect a galaxy to possess 
which halved its mass in ~ 10° yr? To answer we need to 
know the orbits of stars in the gravitational field of a 
decreasing mass. This problem has been much studied 
in the astronomical literature in connexion with mass loss 
in binary stars. A useful survey for the case of an inverse 
square field has been given by Hadjidemetriou’, and a 
method of handling an axisymmetric galactic-type field 
has been indicated by Lynden-Bell*:*. We cannot specify 
the detailed time-dependence of the mass of the galaxy, 
so we must restrict ourselves to general features of the 
orbits. Their essential character may be described as 
follows. The angular momentum per unit mass / is an 
exact invariant of an orbit (for amy axisymmetric field). 
If the orbital period + is much less than the time scale T 
of the mass loss, then an orbit also possesses adiabatic 
invariants, in particular the eccentricity, or, what is 
equivalent, the product of the mass M and the semi- 
major axis a of the osculating ellipse. In the adiabatic 
regime + increases as M-?, and when it becomes comparable 
with T the adiabatic invariant is badly broken. The star 
would then escape from the galaxy. We would therefore 
expect that a galaxy losing mass on a time scale ~ 10° yr 
would have an “edge” consisting essentially of stars with 
an. orbital period ~ 10° yr. 

We can test this expectation for our own galaxy in 
two ways. First, we can examine whether there are stars 
near the Sun the osculating elliptical orbits of which have 
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a large semi-major axis a and so a long period +z. Second, 
we can examine whether there are stars at a large galacto- 
centric distance with semi-major axes comparable with 
that distance. As regards the motions of nearby stars we 
may use the studies of Oort!®1, of Fricke! and of Eggen, 
Lynden-Bell and Sandage’. Oort was concerned with 
the well known asymmetry in the velocity distribution of 
high velocity stars. This asymmetry sets in at a veloci ty 
of 63 km s~. The velocity distribution of slower stars 
is roughly ellipsoidal, with the long axis pointing approxi- 
mately to the centre of the galaxy. In particular the 
distribution of velocities transverse to this direction (that 
is, in the direction of galactic rotation) is symmetrical 
about zero relative to the local standard of rest (which 
itself has a transverse velocity 6. ~250 km s~). By 
contrast, most stars with velocities exceeding 63 km 
s- have large negative transverse velocities. In fact, 
according to Oort’s! recent survey of stellar dynamics, no 
stars are known with a positive transverse velocity 
exceeding 65 km s~? and no stars with well determined 
velocities have a space velocity relative to the galactic 
centre exceeding 0.+65 km s. This state of affairs is 
illustrated in Figs. 3 and 4, which Oort! reproduces from 
his early study" and from that of Fricke, 





Fig. 3. Distribution of radial (2) and transverse (9) velocities relative 
to the centre of the galaxy for a representative sample of stars within 
20 pe (filled circles) and for a sample of “ordinary” high-velocity stars 
(open circles). The cross marks the velocity of the centre of mass of 
the galaxy, the square the local standard of rest, and the encircled dot 
the velocity of the Sun. Stars with velocities differing less than 20 km s~ 
from the solar velocity (within the small broken circle) bave been 
omitted because they were very incomplete. The full-drawn circle has 
a radius of 65 km s, No velocities were known to lie outside the 
large dashed circle (from Oort uts). 


Until recently the asymmetry of the high velocity stars 
was explained by saying that 9.+63 km s~ represents 
the escape velocity for stars in our vicinity. This 
oxplanation is no longer aecepted, however. Models of 
the mass distribution and the gravitational potential of 
the galaxy, designed chiefly to reproduce the well estab- 
lished rotation curve, show’ 1% that the galactocentric 
escape velocity is nearer to 380 km s~ than to 313 km s~. 
Schmidt! has pointed out that according to his model a 
star moving transversely and with a velocity of 313 km s~? 
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would reach an apogalactic distance of 24 kpe, where the 
model density is thirty-two times lower than it is near the 
Sun. If this were regarded as the edge of the galaxy. 
the absence of stars with a transverse velocity exceeding 
63 km s~? would then be explained. 
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Fig. 4. Distribution due to Fricke’? of 1 and 9 for a larger sample of 
high-velocity stars than is shown in Fig. 3. According to Oort? there 
are no well determined velocities outside the large circle. 


It is worth recalling in this connexion that stars with a 
total space velocity of 313 km s7? but a lower transverse 
velocity would have an apogalactic distance exceeding 
24 kpe; indeed, in some cases exceeding 50 kpe. Thus 
if the edge of the galaxy were 24 kpe from the centre, the 
outer envelope of the points in Figs. 3 and 4 would be 
expected to lie somewhat within the large circle, except 
at zero radial velocity. These figures do not include 
velocities at right angles to the plane of the galaxy, 
however, so it would be more correct to consider a corre- 
sponding diagram for the total space velocities. Such a 
diagram is shown in Fig. 5, which is also due to Fricke’. 
It gives the space velocities of twelve stars which Fricke 
deseribed in 1949 as having close to the escape velocity. 
The number of stars involved is very small, but there does 
not seem to be clear evidence that the envelope is not a 
circle. If it were a circle it would imply that the critical 
velocity of a star is independent of its apogalactic distance. 

To see what this in turn would imply, let us assume 
that the stars with the critical velocity are moving In an 
inverse square gravitational field of mass 2x 10" Mo. 
Because these stars spend most of their time much further 
from the centre of the galaxy than 10 kpc, it would be 
unjustified to attempt greater accuracy. It then follows 
from the properties of elliptical orbits that all stars with 
the critical velocity would have the same semi-major 
axes and so the same orbital periods. This critical semi- 
major axis is 23 kpe and the critical period is 8-7 x 10° vr. 


It follows that these stars do not constitute evidence ` 


against our hypothesis that the edge of the galaxy 18 
determined by stars with periods ~ 19° yr. On the other 
hand, the data are not adequate for us to conclude that 
the edge of the galaxy is so determined. 

In the light of this situation we may reconsider 
Fricke’s!?}44 method of determining the circular velocity 
ðe at the position of the Sun. This method consisted of 
assuming that a star moving transversely and with a 
velocity of ðe + 63 km s~ would just be able to escape from 
the galaxy. By fitting this requirement on to the circular 
envelope of Fig. 5, Fricke’? obtained a value of 262+ 
16 km s-t for 0e. In a later paper? he used more stellar 
velocities and obtained 276+ 21 km s~. This procedure 
was criticized by Schmidt* on the grounds that the escape 
velocity exceeds 63 km s~ and that the limiting velocity 
found by Fricke is due to a rapid density decrease in the 
outer parts of the galaxy. Accordingly, Schmidt concluded 
that Fricke’s derivation depends critically on the distribu- 
tion of peculiar velocities of the stars in the outer regions. 
Because we may assume that the outer envelope in Fig. 5 
differs little from a circle, however, this dependence on the 
peculiar velocities cannot be said to show up clearly in 
the data. It is conceivable then that Fricke’s procedure 
may be essentially correct, 0e +63 km s~ representing the 
“escape” velocity in a time-dependent gravitational 
potential. This would require that Fricke’s value of Oe 
should be compatible with the values obtained by other 
methods. These other methods are deseribed by Schmidt, 
who arrives at a recommended value of 250 km s7, with 
an uncertainty of between 10 and 20 per cent. This 
result is indeed compatible with Fricke’s 276+ 21 km s-*. 
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Fig. 5. Distribution due to Fricke" of the space velocities of stars in 

the neighbourhood of the limiting velocity. The circles represent 

limiting velocities of (200 +63), (262+ 63) and (300463) km s+. The 
numbered points refer to the stars listed in Fricke’s Table 1. 


We now turn to the data analysed by Eggen, Lynden- 
Bell and Sandage®, which are based on observations of 
nearby dwarf stars by Eggen! and others. They found 
several correlations between the properties of these stars, 
but for our purposes we need consider only the relation 
between the angular momentum,per unit mass A and the 
eccentricity e. This relation is shown in Fig. 6, which is 
taken from their paper (except for the curved line which 
we explain in a moment). The region in the h.e plane 
which could be occupied by stars near the Sun is bounded 
by three straight lines given by the requirements that the 
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orbits of the stars should pass through a point 10 kpe 
from thergalactic centre, and that the eccentricity should 
be less than 1, so that the stars should be bound. (The 
eccentricity is defined in a manner appropriate to plane 
orbits in a galactic-type gravitational field, but for our 
rough considerations we may.ignore this refinement and 
work in terms of an inverse square field.) It is evident 
that the stars do not occupy the whole region permitted 
to them by these considerations; instead they cluster 
to the left hand part of the diagram. This is a further 
illustration of the fact that the “edge” of the galaxy is not 
defined by the escape velocity criterion. 
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Fig. 6. The correlation between eccentricify e and angular momentum 
per unit mass A for dwarf stars near the Sun, according to Eggen, 
Lynden-Bell and Sandage*. The permitted region of the k,e plane is 
bounded by three straight lines. The curved line has been added and 


is part of the ellipse e? + aif =] fora=23 kpc. This represents a line of 


constant orbital period ~10° yr. According to our hypothesis this line 
should mark the edge of the distribution. 


Eggen, Lynden-Bell and Sandage were puzzled by this 
phenomenon. They offered three explanations. The first 
was based on the main thesis of their paper—that stars 
with high eccentricity were formed in the early stages of 
the galaxy when it was still collapsing rapidly from its 
pre-galactic state. During this rapid collapse the eecen- 
trieity of the orbit of an already existing star would not 
have been an adiabatic invariant and would in fact on 
average have increased substantially. By contrast, 
recently formed stars would be expected to move in 
roughly circular orbits. This hypothesis is supported 
by the strong correlation observed between eccentricity 
and age (as measured by yltraviclet excess). On this basis 
Eggen, Lynden-Bell and Sandage suggested that stars 
with the same value of A as the Sun (that is, 25 in the 
units of Fig. 6) do not have eccentricities exceeding 0-6 
because stars with that value of A, if formed in the early 
stages, would, according to their analysis, have had to 
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exist out at 100 kpe from the centre of the galaxy. At that 
time the gas density might have been too low for stars to 
form. 

The second explanation was that stars selected for 
observation would tend to be near apogalacticon where 
they spend most of their time, and therefore would pre- 
ferentially occupy the left hand lower part of the diagram. 
Third, it was pointed out that the gradient of star density 
with distance from the centre of the galaxy would also 
lead to a concentration of stars in the lower left hand 
region. 

We now consider whether the distribution of points in 
the h,e diagram is compatible with our hypothesis that the 
“edge” of the galaxy is determined by stars with a period 
~10° yr. For an inverse square field of mass M, stars 
with the same semi-major axis a (and so the same period) 
lie on the ellipse e? +h?/GMa=1. In the diagram we have 
drawn part of such an ellipse for M=2x10 Me and 
a=23 kpe. Considering that this k,e diagram ignores 
velocities at right angles to the galactic disk, the ellipse 
approximates reasonably well to the envelope of the 
distribution. Here again our hypothesis is not in obvious 
conflict with the facts. 

Finally, we must consider the consequences of our 
hypothesis for objects bright enough to be visible at great 
distances from the Sun, where orbital periods might be 
expected a priori to exceed 10° yr. Examples of such 
objects are globular clusters and field RR Lyrae variables. 
The properties of globular clusters have recently been 
reviewed by Arp. These clusters have been detected 
out to distances ~ 100 kpe and so are eminently suitable 
for testing our hypothesis that there should be a limiting 
period ~10° yr for “bound” objects belonging to the 
galaxy. Now this limiting period corresponds to a semi- 
major aXi8 Gmax ~ 25 kpc. Because apogalacticon is given 
by a{l +e), we see immediately that no bound object 
(¢<1) could be situated beyond 50 kpe, and that a 
“bound” object at that distance would have to have zero 
velocity relative to the centre of the galaxy and so be ina 
straight line orbit (h=0,e=1). For objects at a somewhat 
smaller distance r from the centre, the limiting velocity v 
would be given by 


2 1 
pis GM (~-- ) 
ry 


A max 


and the orbit would have to be highly eccentric. 

It is, in fact, believed that globular clusters have highly 
eccentric orbits. Kinman}*, for example, derived a 
typical eccentricity of 0-8. Fig. 7 shows some of the 
evidence on which Kinman based his considerations. The 
ordinate is the ratio uw, of the observed cluster radial 
velocity (after removal of the component due to the Sun’s 
galactic rotation) to the circular velocity at the cluster. 
(The clusters plotted all have a galactocentric distance 
exceeding 6 kpe, so that Keplerian orbits should be a good 
approximation.) The abscissa is the angle 0 subtended 
at the cluster by the Sun and the galactic centre. Kinman 
derived these quantities from a circular velocity of the 
Sun of 216 km s-? and a Sun-centre distance of 8-2 kpe. 
In this article we have been using the more modern values 
of 250 km s-t and 10 kpe, but the difference is not impor- 
tant to the present argument. The solid horizontal line 
at u= 4/2 is the limit for elliptical orbits, the dotted line 
w%,=sin 8 is the limit for circular orbits and the dashed 
line u= 4/2 cos ĝ is the limit for straight-line orbits. It 
will be seen that the scatter of points favours the highly 
eccentric as opposed to circular orbits. 

We must now add to Fig. 7 our requirement that 
“bound” clusters should have a period less than ~ 10° yr. 
To do this we note that small values of 0 (<15°) corre- 
spond to very distant clusters, because no relatively 
nearby cluster in the sample lies close enough to the 
centre or anticentre to give a “‘spuriously’’ small value of 
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6. Accordingly our requirement that no “bound” cluster 
can be further from the centre than 50 kpc implies that we 
expect no such clusters to have a value of 0 < 2 sin-? 0-1 or 
12°. At a fixed value of 8>12° the maximum possible 
galactocentrie distance rmax is given by rmax=5 cos 0/2 
(using 10 kpe for the Sun-centre distance). Our condition 
for a “bound” cluster would thus be satisfied if 


5 9 . = 9 
Ug? < 2 — — COB 5 = 2 — 0-2 cos z 
max ~ - 


This limit is represented in Fig. 7 by the solid curved line. 
It will be seen that this line does seem to be a reasonable 
approximation to the envelope of a major portion of the 
distribution of points up to values of 8 where the condition 
for straight-line orbits becomes the more stringent one. 
(One could make a similar test of our hypothesis directly 
in terms of the galactocentric distances of clusters without 
using the angle 6 at all. I have made this test using Arp’s 
compilation of cluster properties, and confirmed that the 
hypothesis is not contradicted by the data.) The points 
outside the envelope would on our hypothesis represent 
unbound clusters. The existence of a few such clusters 
near the galaxy would be expected on our picture because 
clusters would be continually progressing from the 
“bound” state to the unbound. This is in contrast to the 
conventional picture in which most unbound clusters 
would have escaped long ago. (The conventional picture 
is not at fault here, because that picture would imply 
that only NGC 5694 is necessarily escaping, and according 
to Kinman the data for this cluster are very uncertain.) 





Oo 10° 20° 30° 40° 50° 60° Tar o 90° 
ğ 


Fig. 7. Distribution due to Kinmamr* of observed radial velocities of 
globular clusters further than 6 kpe from the galactic centre. The 
ordinate tu, is the ratio of the radiai velocity (corrected for the Sun’s 
galactic rotation) to the circular velocity at the cluster, The abscissa 0 
is the angle subtended at the cluster by the Sun and the galactic centre. 
The solid horizontal line at «,=4/2 is the limit for elliptical orbits. 
The dotted line u,=sin 6 is the limit for circular orbits. The dashed 
line i, = 4/2 cos 0 is the limit for straight-line orbits. The solid curved 
line te= y 2—02 cos 6/2 has been added and is the limit for orbits with 
aperiad ~ 10° yr. 


The galactic motions of field RR Lyrae variables of a 
given (optical) period are believed to be similap to those. 
of cluster variables with the same period'*. In particular, 
Newkirk!® has shown that the field variables have highly 
eccentric orbits. Thus these field variables are on the 
same footing as the globular clusters so far as our hypothe- 
sis is concerned. In addition, a number of unbound Rin 
Lyrae variables are known, and it is possible that they 


“bound” ~10° yr ago and could then have been at the 
much closer distance (~ 20 kpe or less) required if it 1s 
responsible for warping the hydrogen disk of the galaxy. 
The Small Magellanic Cloud is ~ 63 kpe away® and has a 
corrected radial velocity ~ 2 km s~ (ref. 22). Tts angular 
distance from the LMC is 21°, and it is probably bound to 
the LMC as both clouds are surrounded by @ common 
envelope of atomic hydrogen™. We can reconcile this 
with their difference in radial velocities by considering 
the circular velocity at the SMC in the gravitational — 
field of the LMC. The mass of the LMC~ 10! Mo (ref. 
25), so with a separation ~ 20 kpe we find for the circular 
velocity 45 km s~!, which is close to the differenve between 
their radial velocities. (Owing to a slip, Avner and King” 
gave 15 km s~ for this circular velocity, and erroneously 
concluded that the clouds must have a large transverse 
velocity which would probably have put them in a hyper- 
bolic orbit around the (constant mass) galaxy.) 

In conclusion, then, it seems that the motions of high 
velocity objects do not provide clear-cut evidence against 
the hypothesis that the galaxy is losing mass om a time 
scale of a billion years. Bizarre as this hypothesis may 
seem, its rejection or confirmation may have to await 
further experiments on the flux of gravitational radiation 
in the vicinity of the Earth. 

I thank G. B. Field, M. J. Rees and J.Weber for helpful 
discussions. 
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We give here an account of the pronounced differences 
that have been found in the amplitude spectra of surface 
waves from small earthquakes and underground nuclear 
explosions in western North America. These were recorded 
by new high gain, long period instruments at epicentral 
distances greater than 30°. For earthquakes and explo- 
sions with comparable amplitudes of Rayleigh waves in 
the period range near 20 s (comparable surface-wave 
magnitude M,), the amplitudes at the longer periods 
(40 to 60 s) are consistently much larger for earthquakes 
than for explosions. This difference seems to provide 
another diagnostic aid for distinguishing between earth- 
quakes and underground explosions. In addition, data 
in this study corroborate previous work comparing body 
(me) and surface (M) wave magnitudes of earthquakes 
and explosions, and show that explosions generate much 
smaller Rayleigh and Love waves than earthquakes in the 
period range 15 to 60 s. 

It is possible to observe these differences in the ampli- 
tude spectra at large distances and for small-magnitude 
events because of the installation of a new high gain, wide 
band, long period seismograph system'. Moreover, 
both observations are so obvious from seismograms that 
no sophisticated analysis or data processing was necessary 
to interpret the data. These results indicate that these 
new instruments could provide a major advance in both 
the detection of, and discrimination between, earthquakes 
and underground explosions. 

Because this new system is discussed elsewhere!, we 
will give only a brief description of the various response 
curves. Fig. 1 compares the response of three different 
outputs from the vertical component of this instrument 
with the response for typical long-period instruments 
of the World-Wide Standardized Seismograph Network 
(WWSSN) and the Large Aperture Seismie Array (LASA). 
The response for the horizontal components is similar 
to that for the vertical. Most of the data used in this 
study came from the two outputs with the highest magnifi- 
eation (PTA and strip chart in Fig. 1) for which the re- 
sponse differs only by a constant factor. Two features 
of this system are especially important for this study. 
First, magnifications in thé range 20 to 50 s are nearly two 
orders of magnitude higher than those of the WWSSN. 
Second, the peak amplification in the response curve for 
the PTA and strip chart outputs is shifted from 25 s, as 
for the WWSSN and LASA instruments, to 30 to 50 s. 


Differences in the spectra of seismic surface waves provide important 
discriminants between underground explosions and earthquakes. 


Earth noise drops off sharply for periods greater than 20s 
permitting higher amplifications at longer periods when 
instrumental and environmental noise is reduced. Hence, 


seismic noise is diminished, and the signal-to-noise ratio 
1,000,000 
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Fig. 1. Response curves for three outputs of vertical-component 


instruments at the Ogdensburg, New Jersey, mine compared with typical 

instruments of the World-Wide Standardized Seismograph Network and 

the Large Aperture Seismic Array. Most data in this study are from the 

strip chart and PTA outputs. Response curves for horizontal components 
have the same shape. 
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is increased for periods greater than 20 s. Clearly, the 
large increase in both magnification and signal-to-noise 
ratio allows detection of more smaller, distant events than 
is possible with conventional instrumentation. 

For this study, we analysed both the Rayleigh and Love 
waves recorded by the high gain instruments in a deep 
mine in Ogdensburg, New Jersey, for all earthquakes and 
announced underground explosions in the western United 
States, in adjacent offshore areas, and in the Gulf of 
California that occurred between January 1, 1969, and 
May 15, 1969, as listed by the US Coast and Geodetic 
Survey (USCGS) Preliminary Determination of Epicenter 
(PDE) reports. Two additional underground explosions 
in the autumn of 1969 and one in 1968 are also included. 
Table 1 tabulates the events studied. For these events, 
the relatively small differences in signal character caused 
by geometrical spreading, attenuation or dispersion may 
be neglected because the epicentral distances are similar. 
Moreover, for these nearly east-west paths, the Love waves 
are recorded almost entirely on the north-south component 
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and hence it was not necessary to rotate coordinates to. 


study the Love waves. All paths are at least 30° long and. _ i 


cross almost entirely continental structure. The surface- 


wave trains in the period range 15 to 60 s are well dis- oes 


rsed?, and it was possible to measure the amplitudes 
of both Rayleigh and Love waves at many different periods 
directly from the seismograms, without resorting to 
Fourier analysis. Signals that were too large on the strip 
chart were measured on lower-gain instruments (PTA 
and STD in Fig. 1). 

Figs. 2a and 6 show the maximum peak-to-peak ground 
amplitudes in wm of the Rayleigh and Love waves in the 
period range near 20 s as a function of body-wave magni- 
tude, ma, determined by the USCGS. The measurements 


were restricted to the period range 19 to 22 s for Rayleigh p? 


waves and 17 to 25 s for Love waves. Because these 


amplitudes are plotted on a logarithmic seale and the 


epicentral distances (30° to 40°) are nearly the same for 


all events, the surface-wave magnitude, Afs, is deseribed 


by a linear scale along the ordinate. Studies, particularly 


Table 1 Be 
Vertical component (Rayleigh waves) North-south component (Love waves} 
40-to Ground 19-to Groun 40-to Ground 17—-to Ground. 
Date h m Lat. Long. mb g0- displace- 22- dispiace- 70- displace- 25e displace 
(ON) (° W) UscGs s period ment (nm) s period ment (am) 8 period ment (em) s period ment Gans) 
419 Dee 68 16 30 37°2 116-5 6°3 50 5-6 20 50-0 4) ah 20 BE 
b15 Jan 69 19 30 372 1162 5'3 40 < 0:06 19 rO 40 0-065 25 27 
c23 Jan 23 Qi 33-9 116-0 4-9 60 0-19 20 #75 a5 GIR 20 O38 
25 Jan 03 00 33.8 116-0 4-8 Too small Too small 
28 Jan 03 24 49-2 128-8 39 No record 4d 0-057 22 mia 
3 Feb 06 21 31°3 114-0 4-5 40 30 20 0-61 No record 
dő Feb ll 03 435 128-0 +3 55 0-50 20 1-9 4G 0-27 20 Oey 
9 Feb 22 37 304 113-0 4-7 50 0-23 20 0-53 40 O57 2 250 
10 Feb 02 57 30-8 112-7 4:5 50 0-12 20 0-17 45 O16 Fi 1-10 
16 Feb 06 58 29-9 113-0 4-5 42 0:12 20 -19 44 O10 is O85 
10 Feb 07 16 29-7 113°5 4-4 55 0-30 20 07) oo 0-32 20 230 
10 Feb 10 23 30-5 113-0 4-5 55 0il 20 6-30 46 0-36 18 230 
10 Feb 10 54 30-2 113-0 4:5 43 0-25 20 6-32 59 0-17 18 2-20 
10 Feb 20 41 30:3 112-7 4-9 45 0-31 20 0-71 4G 0-55 20 > Bd) 
11 Feb 10 47 44-2 129-0 4-6 60 0-19 20 8-38 No record 
13 Feb 10 00 20-0 113-5 4-3 60 0-10 22 OlF No record 
18 Feb ği 56 29-8 118:3 4-8 50 1:08 20 8°30 70 0-93 20 >» 2-0 
15 Mar 07 35 25:2 108:9 4-2 55 0-113 22 HA5 Too small 
18 Mar 00 OL 41:3 114-0 4-2 50 0-09 20 20 44 0-55 20 O82 
18 Mar 19 45 50-1 129-7 4-5 48 0-29 20 FRS 42 O17 22 (a8 
18 Mar 20 31 50-1 1360-0 50 42 20 19 705 43 2-6 18 lei 
21 Mar 09 36 31°23 114-0 4-7 40 0:24 20 9-78 Too largek 
21 Mar 16 OL 31-3 114-0 4-7 50 0-84 20 1-50 Too large 
21 Mar 19 53 31:3 114-6 4°5 40 0-54 26 150 Too large 
21 Mar 12 19 31-2 114-2 4-7 40 1°36 20 3:20 Too large 
21 Mar 13 10 315 114-0 41 Too*small 40 O07 19 0-80 
e21 Mar 14 16 31-2 Lidl 4-5 60 0-26 20 RS Too large 
f21 Mar 14 30 $7°1 116-1 4-9 Too small Too small 
21 Mar 15 02 31-1 414-2 +6 50 0-28 20 > 78 Too large 
21 Mar 15 57 31-2 114°3 51 47 1-68 20 a4 2 0-63 20 47 
21 Mar 16 29 31-3 114-1 4-7 47 2-48 20 83 40 2-0) ah 18-0 
21 Mar 18 00 31-1 114-3 52 44 2-48 19 9-6 40 1-13 18 &i 
21 Mar 20 11 31-0 1123-9 4-3 40 0-12 20 38 40 0-08 20 thd 
21 Mar 20 36 31-2 114-3 4°2 40 0-10 20 9-27 40 0-05 29 30 
21 Mar 91 05 31-3 1140 4-2 45 0-14 20 0-43 40 0-07 20 pei 
21 Mar 23 03 31°3 lif 48 42 0-91 21 4f 40} 0-35 26 LG 
22 Mar 02 is Bit 114-0 4-4) 50 0-69 20 6-43 44 0-08 20 OSS 
22 Mar 07 oe 31°3 114-1 4:6 5D 0-4 20 1:97 Too large 
24 Mar 16 37 31-4 113-9 4-4 50 0-12 20 0-67 No reeord 
25 Mar 18 34 31-2 114-0 4-2 50 0-17 20 0-85 40 0-12 20 {pay 
28 Mar 15 19 81-5 114-3 50 50 7-87 20 BiZ Na record 
28 Mar 18 26 30-8 114-3 Ar] 40 0-09 20 0-44 4i} 0-12 20 O28 
1 Apr 16 45 47°9 114-3 4°7 40 0-15 20 0-7 "Too large 
3 Apr 10 55 31-6 1141 46 40 1-40 20 45 40 2:50 18 10-5 
4 Apr 18 16 24-4 109-8 DB 40 17-7 20 39-0 No record 
5 Apr G5 57 24-2 108-3 4-5 46 0-35 2 0-89 Too large 
26 Apr 10 41 442 114-5 4-9 45 0-14 22 O18 No reeard 
g30 Apr 17 00 37°1 116-0 53 40 0-13 20 1-96 Np record 
A? May 13 45 37:3 116-5 58 45 0:47 20 4-43 4a) 0-50 20 2-8 
116 Sept 14 30 37°3 116-5 6°2 56 3°30 20 50-9 üü O74 z0 79 
j8 Oct 14 30 37°3 116-4 a6 52 0-15 20 1-90 48 9-13 20 14 
Allinformation about the sources of these events is taken from USCGS PDE reports. 
a Benham”. g “Blenton”’ and “Thistle”. 
è 


h “Wineskin”, Fig. 3d. 

e Twenty-Nine Palms Earthquake. 
d Fig. 35. 

e Fig. 3a. 

J “Coffer”. 


h “Purse”, Fig. 3e. 
i “Jorum”. 
4 “Pipkin”. 


k Signal clipped on high gain recordings; no 
standard gain recording available, 
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by R.C.L. and P. W.P., demonstrate that plots of 
m, versus M, of earthquakes and explosions divide into 
two groups with earthquakes yielding larger M, values 
for equivalent my (refs. 3-7). The data in Figs. 2a and b 
corroborate this earlier work for ma (USCGS) greater than 
about 5-0. For both Love and Rayleigh waves the data 
divide into two groups, one for earthquakes and the other 
for explosions. | 

From a study of earthquakes, Gutenberg and Richter* 
determined an empirical relation, Ms= 1-59 m,—3-97. 


100 pee a 
o | 
~ RAYLEIGH WAVES 
T =|9-22 sec 
Ms © 
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Z 
Z 10} 
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Thirlaway and Carpenter® suggested that underground 
explosions fit M,=mp,-1-8. These curves are plotted in 
Fig. 2a. The data for both explosions and earthquakes 
scatter considerably and do not fit the curves well. One 
of the largest sources of scatter probably is the body-wave 
magnitude mp). For example, an earthquake with no 
recorded surface waves in Fig. 2a or b was assigned an 
my, of 4-8 by the USCGS, but the Richter? local magnitude 
at Pasadena was only 4:4. Evernden™ convincingly 
demonstrated that the technique for determining mèp 


Tel? -25 sec 


5-0 §-0 
we CUSCGS) 


b 





59 


mi CUSCGS) 
d 


Comparison of Rayleigh (left) and Love (right) waves for explosions (open circles) and 
g shows the maximum peak-to-peak ground amplitude in gm of 


Rayleigh waves with periods between 19 and 22 s as a function of body-wave magnitude mib 


determined by the USCGS. 6 is a similar plot for Love waves with periods 17 to 25 s. 
Surface wave magnitude, Ae is plotted on the ordinate. 


complete data are tabulated in Table 1, 


The 


Curves Ms= 1-59 mb- 3-07 for sarthquakes and Ms=ma—1-8 for explosions are also shown, ¢ 
* and d show the maximum peak-to-peak ground amplitude for Rayleigh waves (40 to 608) and 


Love waves (40 to 70 3) as a function of ms COSCGS), 


Events not detected are shown with 


arrows at the bottom of the plots. The numbers below the arrows indicate the number of events 

not recorded for the given ms. Because the north-south component did not operate as often as the 

vertical, Love waves were shuidied for fewer events than Ravlsigh waves. Ail data for explosions 
are taken from the PDE cards of the USCGS. 
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used by the USCGS for small events in the western United 
States gives results that are not independent of distance 
and that are consistently greater by 1/2 to 1 magnitude 
unit than those determined by formulae he developed. 
Although most of the earthquakes in this study did not 
occur in precisely the same region as those used by Evern- 
den, values of ma determined by his method should scatter 
less. There is as yet an insufficient number of explosions 
recorded by these instruments to determine whether 
these two populations converge for small mẹ. These and 
similar instruments, however, should be capable of resolv- 
ing this problem for small mə. | 

Effects such as radiation patterns and source dimensions 
may contribute to the scatter in Figs. 2a and b". 
Differences in surface-wave excitation have been noted 
for different regions® 5. Hence it is important that 
comparisons of explosions and earthquakes be made on a 
regional basis. 

Figs. 2c and d show the maximum peak-to-peak ground 
amplitude of the Rayleigh and Love waves in the period 
range 40 to 60 s as a function of body-wave magnitude. 
The same sources of error that contribute to the scatter 
in Figs. 2a and b probably operate here, but the division 
into two populations, one for earthquakes and one for 
explosions, is even more distinct than for the 20 s surface 
waves. For example, the Montana earthquake of April 26, 
1969 (m,=4-9; M,=3-3), falls in or near the explosion 
population for 20 s Rayleigh waves (Fig. 2a) but is well 
separated from the explosion data for 40 s waves (Fig. 2c). 
These observations suggest that the shape of the spectra 
for explosions differs from that for earthquakes, an idea 
that has been suggested but is as yet untested*:*. Fig. 3 
shows Rayleigh waves from two earthquakes and two 
explosions that exhibit pronounced differences in the 
amplitude spectra in the period range 15 to 60s. It is not 
necessary to use Fourier analysis on the records to observe 
this marked contrast. 

To compare this portion of the spectrum for earthquakes 
and explosions quantitatively, we merely determined the 
ratio of the maximum peak-to-peak amplitude of the 
waves with periods near 20 s to that of the 40 to 60 s 

“waves, and plotted it as a function of the 20 s amplitudes. 
Although no difference is apparent for Love waves (Fig. 
4b), a clear distinction may be made for Rayleigh waves 
(Fig. 4a). This ratio is always less than 5-6 for the earth- 


(a) 





(b) I | 


Fig. 3. 
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quakes studied and always greater than 7-4 for the explo- 
sions studied. 

The explosion with the lowest ratio was listed by the 
USCGS PDE reports as two simultaneous explosions 
approximately 1 to 2 km apart. The multiple nature 
of the event may be responsible for the low ratio. Hence, 
the ratio of 19 to 22 s Rayleigh waves to 40 to 60s Rayleigh 
waves for single explosions may be greater than 8-9. 

Thus the data in Fig. 4a seem to offer another method 
for discriminating earthquakes from explosions for 
events with surface-wave magnitudes (47,) as low as about 
2-7. This is the lower limit set by the noise level for 
quiet days for epicentral distances of about 30° to 40°. 
Microseismic noise with periods near 20 s can degrade this 
detectability at certain times. The recordings of some 
smaller explosions and earthquakes were masked or 
partially masked by larger events. Additional stations 
and array processing techniques could help to minimize 
this problem. 

Before discussing plausible physical explanations for 
these results, we will summarize the observations made. 
(1) With the development of the new high gain, wide 
band, long period seismographs, surface waves from 
events with M, as low as about 27 may be studied at 
epicentral distances of 30° or more. (2) The excitation 
of both Love and Rayleigh waves in the period range 
near 20 s and from 40 to 60 s is markedly lower for 
explosions than for earthquakes with the same me. 
(3) Important differences in the spectra of Rayleigh waves 
in the period range 15 to 60 s are observed for eart hqvakes 
and explosions, and these differences provide diagnostic 
aid for discrimination. All of these observations suggest 
that underground explosions and earthquakes of small 
magnitude may be distinguished at epicentral distances 
of 30° to 40°. Moreover, the procedure for discrimination 
is simple, inexpensive and does not require the use of 
sophisticated analysis or data processing. 

R.C.L. and P.W.P. concluded that the relative 
source dimensions of earthquakes are responsible for the 
different relations between mp and M, A more recent 
paper showed" that source dimensions of events in. the 
western United States are 5 to 25 km for magnitude 
(mp) 5, and 2 to 15 km for magnitude 4. This wide 
variation in size shows no correlation with focal depth. 
While source dimensions of 15 to 25 km maw be large 





Vertical-component seismograms showing Rayleigh waves from two earthquakes 


(a and b) and two explosions (e and d). The upper events were recorded by the PTA outputs 


and the lower events by the strip chart. 


The recorded amplitude of 0-1 um of ground 


motion at 30 to 50 s period is given for scale for the PTA outputs (top) and for the strip 


chart output (bottom). 


0 Time scales in min are given by the ticks. 
events are: (a) Gulf of California, 31-2 N, 11-41 W, 14h 16 m 06-1 s, 21 March 69, ma=45° 


Pertinent data for 


ib) Off Oregon Coast, 43-5 N, 126-0 W, 11 h 03 m 41-08, 6 Feb. 69, ma=4:3; (¢) “Purse”. 


37° 16’ 58” N, 116° 30° 02” W, 13 h 45 m 00 s, 7 May 69, mp=5-8; 
37° 12’ 33° N, 116° 13’ 31” W, 19 h 30 ra 008, 15 Jan 69, ms = 4:3. 


the USCGS PDE reports. 


(d) “Wineskin™, 
AH information is from 


Noise level on strip chart (4 and d) is about 0-03 to œI gm. 


Event d is partially masked by the signal from a previous earthquake. 
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Fig. 4. Ratio of the ground amplitude of Rayleigh (a) and Love 


(5) waves in the period range near 20 s to the amplitudes of the same 
waves in the period range 40 to 60 8 as a function of the ORTE of the 
20 s waves (Afa) Symbols same as Fig. 2 


enough to distort the observed spectra for periods as 
great as 20 s, it is dificult to believe that finite source 
size is responsible for the systematic spectral differences 
for most of the events studied. 

Wyss and Brune showed that for earthquakes in the 
western United States of the same mp, the amplitudes 
of 20 s Rayleigh waves varied considerably. They inter- 
preted these results as differences in either the average 
stress or seismic efficiency, but in either case the data 
probably reflect differences in source dimensions. We 
studied one event, the 29 Palms (California) earthquake 
of January 23, 1969, that Wyss and Brune™ concluded 
was a “high stress” earthquake. The spectral ratio for 
Rayleigh waves (Fig. 4a) was similar to that of other 
earthquakes. Thus the spectral ratio for this “high 
stress” earthquake of presumably small source dimension 
must be related to some factor other than the finite size 
of the source. 

Foeal depth could systematically affect the spectral 
ratios of Rayleigh and Love waves from explosions and 
earthquakes. ,Tsai!* concluded that the spectrum of 
Rayleigh but not Love waves in the range 10 to 50 s is 
very dependent on the depth of focus. Such an explana- 
tion is qualitatively consistent with the data in Figs. 4a 
and b, but it requires the unlikely result that none of the 
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earthquakes in the western United States and Gulf of 
California that were studied occurred at very shallow 
depths (less than 5 km). It therefore seems unlikely 
that the difference in source depth is the only factor 
responsible for the difference in the spectral density. 

Differences in the time function of the source appear to 
be the most likely explanation for the spectral differences 
observed in this study. This conclusion is consistent with 
the observation that the trends of the earthquake and 
explosion data in Figs. 2a-d are nearly parallel. For 
periods greater than 10 s, the earthquake time function 
for events of small source dimensions can be approximated 
by a step function of displacement and the explosion 
time function, by an impulse of displacement!®19, Thus 
the ratio of 20 s to 50 s surface waves from explosions 
compared with a similar ratio for earthquakes should be 
about 25. The Rayleigh wave data in Fig. 4a agree 
reasonably well with this prediction (a ratio of about 
10 to 4). 

The ratio of 20 to 50 s Love waves (Fig. 4b) does not, 
however, appear to be significantly different for earth- 
quakes and explosions. This result is consistent with the 
work of previous investigators?’:4, who suggested that 
the Love waves associated with explosions represent a 
release of tectonic strain (in at least some cases the trigger- 
oe of earthquakes). Thus it is not surprising that the 
Love waves associated with explosions resemble those of 
earthquakes. The discrimination between earthquakes 
and explosions comparing Love waves and mp (Figs. 2b 
and 2d) is still understandable if the Love waves from 
explosions represent tectonic strain release but mp is a 
measure of the explosion itself. 

It is interesting to note that for the Benham and Boxear 
(April 26, 1968, at 1500 h, 37-3° N, 116-5° W Jf,= 6-4) 
explosions the Love waves of 20 s and 40 to 60 s periods 
are two to five times as great as those from the Jorum 
explosion. These events, however, have nearly identical 
Rayleigh wave amplitudes and body wave magnitudes. 
Hence tectonic strain release appears to be smaller for 
Jorum than for the other two explosions. Boxcar and 
Benham triggered Jarge numbers of after-shocks in zones 
nearly 10 km long??-#4. Much smaller numbers of after- 
shocks were associated with Jorum (A. Murphy and J. 
Kelleher, personal communication). Thus the after- 
shock data, which also appear to represent release of 
tectonic strain, are consistent with our conclusion based 
on Love waves. The smaller tectonic strain release for 
Jorum is not surprising, for its shotpoint hes within the 
epicentral area of the after-shocks of the Boxcar explosion. 
Explosion induced faulting at the Nevada test site also 
appears to be much more extensive for underground 
explosions near sections of the Yucea fault which had not 
previously been displaced by explosions”. 

Implicit in our analysis of the ratio of 20 to 50s s Rayleigh 
waves is the assumption that these waves are generated 
directly by the explosion and do not represent the release 
of tectonic strain. Because only one station was used, 
the possibility remains that, for explosions, our instru- 
ments were located near a common nodal plane for Ray- 
leigh waves generated by the release of tectonic stram near 
the Nevada Test Site. This possibility is obviated for the 
earthquakes studied because a wide distribution of sources 
and earthquake mechanisms was sampled, 

A preliminary survey of Rayleigh waves from the 
Benham explosion, recorded by North American stations 
for an azimuthal range of 150°, indicates no distinct 
double-couple radiation pattern like that reported for 
the Hardhat explosion®®, Nevertheless, the 20 s and 
40 to 60 s amplitudes scatter nearly an order of magnitude 
as a function of azimuth and distance. More complete 
investigations are needed to resolve this problem and to 
ascertain which of the criteria used in this study offers 
the best discriminants for a variety of sources and stations. 

Because the paths in this study were similar for 
explosions and earthquakes, caution should be exercised 
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in plotting data for quite different paths and source 
regions directly on our figures without correcting for 
differences in attenuation at major structural boundaries, 
dispersion and geometrical spreading. Alternatively, 
earthquakes and explosions should be compared region by 
region, 

The most significant result of this study is that it is 
possible to separate the earthquake and explosion popula- 
tions on the basis of the spectral ratio of Rayleigh waves 
and the amplitudes of Love and Rayleigh waves for events 
of comparable ny. It should be pointed out that the 
conclusions of this study are strictly valid only for events 
in the magnitude range mp (USCGS) greater than 5 
(perhaps for somewhat smaller events on Evernden’s!! 
magnitude scale), where the bulk of our data falls. For 
events of smaller m, there are very few data and, conse- 


pendent of magnitude. 
that the differences in the seismic spectra of earthquakes 
and explosions observed in this study may persist even 
for events of mp less than 5. 

If further studies of other regions and with more reliable 
body-wave magnitudes prove as promising as this and 
previous studies suggest’, then the use of new high gain, 
long period instruments should provide an important 
improvement in the detection and identification of seismic 
events. Additional instruments would reduce uncertain- 
ties resulting from the use of a single station® and would 
enhance the capabilities for detection and discrimmation 
of events throughout the world. 

We thank the Sterling mine of the New Jersey Zme 
Company in Ogdensburg, New Jersey, for help in estab- 
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K. H. Jacob, M. N. Toksöz and M. Wyss for discussion, 
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Evipence obtained in several laboratories indicates that 
transmissible drug resistance factors (R-factors) consist 
of autonomously replicating, non-homogeneous, extra- 
chromosomal units of DNA that are both genetically and 
physically distinct!-4. According to the model proposed 
by Watanabe and Fukasawa‘, R-factors arise by linear 
linkage of a transfer unit (RTF segment), which mediates 
transmission of the plasmid during bacterial conjugation, 
and drug resistance determinants (R-determinants), which 
carry genetic information specifying resistance to anti- 
microbial agents. More recently, Anderson and his col- 
laborators?® have found that at least certain classes of 
R-factors include transfer units that can be transmitted 
alone, as well as in combination with resistance determin- 
ants. Furthermore, they have shown that ordinarily 


Using a rapid one-step method, circular DNA has been isolate: 
from a strain of E. coli harbouring the R-factor R-] and shown t 
contain at least two separate classes of covalently closed molec 
Evidence is presented for the stable existence of circular R-facto 







non-transferrable resistance deterrminants occurrimg imo- 
nature can be “mobilized” by RTF units which are then 
able to effect their passage into recipient (R-) bacteria, 
and that, once within a recipient cell, the hnked transfer 
and resistance components can separate and replicate 
independently of each other, Anderson’s model predicts 
that, in certain conditions, DNA species representing 
transfer units and resistance determinants might be 
detectable as separate molecules, whereas in other eir- 
cumstances only a single DNA molecular species contaming 
the joined RTF and R-determinant may be present. l 
Recent experiments indicating that heterogeneous DNA 
satellite bands associated with the presence of R-factors 
in Proteus mirabilis contain several distinct species of 
covalently closed duplex DNA molecules’ are consistent 
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Cultures (100 mi.) of Æ. coli CR34 (R-1) and the parent strain, CR34. 
were grown to a cell density of 5x 10%/ml. as indicated in text, sedi- 
mented, washed twice in 0-05 M Tris (pH 81), and resuspended in 
10-0 mi. of a solution containing 25 per cent sucrose in 0-01 M Tris 
(pH 8-0); LO ml. freshly prepared lysozyme (10 mg/ml.) and 0-5 M 
EDTA (pH 8-0) were added, and cells were incubated for 10 min at 25°. 
The resulting spheroplasta were treated with Brij-58' (final concentra- 
tion = 0-5 per cent}, and incubated for an additional 10 min at 25°. 
Lysates were then incubated with ribonuclease (37° for 60 min), and 
sodium dodecyl sulphate was added (0-2 per cent final concentration). 
DNA was extracted three times with re-distilled phenol that had been 
equiibrated and saturated with 2xSSC (SSC=0-15 M NaCl-0-015 M 
sodium citrate), and dialysed against 2x SSC containing 0-01 M EDTA 
(pH &) <A, Densitometer tracings of photographs taken following 
centrifugation of DNA in CsCl (fa = 1-4010, 24°, 44,000 rpm., 20 h). 
B, DNA sample was brought to pH 12-3 at O° by the addition of 5 M 


NaQH with continuous monitoring, neutralized after 10 min by the 
addition of 1M HEI and centrifuged as here. dAT copolymer was 
used as a density marker (o = 1:374). 


with this model. In such studies, separation of the R-factor 
from the chromosome was accomplished by utilizing dif- 
ferences in DNA nucleotide base composition of the 
bacterial strain and plasmid. The methods used for 
the isolation of R-factor DNA from Proteus (buoyant 
density gradient centrifugation, column chromatography) 
cannot. however, be readily used to separate R-factor 
DNA from chromosomal DNA of Escherichia colt or 
Salmonella species, because the base compositions of these 
bacterial chromosomes and all of the R-factors studied 
thus far are too similar. 

Vinograd and his collaborators®'!® have demonstrated 
that the physical properties of closed circular DNA differ 
in several respects trom those of linear DNA, or of circular 
DNA containing one or more single strand nicks or 
scissions: the buoyant density of circular DNA molecules 
in alkaline solution, their sedimentation velocity in neutral 
or alkaline solution, and their resistance to heat and alkali 
denaturation are all enhanced. In addition, the inter- 
action of closed circular DNA with certain intercalating 
dyes (for example, ethidium bromide, acridines) produces 
buoyant density changes which differ from the changes 
which occur when these dyes are bound to nicked or linear 
DNA. The properties of closed circular DNA, which are 
a consequence of the topological requirement for con- 
stanev in number of interstrand crossovers, facilitate the 
ready identification of circular duplex molecules and 
their physical separation from other (non-circular) DNA 
species. 

We here describe a rapid method for the purification of 
covalently closed circular R-factor DNA molecules from 
bacteria. We make use ôf the previously demonstrated 
resistance of circular DNA to alkaline denaturation and 
the ability of nitrocellulose to bind denatured DNA 
selectively. We have isolated closed circular DNA from 
an Ẹ. coli strain harbouring the R-factor R-1, and have 
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shown that this DNA contains at least two separate 
classes of covalently closed molecules. 


Detection of Circular DNA 


The R-factor, R-P’, carrying resistance determinants 
for ampicillin, chloramphenicol, kanamycin, streptomycin 
and sulphonamide was transferred from P. mirabilis to 
E. cola CR34thy—, thr-, leu-, B,- which had been made 
chromosomally resistant to nalidixic acid in order to 
enable simple selection of the R-factor recipient. Mating 
was carried out as described by Watanabe, and antibiotic 
resistant (R*) cells were selected by growth on nutrient 
agar containing nalidixic acid and appropriate antibiotics. 
A single clone was purified and inoculated into modified 
M-9 (ref. 12) medium containing thymine (10 ug/ml), 
casamino acids, glycerol, nalidixic acid (50 ug/mi.), 
chloramphenicol (25 ug/ml.) and streptomycin (10 ug/ml). 
DNA was isolated from a mid log-phase culture, purified 
by treatment with ribonuclease and subsequent phenol 
extraction; and a sample was centrifuged to equilibrium 
in the presence of dAT polynucleotide density marker 
(¢=1-674) as described in Fig. 1A. An identical aliquot 
was centrifuged following treatment with alkali and sub- 
sequent neutralization (Fig. 16). The buoyant density of 
the major (non-cireular) portion of the DNA isolated from 
antibiotic resistant (R+) E. coli increased by 0-014 g/em? 
following alkali treatment; but a fraction comprising less 
than 5 per cent of the total DNA remained at the previous 
buoyant density {9 =1-710) indicating its resistance to 
denaturation and suggesting that it may exist in a 
covalently closed supercoiled form. Similar results were 
obtained when DNA isolated from late log phase and 
stationary phase Æ. coli cultures was examined. No 
non-denaturable fraction was found in the DNA isolated 
from the parent strain, CR34. 


Separation of R-| DNA from Chromosome 


Logarithmically growing cultures of CR34 (R-1) were 
labelled with tritiated thymidine; bacterial lysates were 
prepared by treatment of spheroplasts with sarkosy], 
and DNA was isolated as described in Fig. 2. Centrifuga- 
tion in caesium chloride of tritium-labelled DNA isolated 
directly from detergent lysed CR34 (R-1) (Fig. 2a) revealed 
a single band at the characteristic buoyant density of 
native E. coli DNA (9=1-710). Addition of ethidium 
bromide (final concentration of 800 ug/ml.) to an identical 
aliquot of the cell lysate before centrifugation resulted in 
the appearance of a second peak (Fig. 2d) banding at a 
buoyant density shown by Vinograd and his collaborators 
to be occupied by closed cireular DNA centrifuged in 
these conditions’. This amount of label represents 
approximately the same fraction of total DNA which was 
seen in the non-denaturable fraction in Fig. 1, suggesting 
that the rate of incorporation of radioactive thymidine 
into circular and non-circular DNA during the period of 
labelling reflects the actual amounts of these two forms. 
DNA isolated from the parent (R-) E. coli strain showed 
no second (circular) peak after addition of ethidium 
bromide. 

An aliquot of the E. coli CR34 (R-1) cell lysate was 
treated with alkali, neutralized and centrifuged as de- 
scribed in Fig. 2. The sedimentation profile of such a 
preparation (Fig. 26) indicates that a fraction representing 
about 3 per cent of the total label sediments at the same 
buoyant density as native Æ. coli DNA after alkali treat- 
ment. The sedimentation pattern following addition of 
ethidium bromide was unchanged by treatment with 
NaOH (Fig. 2e). It should be noted that buoyant density 
equilibrium centrifugation profiles similar to these were 
observed when cells were lysed and DNA was denatured 
in a single step at pH 12-3, but this procedure sharply 
reduced the total DNA yield. 

Alkali treated lvsates were mixed with an equal volume 
of 4x SSC, stirred with bulk nitrocellulose as described 
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in Fig. 2, and were then centrifuged in caesium chloride 
in the presence or absence of ethidium bromide. Results 
shown in Fig. 2¢ and f indicate that the simple nitro- 
cellulose adsorption procedure removed the band of 
denatured DNA, comprising more than 96 per cent of the 
total, and leaving the amount of non-denaturable circular 
plasmid DNA essentially unaltered. While the possibility 
that some broken or non-circular molecules of R-factor 
DNA have been removed with the chromosomal DNA 
cannot be ruled out, it is possible by this procedure to 
‘obtain covalently closed circular molecules which are free 
from nicked or linear DNA species rapidly and easily. 


i275 


as indicated in Fig. 3: two major peaks of tritium label > 
were obtained. Assuming an sw value of 34 fo 
DNA-*1 and a linear ratio of distance sediynented 
sedimentation coefficient, the calculated Segar values Of 
these peaks are 84-5 and 51. When sedimentation was ¢-= 
carried out in the absence of prior deoxyribonuclease => 
treatment, only the 84:5S peak was observed in most 
instances, suggesting that this peak represents the co- 
valently closed “supercoil form” of R-1. The ratio of the 
two S values obtained (1-6 to 1) suggests that the slower 
sedimenting R-factor DNA peak, which was present ia 
much larger amounts following mild deoxyribonuclease 
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Supercoiled DNA can then be further purified by phenol 
extraction, if desired. The method described has the 
advantages of greatly increased DNA capacity and sub- 
stantially greater simplicity compared with previously 
reported procedures!?:!® which use nitrocellulose mem- 
branes as an adjunct to other procedures in the purification 
of plasmid or phage DNA. 


Size and Structure of R-1| 

| Tritium-labelled circular R-1 DNA isolated, as described, 
from E. coli, was treated briefly with pancreatic deoxy- 
ribonuclease, mixed with "C labelled At DNA marker 
and centrifuged in a 5-20 per cent linear sucrose gradient 


digestion, represents a circular form which has single = 
strand scissions*. These data enable calculation of the 
theoretical S value of the linear duplex R-1 DNA mole- 
cule, for it has previously been demonstrated that circular f 
DNA which has single strand breaks sediments p14 times. 
as rapidly as the linear form”. The calculated value thus. 
obtained (44-65) corresponds to 4 molecular weight.of) 
approximately 63 x 10° daltons'®. An apparent molecul 
weight of 55x 10° daltons has been determined for thi 
same R-factor by Falkow ef al. using reassociabior 
kinetics*?. s u 
Electron microscopic examination of R-1 DNA tha 
had been subjected to mild deoxyribonuclease treatme 
revealed a predominant size class consisting of large open: 
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Fig. 3. Sedimentation velocity centrifugation of purified circular R-1 
DNA. Samples of *H-labelled R-1 DNA isolated from Æ. coli aa described 
in Fig. 2 were treated for 10 min with pancreatic deoxyribonuclease 
(0-001 g/ml.) in the presence of 10> M MgCl, mixed with “C-labelled 
A DNA isolated from mature phage, and layered onto a 5-20 per cent 
linear sucrose gradient containing 0-001 M EDTA-0-02 M NaCl-0-02 M 
Tris (pH 7-5) and 0:1 per cent sodium dodecyl sarcosinate. Following 
centrifugation for 80 min at 39,500 r.p.m. at 20° in an SW 50-1 rotor, 
fractions (0'15 ml.) were collected and counted in a ‘Triton’ Y-tolnene 
PPO-POPOP phosphor as described in Fig. 2. 
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units associated with R-1 in Proteus mirabilis (3. WW. C: 
and C. A. M., manuscript in preparation), and suggests 
that dissociation of R-factor components to form separate 
circular DNA molecules’ may occur in Æ. coli as well 
as in Proteus. The very small amount of the 5-5 um DNA 
species relative to the larger and more numerous 33 um 
circular molecules may explain the failure of previous 
investigations to reveal its existence in Æ. coli, and the 
inability of our own ultracentrifugation experiments (Figs. 
l1, 2 and 3) to detect its presence. 

In summary, we have described a rapid and convenient 
method for the purification of covalently closed duplex 
DNA molecules directly from bacterial cell lysates using 
bulk nitrocellulose, Using this method, we have demon- 
strated that in Æ. coli strain CR34, the R-factor R-1 is 
associated with the presence of a predominant molecular 
species of circular DNA having a buoyant density of 
1-710 g/cm? in CsCl and a molecular weight of approxi- 
mately 65x 10° daltons. A second circular DNA species 
having @ contour length of 5-5 um and representing less 
than 1 per cent of the total mass of the R-factor DNA 
has been identified by electron microscopy. Our findings, 
which support the genetic model proposed by Anderson, 
indicate that multiple molecular species of R-factor DNA 
can be stable in Æ. coli as well as in Proteus, 

We thank Miss Maria Maglio for carrying out the elec- 
tron microscopic examination of R-1 DNA, and A. D. 
Kaiser and 8. Falkow for gifts of bacterial strains. These 





Fig. 4. 
as modified by Inman et 
A, Predominant circular species of R1 DNA, 


Electron microscopy of R-1 DNA, 
<", subjected to platinum—pal 
Photographs of twenty closed circular DNA molecules were projected on an enlarger easel, and 
B, Small (5-5 wm) circular DNA species isolated from 


contour lengths were measured using a Keuffel and Esser map reading instrument. 


Grids were prepared for electron microscopy using the protein film technique of Kleinschmidt™* 
adium shadowing, and examined with a Siemans Elm 


iskop 1A electron microscope. 


CR34-R1. 


circular molecules and covalently closed DNA coils (Fig. 
4A). The average contour length of twenty open circular 
molecules was 33+ 1 um, which is equivalent to a molecu- 
lar weight of approximately 65 x 10° daltons”; this value 
is in general agreement with the molecular weight ob- 
tained by us for R-1 by sedimentation velocity centrifuga- 
tion. In addition, we have seen a second size class 
comprising 3-6 per cent of the total number of DNA 
circles in most preparations of R-factor DNA isolated 
from CR34-R1. Measurement of six such molecules, which 
had been observed in the’ examination of more than 150 
larger DNA circles, indicated an average contour length of 
55+1-2um. This is approximately the same contour 
length as that found in the smallest of the three DNA 
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Switzerland 


Tae antibiotice rifampicin is a potent inhibitor of DNA- 
dependent RNA polymerase in Escherichia coli and im 
other bacteria!*, but has little effect on mammalian RNA 
polymerase!, The replication of some viruses, such as 
vaceinia?~* and adenovirus’, is inhibited by the antibiotic; 
the mechanism of the inhibition of virus replication 
remains unknown but does not appear to involve virus 
specific RNA synthesis. We have examined the 
effect of rifampicin on the replication of Rous sarcoma 
_ virus (Brian high titre strain, B-RSV-RAV 1) in chick 
fibroblasts and have found that although synthesis of 
infectious viral particles is only moderately impaired, 
transformation of infected cells, as indicated by focus 
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The transformation—as manifested by focus formation—of chick 
fibroblasts infected with Rous sarcoma virus is ten times more 
strongly suppressed by rifampicin than replication of the virus itself, 










formation, is strongly suppressed by the drug at con- 
centrations which do not affect the growth rate and 
morphology of chick fibroblasts. 

The growth rate of chick fibroblasts is not affected by 
rifampicin in concentrations up to 80 pg/ml. (Fig. 1). 
Moreover, fibroblast monolayers grown m the presence 
of rifampicin can be subcultivated in the presence of 
rifampicin as effectively as in the absence of the drug. 

To examine the effect of rifampicin on the formation of 
Rous sarcoma virus (Brian strain), chick fibroblasts were 
infected at a multiplicity of 0-3 focus forming units 
(f.f.u.)/eell and continuously exposed to various concen- 
trations of the drug, starting 1 h after fection. Virus 


SECONDARY CULTURE 
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Fig, L 


Growth curve of normal fibroblasts in the presence of various concentrations 


of rifampicin (RA). Primary cultures were seeded at a concentration of 3 x 10° cells/plate 
in medium containing rifampicin as specified. The primary cultures which had been grown 
in rifampicin were subcultivated on the fourth day and seeded at 1x 10° cells/plate in s 
medium containing the same concentration of rifampicin as before. At the times indicated, 
cells were counted in a Neubauer counting chamber after dissociation by trypsin. Each 


point corresponds to the mean value of two plates. 
agimi. rifampicin: A---A, 60 ug/ml, rifampicin: 


e----@. Control; (Joo) 30 
fj-++f 80 pg/ml, rifampicin. 
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synthesis was monitored (a) by adding *H-uridine to the 
culture medium for 24 h on the fourth day after infection 
and determining the amount of radioactivity incorporated 
into 600 S virus particles? and (b) by determining the 
number of focus forming units produced between the 
fourth and the fifth day after infection. Incorporation of 
radioactivity into virus was not inhibited (Fig. 2); forma- 
tion of focus forming units was virtually unaffected at 
30 ug/ml., and 30-40 per cent inhibited at 60 ug/ml. of 
rifampicin. It should be noted that the incorporation of 
label from *H-uridine into viral RNA is a dependable 
measure for viral RNA synthesis only if the specific 
activity of the RNA precursor pool is not affected signifi- 
cantly by the drug, an assumption which has not been 
verified. The biological and biochemical assays together 
indicate that rifampicin, at concentrations up to 60 
ug/ml, causes only moderate inhibition of synthesis of 
Rous sarcoma virus. 
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Fig. 2. Effect of rifampicin on the formation of virus particles and 
ffu. Cultures infected at a multiplicity of 0-3 f.f.u./cell were labelled and 
virus particles were purified as described in the text. An aliquot of the 
crude radioactive supernatant was assayed for focus forming capacity 
on fibroblasta. Radioactivity incorporated in 600 5 particles and focus 
forming units producer are expressed in per cent of the value obtained 
for untreated, infected controls. Each point represents the mean value 
of two determinations. @-———-@, O——O, Production of *H-virus 
particles in cells from two individual embryos; A--~A, A-~--A, 
production of focus forming units in cells from the same two embryos. 


By contrast with the slight effect on virus replication, 
the response of the host cell to infection was greatly 
affected by the drug. Chick fibroblasts in monolayer were 
infected with about 100-1,000 f.f.u/plate of Rous sarcoma 
virus and cultured in the continued presence of varying 
concentrations of rifampicin added 1 h after adsorption 
of the virus. As shown in Fig. 3, 30, 60 and 80 ug/ml. of 
the antibiotic reduced the number of foci of transformed 
cells to about 20 per cent, 3 per cent and less than 1 per 
cent respectively. The mean diameter of the residual 
foci did not differ noticeably from that of untreated 
controls. The inhibitory effect of rifampicin might be 
ascribed to an early abortion of infection which becomes 
apparent at the low multiplicity of infection used in the 
last experiment, but not at the higher multiplicities 
employed for mass infection in the experiments of Fig. 2. 
In order to test this hypothesis, monolayers of chick 
fibroblasts were infected with about 150 f.f.u./plate and 
exposed to 60 ug/ml. of rifampicin from the first hour 
to the eighteenth, twenty-fourth and forty-eighth hour 
after infection. The rifampicin-containing agar overlay 
was exchanged for one free of the drug (in all cases the 
agar contained, sufficient virus antiserum to suppress the 
formation of secondary foci) and the foci were counted 
7 days after infection. There was no reduction in the 
number of foci appearing in the treated cultures as com- 
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Fig. 3. Focus formation in fibroblast monolayers infected with Rous 
sarcoma virus at different concentrations of rifampicin added 1 h after 
infection. Monolavers were infected with 100--1,000 f.f.n. of B-RSY— 
RAV 1 and covered at 1 h after infection with agar medium containing 
rifampicin at the concentrations indicated. Foci were counted on the 
seventh day and the numbers were expressed in per cent of untreated 
control values. Each point represents a mean value of four experiments, 
the bar indicating two standard deviations. 


pared with the controls if the drug was removed up to 
48 h after virus adsorption, showing that infection had 
not been aborted within this period (Fig. 4). The cultures 
from which the rifampicin had been withdrawn at 24 and 
48 h respectively showed, on the seventh day after infec- 
tion, 91 and 66 per cent of the number of foci found in the 
controls, and recounts on the eighth and ninth day gave 
a slight increase of the number of foci (to 100 and 81 per 
cent of control). The mean diameter of the foci still 
appearing after withdrawal of rifampicin at 48 h was 
reduced by about 40 per cent compared with the controls. 
In all cases the growth rate of foci was linear within the 
period examined and equal to that of untreated controls. 
In a further experiment (Fig. 5) monolayers infected as 
above were continuously exposed to rifampicin (60 ug/ml.) 
added at different times after infection. On the seventh 
day after infection the number of foci on the monolayers 
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Fig. 4. Focus formation in fibroblast monolayers infected with Rons 
sarcoma virus after treatment with rifampicin for various lengths of time, 
starting at 1 h after infection. Cells were infected with about 150 ffu. 
per plate and covered with agar containing rifampicin (60 ug/ml.) and 
0-1 ml. of antiserum against group A viruses (neutralizing capacity 
greater than 2,000 f.f.1./ml. in 30 min at 39°C). At 18, 86, 48 and 
72 h after infection the rifampicin-containing agar was exchanged for 
normal agar medium containing the same amount of antiserum as 
indicated before. Numbers of foci appearing on the sighth day are given 
in per cent of untreated controls. The experiment was done in parallel 
with cells from two embryos. @, 100 per cent=175 foei, ©, 100 per 
cent = 186 foci. 
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exposed to rifampicin at 16 and 24 h was reduced to less 
than 10 per cent, but if the drug was added at the forty- 
eighth hour of infection an almost normal number of foci 
appeared. Recounts 8 and 9 days after infection gave 
the same numbers in all cases. This experiment shows 
that when rifampicin is added as late as 24 h after virus 
adsorption, a time at which infection is known to be 
established and formation of viral particles is well under 
wayt, focus formation is inhibited. 

Our experiments show that focus formation as a 
consequence of infection with Rous sarcoma virus is 
inhibited at least ten times more strongly by rifampicin 
than replication of the virus itself. Bearing in mind, 
furthermore, that a focus can develop from the growth of a 
single infected cell, and does not depend on recruitment 
of further cells by progeny virus’, we may conclude that 
inhibition of focus formation is not a consequence of 
diminished virus production. Two trivial explanations 
for the reduction of focus formation by rifampicin appear 
improbable in view of the data presented: (a) that the drug 
damages the fibroblasts and prevents focus formation by 
impairing their capacity to grow and divide, and (b) that 
establishment of infection is prevented in the conditions 
of our experiments. The inhibition pattern observed 
after exposure of monolayers infected with Rous sarcoma 
virus to rifampicin at different time periods (compare 
Fig. 6) is compatible with the hypothesis that a rifampicin 
sensitive process exists which is necessary for focus 
formation which takes place between the thirty-sixth and 
the sixtieth hour after infection. It is remarkable that 
rifampicin added after 48 h no longer prevents the develop- 
ment of foci, a further indication that a general impair- 
ment of cell growth is not responsible for the effects 
observed. It remains to be established whether suppres- 
sion of focus formation is an isolated effect elicited by 
rifampicin, or whether other manifestations of trans- 
formation are equally affected. 


Fibroblast Culture and Infection Techniques 


Eggs from White Leghorn hens were obtained from Kimber- 
Organization, Haag SG, Switzerland. Primary cultures were 
prepared from 10 day old embryos as described by Rubin™, 
but using Medium 199 (Difco) without addition of tryptose 
phosphate, in 50 mm Petri dishes (Falcon Plastics). The 
culture medium contained calf serum (Italdiagnostic, Italy), 
10 per cent for primary and 5 per cent for secondary cultures. 
All embryos were tested for the presence of Rous interfering 
virus (group A}?. 
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Fig. 5. Focus formation in fibroblast monolayers infected with Rous 
sarcoma virus after treatment with rifampicin starting at different times 
after infection. Cells were infected with about 150 Efu. per plate and 
covered with normal agar at 1 h after Infection. At 16, 24 and 48 h 
after infection the overlay was removed and replaced by agar containing 
60 ug/ml. rifampicin. Foci were counted on the seventh day after infec- 
tion and results are expressed in per cent of untreated controls. Each 
oint represents the mean value of two plates. The experiment was 
lone in parallel with cells from two embryos. @, 100 per cent=<174 
foci: ©, 100 per cent = 195 foci. 
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Fig. 6. Fibroblast monolayers infected with about 150 ffu. were 

exposed to 60 vg/mi. of rifampicin for the tires fndicated with è hori 

zontal bar. The number of foci appearing on the seventh to eighth 

day were expressed in per cent of untreated sontrola, The experiments 
are those of Figs, 4 and B. 


All infeetion experiments were carried out with Brian high 
titre strain B-RSV-RAV 1 obtained from Dr P. Vigier. Focus 
forming units were determined by adding 0-2 ml. of an appro- 
priate virus dilution (about 100-200 ff.u. per dish, im culture 
medium) to 16-24 h old primary cultures (seeded at 3x 10® 
cells/dish). After 1 h adsorption at 37° C in a CO, incubator 
the monolayers were covered with 6 ml. of culture medium 
containing 0-72 per cent agar (Difec) and 2 per cent beef 
embryo extract (prepared according to Hanatusa, personal 
communication). Foci were counted on the seventh day. 
Mass infected cultures were prepared as here, using multi- 
plicities of about 0-3 ffu /cell and omitting agar from the 
culture medium. The medium was changed after 24 h. 


Determination of *H Incorporation 


§-H-uridine G 


tage 


a Spinco SW 65 rotor at 60,000 r.p.m. 
the virus band? was determined. Samples from uninfected 
cells gave a background of less than 6 per cent of the race. 


activity found in samples from infected cultures. 
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Rifampicin: a Specific Inhibitor of Vaccinia Virus Assembly 


by 

BERNARD MOSS 
EDITH N. ROSENBLUM 
EHUD KATZ 


Laboratory of Biology of Viruses, 
National Institute of Allergy 
and Infectious Diseases 


PHILIP M. GRIMLEY 


Laboratory of Pathology, 
National Cancer Institute, 
Bethesda, Maryland 20014 


RIFAMPICIN and related rifamycin derivatives bind to the 
RNA polymerase of bacterial cells preventing both 
bacterial growth and phage replication!-4. Rifampicin 
also inhibits the replication of vaccinia virus and adeno- 
virus in mammalian cells. Because this class of anti- 
biotics has little effeet on mammalian RNA polymerase’, 
it was initially suggested that rifampicin might act 
directly on viral enzymes concerned with RNA synthesis. 
Subsequent experiments, however, indicated that vaccinia 
RNA is synthesized in the presence of rifampicin (refs. 
10 and 11; B. R. MeAuslan, personal communication). 
We found’ that concentrations of rifampicin which 
completely prevented virus growth did not inhibit the 
RNA polymerase activity associated with the mature 
virus particle or virus core. Furthermore, rifampicin 
did not inhibit the intracellular synthesis of “early” viral 
messenger RNA, which is transeribed from parental DNA 
templates, or “late” viral messenger RNA, which is 
transcribed after the synthesis of progeny DNA. The 
two classes of RNA were distinguished by their sedi- 
mentation properties as well as by their time of synthesis"®. 
We found, moreover, that specific “early” and “late” 
viral proteins, identified by immunodiffusion, immuno- 
electrophoresis and dise gel electrophoresis, and syn- 
thesized in the presence of rifampicin”. 

We suggested’? that either rifampicin inhibits the 
synthesis of only certain specific vaccinia RNA species or 
acts in a novel manner not predicted from studies with 
bacterial systems. Evidence that rifampicin prevents 
the assembly of DNA and proteins into mature virus 
particles, and that the block occurs at a stage in the 
formation of the viral envelope, will now be presented. 


Viral DNA Synthesis 


Vaccinia DNA is synthesized in HeLa cells during the 
interval from 2 to 5 h after infection!?:3, Formation of 
infectious virus can be detected by 5 h and a nearly 
complete yield of virus is obtained at 18 h. Because 
vaccinia virus replicates within the cytoplasm of the cell, 
a technique is thus available for specifically following 
viral DNA synthesis. Infected cells are pulsed with a 
radioactively labelled DNA precursor and then disrupted 
by careful mechanical homogenization. Nuclei are re- 
moved by centrifugation and the quantity of radio- 
actively labelled DNA in the eytoplasmie fraction is 
measured. This method was used in an experiment which 
showed that the time course and extent of viral DNA 


Rifampicin prevents the assembly of DNA and proteins into mature 
virus particles. The block, which occurs at a stage in the formation 
of the viral envelope, can be rapidly reversed by removal of the drug. 


synthesis are only slightly altered when HeLa cells are 
infected in the presence of 100 ug of rifampicin per ml. 
(Fig. 1). This finding is in agreement with that of Ben- 
Tshai eé al". 


Fate of Viral DNA 


Joklik and Becker followed the fate of newly syn- 
thesized vaccinia DNA during the normal replicative 
cycle. At about 6 h after infection, the viral DNA in the 
crude cytoplasmic fraction became progressively more 
resistant to the action of pancreatic deoxyribonuclease. 
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Fig. 1. Effect of rifampicin on viral DNA synthesis. Hela cells were 
suspended at a concentration of 4 x 10*%/mi. in Eagle's mediumi? contain- 
ing 5 per cent horse serum. Rifampicin was added (100 ug/ml) and after 
10 min at 37° C, the cells were infected with purified vaccinia virus, 
strain WR, at a multiplicity of 30 plaque forming units (p.fu.) per cell. 
After 30 min the cell suspension was diluted, with medium containing 
rifampicin, to a concentration of 4x 10° cells/ml. Duplicate cultures of 
uninfected and infected cella without rifampicin were treated similarly. 
At intervals, 20 mi. portions of the cell suspension were incuhated with 
6-25 uCi of SH-thymidine (14-4 Ci/mmole, New England Nuclear} for 16 
min, The pulses were terminated by pouring the cells over frozen, crushed 
saline. The washed cells were then resuspended in 1 mi. of 10 mM Tris, 
10 mM NaCl, 1-5 mM MgCl, pH 7:8 (RSB), and broken with a Dounce 
homogenizer; nuclei were removed by centrifugation at 200g for 2 min. 
Radioactivity in the total cellular and cytoplasmic trichloroacetic acid 
precipitable material was measured by liquid scintillation counting. 
A— A, Infected and without rifampicin: Fi -«+ &, infected and with 
O-O, uninfected and without rifampicin; @--- @, 


rifampicin; 
uninfected and with rifampicin. 
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Development of deoxyribonuclease resistance depended 
on protein synthesis and presumably resulted from 
“coating” of the DNA with proteins. 

We have followed the date of newly synthesized 
vaccinia DNA made in the presence of rifampicin using 
deoxyribonuclease digestion after sucrose gradient centri- 
fugation. Without the drug, DNA labelled with *H- 
thymidine between 2 and 3 h after infection was found 
17 h later in both a deoxyribonuclease digestible form 
which remained at the top of the sucrose gradient and in a 
resistant band coincident with infectious virus (Fig. 2). 
In the presence of rifampicin, no virus band was detected 
and the radioactively labelled DNA remained in a deoxy- 
ribonuclease sensitive form near the top of the gradient 
(Fig. 2). 


Virus from DNA made in Presence of Rifampicin 


The next object was to determine whether DNA made 
in rifampicin treated cells represented complete and 
functional viral genomes. The first experiment showed 
that DNA, labelled with *H-thymidine between 1-5 and 
3 h after infection, was converted to a deoxyribonuclease 
resistant form after the removal of rifampicin (Fig. 3). 
This labelled DNA was also “chased” into particles which, 
after purification, sedimented with carrier virus in 
sucrose gradients (Fig. 4). A final experiment, sum- 
marized in Table 1, indicated that a full yield of infectious 
virus was formed using the DNA made during 4-5 h of 
rifampicin treatment. Before removal of the rifampicin, 
5-fluorodeoxyuridine (5-FUDR) was added, to prevent 
further DNA synthesis®. 
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Fig, 2. Fate of viral DNA in the presence of rifampicin. Heka cells, 
treated with rifampicin (100 agjmi.)}, were incubated with sH-thymidine 
(0-08 xCi/ml.) between 2 and 3 h after infection. Then the cells were 
washed and resuspended in medium containing unlabelled thymidine 
(10-* M) and rifampicin. After 17 h additional incubation the cells were 
washed in saline, resuspended in 1 mM sodium phosphate ( pH 7-0), 
disrupted with a Dounce homogenizer and layered directly on a 25 to 40 
per cent linear sucrose gradient. After centrifugation in an SW 25-1 
rotor at 15,000 r.pom. (25,0009) for 1 h, the gradient was passed through 
a continuous ultraviolet monitor and fractions collected. One portion of 
each fraction was directly precipitated with trichloroacetic acid and 
another was adjusted to 1 mM MgCl, and incubated with pancreatic 
deoxyribonuclease (50 ug/ml.: Worthington) for 30 min at 37° © before 
precipitation. The fate of DNA in infected cells not treated with 
rifampicin was determined in the same manner. @-—@, Total; 
@--- @, deoxyribonuciecase resistant. 
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Fig. 3. Resistance to deoxyribonuclease after removal of rifampicin 
HeLa cells, treated with rifampicin (100 ug/ml), were incubated with 
*H-thymidine (0-08 «Ci/ml.) from 1-5 to 3 h after Infection. The cells 
were then washed and resuspended in medium containing unlabelled 
thymidine (10+ M) and rifampicin, Samples were removed af intervals 
and the cytoplasmic fraction was prepared aa in Fig. 1. One portion of 
the cytoplasm was directly precipitated with trichloroacetic acid and 
another was first digested with deoxyribonuclease as in Fig. 2. After 
liquid scintillation counting, the percentage of deoxyribonucioase regie 
tant DNA was calculated. Changes in deoxyribonuclease resistance were 
also followed after removal of rifampicin and in a duplicate culture not 
treated at all with rifampicin. 
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Fig. 4. Incorporation of DNA into virus particles after removal of riami- 
picin. HeLa cells treated with rifampicin (100 egim were incubated 
with *H-thymidine (0-2 wCi/mi.) from 1 to 5 h after infection. Rifamepicin 
was removed and the cells were resuspended in medium containing 
unlabelled thymidine (10-* M) and incubated for an additional 15 be 
Carrier unlabelled vaccinia virus was then added and the cells were frozen 
and thawed and further disrupted with sonic vibrationa of 20 kHz 
for 458. Digestion with 20 ug/ml, each of pancreatic deoxyribonuclease 
and ribonuclease was carried out at 37° © for 30 min. The digest was then 
sedimented through 26 per cent sucrose in 1 mM Tris-HCl (pH 9) in an 
SW 25-1 rotor at 15,000 rpm. (28,006g) for 80 min. The pellets were 
resuspended and layered on a 25 to 40 per cent sucrose gradient. After 
40 min at 13,500 rpm. (19,000¢) th® gradient was passed through a 
continuous ultraviolet monitor and fractions were coYected directly in, 
scintillation vials. Incorporation of DNA into virus particles was also 
determined in a duplicate culture continuously treated with rifampicin 
and in a culture not treated at all with the crug. @---@, No rifampicin: 
f}—-(, rifampicin continuously; O-— O, rifampicin from 1 to 6 h after 
infection: ~-—~—, absorbance tracing of carrier virus. 
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synthesis of Viral Proteins 

The faijure of vaccinia DNA to become resistant to 
deoxyribonuclease while in the presence of rifampicin 
might result from the absence of structural proteins. 
Although we had previously shown’ that certain “early” 
and “late” vaccinia viral proteins are made in rifampicin 
treated cells, the methods were capable of resolving only 
a small number of proteins. A more complete analysis of 
vaccinia proteins has now been made by pulse-labelling 
cells with C-amino-acids for 1 h periods. Radio- 
actively labelled proteins within the cytoplasm were 
solubilized with sodium dodecyl sulphate (SDS) before 
separation by polyacrylamide gel electrophoresis. The 
usual transition in vaceimia infected cells from the syn- 
thesis of host proteins to specific “early” viral and then 

“late” viral proteins took place in the presence of 
rifampicin, although late protein synthesis declined more 
abruptly (Fig. 5) By contrast, 5-FUDR, an inhibitor of 
DNA synthesis, prevented the synthesis of late viral 
proteins (Fig. 5). This method demonstrated that a 
broad spectrum of viral proteins was synthesized in the 
presence of rifampicin; nevertheless the vaccinia genome 
is large enough to code for hundreds of polypeptides and 
it was impossible to conclude that all necessary viral 
proteins were made. 


Assembly of Virus in Presence of Cycloheximide 


The experiments described showed that the complete 
viral genome and a large number of viral proteins were 
made in rifampicin treated cells. We therefore considered 
that this drug might act by preventing virus assembly. 
The object of subsequent experiments was to determine 
whether complete virus particles could be assernbled, 
using only the proteins synthesized in the presence of 
rifampicin. The plan was to prevent further protein 
synthesis by adding cycloheximide before the removal 
of rifampicin. Virus assembly could then be determined 
by (a) the incorporation of previously formed radio- 
actively labelled DNA and proteins into virus particles, 
(b) the increase in infectious virus titre, and (e) ihe 
identification of mature virus particles by electron 
microscopy. 

For the first method we labelled the viral DNA made 
in rifampicin treated cells with “@C-thymidine. Cyclo- 
heximide (300 ug/ml.) was added 8 h after infection and 
10 min later rifampicin was removed. The incubation 
was continued in medium containing cycloheximide and 
at intervals samples were taken and mixed with carrier 
SH-thymidine labelled virus. Virus particles were 
purified by a procedure culminating in sucrose gradient 
centrifugation. The results, shown in Fig. 6, demonstrate 
that particles were assembled in the absence or presence 
of cycloheximide. Similar results were obtained in other 


experiments without carrier virus. An accurate time 
course of virus assembly was determined using the 


recovery of 5H. thymidine labelled carrer virus which 
varied from 60 to 67 per cent in the different gradients 
(Fig. 7). Virus assembly proceeded at nearly the same 
rate for the first hour regardless of whether ey cloheximide 


FORMATION OF INFECTIONS VIRUS WITH DNA MADE IN THE PRESENCE 
OF RIFAMPICIN 


Table I. 


Drug treatment Virus 

0-4-5 h 45-20 h titre 
me 15x10 
5-FU DR DFU DR 1-4 x 104 
»- SEUDPR -2x10 
Rifampicin SFEUDR 1-6 x 10° 
Rifampicin Rifampicin Lox id 


Hela cells were treated with rifampicin (100 ug/ml) and infected with 
vaccinia virus as in Fig. i. At 4:5 h after infection 6-FUDR (10° M} was 
added. Rifampicin was removed #0 min later and the cells were incubated 
for an additional 16:5 h in medium containing 5-FUDR. Virus titres were 
determined by plaque assay on HeLa cell monolayers. The formation of 
infections virus was also determined in cultures: not treated with drugs; 
treated continuously with 5-FUDR; and treated with 5-FUDR from 4:5 to 
“Oh. The latter control culture showed that 5-FUDR had no effect on virus 
maturation after the period of DNA synthesis. 
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Table 2. INCREASE IN INFECTIOUS VIRUS TITRE AFTER REMOVAL OF 


RIFAMPICIN 
Virus titre 


No. Drug Zero time TSO min 
1 wn 8 nee 3-6 x 108 3-0 x 108 
2 Cycloheximide 3-2 x 108 bax 10° 
3 Rifampicin 40x 104 42x« 1 


Rifampicin was removed from Nos. 1 and 2 at 8 h after infection. Ten 


min before this, cycloheximide was added to No. 2, Rifampicin was not 
removed from No. 3. “Zero time” is 8 h after infection. The virus titre is 
expressed in plaque forming units. These samples were taken from the 


> 


experiment described in Fig. 6 


was present. After this, the assembly rate was greater in 
the absence of ey cloheximide presumably because of an 
expanding pool of viral proteins. 

To interpret the previous experiment as indication 
that virus assembly occurred in the absence of further 
protein synthesis it was necessary to demonstrate that 
inhibition of protein synthesis was complete. A 98 per 
cent inhibition of amino-acid incorporation, produced 
by cyeloheximide, was detected during the first 10 min 
interval after resuspension of cells in rifampicin-free 
medium. No radioaetivity was detected in virus particles 
formed during the next 4 h and toal protein synthesis 
was inhibited by 98 per cent during the entire period. 
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Fig. 5. Polyacrylamide gel electrophoresis, Replicate suspensions of 
HeLa cells were: (4) not treated with drugs; (b) treated with rifampicin 
(100 xg/ml.}; and (ce) treated with 5-FUDR (107 M). After 10 min, the 
TA were infected and at intervals 25 ml. portions were incubated with 

2-6 pCi of mixed C-arnino-acids (103-380 mCi/mmole, Schwarz Bio 
cenienen forih. The labelling periods were terminated by rapid chilling 
and then the cells were washed in cold buffer and disrupted by homo- 
genization, The proteins in the cytoplasmic fraction were solubilized 
by heating with SDS (2 per cent) and mercaptoethanol (1 per cent) at 
100° C for 1 min. After dialysis (0-01 M sodium phosphate, pH 7-1, 0-4 
per cent SDS, 0-1 per cent merc aptoethanol) for 20 h, the proteins were 
separated by ‘poly acrylamide (7-5 per cent) gel electrophoresis at 3 mA 
per gel for 16 hY. The gels were immersed in trichloroacetic acid (20 per 
cent), stained with Coomassie blue (1 per cent in 10 per cent trichloro- 
acetic acid), washed in acetic acid (7-5 per cent), slleed longitudinally, 
dried and exposed to X-ray fim?! Tracings of the developed X-ray films 

were made with a Jovee-Loehi microdensitometer. 
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In experiments similar to those described in Fig. 6, we 
found that radioactively labelled viral proteins made 
before the removal of rifampicin were “chased” into virus 
particles in the presence of cycloheximide. Furthermore. 
these particles were isolated and shown to contain all 
structural proteins previously identified by polyacrylamide 
gel electrophoresis". 

Virus particles formed in the presence of cycloheximide, 
after removal of rifampicin, were shown to be infectious 


(Table 2). 


Electron Microscopy 

A block in the assembly of vaccinia virus, produced 
by rifampicin, was confirmed by electron microscopy. 
During the usual course of vaccinia infection, accumulation 
of a viroplasmie matrix in the host cell eytoplasm is the 
first ultrastructural evidence of virus development. By 
3—4 h after infection, triaminar unit membranes appear 
in the viroplasmic factory regions. These membranes are 
destined to form the vaccinia envelope. Initially they are 
observed in ultrathin sections as short circular arcs which 
are coated on the convex surface by a dense layer of 
spicules. Gradually, the viral membranes arrange in 
uniform rings enclosing viroplasmic substance. In the 
presence of rifampicin, the trilaminar membranes, which 
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develop at 4-8 h after infection, lack a defined spicule 
layer and fail to form rigid ares. In profile, these mem- 
branes are grouped in large irregular eirelés, girdling — 
domains of viroplasm which appear more electron dense 
than the surrounding matrix and contain material 
sufficient to form several virus particles (Fig. 8. top). 
Within 10 min after removal of the rifampicin, the 
membrane circles are converted into uniform ares which 
now exhibit a regular external spicule layer (Fig. 8, middle}. 
These coated membranes are ultrastructurally simular to 
the envelopes of immature particles which are observed 
in the normal replication cycle, and some membranes 
appear to pass slowly through the typical stages of 
viroplasmice enclosure and internal organization to form 
virions (Fig. 8, bottom). Both the rapid and slow transi- 
tional stages were observed by electron microscopy in the 
presence of cycloheximide. We believe the viral mem- 
branes which develop in the presence of rifampicin are 
precursors of envelope membrane because of their unit 
structure and rapid conversion into coated membranes 
typical of immature vaccinia envelopes. A detailed study 
of the formation, structure, maturation and chemical 
composition of the precursor membranes is in progress. 
From biochemical and electron microscopie studies, wo- 
conclude that rifampicin interferes with the assembly of 
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Fig. 6. Virus assembly in the presence of cycloheximide after the removal of rifampicin, Viral 
DNA synthesized in the presence of rifampicin (100 ug/ml.) was labelled with ’C-thymidine (0-2 
uCifml.; 52-8 mCi/mmole; New England Nuclear) from 1 to 4 h after infection. The cells were 
then washed and resuspended in medium containing unlabelled thymidine (10-* M) and rifam- 
picin. At 8 hafter infection, cycloheximide (300 ug/ml) was added to one portion of the cells, Ten 
min later, the cells were washed in cold medium without rifampicin and containing cycloheximide. 
The incubation was continued and at intervals portions were removed. Carrier *H-thyipidine 
labelled virus was added and purification was carried out as in Fig. 4 except that an AW’ 50-5 rotor 
was used and the final centrifugation was at 13,000 r.p.m. (15,.800¢) for 35 min. Fractions (two 
drops), collected by piercing the bottoms of the tubes, were dissolved in a toluene acintiliater 
solvent (Liquifiuor, New England Nuclear) containing ‘Biosolv 3° (Beckman), A control, in 
which cycloheximide was not added at the time of removal of rifampicin, was treated in the 
same manner. 
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Fig. 7. Kinetics of virus assembly. The quantity of virus assembled was 
de from each gradient in Fig. 6 by adding all of the "C radio- 
activity coincident with the *H-carrier virus peak. These values were 
then corrected for the recovery of *H-virus in the same gradient. (Note 
that although the zero time points are slightly above the origin, no 
detectable virus peaks were present at this time as seen in Fig. 6.) 


DNA and proteins into virus particles at a stage in the 
formation of the virus envelope. We suspect that other 
effects of rifampicin such as the more abrupt decline in 
late viral protein synthesis are secondary, perhaps resulting 
from the accumulation of unassembled structural proteins. 

We thank Dr R. B. Nolan of the Dow Chemical Co. 
for a sample of rifampicin with a stated purity of 992-5 
ug/mg. 

Note added in proof. Recently, MeAuslan reported 
(Biochem. Biophys. Res. Commun., 37, 289; 1969) that 
vaccinia RNA polymerase activity does not increase in 
cells infected in the presence of rifampicin. This finding, 
which we have confirmed, can be related to our present 
work in two alternative ways: (1) the postulated binding 
of rifampicin to RNA polymerase also prevents completion 
of the viral envelope and virus assembly, or (2) the primary 
action of rifampicin is to block virus assembly at a stage 
in the formation of the viral envelope and consequently 
RNA polymerase is not incorporated into particles. At 
present there is no reason to prefer the former, except by 
analogy with bacterial systems, because active vaccinia 
RNA polymerase is a component of the virus core and has 
never been detected in a nonparticulate form. 


Received October 27, 1969. 
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HeLa cells treated with rifampicin 
(100 wg/ml.) were infected with vaccinia virus. After 8 h, the drug was 


Fig. 8& Electron microscopy. 
removed and the Incubation continued. At intervals, portions were 
taken and cell pellets were formed by centrifugation at 800g. These were 
fixed immediately in chilled 3 per cent glutaraldehyde and then dehydra- 
ted and embedded in ‘Epon’ according to reported procedures*’. Ultra- 
thin sections were stained with uranyl acetate and lead citrate before 
examination in a Perkin-Elmer Hitachi HU-11E microscope at 50 or 
75 kV. Top: rifampicin effect; regions of dense viroplasm bounded by 
discontinuous segments of trilaminar unit membrane (x 43,000). 
Middle: 10 min after removal of rifampicin; viral membranes converteu 
to uniform arcs with an outer dense coat (x 40,000). Bottom: 4 h after 
removal of rifampicin; progressive maturation, immature particles at 
left; cluster of virions at right ( x 39,000), 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


High Frequency Radar Sea Return 
and the Phillips Saturation Constant 


We wish to point out a connexion between two inde- 
pendently observed empirical constants: 6°, the “— 23 db” 
backscattering cross-section of the sea surface to high 
frequency radar ground waves for a broad range of wind 
conditions, and the constant Bx0-005 in the Phillips 
spectrum Bk-‘ for a saturated sea. This connexion is 
o'a B. 

Barrick and Peake!-* have derived the scattering 
properties of a surface that is “slightly rough”, the wave 
amplitudes being less than the radar wavelength. The 
sea surface is always slightly rough to hf radar (A= 
10-100 m) and often to vhf (1-10 m). Their procedure 
matches incident and reflected fields at the statistical 
surface and uses this to derive the effective surface 
impedance. The result, when incident field is defined as 
total ground wave field (otherwise the numerical factor is 
167 in place of 47), is 

o? = drzi cost; g? [F(kt) + F(k-)] 

for the average incoherent backscattering cross-section 
per unit area of sea surface. x=2n/) is the radar wave 
number, 8; is the incident angle relative to the mean 
surface normal, and F(k) is the directional ocean wave 
spectrum evaluated at the two wave numbers (Barrick 
and Peake use W(k)=4/F(kK) in accordance with the 
traditional Rice normalization). 


ke = +2xsinO;, kt = 0 


determined by the Bragg condition, « being in the direc- 
tion of the radar beam. Thus the radar scatter (apart 
from a slight Doppler shift) does not distinguish between 
the oppositely travelling wave pair kt (as if the sea surface 
were frozen), The scattering matrix, «, for a perfectly 
conducting surface and for vertical polarization, both 
incident and scattered, equals (1+sin*6,)/cos*0;, and 
for this case 

o? = 42(1+sin76;)*x4( EF (k+) + F(K-)] (1) 
so that the cross-section is well behaved near glancing 
incidence, c° approaches nx [#(kK+)+ F(k-)] as 0; ap- 
proaches 90°, which is the case for so-called ground wave 
propagation. The result also holds under conditions 
more general than backscatter. 

The ocean wave spectrum is defined so that 


a0 oO 2 oo 20 

nè = f f F(kzkyjdkrdky= ff P(k.g)dgkdk = f S(k)kdk 
Of} OO & 9 a 

is the mean square elevation. Without loss of generality 

we can write 


. 2x 
F(k,ẹ) = S(k) gx(9)s f g(9) dọ = 1 
with g(ọ) representing a direction functional. For a 
directionally isotropic sea gk=1/2m. If the wind 


comes from pə then gp is an even function of ọ— p, in a 
growing sea. The form gs(g)=2n-' cos*(o—g,) for 9 
between ¢,+90°, and zero otherwise, is sometimes used, 
but there is little justification for this +45° beam inde- 
pendent of k. The non-directional spectrum function, 


2r 
Stk)=f F(k,e) do, is relatively easy to measure, by 
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recording the elevation y(t) at one point. From many 
such measurements we find that 


Stk) = Bk, B = 0-005 (2) 


provided k>k,»=g/U*, that is, for waves moving more 
slowly than the wind speed, U. The form B k was first 
suggested by Phillips largely on the basis of dimensional 
considerations; he attributed the peculiar situation that 
the power density does not increase with increasing wind 
(as long as k>k,) to a saturation condition associated 
with whitecapping. Following these ideas further, 
Longuet-Higgins® was able to derive the observed order 
of magnitude of the saturation constant B from funda- 
mental principles, starting with the idea that wave energy 
is lost from the crest of any progressive wave where the 
local downward acceleration exceeds $g. 
Substitution of the Phillips saturation spectrum into 
(1) leads to the simple result 
of = l6rx[ P (2x, ga + F(2e, got a) = 
TBlgel Go) + gelPot Then vk (3) 
independent of radar wavelength and wind speed, pro- 
vided the scattering takes place in the saturated part of 
the spectrum, 2x >k, or U*>g/4r. An upper limit on 
wind speed is posed by the assumption of a slightly rough 


Kà 
surface. The mean square elevation is | Bhk-*kdk=4 BU? 


Ka 
g?, so that U? <gM}3B) 3. For 10 m radar (30 MHz), the 
limits are 3 m/s to 45 m/s which is usually the case, 

For an isotropic sea, g= 1/27 and o= B, or — 23 db. in 
accordance with previous studies ‘private communication 
from J. Headrick and A. Peterson). o® will be larger up- 
down wind and less cross wind, but not enough is known 
of the directional wave distribution to make meaningful 
estimates. On the contrary, the radar cross-section should 
be a good way to obtain such directional information®’. 

This work was part of a JASON summer study. 

W. H. Mowe 
W. A. NIERENBERG* 
Scripps Institution of Oceanography, 
University of California, 
La Jolla, California. 
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Observations of an Antarctic Ocean 
Tabular Iceberg from the 
Nimbus lI Satellite 


A TABULAR iceberg 20 nautical miles long was observed by 
the Nimbus IT satellite Advanced Vicicon Camera System 


Sat 


interesting conclusions. 

The iceberg was viewed about three times a week with 
a maximum time between observations of seven days. 
It was partially obscured by clouds in about thirty-three 
out of the forty-three sightings. Nevertheless, its location 
could be determined in all obgervations and its size could 
be measured in many pictures contaminated by cloud 
(Fig. 1). 

Measurements of the iceberg were from 70 mm contact 
prints, and its initial area was calculated to be about 180 
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June 19 


rig, I. 


square nautical miles. By the end of the observation period 
of 105 days there seemed to be a definite decrease im area 
of about 20 per cent Corrections were made for satellite 
height. distance of the object from the satellite subpoint 
(nadir angle) and electronic aspect ratio variations induced 
on the film by ground-station reproduction, Image resolu- 
tion on the 70 mm prints was about 0-5 nautical miles. 
The plotted positions of the iceberg provided an indi- 
cation of current speeds and directions. The smoothed 
track of these loeations (along with conventional current 
speeds and directions) is shown in Fig. 2. Occasionally. 
large variations in location between successive observations 
were These were usually attributed to picture 
latitude longitude grid errors. Low speeds of œl to 0-3 
knot were more common during meander periods with 


noted, 


higher speeds of 0-6 to O- knot more common on linear 
runs such as during August. The average speed of the 
iceberg for the whole study period was 35 knot. 

The iceberg movement anomalous to the 
normal current directions in the area. Perhaps some of the 


is somewhat 


meanders observed during the months of June and July 
were caused by interactions with eddies from the Antaretie 
Convergence Zone which is to the north of the iceberg area. 


There are several conclusions. Furst. tabular icebergs of 


this size (and smaller) can be tracked and measured using 


Nimbus LT AVCS observations in 1966 of a 


August 20 


25 mile long tabular feeberg in the Antarctic Ocean, 


satellite photography. Second, satellite data may help to 
determine currents in remote polar areas. Third, satellite 
observation may permit measurement of the rate of dissi- 
pation of large polar ICO objects. Fourth, the study pro- 
vides a first approximation of the frequeney of visual 
observations of a given surface area in the Antarctic Ocean, 


30°W 
ao° tt 





Ow 


yA “mpüthedl track Dl teeberg locations between Mas |5 and 
Angust 20, 1966, 


Vig 
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and demonstrates that cloud cover in ocean areas may not 
be a limiting factor to visual observations for objects of 
appropriate contrast. Fifth, meteorological satellite 
observations may permit investigation of the importance 
of the position of the Antarctic Convergence Zone on 
movement, size and coneentration of icebergs and ice floes 
along this zone. 

JOHN SISSALA 
Alied Research Associates Ine., 
5809 Annapolis Road, 
Hyattsville, Maryland 20784. 
Received November 10, 1969. 


Some New Ideas about the 
Formation of Antarctic Bottom Water 


Ix this communication, we point out two things: first, the 
existence of a convection process which is active when 
the surface water is considerably less dense than the 
deeper water, and, second, the importance of variations 
of depth on any convection which may occur, Previous 
theories!~* all require the production of denser water near 
the surface by freezing during the winter; im contrast. 
the process discussed here can be driven by melting of 
surface ice, and can also be active in the summer. It can 
explain in a natural way the measured characteristics of 
Antarctic bottom water, and it is supported by observa- 
tions of a simple laboratory model. 

In Antarctic waters south of the Antarctic convergence, 
the great bulk of the water, called “warm deep water”, 
has a salinity close to 34-7%/y, and temperature close 
to +0-5° C. The surface water above and bottom water 
below are presumably formed by modification of this 
basie water mass. The surface water is found to be 
fresher, colder and lighter than the deep water, its tem- 
perature is usually near the freezing point (about — 2°); 
and salinities cover a fairly wide range. The freshness 
ean be ascribed to an excess of precipitation over evapora- 
tion and the discharge of ice and melt water from the 
Antarctic Continent. The bottom water, whose pro- 
perties we seek to explain, is also cooler and fresher, but 
also denser, than deep water (see Fig. 1). 

The old arguments about bottom water f ormation are 
based on the idea that convection must be driven by a 
process which tends to make the surface water heavier. 
Because surface water is already at the freezing point, 
this can be achieved only by an increase in salinity. 
Given the excess of precipitation over evaporation, the 
only process left to produce the required increase is 
freezing of the surface water, so this has led to the “‘sea- 
sonal” theories of the formation process. We show here, 
however, that an upward flux of buoyancy at the surface 
is not required to produce bottom water with the observed 
properties. 

The alternative convective process, which can produce 
the required buoyancy flux in the interior of a fluid 
without imposing this directly at the boundaries, occurs 
in fluids having density variations which result from the 
distribution of two components with different molecular 
diffusivities (for example, salt and heat). If one of the 
components (in this case heat) has a destabilizing gradient, 
motions ean be driven by drawing on the potential energy 
in the field of that component, even though the overall 
density distribution is statically stable. This thermohaline 
convection mechanism has been well documented by 
laboratory experiment®?, and it has been used to interpret 
various small scale features in lakes® and the ocean®:'’. 
We now suggest that there can also be important larger 
scale consequences of the process. 

The upward flux of heat (in density units) is only partly 
compensated by a flux of salt, and so the density of the 
upper layers will decrease and that of the lower layers 
will increase. If a laver of shelf water with properties A 
overlies deep water with properties D (Fig. 1). the fluxes 
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Fig. 1. A temperature-salinity diagram showing the effect (solid arrows) 
of thermohaline processes on the properties of surface water (A) and 
warm deep water (D) The point B represents bottom water, In condi- 
tions of rapid thaw or of freezing, the properties of surface water change 
in the direction of the appropriate broken arrow. The Hye ACE F ia not 
precisely one of constant temperature tut is the freezing carve, The 
curved line DE is one of constant density and CO is tangent fo lt at D, 


over a wide range of properties of the surface water. To 
sustain an unstable temperature gradient, of course, 
there must be continued cooling at the surface to com- 
pensate for the upward heat flux from the warm deep 
water. The special form of convection discussed here 
also depends on the surface water being fresher, so that 
melting of ice at the surface can indeed drive such convec- 
tion by providing both of these necessary ingredients. 
Taking the surface processes into account on the T-S dia- 
gram will change the direction of the arrow at A {but not at 
D). The surface temperature will tend to stay near freez- 
ing, while the salinity changes in ether direction along the 
freezing curve; to the left in conditions of rapid thaw, 
and to the right in freezing conditions (with no net 
thawing or freezing, the arrow will point to the right 
because of the salinity flux from below). 

The explanation of the properties of bottom water 
in terms of non-linear mixing effects seems, however, 
to put undue emphasis on surface water with the 
properties F (which is heavier than D), and we do not 
believe this to be physically sound. We agree that, irt 
winter conditions, the surface salinity will tend to m- 
crease at least to the point C where some mixtures with 
deep water will be heavier than either water mass, and. 
that this effect can cause a flow down the slope when 
surface salinities lie in the range between C and Æ. The 
maximum salinities produced by this kind of direct mixing, 
however, while still maintaining static stability, will he 
on the straight line joining D and E. Before overturning 
occurs, therefore, only the thermohaline mechanism can 
produce sufficiently saline bottom water, with properties 
which are at the same time consistent with the observa- 
tions and insensitive to the surface salinity. When the 
surface water reaches salinities to the right of E and it 
(as well as the mixtures) becomes heavier than D, miximg 
will take place rapidly throughout the depth, and non- 
linearity will play a minor part. There can certainly be 
an important contribution to bottom water formation at 
this stage, as discussed by earlier workers. The con- 
vection must then be driven entirely by a buovancy flux 
at the surface, because there is no longer an “interface” 
across which a compensating interior flux can occur. 

Our argument is not yet complete, for if conditions were 
uniform horizontally, no distinct bottom water would be 
formed; the deep water D would merely undergo a slow 
change of properties (in the direction of the arrow im 
Fig. 2. when the thermohaline process is important). Our 
second main point concerns the effect of variations in 


depth on the convection, and is independent of how this 
is driven, whether by an interior or a surface flux of buoy- 
ancy. Consfder, for example, the situation shown in Fig. 
2, where a cold fresh layer overlies a warmer salty one 
in a container with a sloping bottom. The thermohaline 
process initially produces a uniform upward flux of 
buoyancy through the interface, but the result of this is 
that fluid at H becomes heavier faster than at L, because 
mixing occurs through a smaller depth of fluid. The 
fluid at H therefore sinks and gives rise to a circulation 
in the sense shown, an important feature of which is 
the current down the slope carrying colder fresher water 
right to the bottom under the warm salty layer. ‘The 
existence of this bottom current in the summer is a definite 
prediction arising from the thermohaline mechanism, 
which seems worth testing by direct observation. 

A variation of the above argument shows that in the 
corner G, where there is only a single layer, a uniform 
downward flux of salt through the surface would produce 
the heaviest water in the corner, leading to a current 
down the slope towards H. If it is sufficiently heavy it 
will penetrate the interface and add to the flow below H. 
Note that although this water may be saltier than deep 
water on formation (such water has been observed on 
the shelf), it will continually mix with fresher surface 
water as it runs down the slope and need not be as salty as 
the warm deep water when it flows underneath it. 

The main features of the circulation driven by the inter- 
facial fluxes have been confirmed in the laboratory, using 
the technique deseribed by Stern and J. S. T.12, which 
substitutes for heat and salt an analogue system containing 
two diffusing solutes (salt solution above a sugar solution). 
The photograph (Fig. 3) gives an impression of these 
circulations by showing the distortion of an initially 
vertical streak of dye, and a pool of dye carried right to 
the bottom by the flow down the slope. This, in turn, 
leads to the further thermohaline process of “fingering” 
on top of the slope current and the pool of bottom water, 
which is driven now by the unstable “salinity” gradient. 


G ia COLD FRESH LAYER 
H L 
WARM SALTY LAYER 










Fig. 2. Sketch of the circulations set up by convection in a container 


th a sloping boundary. 





Fig. 3. Photograph of an experiment corresponding to Fig. 2, in which 

the motions are indicated by the distortion of an initially vertical streak 

of dye. An earlier injection of dye has led to the formation of the pool 
nt the bottom of the container, 
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It is also found experimentally that a circulation in the 
same sense is produced in the upper layer, because the 
density difference between the layers is altered at different 
rates in different positions. This results in a strong shear 
at the interface, especially in the corner and out to the 
position where the layers are comparable in depth. 

The sugar-salt technique is useful when it is important 
to avoid complications due to irrelevant heating or cooling 
from the room, but it is possible to illustrate the effect 
more simply and directly. If ice cubes are dropped into 
salty water at room temperature in a tilted container, a 
current down the slope will soon be set up, and can be 
made visible by adding a few drops of dye at the shallow 
end. This circulation is driven by the cooling and freshen- 
ing caused by melting, while a thin lighter layer of melt 
water remains floating on the top. 

This work has been supported by a grant from the 
British Admiralty. 
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Deposition of Fine-grained Sediment 
from Tidal Currents 


A NUMBER of authors have invoked settling at slack tide as 
the mechanism for deposition of fine sediment from tidal 
currents!-?. It seems, however, that in most cases the time 
available at slack tide is inadequate to allow deposition of 
more than a fraction of a millimetre of sediment. The 
mechanism, particularly away from the coast, where sedi- 
ment concentration is low, must be more or less continuous. 
The slack tide settling model can be expressed as 


R,=w cy tx 1-6 x 10-* mg em-* h- (1) 


where R, is the mean rate of deposition, w the settling 
velocity (em s-'), cə the near-bed concentration (mg 
1.-1) of suspended sediment and ¢ the duration (seconds) of 
a slack tide period. The factor 1-6 arises from the fact 
that there are on average 0-16 slack water periods per hour 
for semidiurnal tides. An alternative, quasi-continuous, 
mechanism for sediment deposition is suggested by Ein- 
stein’s work on deposition of fine sediment in a gravel bed. 
Einstein*-* analyses the process assuming the presence of a 
flow layer “directly above or partially inside the bed which 
is part of the main flow but from which all particles 
deposit”*. I suggest that these conditions are essentially 
fulfilled by the viscous sublayer of a turbulent boundary 
layer flowing over a hydrodynamically smooth bed. The 
resulting equation for rate of deposition is 


R.=3-6 cyw x 10-3 mg em-* h-! (2) 


For the mud-area south of Heligoland, Reineck*® gives 
the rate of deposition as 20 cm/100 yr, but on average 4-5 
cm in 20 em comprise thin fine-sand layers, so the mean 
rate of mud deposition is 15-5 cm/100 years. The mean 
suspended sediment concentration for the German Bight is 
2 mg |.-! (ref. 7) and mean near-bottom concentration for 
the nearby Austern Ground is 3-2 mg l.-!. The data of 
Postma’ for suspended sediment, taken from the mouths 
of tidal inlets to the Wadden sea, give a mean settling 
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Fig. 3. Three months’ data, averaged with respect to moonrise, show a 
small drop of frequency beginning at moonrise, 
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**Anomalous’’ Water: a Silica 
Dispersion ? 


WATER condensed into glass or quartz capillaries has 
unusual properties, which have been ascribed to the forma- 
tion of a new polymer termed ‘“‘orthowater’’!, “anomalous” 
water?’ or “polywater’’*. The only reasonable alternative 
interpretation, that “anomalous” water is a dispersion of 
material leached from the capillaries, has repeatedly been 
rejected'-*, I suggest that the grounds for rejection are 
inconclusive and summarize evidence to support the 
leaching interpretation. The direct evidence is the forma- 
tion of residues when “anomalous”? water is evaporated. 
These include optically anisotropic solid material?; “what 
appeared to be small crystals’’*; a high-viscosity residue 
with a refractive index close to that of ‘Pyrex’ glass?; and 
a gel’, Such diverse residues are compatible with the 
expected properties of silicate solutions; no alternative 
explanation has been offered. 

I suggest that the following events could lead to suffi- 
cient leaching to account for the properties of “anomalous” 
water in ‘Pyrex’ capillaries. A hygroscopic micro-region 
of alkali preferentially attracts water molecules from the 
vapour, forming a microdrop of alkaline solution that 
triggers accelerated leaching, attracts more water mole- 
cules and forms a column of liquid with properties 
characteristic of silicate solutions and of “anomalous” 
water. Alternatively, a column of bulk water placed into 
a capillary lacks the high pH required to initiate leaching 
and retains its normal properties®*. A capillary pre-wetted 
with water or other liquids fails to form “anomalous” 
water for the same reason. 

Leaching of alkali silicates from quartz is not expected, 
but a rapid reaction between quartz and water to form 
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silica hydrosols cannot be ruled out for the folowing reason: 
“anomalous” water columns occupy about 20 per cent of 
the interior of about 10 per cent of the capillaries—-in other 
words, they cover only about 2 per cent of the available 
inner surfaces; on a quartz plate only 0-2 per cent of the 
area was covered? (estimating a 1 em diameter). The 
approximately 0-2 to 2 per cent of the surface that is 
reactive could therefore represent an “anomalous” quartz. 
A microfibrous crystalline silica (Silica WY reacts rapidly 
with water vapour to form amorphous silicie acid, and with 
liquid water to form unstable metasilicic acid chains that 
disperse into the liquid within minutes. “Silica W7 is pre- 
pared by oxidation of SiO. Heating fused silica above 
1,350° C causes dissociation of SiO, to SiO and O,; some 
recombination as ‘Silica W could presumably occur when 
capillaries are drawn. A not unreasonable interpretation, 
then, is that “anomalous” water in quartz i a silicic acid 
dispersion arising from the interaction of water with miero- 
regions of modified structure (possibly ‘Silica HW’). H this 
is the case, “anomalous” water must contain silicon, Lip- 
pincott et al.* found only traces of silicon by microanalysis 
but gave no experimental details. A rigorous demonstra- 
tion that a given sample with anomalous properties is free 
of silica is required. Bellamy et al? and Lippincott et alt 
presented other evidence to rule out siliceous contamina- 
tion, Including infrared and Raman spectra; but a more 
rigorous confirmation would include comparative infrared. 
spectra and Raman spectra of “anomalous” water, normal 
water and appropriate concentrations of silicic acid solu- 
tions, with identical procedures for sample preparation and 
spectra determinations. For example, the control samples 
should be placed in capillaries at the outset, to control for 
artefacts of subsequent sample handling. Similarly, mucro- 
analysis for siheon should include comparative data with 
the above control solutions, obtained in identical conditions 
of sample handling and analysis. Until such detailed 
evidence is available to confirm the chemical nature of 
“anomalous” water, the leaching hypothesis appears to 
remain viable. 

I thank Professor Linus Pauling for helpful advice and 
for criticism of a more detailed earlier draft of this note. 
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Direct Calorimetric Measurement of 
the Heats of Solution of some 
Liquid Hydrocarbons in Water 


KNOWLEDGE of the thermodynamic properties of aqueous 
solutions of hydrocarbons is important for the develop- 
ment of theories of hydrophobic hydration and hydrophobic 
bonding!. Accepted values of the heats of solution of these 
compounds have almost invariably been estimated from 
solubilities by the Van’t Hoff procedure?-?, but because 
experimental and theoretical uncertainties are inherent in 
this method, it is clearly desirable to attempt a direct 
measurement of these heats. 
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Such measurements require a calorimeter which has both 
high stability and high sensitivity, because the heats 
evolved may be small. The Calvet microcalorimeter is a 
suitable instrument for this purpose. It has a base line 
stability which allows processes lasting many days to be 
studied, and a maximum usable sensitivity such that 
heat fluxes of the order of 2x 10-7 W may ‘be detected. 
Accordingly, a mixing cell with no vapour space and 
approximately 5 ml. capacity has been constructed for use 
in this calorimeter. This enables small quantities of 
solutes, normally 0-005-0-01 ml., to be delivered into the 
solvent, a stepwise titration procedure being used and, 
to minimize unwanted thermal effects in the titration 
system, this has been designed to have no moving parts 
within the calorimeter. The design is such that bot h liquid 
and gaseous solutes may be used. Preliminary details of 
this system have been reported (first International Con- 
ference on Calorimetry and Thermodynamics, Warsaw, 
1969), and more details will be given. later, The system seems 
to have no detectable heat of operation and gave satis- 
factory agreement for heats of solution of ethanol and 
methanol in water at high dilution. The results of these 
tests are shown in Table 1. 


Table | 
— JH GF mol? EtOH) AH GF molt MeOH) 
10,125 + 85 (this research) 7.104 4.85 (this research) 
10,000 (ref. 8} 7.251 + 66 {ref 9) 
10,104 + 80 (ref. 9) 7,289 + 46 (ref, 11) 
10,251 + 80 (ref. 10) 
Heats of solution at 25° and infinite dilution of methanol and ethanol in 
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that caused by the second addition. Because the satura- 
tion amount of n-hexane is only about 0-5 per cent of the 
first addition, subtraction of the second peak from the 
first enables the heat of saturation of the water by n- 
hexane to be estimated. Addition of gaseous hydrecar bons 

ean be controlled im such a way that only the saturation 
amount is added. 

Heats of solution of benzene, n-hexane and cyclohexane 
in water, and of water m benzene, n-hexane and evclo- 
hexane, have been measured. The hydrocarbons were of 
the highest purity obtainable, and, where possible, they 
were dried over molecular sieves and redistilled, Their 
purity and water content were checked by gas chromato- 
graphy. Doubly distilled water was used, and all liquids 
were degassed immediately before use. 

The results are summarized in Table 2, and the Van't Hoff 
heats, where available, are listed for comparison. It should 
be pointed out that calorimetrie heats are mtegral heats of 
solution, but Van't Hoff heats are differential heats of 
solution, Saturation concentrations are so low, however, 
that the infinite dilution can be assumed and, in test experi- 
ments using alechols, no dependence of heats of solution on 
concentration is apparent at concentrations much higher 
than those of the saturated hydrocarbon solutions, If the 
concentration region bemeg studied does correspond to 
infinite dilution, there should be no difference between the 
integral atid diffe r4 meal Tel ats or soluti iorn. 
of the eae: Sculls a seems aa the Van't Hoff 
heat of solution of benzene is appreciably different from 


Table 2 


water. 
Solubility in Solubility of water‘ 
water? (p.p.m.) (mole per cent) 
Benzene 1,780 2-58:x 107 
n-Hexane D5 678x 107 470 +120 
Cyelohexane BoD 64x 10° 260 + 80 


Heats of solution in hydrocarbon-water systems at 25°, 


Beeause of the extremely low solubilities of the hydro- 
carbons in water'?, in most cases only a small part of the 
first addition of liquid hydrocarbons is required to saturate 
the water, which then forms a saturated solution in the 
remainder of the added solute. Subsequent additions of 
hydrocarbon produce heat effects corresponding to the heat 
of solution of water in the added hydrocarbon, and this 
enables the two contributions to the heat effect produced 
by the first addition to be separated. Fig. I shows an actual 
experimental trace obtained for the first and second 
additions of 0-01 ml. aliquots of n-hexane to water. 
Subsequent additions produce peaks of the same area as 





produced by addition of n-hexane to water, 


Fig. 1. Experimental trace 


Hs (calorimetric) 
J mol (this work) 


NOO + 120; (460 (ref. 14) 


AHs (water) J moj- 
(this work) 
24,600 + 1,000 
8460 + 2 0060 
] 3,200 = + 2 O06 


AHe (Van't Hott) 
J mol? 


4,820 (ref. 6); 2,4 a ire, 3) 
2,500 + 6,700 (ref, 7 


the calorimetric heat, the value of which agrees with the 
more approximate value obtained directly” by Krishnan 
and Fredman. This difference may reflect dimerization 
of benzene, because it is known that solutions of benzene 
in water do not obey Beer’s law at concentrations close to 
saturation®. Insufficient data are available on the n-alkanes 
to reach any general conclusions, but it seems that there 
may be a similar difference between the Van’t Hoff heat 
and the calorimetric heat for n-hexane. Large errors in the 
Van't Hoff heat make it impossible to be certain of this, 
however. It can be seen from the final column of Table 2, 
which lists the heats of solution of water in hydrocarbons, 
that this varies markedly for different hydrocarbons. This 
result is not yet explamed. 

Further work is in progress, studying additional liquid 
hydrocarbons, and also methane, ethane, propane and 
butane. 
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Mossbauer Effect and Iron 
Corrosion Kinetics 


‘THE formation and maintenance of a protective film on 
the surfaces of mild steel equipment used to generate 
steam are important for safe and economical operation. 
Knowledge of the kineties of the film’s growth mav lead to 
an understanding of the mechanisms of the process, and 
various properties have been measured: weight increase, 
detachment by chemical action and chemical analysis of 
the film, the movement of radioactive and other markers} i 
and measurements of the rate of effusion through the walls 
of the vessel of hydrogen produced in the reaction?, 
Most of these methods involve assumptions about the 
nature and composition of the materials encountered, or 
else require a series of measurements on a number of 
different samples of identical nature. The use of the 
Mossbauer effect in iron-57, though well known}, has so far 
been little used for corrosion studies. This method has 
several advantages: for example, different iron oxides 
and other likely corrosion products can usually be identi- 
fied* from a few milligrams. 

We used thin natural iron foils (Johnson Matthey 
99-99 per cent pure X-ray filters, 0-02 mm thick) electro- 
plated on one side with 1 mg/cm? pure electromagnetically 
separated iron-57. These were heated in deoxygenated 
Analar water in a ‘Teflon’ liner which was placed in an 
autoclave and heated at temperatures between 180° C 
and 290° C for various lengths of time. The foils were 
fixed to the top of the liner, which made a tight seal and 
prevented chemical or eleetrochemical contact with the 
water ae The hner was removed and opened under 
nitrogen at 25° C so that transmission Méssbauer spectra 
could be obtained without exposure to the atmosphere. 
Several measurements could thus be made on the same 
foil after different periods of heating. The use of a layer 
of pure iron-57 greatly increased the sensitivity of the 
experiment (natural abundance is 2-17 per cent). 

A typical spectrum is shown in Fig. 1. The peaks from 
ferrous and ferrie ions in the tetrahedral A and octahedral 
B sites’ in the surface layer of magnetite are superimposed 
on the six-line pattern from the underlying iron. The 
parameters of the magnetite agree well w ith those found 
for the natural material’, and in no case was any absorption 
observed from other possible corrosion produ tts such as 
ferrous hydroxide or ‘hydrated magnetite’ (unpublished 
results of A. M. P. with B. T. Moul d). Satisfactory least- 
squares computer fits were made in all cases, assuming 
Lorentzian line shapes. 

The area associated with a teat’ absorption peak 
can be expressed by the relation A;=$rf.P;L(é;), where 
L(t) is a saturation function depending on the effective 
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Fig, 1. Mossbauer spectrum of magnetite film on iron foil (the shaded 
dines at negative and positive velocities are used as measures of the iron 
and magnetite respectively), 
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thickness of the absorber t for the ith line®, which in 
turn is given by ti= $ni opbifan, Dy ando, being respectively 

the natural width of the peak and the nuclear erfiss-section 
for recoilless scattering, fa and f; the recoilless fractions 
of absorber and source respectively. n the number of 
iron-57 nuclei per unit area of the absorber perpendicular 
to the incident radiation, and 4; a faetor which allows for 
the hyperfine splitting of the total cross-section oy and a 
larger than natural linewidth VT). The areas shaded in 
Fig. 1 were used as measures of the amount of iron and 
magnetite present, that on the left hand side for iron, 
and that on the right hand side for magnetite. As a 
first approximation we supposed that the effective thick- 
nesses were proportional to the observed areas. Prom the 
total amount of iron present the values of H were re- 


calculated from published values® of L(t). Assuming 
fa=0-7 for magnetite as well as for iron’, the thickness of 


the film. y, was obtained as a function of time. We 
assumed that all the magnetite absorption came frorn the 
enriched film, and that no material was lost from the fol; 
the very small amount of deposit on the walls of the line 
suggested that this was a reasonable approximation. 

We assumed that the rate of film growth was described 
by a law of the form dy/di= K y*. PORAT ATIC plots at 
different temperatures gave sae =3-0+0-2, and an Arrhenius 
activation energy of 15-6+0-5 kealories. The value of n 
is in good agreement a the work of Douglas and 
Zyzes*, and can be explained in terms of a diffusion- 
controlled reaction supported by a potential gradient such 
as een exist TE on the 1 met tal es and a chemi- 
The 
De vations energy is piless “ian chat seat, in 1 3 per cert 
NaOH by Potter and Mann® (30 kealories}), and mueh less 
than that for diffusion in the absence of any potential 
gradient in Fe,O, and FeO (56 and 3 kealories respec- 
tively)!. It is, however, comparable with that for the 
decomposition of ferrous hydroxide (30 kcalones when pure. 
but decreasing to 10-2 kealories in the presence of other 
ions such as Ni**) (ref. 11). Wet therefore suggest that our 

value of 15-6 kealories re presents the activation energy for 
decomposition of the ferrous hydroxide formed at the 
surface of the film. Diffusion through the film would be 
augmented by the eae gradient set up by chemu- 
sorbed water molecules which react to form ferrous 
hydroxide with the ferrous ions diffusing to the surface, 
thus destroying the potential gradient. We think that 
the higher value of Potter and Mann’ can be accounted 
for by the known mbibiting effect of hydroxide ion on 
the decomposition of ferrous hydroxide!!, Aithough a 
value of 17 kealories has been found for the self-diffusion of 
oxygen in ERE REUIEE the details of preparation of the 
a A p e ce of the bulk maternal (unpublished 
results of A. M. P. with B. T. Mould). 

We thank the Chemistry Division, Harwell, for loaning 
qui pment. 
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Preferential Chemisorption on 
Crystalline Surfaces—Cu/O System 


ALTHOUGH it has long been appreciated that chemisorp- 
tion is an anisotropic property of the crystalline substrate, 
few systematic studies have been reported. This com- 
munication reports a recent study in which absolute 
surface coverages of oxygen on copper have been measured 
as a function of crystallographic orientation and related 
to a model of surface structure. 

The Gibbs adsorption equation! applies to any arbitrary 
crystalline surface at temperatures which allow kinetic 
processes readily to establish equilibrium between the 
phases. The crystallography of any surface may be 
defined by two orientation parameters, for example, the 
spherical polar coordinates 0,9 of the surface normal 
relative to the cube axis of the crystal. Thus, for the 
present purpose, the Gibbs adsorption isotherm may be 
written in the form: 


ayp \ 
dln pO,/2 


where +(9,¢) is the surface energy which depends on 
crystal orientation; pO, is the partial pressure of oxygen 
in the gaseous environment; I,(0,¢) is the surface excess 
of oxygen; and kT has the usual meaning. 

Two experimental techniques, described below, have 
been used to determine the absolute surface energy of one 
particular surface orientation, yọ and the ratio y(0.p)/Yo 
for all other possible crystal orientations. Combination of 
these results yields (0,7) absolutely. 


~kTT (0,9) (1) 


1,900 


Surface energy (erg em-*) (Q--O) 


Surface coverage (10" atoms em) (-—- 





Log PO 


Fig. 1. Surface energy isotherm and oxygen adsorption isotherm for a 
copper (100) surface at 1,200 K. 


Absolute surface energies have been determined at 
927° C by a zero-creep technique? on cube textured copper 
foil, 10 microns thick, over a wide range of pO, This was 
achieved by using a range of H,O/H, mixtures at various 
dew points from which the equivalent pO, may be calcu- 
lated. The results, which refer to the (100) surface at 
1,200 K, are shown in Fig. 1 together with the adsorption 
isotherm which has been derived from the data using equa- 
tion (1). This indicates that for »O,< 10- atmospheres, 
the surfaces are free of oxygen; between pO, = 10-** atmo- 
spheres and pO,= 10-2? atmospheres the surface coverage 
rises rapidly from zero to a saturation coverage of 4:0 x 
1044 atoms of oxygen/em?. This is equivalent to 0-26 
of the available adsorption sites on a (100) surface being 

The equilibrium configuration at the intersection of a 
grain boundary with a erystal surface results from a 
minimization of the relevant interfacial energies. The 
relative variation of y with (6,9), (the y-plot), has been 
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790 800 805 3815 BIO 
Fig. 2. Plot of absolute surface energy as a function of orientation for 


copper at pO,=8 5x 10- atmospheres. (The units are in ergs cmo’) 


determined as follows. For a specimen shape consisting 
of a eylinder with a grain boundary running normal to 
the long axis, it is observed that the dihedral angles at 
the surface vary systematically with rotation of the 
cylinder. Because the grain boundary energy in this 
instance is invariant, the different dihedral angles are due 
to the anisotropy of energy of the free surface, +(6,¢), 
which can now be measured by a recently developed 
numerical technique’. 

Combining these measurements with the data from the 
zero-creep studies, carried out in the same physico-chemi- 
cal conditions, these relative y-plots may be made quite 
quantitative. Thus Fig. 2 shows a typical y-plot for pO, = 
8:5 x 10-18 atmospheres displayed as contours of constant 
y within the unit stereographic triangle. Such absolute 
y-plots as a function of pO, may be analysed with reference 
to equation (1) to yield a description of the absolute sur- 
face coverage as a function of crystallographic orientation. 
This is shown in Fig. 3 as a contour plot of P, in the unit 
triangle. 

The present results may be discussed in terms of the 
terrace—ledge-kink model which describes a surface of 
arbitrary orientation as a regular array of low index 
terraces separated by ledges and kinks of atomic dimen- 
sions. The geometrical details of this analytical treatment 


cid 368 


39 





3:92 
40 (110) 


Fig. 3. Plot of oxygen coverage as a function of crystallographic orien- 
tation. (x 10** atoms cm7*.) 
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are described elsewhere*: the results are shown in Table 1, 
which describes the fraction of each type of adsorption 
site that is occupied in the present conditions. It is 
seen that for vicinal surfaces near the (100) and (111) 
poles there is preferred ledge, as opposed to terrace, 
adsorption. Second, the fractional coverage, s, of the 
various low index planes are in the order 24,5> Qio > Pri 
In Table 1 we give the number of nearest neighbour copper 
atoms for an adsorbed oxygen ion for each site. We note 
that the fractional coverage for each type of site corre- 
lates fairly well with the number of nearest neighbours. 


Table 1. FRACTIONAL OCCUPATION OF VARIOUS TYPES OF ADSORPTION SITES 


(400) (111) (110) 
Terrace Ledge Terrace Ledge Terrace 
Fractional coverage 0-286 0-38 0-21 G43 0-36 
No, of nearest nelghbour , 
Cu atoms 4 5 3 b 3 


This work forms part of the General Research Pro- 
gramme of the National Physical Laboratory. 
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Pyramidal Character of 
Organic Nitro-anions 


Ir has been suggested!? that the nitro-group in aromatic 
nitro-anions might be slightly pyramidal with respect to 
the nitrogen atom. (This phenomenon should be dis- 
tinguished from the nitro-group twisting out of the aro- 
matic plane for steric reasons.) The deformation occurs 
for cleetronic reasons, and can be associated, in part, with 
the anti-bonding character of the unpaired electron’. The 
extent of deformation can be measured by the apparent 
2p/2s ratio for the orbital of the unpaired electron on 
nitrogen which can be deduced, at least approximately, 
from the fluid and solid-state electron spin resonance 
spectra of the anion. This was done for various aromatic 
nitro-anions!*, but the results, although suggestive, have 
not in general been accepted as clear-cut proof}. 

The apparent trend of the 2p/2s ratio for aromatic nitro- 
anions, reported by M. C. R. S. ef al.t, is less marked than 
was at first thought (private communication from W. M. 
Fox) and is, in fact, so small that little weight can be 
placed on it’, This communication points out that some 
recent results on the solid-state electron spin resonance 
spectra of aliphatic nitro-anions® can be used in strong 
support of this deformation theory. Our analysis of these 
results shows that the spin-density on the nitrogen atom is 
considerably increased relative to those for the aromatic 
anions, but that the p/s ratio has fallen from 16-6 to 11-4. 
This decrease, predicted by the present theory, is well out- 
side the limits of experimental error. These results can 
be compared with those for the ion NH,* (ref. 6), which is 
known to be planar and for which the p/s ratio must be 
about 30. We also compare these results with those for the 
ion NO,?-, which is known to be pyramidal’, and where the 
electron spin resonance data give a p/s ratio of 7-8. Recent 
X-ray diffraction studies have shown that certain cyclie 
nitroxide radicals, R,NO. are definitely pyramidal at 
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Table 1. SPIN POPULATIONS OF NITROGEN ATOMIC GBEITALS 
Radical Shape gap gp2s opigë oP +o Ref. 
NH, Fiat ~] 0035 ~30 “140 § 
NO,” O411 0025 166 O44 13 
(CH,),CHNO,- 0575 0050 ibd O62 6 
NO,?- Almost pyramidal 0-64 0-088 78 O72 9 


nitrogen’:’, Theoretically, RNO, radicals should be more 
pyramidal than R,NO radicals. 

We conclude that when groups with no x-electrons, and 
with low electron affinities, such as alkyl groups or protons, 
are replaced by atoms such as oxygen or halogen, radicals 
of this type tend to become increasingly pyramidal. 
Conversely, as the spin-density on the nitro-group in aro- 
matie nitro-anions is increased for clectronic or steric 
reasons, so the pyramidal character increases. ‘This helps 
to explain the great sensitivity of YN hyperfine coupling 
in such ions. 
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Retarded Hydration of Calcium 
Sulphate Hemihydrate containing 
AIF- lons 


By-propucr gypsum formed during the wet process 
manufacture of phosphoric acid contains various imi- 
purities, some of which affect the hydration properties of 
plaster made from the gypsum. We have found that one 
of the most important of these impurities is the ALF," ion 
which enters into the by-product gypsum crystal iattice 
in significant quantities when certain types of phosphate 
rock are used. The AIF,” ions can replace nearly | per 
cent of the SO,?- ions in the lattice to form a substitutional 
solid solution, These AIF.?- ions remain unchanged 
when gypsum in converted to 8-hemihydrate but, when the 
hemihydrate is mixed with water, the dissolution of the 
host lattice releases the AIF,?- ions into the aqueous 
phase. whereupon they dissociate. The maim dissociation 
products depend on the amount of soluble phosphate 
impurity remaining with the hemihydrate. In the absence 
of phosphate the predominant fluoroalumimium ion 
formed is AIF,+, but in the presence of an ET or 
larger amount of soluble phosphate the AIF(H,PO,) i 
becomes predominant. Intermediate quantities of R 
phate give mixtures of these species. 

The presence of solid solution ALF,- counteracts the 
effect of the retarders which are commonly added to 
lengthen the setting time of plasters. Increasing amounts 
of solid solution AIF,?- cause a progressive reduction in 
the extent to which the setting time is increased by a 
standard retarder addition, and if enough AlF’,*- is present 
the setting tune of the hemihydrate is no longer amenable 
to control by retarder addition. This dimutushed response 
is referred to as retarder insensitivity, and is illustrated in 


Fig. 1. For a hemihydrate to have a good retarder 
sensitivity its co-ervstalline aluminium content must be 
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Vieat long needle setting time min) 





0-01 0-03 0-05 0-07 
Percentage of co-erystalline aluminiam in the 
parent gypsum 


Fig. 1. Setting time of by-product hemihydrate, hydrated with an 

Baal: weight of water and retarded with 0-1 (A), 0-2 (x) and 0-3 per 

cent (>) Cafferata retarder on the dry bemihydr ate we ight, plotted asa 

function of the co-erystalline aluminium content of the gypsum from 
which it was derived, 


low, so that the interval between these successive curves 
is large. 

Retarder imsensitivity could be brought about in three 
ways. (1) The AIF ,?- could be an accelerator of the hemi- 
hydrate hydration, or could hydrolyse to an accelerator, 
cancelling out the effect of the retarder; this possibility 
can be discounted because we have shown that, in the 
absence of retarder, fluoroaluminium ions have no effect 
on the rate of hydration of hemihydrate. (2) The AIF ,?- 
could induce such an abundance of nucleation sites for 
the gypsum that the retarder would be ineffective towards 
the extremely large surface area of gypsum that is 
created; we have, however, shown that, on hydration, 
retarder insensitive hemihydrates containing AIF,?- do 
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Fig. 2. Setting time of dental plaster, hydrated with 60 per cent of its 
own weight of water and retarded with 00375 per cent DTPA, plotted 
against the Al: DTPA ratio in the aqueous phase. 


NATURE VOL. 224 DECEMBER 27 1969 


not produce numbers of crystals significantly different 
from those produced by any other type of hemihvdrate. 
(3) The fluoroaluminium ions could deactivate the 
retarder by reacting with it. This possibility was in- 
vestigated by using diethylenetriaminepenta-acetic acid 
(DTPA), which is an exceptionally powerful retarder, as 
a model compound. Commercial plaster retarders are 
unsuitable for this purpose, because they are made from 
hydrolysed keratin and are therefore of uncertain and 
variable cor nposition. 

The addition of aluminium or fluorcaluminium ions to 
the aqueous solution used to hydrate a hemihydrate 
retarded with DTPA produces setting time curves of the 
form of Fig. 2. We have investigated the interaction of 
AP+t, AIF and AIF,* with DTPA in the aqueous phase: 
between pH 2 and pH 12 a series of different chelates is 
tormed with each of these species. All the chelates have 
a 1:1 ratio of Al: DTPA, and their stability constants 
are men (for example, 107? for AP+— DTPA and 1018 for 
AIF — DTPA, compared with 10 for Ca?+—DTPA). 
The Sng points on the setting time curves are always 
at a l: l ratio for Al: DTPA. This fact is explained by 
the formation of the chelates, which are inefficient re- 
tarders because they do not have the unsatisfied chelation 
sites necessary for strong adsorption on to a growing 
gypsum crystal surface’. The reduction in sensitivity 
of the hemihydrate to DTPA retarder that the impurities 
produce shows a broad correlation with the stability 
constants of the product chelates. 
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Fig. 3. Effect of aluminium additions on the setting time of hemi- 
hydrate, hydrated with 70 per cent of its own weight of water and 


retarded with O-1 per cent Cafferata retarder, after neutralizing the 
lime in the retarder to pH 7 with sulphurie acid. 


With added aluminium or = fluoroaluminiun.: ions, 
commercial organic retarders give setting time curves 
similar to that of DTPA but with less well defined turning 
points (Fig. 3). It seems that the free carboxyl and amino 
groups on the polypeptide chains of the commercial 
retarder form chelates similariy with aluminium and 
fluoroaluminium ions, but because of the wide range of 
molecular weights and compositions the turning point is 
less definite. 

Because retarder insensitivity can be induced merely by 
adding fluoroaluminium ions to the aqueous solution in 
which the hemihydrate is hydrated, considerable doubt is 
thrown on the suggestion that the retardation resistance 
of hemihydrate containing small amounts of aluminium 
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and fluorine is “due to physical peculiarities leading to 


nuclei of a type resistant to the retarder used’”?, 
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Water-induced Weakening of 
Hornblende and Amphibolite 


THE disparity between the great laboratory strength of 


silicate rocks and their apparent weakness in nature, 
suggested by stress drops associated with earthquakes, 
remains a persistent problem in tectonics. The strength 
disparity sometimes approaches three orders of magnitude. 
Many investigators!:* have demonstrated the efficacy of 
mechanisms that involve water in severely reducmg 
strength. Although amphiboles constitute one of the 
most common rock-forming mineral groups in the crust 
and are possible constituents of the upper mantle, little 
is known about the mechanical properties of this impor- 
tant group of hydrous silicates. 

The possibility that water weakening might be induced 
m amphiboles at elevated pressure and temperature 
stimulated us to investigate further. We deformed 
hornblende and amphibolite from Bamle, Norway, in a 
modified Griggs-type solid pressure medium apparatus? 
Tests were run at a constant strain rate of 10-5 s~, at 
pressures from 5 to 20 kbar and at temperatures to 
1,200° C. In the Griggs apparatus, tale jackets commonly 
form the pressure transmitting medium. To avoid 
introducing water from tale decomposition at 800° C, we 
ran all tests above 600° C in anhydrous jackets made from 
boron nitride, AlSiMag 222 ceramic, ‘Pyrex 7740’ glass or 
NaCl. Calibration runs using dummy cylinders of indium 
revealed that friction losses in driving the piston through 
various seals averaged close to 1 kbar at a confining 
pressure of 5-20 kbar. Data in Figs. 1 and 2 are uncor- 
rected for friction. 

We discovered two weakening phenomena during 
compression tests. High temperature weakening at 800° Č 
occurred in all experiments. Fig. 1 shows typical weaken- 
ing for amphibolite at 10 kbar confining pressure. 
Strength dropped from more than 7 kbar at 700° C to 
almost zero near 1,000° C. Hornblende single crystals 
changed similarly above 800° C. W eakening was inde- 
pendent of the confining pressure. Although we feel that 
water was the weakening agent we cannot yet determine 


8 


7 AMPHIBOLITE 
HORE 


lokb 


g, (kbar) 
him 





” 
0 
400 660 8G0 1,000 1,200 1,400 
TC) 
Fig. 1. Differential stress-temperature plot of typical data for Ramle 


amphibolite at 10 kbar confining pressure, 


l 





} 
| 
I 
Snes ranma ener 


the | 

lOkb) 

maar 

| 

| 

REPENTE ERE i 

20kb 

on 
= 

ara nea 

z 

| 

l4 

e (per cent) 
Fig. 2. Differential streas-stress plot of typical data for Bamle horu- 


blende at 600° C. 


the exact mechanism. The effect might, for example, 
be caused by an increasing pore pressure with a conse- 
quent reduction of effective confining pressure?) * or 
hydrolytic weakening’. 

A second st rength anomaly appeared at high pressures 
and low temperatures. Fig. 2 shows strengths af 600° C 
for hornblende single erystals compressed parallel to the 
c ory eee AXIS. T naea was an a decre ease 
w vith the strength at 10 or "15 5 a This we eake ning 
appeared at temperatures as low as 400° C. The cause of 
the strength decrease at high pressures is , undetermined, 
In thin sections the only visible change in hornblende is 
extensive twinning on (101) (refs. 6, 7), a Ithough twinning 
occurs at all pressures from 5 to 20 kbar. Water weaken- 
ing at high temperatures may lead to mechanical instabil- 
ity in the crust or oceanic upper mantle. 

The apparatus was built with funds provided by the 
Advanced Research Projects Agency of the Department 
of Defense. 
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Tungsten Carbide Electrodes for 
Fuel Cells with Acid Ejectrolyte 


Fue cells with acid electrolyte, such as dilute napune 
acid, have the advantage over those with alkaline electro- 
lyte that carbon dioxide is not absorbed by the electrolyte. 
In principle it is therefore possible to use organic fuels, 
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either direct or by reforming them with water vapour, 
without removing the resultant carbon dioxide. Even if 
carbon-free fuels such as hydrogen or hydrazine are used, 
an acid electrolyte should be preferred, for carbon dioxide 
need not be removed from the air. In the past, however, 
no acid-resistant catalyst has been found that might 
replace expensive and easily poisoned platinum. 

In recent years, carbides, borides, nitrides and so on, of 
the transition metals, most Of which are resistant to acids, 
have been intensively investigated for their suitability as 
electrode materials'>. Only tungsten carbide, WC, has 
been reported to be an active catalyst in the conversion of 
hydrogen, and this has been supported by our investiga- 
tions. 

The activity of tungsten carbide depends greatly on the 
preparation conditions. Catalysts of widely differing 
activity can be obtained, depending on the reaction by 
which the earbide is produced (carburization of tungsten 
metal or tungsten oxide with carbonaceous gases such as 
CO or CH, or with solid carbon). Apart from the basic 
substances used, the reaction temperature and the composi- 
tion of the reaction atmosphere, in particular, play an 
inportant part. 

Electrodes with WC catalysts can be mace by different 
methods, WC powder (with or without pore-forming 
substances) can be sintered at high temperatures, or 
alternatively it is possible to mix WC powder with thermo- 
plastics and pore-forming substances and to mould the 
mixture at relatively low termperatures. Excellent gas 
electrodes are obtained by backing these fairly hydro- 
phobic disks with a wet-proofing porous layer made from, 
for example, PTFE, as deseribed for other catalysts*®.’. 

Hydrogen can be converted at WC electrodes of this 
type in sulphuric acid at a low potential, without affecting 
the catalyst. Fig. 1 shows the steady-state current-voltage 
plot of such a hydrogen electrode, which has been measured 
in a half-cell arrangement for hydrophobic electrodes’, 
with reference to an autogenous hydrogen electrode in the 
same electrolyte. In the absence of hydrogen, corrosion of 
the tungsten carbide occurs at potentials above, say, 300 mV, 
which is clearly shown by periodic current-voltage plots. 
The initially high corrosion current of more than 10 mA/em? 
at 500 mV soon decreases, and thereafter the electrodes 
exhibit only low hydrogen activity. This suggests that an 
inactive, passivating surface layer has been formed on the 
catalyst. 

The behaviour of tungsten carbide changes significantly 
if a potential of 600 to 700 mV is maintained at the elec- 
trode for several hours in the presence of a reducing agent 
(for example, hydrogen or formaldehyde). Thereafter 
the electrode shows a highly increased hydrogen activity 
and corrosion occurs pow at a potential above, say, 700mV. 
Obviously, in these conditions, a catalytically active layer 
is formed on the WC surface which might be composed of a 
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# 
Fig. 1. a, Steady-state current-voltage characteristic ofa hydrophobie 
WC electrode (0:5 g WC/em?) for the conversion of hydrogen in 2 N H50, 
at 70° C: geometric surface area of electrode, 13 cm*. 6, Increased 
hydrogen activity with clectrodes previously maintained at 600-700 mV 
in presence of a reducing agent. 
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Fig. 2. Steady-state current-voltage characteristic of a sintered WC 

electrode (0-8 g WC/em*) for the conversion of hydrazine (electrolyte 

approx. 0-& mole/l, Nan. H504) at 70° ©; free geometric surface area, 
13 em}, 


hydrogen-tungsten bronze of the type first deseribed by 
Glemser and Naumann‘, whereas the inactive surface layer 
probably consists of WOs. 

Such changes in the activity and corrosion behaviour of 
hydrophobic WC electrodes were also observed on elec- 
trodes made of sintered tungsten carbide alone and hence 
they are not hydrophobic. The activity of these electrodes, 
too, can be substantially increased by controlled anodic 
oxidation of tungsten carbide in the presence of a reducing 
agent, even if they are to be used in a cell with the fuel 
dissolved in the electrolyte. In this case a reducing agent, 
dissolved in the electrolyte to enable it to reach the total 
surface area accessible to the electrolyte, should be used. 

Hydrazine proved to be a very suitable reducing agent 
for the activation of WC electrodes and was also found to 
be converted on WC anodes with substantial current 
densities. Measurements in saturated hydrazine sulphate 
solution (100 g/l.) at 70° C (Pig. 2) showed a relatively high 
initial polarization (open cireuit potential approximately 
200 mV), but the slope of the current-voltage characteristic 
is so small that current densities of 150 mA/cm? can be 
attained at potentials below 500 mV. Higher acid concen- 
tration of the electrolyte, although this would involve a 
higher conductivity, should be avoided because addition 
of H,SO, causes hydrazine sulphate to precipitate and thus 
reduces the hydrazine concentration. The degree of de- 
composition of hydrazine at the electrode material is 
surprisingly small; at open circuit potential no gas evclu- 
tion has been observed. 

In addition to hydrogen and hydrazine, formaldehyde 
and other aldehydes and, to a much smaller degree, also 
carbon monoxide and formic acid can be converted at 
WC electrodes. For all these fuels an excess of metal (a few 
per cent of tungsten or the like) gave WC catalysts of a 
higher activity than WC used in stoichiometric proporticn. 
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Production of Tensile Shock Waves 
in Stretched Natural Rubber 


Ir may be shown theoretically that when plane mechanical 
pulses of finite amplitude travel in non-dispersive media, 
the velocity of propagation in space is given by c+ F 
where c=(S/p)!”, S being the tangent modulus of the 
material and 9 its density, and V is the particle velocity 
associated with the pulse. If S increases with increasing 
amplitude of deformation, the head of the pulse will 
become steeper as it travels through the medium and it 
will eventually become a shock front, the gradient of 
which is limited by dissipative processes, such as internal 
friction and thermal conductivity. Such compressive 
shock waves are well known in fluids and in recent years 
similar shock waves have been produced and studied 
in blocks of solids}. 

It has been suggested? that a similar phenomenon 
might be expected for propagation of finite tensile pulses 
travelling along bands of highly stretched vulcanized 
natural rubber, because in this region the material 
becomes increasingly stiff with increasing tensile strain’. 
Lee and Tupper! suggested that a similar effect might 
occur in mild steel because this material has an S-shaped 
stress-strain curve. No experimental evidence of the 
generation of such tensile shock waves seems to have been 
published, however, although Mason describes evidence 
of a similar phenomenon for the retraction of stretched 
rubber, but in this case the pulse must be considered as 
compressional, 
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Fig. 1 


Because vulcanized natural rubber exhibits a large 
attenuation of wave amplitude in the unstretched 
condition, if was necessary to pre-strain the rubber 
greatly before any shock wave formation could be 
observed, A band of vuleanized natural rubber gumstock 
of square cross-section (4 inch x $ inch in the unstretched 
state) was pre-strained to five times its original length. 
A 13 foot length was clamped at opposite ends of an optical 
bench and a section 10 inches long, at one end of the 
stretched rubber, was then stretched even further. The 
additional stretch was maintained by a piece of steel 
piano wire. When this wire was suddenly volatilized by a 
heavy electric current, a tensile pulse travelled along the 
stretched rubber, and the velocity—time profiles of the pulse 
were observed on a cathode-ray oscillograph. Light wires 
attached to the rubber cut the lines of force of constant 
strength magnetic fields which were produced by per- 
manent magnets; the technique was similar to that 
described by Efron and Malvern’. Small amplitude pulses 
(<10 per cent) propagated along the rubber without 


~ 
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measurable change in shape, but the front of larger 
pulses became sharper as they progressed along the 
band. Fig. 1 shows the change in shape of tHe velocity- 
time profile when the 10 inch length was extended to 
11 inches, so that the strain in this section was 440 per 
cent (additional strain 40 per cent). When the pulse had 
travelled about nine feet, it may be regarded as a shock 
wave. Further work is being carried out on this probiem. 
This work was supported by the Army Research Office 
(Durham). 
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Irradiation Creep in the Dounreay 
Fast Reactor 


HELICAL springs, mostly from batches used in a thermal 
reactor irradiation! and loaded in tension in str ings of 
five, have been used to measure irradiation ereep im three 
experiments in the Dounreay Fast Reactor (DFR). The 
specimens were immersed in sodium and creep deflexions 
were estimated from pre and post-irradiation X-radio- 
graphs of the rigs. The defiexion of each spring was 
limited by design to pape 15 min. Bia meke spomen, 
eoil radius than the rest, was cub ‘fr rom à spring supplied 
by Dr R. V. Hesketh from the batch he used in his thermal 


irradiation?. For this spring a strain of L0-* corresponded 
to a deflexion of 2-54 mm, twice that for the others. the 
comparison being for twenty-five active turns. 
Table 1. RESULTS OF TESTS IN DFR 
Neutron 
o. fuence l 
Rig Material > 0-82 Stress x D 
MeV (MNm-*} Gru} 
(pm~*) 

(2,140 h) ‘Nimonic PE16’ (ST) 8-3 830 245 0-38 

l 183 19 26 0-28 

316 Stainless steel (annealed} 11-1 33 22-25 2-33 

. 13-1 13 23-75 13 

Molybdenum (B) 13-0 26 26-6 8-66 

2(945h) Nickel (C) 34 67 26-75 PISA? 

‘Nimonie 80.4’ (FHT) 47 33 g O56 

Molybdenum (D) 52 26 693 

‘Nimonic PEG’ OST) 4 20 G3) 

316 Stainless steel (annealed) 5-1 13 dd 

8 (2,060 h) ‘Nimonic 80A’ (FHT) 10-2 60 SUH} 

‘Nimonic PELS (ST) AS] 54 ORG 

316 Stainless steel (annealed) 155 47 434 

Molybdenum (D) 18-4 20) 7-08 

Nickel (2) 5-5 it 12-29 





D is the creep detlexion and N the pT of active turns, ST. annealed, and 
FHT as previously”; H isihat 1i 995°C: aa received: J, 1 hati gy C: 
and E, 2 hat 700° C 


Laboratory control tests were of two kinds. The first, 
in air at 300° C, used apparatus previously described’, 
Enough tests were made before the irradiations to make 
it possible to choose stresses that would keep thermal 
creep tolerably small. Air tests were carried out for all 
materials in Table 1 at stresses between 25 and 40 MNra’, 
Deflexions were measured reproducibly to + 0-05 min; the 
maximum amount observed, with one exception, waa 
0-13 mm (‘Nimonie P#16’, ST? 39 MNm-*) although most 
specimens showed barely detectable changes. Each 
test lasted at least 1,000 h and where creep was detected 
it was transient. The exceptional result, a deflexion of 
1-17 mm in 1,000 h and about double that amount after 
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Fig. 1.  Deflexions from Table 1 


} s 1 normalized to twenty-five turns and 13 MNm, 
similarly normalized ereep data obtained from a thermal reactor irradiation, 


vill The broken lines represent. 
Note the change of scale for Mo and 


Ni data. 


a total of 5,000 h, was for a nickel spring with the larger 
coil radius stressed to 56 MNm-~?. 

The second kind of control test was made at 300° C in 
sodium in eleetrically heated containers. Length changes 


were determined radiographically every 500 h. The 
precision of the measurements was little better than 


+025 mm, the value attained in the irradiation experi- 
ments, so that the observed deflexions in ‘Nimonic PE16’ 
(19 MNm-?) and AISI 316 stainless steel (13 MNm-?) of 
about 0-13 mm after 2,000 h aan well be covered Fi 
experimental error. A ‘Nimonic 804° spring 

extended 0-48 mm Pe a pot EE n: y D, 26 
MNm-) 221 mm in 500 h, but thereafter, in a total 
exposure of 2,000 h, they did not stretch further. Nickel 
has not yet been tested satisfactorily in sodium. 

The results of the three irradiation experiments are 
shown in Table I. Times of exposure are expressed as 
hours at equivalent full reactor power; that is to say, 
actual times are reduced or increased for periods below or 
aa e the normal ower level. These quantities were 

2.140 h, 945 h and 2,060 h for rigs 1, 2 and 3 respectively. 
F ‘usible alloy thermometers, included in the rigs, indicated 
temperatures below 265° C; the minimum possible tem- 
perature was 230° C, that of the sodium/potassium coolant 
at the reactor inlet. Fluence values are for the mean 
position of the centre of each spring and stresses are shear 
stresses corresponding to the initial elastic deflexions in 
sodium, 

Assuming linear dependence of creep deflexions on the 
number of aetive turns? and, consistently with our and 
other datat’, on stress, the deflexions have been normal- 
ized to 25 turns and 13 MNm= for all specimens except 
the cold-worked nickel spring in rig. 2. These normalized 
deflexions are plotted against fluence in Fig. 1. Also 
plotted are lines terminating at a fluence of 3-6 pm, 
which represent similarly normalized data obtained 
earlier!, and a line, the continuous one. which is a least- 
squares fit to the points for the annealed stainless steel. 
The right hand ordinate refers to nickel and molybdenum 
only; the pure metals creep much more than the alloys. 
Nickel clearly creeps more than the other materials: 
the specimen in rig 3 extended by an moui COTTE- 
sponding to about 0-1 per cent strain. In rig 2, the over- 
size nickel spring stretched to its limit; hence the indeter- 
minate result. This deliberately restricted deflexion was 
twenty times that observed in a control test in air. The 
limited data from the molybdenum specimens show no 
significant effect of variations in fluence or heat treatment. 
The straight line fitted to the stainless steel points gives a 
creep constant of 0-55 x 10-86 mt N-t and an intercept of 
~ 006 elastic deflexions. A similar rate of ereep is sug- 
gested by the two points for ‘Nimonie 804° together with a 
small, perhaps zero, transient component, Evidently any 


continuing component in “Nimonic PE16 is small, the 
data being consistent with a small transient. 

In this empirical comparison between fast and thermal 
irradiations a fluence >082 MeV has been used and we 
have assumed a value 20 per cent greater than the centre 
line fluence (>1 MeV) previously quoted'. We have 
ignored the 10 per cent maximum downward variation 
at the extremes of the experimental section in the thermal 
irradiation in plotting the data from Dounreay Materials 
Testing Reactor (DMTR) in Fig. 1. 


In the figure, the broken lines indicate creep deflexions 
obtained in the earlier experiments for 316 stainless steel 
(annealed) ‘Nimonic 80A’ and nickel. A similar Ime for 
PE\6 ST would be indistinguishable from that for 
stainless steel on the seale of the graph. 

The irradiation creep of “Nimonic 804’ in DFR is con- 
siderably less than in DMTR, and that of 'Nimome PEIG 
shghtly Apparently the form of the creep of annealed 
316 stainless steel differs in the two reactors. Whereas 
in the thermal irradiation creep quickly saturates, a con- 
tinuing component appears in the fast reactor experiments. 
The possibility of. for example, an incubation of the con- 
tinuing creep cannot be exeluded, for the fluence ranges 
of the thermal and fast irradiations do not ov erlap. If 
the dotted lines in Fig. l representing the irradiation 
ereep of nickel in DMTR are extended to the fluence 
experienced by the similar nickel spring in rig 3 they 
indicate similar deflexions. The relative proportions of 
steady-state and transient creep for the nickel spring im 
rig 3 are not known. 

A comprehensive explanation of the results will take 
account of the temperature difference, about 150° C, 
between the thermal and fast irradiations. No clear 
trend is obvious; the steady state and transient com- 
ponents of creep, defined in terms of fluence dependence, 
seem to depend differently on temperature m different, 
materials. 

We thank the Operations Group of DFR for assistance 
and Mr R. Hardman for sodium filling. 
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Mechanical Interpretation of 
Maxwell’s Equations 


THROUGHOUT the nineteenth century there were intensive 
efforts to develop mechanical models of electromagnetic 
phenomena based on the hypothesis of a linear aether 
continuum pervading all space!. One of the most interest- 
ing models was the gyrostatic aether proposed by Mac- 
Cullagh in 1837, a medium characterized by resistance to 
rotation but not to compression or distortion, and de- 
signed to secure a dynamical foundation for Fresnel’s 
wave theory of light?. This proposal lay dormant until 
taken up again many years later by Fitzgerald (1880), 
followed by Kelvin (1892) and Larmor (1894), who assimi- 
lated it to Maxwell’s field equations. Larmor pictured the 
electron as a nucleus of rotational strain in the gyrostatic 
aether, thereby partially anticipating Volterra’s® dis- 
location singularities which may exist in an elastic con- 
tinuum, Although Larmor’s electron as it stands is 
incapable of motion, it marked a distinct advance over 
alternative conceptions, including that of Lorentz (1892), 
which insisted on an inexplicable dichotomy between the 
aether and ordinary matter. This supposed dichotomy 
was responsible for many paradoxes and, in spite of 
Larmor’s suggestion, prevented a rapprochement with the 
new relativity physics in 1905. An aether with mechanical 
properties completely imaging electromagnetic pheno- 
mena, and containing mobile singularities imaging material 
particles, would be perfectly compatible with the Special 
Theory of Relativity. It would, however, go beyond that 
theory in also providing a rational theory of matter. The 
purpose of this communication is to introduce the gyro- 
static aether on a fresh mathematical basis, capable of 
assimilating charges and currents as well as fields, and 
thereby fulfilling the primary condition of any acceptable 
aether hypothesis. An extended development will be 
presented elsewhere. 
Maxwell’s equations including sources aret 


Ls 
V.H=0 (1) VEE H (2) 
| l 4r 
V.E = 470 (3) Vx H= -E + —ov (4) 
E C 


where all the symbols carry their usual significance, 
These may be otherwise formulated by writing 


Ls 

H=VxA_ (5) E= Ac MG (6) 
; L Gs 

wł tting OP = V? — — = 7 

vhere (pu ing O y z e) (7) 

4x 
ee ea ey (7) Op = ~4rp (8) 
1, 
V.A+-9=0 (9) 


In place of the two usual potentials A, 9 we introduce the 
mixed potential 


~(A + cV f odr) (10) 


Rie 


where x is a constant to be determined later and where 
the lower limit of integration is arbitrary. If so, (5) and 
(6) are replaced by 

H= «Vxu_ (5a) E= 


x, 
— -u (6a) 
C 


while (1), (2) remain identities; also, (10) yields 
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p, — 4nco) 


(3a) 


l 
Viu=—-(V.A+cV%9 j=-(v.A4 - 

% 
= — 4ncoju 


on considering (8) and (9), which equation reproduces 
(3) by virtue of (6a). Finally, equation (4) becormes 


a °° 4x í 
aY xV xu= =Å ut — o (da) 
C © 


which may alternatively be written 





P a 4r 
V{V. u) — Vus ~ -- u p — - oW 
co CA 
that is 
4x 4nc 
Gu = — pv — -—— Vi ode 
CR & i 


a 


a result which can be seen directly by operating with [? 
on both sides of (10) bearing in mind (7) and (8). To 
complete the formal properties of u, we note that ib is 
gauge invariant up to a static gradient field: the trans- 
formation 
1. 
A — A — Fy, Ọọ9—>Ọ mhe P ve Py = oz ĝ 


generates the corresponding transformation 


Ni 


ae t to 
Q 6 C 


t E 
A — Vy + eViedt + ViJydr 
9 G 


t 
= A + ¢Vfode + Vy (0) 
G 


We now examine to what extent u can be regarded as 
the displacement in a linear gyrostatic continuum. In 
such a continuum, as in a linear elastic continuum, u 
satisfies the fundamental equation 

Pij = pii — BF: (11) 


where Pij is the stress tensor, 8 is the mass density and 
Fı is the body force per unit mass. The isotropic gyro- 


static continuum is characterized by the constitutive 
relation 
Fa = 2 oi; = YT (261.5 -—- Uj,4) (12) 


where Y is MacCullagh’s gyrostatic constant and oj; is 
the rotation tensor. Alternatively we may write P= 
TV xu. Substituting (12) into (11) yields the vector 
equation 

YV x V xu= —8u+SF (13) 
which may be brought into correspondence with (4a) by 
the identifications 


, 4r Are 
Tag 2 = «a/c, b= — ov = —— sv (143 
| Be x 


Reference to (5a), (6a) shows that H may be interpreted 
as the local gyrostatic stress and E as the local momentum 
(multiplied by e) in the aether, an interpretation re- 
inforced by noting that the aether energy density is 


` Xx 3 , 
Bu? + 4 Pjog= =w + EY (V xus 
C 


Ll yyt . . i . P , 
So eae VX u.y xu) ms wee 7 (E? + H) (15) 
2a \c? J 


which is the electromagnetic energy density if we choose 
ţ=4r numerically. The analysis may be extended to 
ponderable matter by supposing the aether there to have 
a gvrostatic constant 4r/u, where B= uH, tand a density 
4nc/e*, where D= 

Aether models were about equally divided between the 
identifications (5a), (6a) for H, E and the reverse identi- 
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fications, that is, H has a linear significance and E a 
rotatory significance. Larmor preferred the latter, but it 
happens to be tenable only in the absence of charges and 
currents, as may be readily verified. If so, his electron 
must be discarded in favour of an alternative consistent 
with (5a). (6a). The construction of a feasible alternative, 
and the diseretization of the aether required to make it 
mobile, present challenging problems which could well 
link up with the problem of “the prematter state” recently 
emphasized by Alfvén and Elvius’. 
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BIOLOGICAL SCIENCES 


Hexagonal Lattice of Subunits in the 
Thick Luminal Membrane of the 
Rat Urinary Bladder 


THE superficial cells of the rat urinary bladder are limited 
on their luminal face by a rigid plasma membrane, 120 Å 
thick, which has an asymmetric unit structure and which 
acts as a passive barrier to the loss of water from the tissues 
to the urine':*. We have now isolated this membrane from 
bladder epithelium, after pre-treatment with fluorescein 
mercuric acetate, by differential centrifugation of epithelial 
homogenates on sucrose density gradients (unpublished 
work). The availability of a relatively pure thick membrane 
preparation has enabled us to re-examine the membrane 
structure in detail, by comparing the images obtained in 
sectioned material with those of negatively stained whole 
mounts. 
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Fig. 2. An electron micrograph of a folded fragment of negatively 
stained bladder luminal membrane, The subunits can be seen on both 
faces of the folded membrane (arrows). ( » 200,000.) 


Negative contrast staining of the isolated thick mem- 
brane with sodium phosphotungstate confirmed our 
earlier report? that the membrane had a clearly defined 
substructure of hexagonally arranged subunits with a 
centre to centre spacing of 140-150 A (Fig. 1). Examina- 
tion of the images of these negatively stained membranes 
in an optical diffractometer, using a laser as the light 
souree, confirmed that the membrane was composed of 
hexagonally packed hexamers (unpublished observations 
of R. M. H., R. W. Horne and G. J. Hills). The subunits 
were also observed in negatively stained scrapings from 
fresh, untreated bladders collected in an isotonic Earle’s 
solution. They were thus not artefactually produced by the 
isolation procedure used to prepare the purified membrane 
fractions. Where the membrane sheets were folded, sub- 
units could be seen on both surfaces (Fig. 2), which indicates 
that the hexagonal lattice is not necessarily confined to the 
luminal face. Indeed, it is not possible to locate the posi- 
tion of the hexamers. which may occur at any depth in the 
membrane or even extend throughout its whole thickness. 

These images were compared with those obtained by 
inspection of bladder epithelium, prepared for electron 
microscopy by conventional fixation, embedding and thin 
sectioning techniques!*. In favourably orientated thin 
sections, where the membrane was sectioned tangentially, 
subunits could be seen in the plane of the 
membrane (Fig. 3). Each appeared as a light 
coloured annulus, with a dark central spot on 
a denser background. The centre to centre 
spacing between subunits was only 120 A in 
this sectioned material, by comparison with 
140-150 A in negatively stained whole 
mounts, but this probably reflects the tissue 
shrinkage which occurs during fixation and 
dehydration. Where the membrane was sec- 
tioned perpendicularly (Fig. 4) the dense leaf- 
lets of the membrane also showed periodic 
densities indicative of a substructure. Al- 
though the evidence for subunits is more 
marked in the thicker dense lamina on the 
luminal face of the membrane, the beaded 
appearance of the inner lamina on the cyto- 
plasmic face also suggests substructure: if 
structure is present in the central light 
lamina, it would not be revealed by the 
uranyl and lead ions used as contrast stains 
for these preparations. 

Where hexagonal subunits have been 
observed in other animal cell membranes, 
they have been confined to cell junctions 
and, moreover, have only been seen in 


Fig. 1. An electron micrograph of bladder luminal membrane, isolated from the epithel- 


ium, and negatively stained with 2 per cent phosphotungstic acid, neutralize with 
N NaOH. The membrane is composed of a hexagonal lattice of subunits with a centre to 
centre spacing of 140-150 A. (x 200,000.) 


the densely staining, outer layers of the 
apposing membranes**. The bladder mem- 
brane is thus unique in that the hexagonal 
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An electron micrograph of tangentially sectioned thick mem- 
brane, in bladder epithelium which has been fixed in OsO, buffered with 
phosphate to pH 7:4, dehydrated, and embedded in ‘Epikote 812°. 
material was contrast stained with uranyl and lead salts. 

appear as light annulae on a dark background (circles). 


Fig. 3. 
The 
Subunits 
( x 200,000,) 
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Fig. 4. Perpendicularly sectioned thick membrane prepared in the 
same way as that illustrated in Fig. 3. The thicker dense leaflet of the 
membrane is composed of irregularly arranged densities, and the thinner 
sf were leaflet has a beaded appearance. Where the direction of the 
membrane has changed so that it is cut tangentially, a single subunit is 
shown in the plane of the membrane (arrow). ( x 300,000.) 


lattice appears over the whole membrane surface. Its 
subunits are also larger than those found in cell junctions, 
which have a centre to centre spacing of only 80-90 A, 
The evidence presented here suggests that the subunits, 
present in both negatively stained and in sectioned prepara- 
tions, are an integral part of its structure and are not 
confined to an outer densely staining lamina. The image of 
the sectioned bladder luminal membrane clearly conforms 
to the trilaminate Davson—Danielli model of membrane 
structure. This suggests that the subunits of which it is 
composed are not micellar but are themselves trilaminate. 
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Protein Synthesis in Cell-free Systems 
from Reticulocytes of Thalassaemic 
Patients 


B-THALASSAEMIA is & hereditary anaemia, characterized 
by a selective decrease in the synthesis of normal 8-globim 
chains!. It is not known. however, whether the defect in 
cells of patients with §-thalassaemia results from a 
deficiency in the amount of messenger RNA (mRNA) for 
8-globin chains or a defect at the level of protein synthesis 
on the polyribosomes. Previous studies in intact cells 
indicated that a defect exists at the level of the ribosome 
mRNA complex in reticulocytes from patients with thalass- 
aemia?. Subsequent investigations using a cell-free system 
confirmed these findings and demonstrated that the ribo- 
somes had a normal capacity to respond to the addition of 
a synthetic messenger, poly U*. Recent experiments by 
Clegg and his co-workers demonstrated that the synthetic 
time for a single 8 chain is similar in thalassaemic and non- 
thalassaemic cells‘. Taken together, these findings 
suggest that the defect in 8 chain synthesis which character- 
izes thalassaemia arises from either a diminution in the 
amount of mRNA or an abnormality in the initiation of 6 
chains in these cells. The present studies were designed to 
investigate more closely some of the events concerned with 
the initiation of synthesis of polypeptide chains by the 
ribosome-mRNA complex in red cells from thalassaemic 
and non-thalassaemic patients. 

A cell-free system for protein synthesis was prepared by 
precipitation at pH 5-4 of stroma-free lysates obtained 
from human peripheral blood’. Subunits were obtained 
from 7:5-30 per cent sucrose gradients after centrifugation 
at 25,000 r.p.m. for 3 h, freed of sucrose by dialysis for 18 h 
and assayed. The incubation contained (in 0-5 ml.) 1-2 
A ggonm Units of the pH 5 preparation; 48 mM KCI; 7-5 mM 
MgCl,; 50 mM Tris (pH 7-4); 5 mM sucrose; 0-5 mM 2- 
mercaptoethanol; 2 mM ATP; | mM GTP; 2-0 mM 
phosphoenolpyruvate; and 0-02 mg pyruvate kinase. 
Mixtures were incubated 20 min when reactions were 
stopped by the addition of one volume of cold 10 per cent 
trichloroacetic acid (TCA). After being heated to 90° C for 
30 min, the precipitates were collected on Millipore filters, 
washed with an excess of cold 5 per cent TCA, dried, 
and counted using a low background end window 
counter. 

The role of ribosomal subunits in peptide chain initiation 
in bacterial systems has been documented*. Bishop has 
presented evidence that ribosomal subunits are a major 
factor limiting the level of peptide chain initiation in cell- 
free systems prepared from rabbit reticulocytes’. In this 
study, the effect of added ribosomal subunits on protein 
synthesis in cell-free preparations from reticulocytes of 
patients with thalassaemia and without thalassaemia was 
compared. 

Ribosomal subunits from the cells of subjects without 
and with thalassaemia were added to cell-free systems pre- 
pared from cells of non-thalassaemic patients. The non- 
thalassaemic subunits stimulated “C-leucine incorporation 
an average of 40 per cent in twenty separate experiments, 
and subunits isolated from cells prepared from patients 
with thalassaemia stimulated 'C-leucine incorporation by 
an average of 33 per cent in eight different incubations 
(Fig. 1). Amino-acid incorporation by cell-free systems 
prepared from cells of patients with thalassaemia was not 
stimulated by the addition of exogenous ribosomal subunits 
obtained from either thalassaemic or non-thalassaemic cells 
(Fig. 1). In thirteen experiments with subunits obtained 
from non-thalassaemic cells, an average 8 per cent inhibi- 
tion was observed. Five experiments with subunits from 
thalassaemic cells showed an average 10 per cent inhibition. 
The cells of patients with §-thalassaemia therefore contain 
ribosomal subunits capable of stimulating protein synthesis 
in non-thalassaemic cell-free systems, but are themselves 
unresponsive to these subunits. 
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Fig. 1. Effect of added subunits on amino-acid incorporation by thalas- 
aaemic and non-thalassaemic cell-free systems. Reticulocytes were 
ivsed and pH 5 cell-free systems were prepared as described in text. The 
resultas are expressed as per cent of control “C-leucine incorporation. 
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Fig. 2. Relative amount of ribosomal material present as ribosomal 

aubunits. Sucrose gradients were run as described in text. Gradients 

were monitored by a Gilford recording spectrophotometer. Areas under 

the curves were calculated and the results expressed as percentage of 
80S ribosomes. 


These results suggest that thalassaemic reticulocytes 
might have an excess of ribosomal subunits not being 
utilized in the synthesis of globin chains. An accumulation 
of ribosomal subunits in erythroid cells of patients with 
thalassaemia was demonstrated by comparing the relative 
amounts of 408 and 60S subunits in thalassaemic and non- 
thalassaemic cells. There is, on the average, 1-7-fold as 
much 408 ribosomal material and 1-4-fold as much 608 
ribosomal material in thalassaemic as in non-thalassaemic 
cells (Fig. 2). 

A factor implicated in globin chain initiation has been 
shown to be present in rabbit reticulocytes’. A fraction 
prepared similarly from thalassaemic and non-thalassaemic 
reticulocytes stimulated “C incorporation by non-thalass- 
acmic cell-free systems by 68 per cent; this fraction had no 
effect on thalassaemic cell-free systems. 

One explanation for the finding that the cell-free system 
prepared from cells of patients with thalassaemia did not 
respond to either subunits or factor is the presence of an 
inhibitor of protein synthesis. Ultrafiltration of cell-free 
extracts prepared from cells of patients with thalassaemia 
increased the capacity of such preparations to incorporate 
“C_leucine, on the average, 60 per cent. In eight experi- 
ments, ultrafiltration of cell-free systems prepared from 
subjects without thalassaemia did not lead to enhanced 
4 leucine incorporation «Fig. 3). 

A substance removed from the thalassaemic extract by 
ultrafiltration was shown to have an inhibitory effect on 
“C-leucine incorporation in & non-thalassaemic cell-free 
system. Addition of increasing amounts of ultrafiltrate of 
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‘Table 1. EFFECT OF SIMULTANEOUS ADDITION OF SUBUNITS AND THALASSAEMIO 
ULTRAFILTRATE GON AMINO-ACID INCORPORATION BY NON-THALASSABMIC 
CELICFREE SYSTEMS 


Addition Per cent of control 
None . 100 
Ultrafiltrate 85 +6 
Subunits 146 +21 
Subunit pius ultrafiltrate 105 + 36 


Subunits and ultrafiltrate were present from the start of the incubation, 
Incubations were as described in text. 


cell-free preparations of thalassaemic cells to cell-free 
systems prepared from normal cells caused increasing 
degrees of inhibition to a plateau value of approximately 
30 per cent inhibition. New chain initiation is limited in 
the reticulocyte cell-free system and this level of inhibition 
may reflect an effect primarily on protein chain initiation. 

Table 1 shows that when protein synthesis is stimulated 
in non-thalassaemie cell-free preparations by the addition 
of exogenous ribosomal subunits, this stimulation may be 
blocked to a large extent by the simultaneous addition of 
the ultrafiltrate containing this inhibitory factor. If the 
inhibitory material is directly related to the genetically 
determined defect of thalassaemia, then it must be shown 
to have selectivity in inhibiting 6-chain synthesis. 

These findings are consistent with the hypothesis that 
in erythroid cells of patients with thalassaemia a defect 
exists at the level of the ribosome-mRNA complex. This 
defeet involves an accumulation of ribosomal subunits and 
the presence of an inhibitor of protein synthesis. This work 
was supported in part by grants from the US National 
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Fig. 3. Effect of ultrafiltration on amino-acid incorporation by thalas- 

saemie and non-thalassaemic cell-free systems. Complete cell-free 
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Conformation of the Free and Antigen- 
bound IgM Antibody Molecules 


THe two major classes of antibody molecule, IgG and 
IgM'. have molecular weights of 150,000 and 900,000, 
respectively. They are composed of heavy and light 
polypeptide chains. In IgM each heavy (p) 
chain, molecular weight 70,000, is linked by 
a disulphide bridge to a light (L) chain, 
molecular weight 23,000, and is probably 
linked by three further bridges to other u 
chains*-"", 

A model accounting for the flexible Y- 
shaped structure of IgG seen in the electron 
microscope has already been described!':"*, 
and we now propose a model for the IgM 
antibody consistent both with the appearance 
of free and antigen-bound molecules in elec- 
tron micrographs and with the available 
chemical data. We have examined IgM pre- 
parations from a variety of mammals and 
from the chicken and dogfish, and complexes 
of Salmonella flagella with antiflagella IgM 
from several of these species. All speci- 
mens were negatively stained with cold 2 
per cent sodium phosphotungstate (pH 7-3) 
on holey carbon films" and dried at 4° C. 

The stellate appearance of the free IgM 
molecule (Fig. Ia) is somewhat variable. 
Sometimes we find molecules displaying the 
simple symmetry of that shown in Fig. 1b. 
Svehag and his colleagues'*:? have published 
good pictures of this type, which they in- 
terpret as arising from five cyclically linked 
subunits. We agree with this interpretation. 
but believe that the IgM molecule consists of 
two similar halves which in this view are 
superimposed. The arms are about 25 A wide 
and 100 A long; the less well defined central 
region of the molecule is approximately 100 A 
across. Fig. lc shows examples displaying a 
more commonly encountered feature: in 
each, one or more of the radial units appears 
branched into two, and in one case all five 
arms are branched. The length of the 
branched sections of the arms is 55-70 
We suggest that the points at which the 
arms branch are flexible regions of the 
molecule where two heavy polypeptide 
chains in each subunit are joined. This (i) 
feature is embodied in the model shown Fig. 1. 
in Fig. 3. Because the details of the 
material present at the centre of the mole- 





Electron micrographs of free IgM molecules. 
the serum of mice rok ag È 
Dr A. J. Munro). 
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cule are not revealed in the electron micrographs, this 
part has been omitted from the model. : 

Fig. 3a represents a single u +L chain protomeric unit, 
with three numbered cysteine residues available for di- 
sulphide bridge formation. The numbering, which runs 
from the N-terminus, is that used previously’, but, 
because the model represents the folded polypeptide 
chains, the linear sequence of bridges shown here need 
not correspond to that in the éxtended chain. In Fig. 3b 
a pair of these units have been assembled through bridges 
2 and 4 to form a dimeric subunit, leaving two cysteine 
residues 3 available for bridging to identical neighbouring 
units, generating the cyclic structure of the IgM molecule, 
Fig. 3c. It is this latter view of the molecule which we 
believe corresponds to images of the type seen in Fig. 1b. 
The branching referred to in Fig. le oceurs at a flexible 

“hinge” region associated with bridge 2, as represented 
in the model in Fig. 3d. 

Each of the ten u+L chain protomer units carries a 
single antigen-binding site, situated at the outermost tip 
of the units arranged radially in the IgM molecule. This 
positioning follows from electron micrographs of IgM 
antibody molecules cross-linking two bacterial flagella, 
as seen, for example, in Fig. 2a. When, however, IgM 
molecules are seen in profile attached along a single 
bacterial flagellum, they are “‘staple’’-like in appearance 
(Fig. 2b). Similar forms of IgM antibodies have been 


seen attached to fragments of erythrocyte membrane”. 











(ii) (iii) (iv) © (v) 

, IgM preparation isolated from 

lasma cell tumour MOPC 104E (generously provided by 

b and ¢, Selected individual IgM molecules; (i)-(iv) as a; (v) isol: ated 
from dogfish serum. The bar represents 250 A. 
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(iii) 


Fig. 23. Electron micrographs of lgM antibody molecules bound to 

Salmonella flagella. a, Dogfish antibody cross-linking two flagella: 

b: (i) and (ii) dogfish, Gil) sheen and (iv) rabbit antibodies, each 
attached to a single flagellum. The bar represents 250 A, 


The reduced maximum dimension of molecules in the 
staple form is evident when Figs. 2a and b are compared. 
This appearance can be explained if several of the radial 
units have folded at a flexible hinge region to resemble 
the legs of a table, thus making possible the attachment 
of all, or most of, the terminal binding sites to antigenic 
determinants on the surface of a single flagellum. This 
folded conformation, represented by the model in Fig. 3d, 
is confirmed by the fact that the perimeters of the staples 
have the approximate length, 300 A, of the extended 
IgM molecule. In Fig. 3d the legs are folded only at the 
hinge region near bridge 2 already postulated as their 
branch point. In some staples. however, the cross-bar ts 
only 100A long, with uprights of comparable length, 
These uprights would be formed from entire 100 A arms. 
with the central 100 A disk in profile forming the cross- 
bar. ‘Thus, in addition to the flexible regions at the 
branched points of the arms, hinging can also oceur in 
those regions of the heavy chains linked to neighbours 
by bridge 3. 

In addition to those already mentioned, the following 
known features of the IgM molecule are consistent with 
our model: (1) The interheavy-chain disulphide bridges 
are symmetrical’. (2) Reductive cleavage of a single 
bridge to each heavy chain yields dimeric subunits with 
& structure corresponding to that seen in Fig. 36%", 
(3) Enzymatic cleavage of IgM preparations yields*®-** 
(a) an Fab fragment. with a molecular weight of 45,000, 
having a single antigen-binding site, and composed of an 
L chain and part of a heavy chain carrying no inter- 
heavy-chain bridge; (6) an (Fab”"), fragment. of molecular 
weight 120,000, carrying two antigen-binding sites; bridge 
2 links the halves of this dimeric fragment, which arises 
from cleavage between bridges 2 and 3; (c) a fragment 
Fe, of molecular weight 300,000, carrving no L chains or 
antigen-binding sites; this is the central disk of the 


IgM molecule, composed of the ten C terminal ends of 


the uw chains dinked cyclically by bridges 3 and 4. 

An alternative symmetrical IgM model fulfilling the 
chemical requirements but not immediately reconcilable 
with the structure seen in the electron microscope can be 
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constructed by linking each dimeric subunit (ie. 3b) to 
the next but ONG ON 4 ither sidi P 


The Y-shaped appearance and variable conformation 


of the IgM subunit seen in the electron microscope 


Fig. 3. Sehematic models of the IeM molecule and its subunits. a, A 
single w+ L chain protomeric unit: 2, 3 and 4 are cysteine residues 
available for interchain disulphide bridge formation: the L chain and 
disulphide bridge 1 linking it to the heavy (sf) chain lie between the 
antigen binding site (E) and cysteine residue 2. b, A dimer formed by 
linking two protomers through bridges 2 and 4 t, Model showing 
how five of the dimeric units shown in #& linked cyclically through 
disulphide bridges 3 are assembled in the IgM molecule. «, Model 
incorporating the features shown in e but with the subunits opened to 
demonstrate the proposed flexibility about a “hinge” region asso- 
elated with bridge 2. The resulting brauched appearance matches that 
in certain clectron micrographs 





Fig. 4. Model of IgM antibody bound to a particulate antigen, photo- 
graphed in profile so as to simulate the “staple” appearance in miero- 
graphs of the type seen in Fig. 2h. 
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resemble those of IgGt!*. Such flexibility in antibodies 
must facilitate multipoint attachment. The altered 
stabilized conformation in the bound IgM molecule may 
be that which is recognized by, and activates, the first 
component of complement, leading to phagocytosis and 
membrane lysis. 

Finally, the similarity of mammalian and dogfish IgM 
antibodies is of interest, suggesting that the features 
described were present in the common ancestor of the 
dogfish and ourselves. 


A. FEINSTEIN 
>. A. MUNN 


ARC Institute of Animal Physiology, 
Babraham, 
Cambridge. 
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Multiple Forms of Monoamine Oxidase 
in the Developing Brain 


Mvucu attention has recently been centred on the biosyn- 
thesis and metabolism of the catecholamines and indole- 
alkylamines. Because the enzyme monoamine oxidase 
(monoamine : O, oxidoreductase (deaminating), EC 
1.4.3.4) is involved in the metabolism of both these classes 
of biogenic amines, and because of our interest in develop- 
ment'? we were prompted to investigate the nature of 
this enzyme and especially its activity in developing 
brain and other tissues of the maturing organism. 

Several investigators have suggested that there might 
be multiple forms (isoenzymes) of monoamine oxidase 
(MAO), based on indirect evidence derived from multiple 
substrate and inhibitor studies*-’. There are even some 
reports of attempts to isolate the pure enzyme which 
also suggest the possibility of the existence of one or more 
multiple forms of MAO (refs. 8-13). As a means of 
approaching this problem, we attempted to look at any 
differences in MAQ(s) there might be between embryonic 
and adult brain. 

We used 16 day old embryo and adult New Hampshire 
red hens. After the appropriate tissue had been homo- 
genized, the monoamine oxidase was solubilized by sonic 
oscillation’ for 30, 60 or 120 min, partially purified by 
ammonium sulphate precipitation and then subjected to 
polyacrylamide gel electrophoresis. In some cases, the 
enzyme was solubilized by homogenization of the tissue 
with 15 per cent ‘Lubrol’. The general methods and 
techniques of gel electrophoresis used were those deseribed 
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by Davis. The gel concentration was 7-25 per cent and a 
Tris glycine buffer at pH 8-3 was used. The rayning time 
of the electrophoresis was 2 h at 4° C with current at 4-5 
mA per tube. Monoamine oxidase activity was revealed 
by the appearance of purple coloured bands after incuba- 
tion with a nitroblue tetrazolium substrate staining solu- 
tion. Tyramine, kynuramine, benzylamine® or trypt- 
amine™ was used as substrate, All substrates were used 
in excess. Monoamine oxidase activity was also determ- 
ined by the speetrophotometric method of Weissbach et al. 
with kynuramine as substrate’. 


t 


tt 


A 





A B C 


Fig. 1. Gel electrophoretic patterns of chick brain monoamine Oxidase. 
A, 16 day embryo; B, 1 day old chick; C, adult, Arrows point to 
bands discussed in text. Arrow labelled m indicates the dye marker. 
The anode is at the bottom of the tube while the cathode is at the top. 


The results of acrylamide gel electrophoresis of em- 
bryonic, newborn and adult chick brains stained for 
monoamine oxidase activity, with benzylamine as sub- 
strate, are shown in Fig. 1. The slow moving MAO band 
which is always obtained from embryonic brain ts com- 
pletely absent from the pattern derived from the adult 
brain. It is also apparent that the newborn chick brain 
has a pattern similar to that of the embryonic brain. At 
least five bands with monoamine oxidase activity are 
common to both adult and infant brain. Our preliminary 
results indicate that these same MAO band patterns are 
obtained whether the tissue is disrupted by homogeniza- 
tion followed by sonication or disrupted by homogeniza- 
tion with a non-ionic detergent. The data obtained after 
sonication for 120 min were the same as those after $0 mun. 
These results are in accord with the statement by Kim 
and D’Iorio that either method of solubilizing the enzyme 
results in similar patterns of MAO active bands. 

Similar patterns of the multiple forms of MAO are 
obtained if tyramine or kynuramine is used as substrate 
of the enzyme, although there seem to be quantitative 
differences in the relative intensities of the various bands. 
It should be pointed out, however, that when chick brain 
MAO patterns, from embryo as well as adult, were determ- 
ined on acrylamide gel using. tryptamine as substrate, 
no bands could be observed. This is in contrast to rat 
brain, where we and others'* have observed that trypt- 
amine as well as the other substrates mentioned earlier 
ean readily serve as substrate for the multiple forms of 
the enzyme. 
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Whether these MAO bands derived from acrylamide gel 
electrophogesis are indeed isoenzymes or are associations 
of the enzyme with varying particles of different size 
will have to await isolation and purification of the observed 
bands. 

It is clear, however, that the pattern of the multiple 
forms of MAO in embryonic or newborn chick brain differs 
from that derived from the mature brain. Moreover, 
the different bands obtained by gel electrophoresis show 
different substrate specificity which supports the indirect 
evidence for the existence of monoamine oxidase iso- 
enzymes. We have also begun to investigate the enzyme- 
inhibitor specificities using a variety of MAO inhibitors. 
Our consistent observations of age dependency, tissue 
specificity and substrate sensitivity in tissue monoamine 
oxidase may have considerable importance in investigating 
the biological function of this enzyme. 

This investigation was supported in part by grants from 
the US National Institute of Mental Health and the De- 
partment of Mental Hygiene, State of Caifornia. 
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Experimental Infection of Gibbons 
with Rhinovirus 


Progress toward the chemotherapy or prophylaxis of 
human rhinovirus infections would benefit from studies in 
suitable experimental animals, but our attempts to produce 
rhinovirus infection in several small laboratory animals 


Table F, 
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meluding leopard frogs, guinea-pigs, gerbils, marmosets, 
and newborn, as well as adult, mice, ferrets and hamsters, 
have been unsuccessful. Dick has demonstrated that 
chimpanzees are susceptible to rhinoviruses! and he has 
also obtained equivocal evidence of infection in the gibbon 
and patas monkey (personal communication). We have 
re-examined the susceptibility of these animals to rhino- 
viruses and have found that only the gibbon could be 
infected. 

The virus was administered to gibbons anaesthetized by 
intramuscular injection with 8 mg/kg of ‘Ketalar’ (Parke, 
Davis and Co.)*. Table 1 illustrates the results of nasal 
infection usmg a DeVilbiss No. 40 nebulizer containing 
l ml. of inoculum with 104 TCID,, of rhinovirus 1A (2060) 
or 2 (HGP). No virus was recovered from pharyngeal 
secretions before inoculation, but specimens collected 
immediately after nasal administration contained virus, 
indicating partial deposition of the inoculum into the 
posterior pharyngeal area. With rhinovirus 1A, shedding 
was detected 1, 2 and 8 days after infection of gibbon 
No. 2. Gibbon No. 1, moeculated with rhinovirus 2, 
also sporadically shed virus for 8 days. Both animals 
were initially seronegative, and no antibody (<1: 2) was 
detected 7 days after administration of either virus. In 
the gibbon infected with IA, reciprocal serum titres 
increased to 32 and 96 on days 14 and 21, respectively. With 
rhinovirus 2, serum titres rose to 128 on days 14 and 21. 
Increase in antibody was first detected 10 days after 
inoculation at a titre of 4. 

Although not shown, similar isolation of the virus was 
observed in two gibbons inoculated with 10% TCID,,) of 
rhinovirus 2. At this dose level, we did not recover virus 
from pharyngeal secretions collected immediately after 
nasal instillation. The first virus-positive specimens were 
obtamed 2 days after infection. As with the larger dose 
of virus, antibody titres increased from levels initially 
detectable on days 10 or 11 (2 to 4) to 512 by day 21. 

Fleet et al. have demonstrated a period of resistance 
to re-infection with heterologous rhinoviruses in human 
volunteers’. This protection lasted for 5 to 16 weeks after 
primary infection. We also observed similar heterologous 
resistance of 7 to 9 weeks duration in ferrets infected with 
antigenically distinct myxoviruses (in preparation) and 
we therefore decided to re-infeet gibbons at Il-week 
intervals, using different rhinovirus serotypes, 

Gibbon No. 2 (Table 1) received 10! TCID; of rhinovirus 
14 (1059) 11 weeks after infection with 1A. In this in- 
stance, we detected virus in pharyngeal secretions only 
immediately after nasal instillation. In spite of lack of 
evidence of virus shedding, this gibbon seroconverted 
from <2 on days 0 and 7 to 64 by day 22, and initial 
increase in antibody was detected 10 days after inoculation. 
We also inoculated a patas monkey (Erythrocebus patas) 
with rhinovirus 1A and, subsequently, with 14. Virus was 
detected in pharyngeal secretions only immediately after 
inoculations, and the monkey remained seronegative 
throughout the test periods. This suggests that the increase 
in antibody titre observed in the gibbon was a response to 
virus replication and not to the antigenic stimulus of the 
inoculum. 


VIRUS SHEDDING AND SEROLOGIC RESPONSE IN WHITE-HANDED GIBBONS (Hylobates ldr) AFTER INTRANASAL INOCULATION OF RHINGVIRES LA (2060) 


on 2 (HGP) 


Gibbon Virus Measurement” Pre Post 
number inoculated y Q 0 1 
2 1A Virus isolation + = + + 
(2060) Antibody response <2 
1 2 Virus fsolation ~ + + 
(HGP) Antibody response <2 


Davs after virus administration 


2 3 4 7 8 9 WwW HW 4 21 
$m NTS NT ç = NT 
<2 NT 32 af 
e %# = 7 + - ~ NT NT NT 
<2 4 128 128 


* Assays were made in roller tybe cultures of WI-38 cells incubated at 34° C. 
+ Specimens collected from the posterior pharynx with a dry, cotton tipped swab were deposited in L5 ml. of EMEM+5 per cent FBS +100 unita 


penicillin G (potasfiam salt), 100 ag streptomycin SO, and neomycin, 50 ug mycostatin per ml. 


antiserum. 


Isolates were identified using 20 units of homologous 


t Sera were heated af 54° Cx 30 min, dilutions incubated, for 1 h at room temperature with virus, reciprocal serum neutralizing titres vs. 160 TCID., 


fTAsand 186 TCID., (ref. 2). 
$ Not tested, 
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Reciprocal serum neutralizing titre 





33 35 
34 36 


‘Time after infection (weeks) 


Fig. 1. Homologous and heterologous antibody responses in gibbon 

No, 2 following three successive rhinovirus infections. Bhinoviruses 1A, 

i4 and 2 were inoculated at times 0, 11 and 22 weeks, respectively. 
$. 1A (2060); @ --- @, l4 (1059); @-—-@, 2 CHOP). 


Gibbon No. 2 was given 10! TCID,, of rhinovirus 2, 
22 weeks after infection with 1A and 1l weeks after 
inoculation with rhinovirus 14. In contrast with the 
results obtained with the initially seronegative animals, 
gibbon No, 2 had a a pre- existing titre to the homologous 
virus on days 0 and 7; and virus was recovered from the 
throat only immediately after inoculation. 
pre-existing antibody was of particular interest because 
the animal was never inoculated with rhinovirus 2. The 
increase in titre from days 7 to 22 suggests a secondary 
response in contrast with the primary response obser ved 
in seronegative animals. 

Because we inoculated gibbon No. 2 sequentially with 
three different rhinoviruses, it was possible to follow 
antibody titres during extended intervals, determine the 
history of antibody to rhinovirus 2, and show whether 
heterotypic responses were produced (see Fig. 1 for results). 
This gibbon was initially seronegative to IA and 14 
(<2). After infection with IA, the antibody titre im- 
ereased to 96 by the third week and progressively 
diminished to 4 at 36 weeks. Homologous neutralizing 
activity after rhinovirus 14 infection ‘shows a sunilar 
pattern; increasing to 64 at 3 weeks and decreasing im the 


ensuing weeks to <2. The titre to rhinovirus 2 was 
initially <4 before any virus inoculation (times 0). Three 


weeks after infection with LA, however, serum neutralizing 
activity appeared not only against the inoculated 1A but 
also against rhinovirus 2 (titre= 16). The titre rose again 
after inoculation with rhinovirus 2, but in spite of the 
increased titre to rhinovirus 2 elicited by JA infection, the 
inoculation of 2 produced no concurrent increase in the 
1A titre. This rise in titre to rhinovirus 2 after infection 
with JA was the only apparent heterotypiec response. 

We decided to investigate further the observed hetero- 
typie response because examination of the LA stock virus 
revealed no contamination with 2 (ref. 4). Antigenic cross- 
reactions among several rhinoviruses other than 1A and 
2 have been described’ and minor non- specific cross- 
reactions, eliminated by serum absorption with human 
liver powder’. We observed similar non-specific hetero- 
typie inhibition, using hyperimmune sera of bovine origin, 
which was removed by absorption with HeLa cell sus- 
pensions. The titres to [A and 2 in gibbon sera, however, 
were not reduced by this treatment. Thus either a 
serologic cross-reaction between these types occurred or 
the titre rise to 2, after LA infection, was an anamnestic 
response from a previous natural exposure to rhinovirus 2. 

These experiments show that three strains of human 
rhinoviruses can infect gibbons; there is a rise in serum 
neutralizing antibody and virus can be recovered from the 
pharynx. In contrast with chimpanzees, gibbons are small 
and amenable to handling. They prov ‘ide a novel and 
useful in vivo model for laboratory studies of rhinovirus 
infections. 


The origin of 


tara 
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Antigenic Variation among Strains of 
Rhinovirus Type 51 


DvuriInG attempts to identify rhinoviruses isolated in 
Glasgow between 1962 and 1966, antisera were made 
against fifteen strains. Two of these strains---isolated in 
October 1962 and April 1965—-and their antisera showed 
low-level reciprocal cross~reactions; both were serotype 
51. The ese lorpnos between the two a ihe Sai that 
Gee aes ata to its epiderinloae: i A E 
Eight other strains, isolated in Glasgow and in various 
parts of the United States, were therefore studied. 

Table 1. ORIGIN OF TEN STRAINS OF RHINOVIRUS 31 

Details of isclation 


Strain Date Place Patient 
19143 May 1962 Washington, USA Child with bronchiolitis 
FO-4081 Aug. 1962 Ford Ord, USA Adult with URI 
4574-82 Oct. 1962 Glasgow, Scotiand Adult with chroni¢ bronch- 
itis 
5420-62 Dec. 1962 Glasgow, Scotland hid with URI 


5422-62 Dec, 1962 


Giasgow, Scotland 
3501-64 Dec. 1964 


+ Child without symptoms 
Glasgow, Scotland 


Adult with URI 


1767-65 Apr. 1965 Glasgow, Seotland Child with bronchitia 
SE1825 Feb. 1966 Charlottesville, (SA Adult with URI 
06476 Feb. 1968 Chicago, USA Adult with URI 
04928 May 1966 Chicago, USA Adult with URI 


URI, Upper respiratory infection. 


Details of the time and place of isolation of ten strains 
are shown in Table 1. Strains isolated in the United States 
were supplied by Drs Gwaltney, Hamre, Kapikian and 
Schieble. Two hyperimmune antisera were made in 
guinea-pigs against each of the two Glasgow strains 
4574-62 and 1767- 65 by a method deseribed earlier', Two 
other pape none ena against Lata: E PPa m 


guinea-pigs by Dr Sehieblej, ~ were also e All sera were 
titrated against the ten RV-51 strains using the mucro- 
titre metabolic inhibition test*. 

The results of titrating the six antisera against ten RV- 
51 strains clearly show that all strains belong to serotype 
61 (Table 2). But there is more than a twenty-fold 
difference between the highest and lowest titres obtained 
with sera 4574-62/8/2 and 1767-65/S/2 and this indicates 
that reliable identific: ution of rhinoviruses may require 
more than the twenty antibody units of neutralizing anti- 
serum which are frequently used. All the sera show 4 
significant difference between strains isolated in 1962-64 
(62 strains) and those isolated in 1965-66 C65 strains) 
although the difference is less marked with 19143 anti- 
serum. Because the four sera against the two Glasgow 
strains were prepared by identical methods and the 
differences in titres are reciprocal, variatipns in avidity 
of sera or ease of neutralization of the viruses cannot be 
responsible. The difference between the two groups of 
viruses is most probably antigenic. The difference is 
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Fig. 1. Titres of thirty-three human sera against 4574-02 and 1767-65 


strains of RV-51, Titres expressed as reciprocal of 50 per cant end point. 


Sera collected between Dec. 1962 and Sep. 1963; A, sera collected 
July to Nov. 1964; @, sera collected Jan. to Mar. 1968. Sera on, or 
outside, two parallel lines show four-fold or greater difference in titre 

against the two strains. 


striking because the strains isolated in each period were 
found in widely separated geographical areas. 

Strain 3801-64 may be epidemiologically misleading 
because it was isolated from a laboratory worker who was 
probably infected in the laboratory by one of the 1962 
strains. The 19143 antiserum was prepared in a goat, 
unlike the other five sera which were made in guinea-pigs, 
and the goat received more inoculations than the guinea- 
Table 2. TITRES OF SIX ANTISERA AGAINST TEN STRAINS OF RHINOVIRUS Of 


1962 antisera 1965 antisera 


Virus FOl- 457 4574- 1767- 1767- 
Sirain Dose* 19143 4081  62/5/ 62/8/2 65/5/71 6865/8/2 
1962-64 
19143 3B 1280 => 6120 180 > 1280 230 110 
FOl-4081 180 640 2560 80 900 230 55 
äi- 56 1280 1800 5 > 1280 320 od 
5420-62 180 450 1280 DD 640 230 DD 
422-2 32 230 1800 116 > 1280 450 55 
| 8801-64 180 640 1280 110 900 230 oD 
Logs, geometric mean 
and standard de- 
viation of mean t 281 3°38 1-95 3°08 243 1-80 
+012 4011 £007 £008 +005 +005 
1865-66 
1767-65 100 110 640 < 20 160 1280 900 
SPFLS25 32 230 326 < 20 80 > 2560 > 1280 
06476 32 450 640 < 20) 110 2560 1280 
04925 32 160 320 < 20 40 > 2460 640 
Ley, geometric mean 
and standard de- 
viation of mean + 2-31 2-66 4-15 1-94 3-41 3°03 
+4013 +009 +96 +013 +011 +010 


Titres are expressed as the reciprocal of the highest dHution showing 
complete neutralization in 50 per cent of wells inoculated tcalenlated by 
Karber’s method). 

* Expressed as TCD... 

+ For these caleulations titres of > 1280 and > 2560 and > ol 20 were 
taken as 1800, 3600 and 7200 respectively and titres of < 20 as 14. 


ANTIBODY TITRES OF À PATIENT FROM WHOM 4574-62 STRAIN 
WAS ISOLATED IN OCTOBER 1962 


Antibody titre against indicated strain 


Table 3. 


Date 4574-62 1767-65 
May 1962 <4 s 
Sep. 1962 <4 4 
Jun. 1963 @ > 256 16 
Oct, 1963 256 i 
Felf. 1964 256 11 
Jun. 1984 258 11 


Titres are expressed as the reciprocal of the highest dilution showing com- 


plete neutralization in 50 per cent of wells inoculated (calc “uated by Karber’s 
method). 
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pigs; these factors may explain why it showed less difference 
between ’62 strains and °65 strains than the other antisera. 

To see whether differences between '62 and °65 strains 
could be detected using human sera, and to obtain some 
information about the distribution of human antibodies 
against these strains, various sera were titrated against 
4574-62 and 1767-65 strains. Titration of sera collected 
from the patient from whom strain 4574-62 was isolated 
(Table 3) showed that before infection there was low level 
antibody against 1767-65 but not against 4574-62. After 
infection, antibody titre against 4574-62 mereased more 
than 120-fold and against 1767-65 only four-fold. Single 
sera collected from thir ty-three uninfected adult volunteers 
at this unit during three different aes were also 
titrated against the two RV-51 strains (Fig. 1). Eleven of 
the sera had no antibody against either strain. Ten of the 
remaining sera showed significantly different antibody 
titres against the two strains. Four sera had higher titres 
against 4574-62 strain than 1767-65 strain; six had 
higher titres against 1767-65. These results are further 
evidence that the differences between °62 strains and °65 
strains are antigenic. It is possible that sera collected in 
1962-63 might “have higher titres against 4574-62 than 
ray and s era coe m 1968 bo Seek have Bie! 


can be made fier the i ealable ace 

These results show that antigenic differences between 
strains of RV--51 are demonstrable using human sera and 
therefore suggest that immunity against one strain may 
not confer immunity against the other. Because the 
patent from w ne 4574-62 was isolated had antibody 

u > but not against 4574-62 in May 1962 
( Table 3), aoe seven of the sera collected before September 
1963 had antibody against 1767—65 (Fig. 1), °65 strains 
seem to have been prevalent before | 965, A recent review? 
of rhinoviruses isolated in the United States showed that 
strains of RV-51 were found during the academic years 
1961-62, 1962-63, 1964-65 and 1965-66, but were 
apparently absent duri ing 1963-64. The results in Table 2 
suggest that infections between 1961 and 1963 were caused 
by °62 strains and later infections by °65 strains. 

It will be interesting to see whether RV-51 strains 
isolated in future are '62 strains or °65 strains or whether 
they undergo further antigenic change. We shall therefore 
be grateful for any recently isolated strains of RV-51 
which can be tested against our antisera. 

This work was supported by a grant from the World 
Health Organization. 
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Replication of an Infectious Form of 
Tobacco Mosaic Virus in Chicken 
Embryos 

PREVIOUS ayia of the fate of tobacco Mosaic virus 


ai Was mee W hale virus. This form was elated oni 
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chicken embryo macerates on cellulose adsorbent columns 
with 10 per cent polyethylene glycol (PEG) and 4 per cent 
NaCl in water. Similar infective units could be eluted 
from infected Turkish tobacco macerates using the same 
procedure, but whole TMV does not elute in these condi- 
tions*. The infective material from both chicken embryos 
and plants, when partially purified, gives an ultraviolet 
spectrum that is more typical of a nucleoprotein than a 
nucleic acid. When mechanically inoculated on detached 
leaves of bean (Phaseolus vulgaris, our selection 367 from 
P.I. number 223,006) the infective particles induce the 
formation of small grey lesions. Such lesions appear to be 
non or only slightly spreading, while whole virus lesions 
on the same leaves are much larger and spreading, and 
are dark reddish-brown in colour. The application of 
the phenol extraction procedure of Shigematsu et al.’ to 
these infective particles yields a small nucleic acid that 
still appears to be infective on the bean assay host*. 

We report here some experiments in which several 
RNA fractions from different sources were used as inocula 
in chicken embryos (Table 1). 0-05 ml. was injected 
aseptically into the yolk sae of fertile chicken eggs on the 
first day of incubation. The incubated eggs were examined 
daily for vitality. Dead embryos were removed as soon 
as detected and frozen for later RNA recovery using the 
Shigematsu. method’. Incubator temperatures were 
maintained at 36°-37° C. Figures on mortality are also 
listed in Table 1 along with amounts of RNA recovered 
from selected dead embryos. The most interesting result 
is that a small RNA (4-65), isolated from a 75 h TMV 
infection in Turkish tobacco, appeared to be the most 
potent embryo inoculum. When 4-65 was injected at the 
level of 32 ng per egg, all embryos were dead by the 
seventh day. The amount of RNA recovered from one 
of the dead embryos given this inoculum was more than 
ten times the level in the embryos injected with non-viral 
RNA sources. 

This 4-6S RNA also appears to be the multiplying 
viral form in Turkish tobacco®. and Cochran has theorized 
that TMV RNA is a polymer composed of linked infectious 
monomeric umts”. The 4-65 RNA mentioned here may 
be the monomeric unit, but its physical and chemical 
characteristics will be discussed elsewhere. 

In another experiment, fertile chicken eggs were 
injected with viral inoculum prepared from a 90 h infection 
of Nicotiana tabacum var. Xanthi. The infected tissue 
was macerated, placed on a cellulose column and 
thoroughly washed with a 10 per cent PEG/4 per cent 
NaCl solution. Finally, washing the column with 5 per 
cent PEG yielded an infective component that was 
concentrated by sedimenting at 105,000g for 1 h. The 
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Fig. 1. Embryo mortality during incubation at 36° C to $7-3° C foliow- 


ing inoculation. 4--—— A, Control; k- -~ -A injeeted. 


dose given each embryo was equivalent to that which 
could induce 60,000 typical TMV lesions on the bean 
assay leaves. Because this viral preparation, after 
treatment with phenol, induces atypical small grey TMV 
lesions’, it may be an intermediate stage in the virus 
development process? All of the inoculated embryos 
died during the second week of incubation. When the 
same RNA extraction methods® were used, the RNA 
levels in the viral injected embryos were three times 
higher than in comparable, non-viral-inoculated controls 
and the increased infectivity, determined by bioassays on 
bean, was found to be six orders of magnitude. 

When less lethal inocula were used, many experiments 
included observation through the meubation period and 
through post-hatching for several months. Fig. 1 is a 
plot of the mortality in one experiment. Deaths caused 
by the injected viral preparation occurred early, while 
deaths in the controls (caused by subnormal meubation 
temperatures} occurred late in the incubation period. 
Because of this low-temperature-induced control mor- 
tality, no consistent differences could be found im the 
hatching percentages and bacteria could not be detected 
in the viral-killed embryos in any of several recovery 
attempts. 


REACTION OF CHICKEN EMBRYOS INCUBATED AT TEMPERATURES OF 36-37° C TO ZERO INCUBATION TIME YOLK INJECTIONS OF 0-05 mi, OF PURIFIED 


RNA FROM VARIOUS SOURCES 


RNA ineculum 


Tttre* 
Source Amount* (lesions 
(ng) on bean 5 
leaves) 
10% PEG—4% Nal fraction from 96 h 
infection in Xanthi tobacco 105 13 x 105 17 
Same as above except 5% PEG-0% Nat] 
fraction 2 4» 10 21 
Chicken embryo infected with TMY RNA in 
a previous experiment 108 1x 16° 43 
Chicken embryo not infected with TMV RNA 
in a previous experiment 120 0 17 
Virus-free Turkish tobacco leaves 76 0 40 
Unfractionated RNA from 75 h TMV infec- 
tion in Turkish tobacco 15 3-6 x« 10! 33 
Single stranded TMV RNA prepared by 
treating purified whole virus with phenol 86 3:4 x I 33 
16S RNA from 75h EMV infection in Turkish 
tobacco 57 2-4x 1 36 
16S RNA from virus-free Turkish tobacco 18 0 27 
4-68 RNA from 75 h TMV infection in 
Turkish tobacco 32 2-5 «x 103 40 
4-65 RNA from virus-free Turkish tobacco 7s 0 33 


* Values for inoculum given to each embryo, 


Per cent embryos dead 
(days ane sad, 


Purified RNA re-isolated from selected single 
embryos (dead or near death) 
Infectivity calculated 
from lesion counta 


18 Day of Amount _ on bean 
death (ug) Titre Multi- 
(greater plication 
than} factor 
17 33 42 9 74 0x 0-28 104 
29 50 64 9 35 G3 xxi O75 «10 
43 57 57 10 e 35 O8« 10° Gür 10% 
25 42 75 10 Ze 0 ü 
60 90 90 9 30 üQ E 
53 E 33 19 3i O7 xip O19 « 16° 
30 3A 67 10 e 20 Lexi 646 « 108 
43 50 57 ü 22 OS xe! Mixi 
27 45 73 9 35 i} ğ 
100 100 100 T 398 25x10" 1:00 « 105 
50 58 58 3 30 0 0 
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fractions recovered from seventy-five virus-inoculated embry os with 
continuous flow zonal centrifugation (40,000 r.p.m.—600 ml. /h flow rate). 
Spinco B-16 rotor. 


In nine experiments in which at least three chicks 
hatched in the control and in the virus-inoculated lots, a 
significant difference in the first week post-hatching 
mortality was observed. The viral-moculated chicks had 
an overall death rate of 32 per cent while that for the 
controls was 7 per cent. The tissues of dying chicks, 
whether virus-inoculated or control, showed evidence of 
general degenerative changes in some of the internal 
organs, while chicks surviving the first week showed no 
evidence of any abnormal reactive processes or lesions 
that. could be associated with the viral inoculum. 

These results appear to be contradictory, but it must be 
remembered that TMV is not an animal pathogen and is 
not known to cause disease in animals. The moculation 
at the beginning of the incubation period challenges the 
embryo during its very earliest development. The initial 
viral injection titre may control the magnitude of viral 
RNA replication: if substantial viral RNA replication 
oceurs during a critical time in the embryo development, 
the nucleotide pool reserves could then become a limiting 
factor in the embryo development. This might trigger the 
general type of degenerative changes that have been 
observed. 

Fig. 2 shows the relationship of viral infectivity to 
260 nm absorbance in a zonal centrifuge concentration 
of material eluted from the frozen macerated contents of 
75 virus-inoculated eggs by 201. of 0-15 M sodium chloride, 
0-015 M sodium citrate-0-002 M MgCl,. Infectivity 
and absorbance at 260 nm both reached maximum in 
fraction 27 in a gradient of 30 to 50 per cent sucrose. 
Infective material from the zonal gradient was passed 
through Turkish tobacco, giving very mild mosaic symp- 
toms, and then through bean, giving almost typical 
TMV lesions. Five single lesions were selected and again 
transferred through bean, giving more typical TMV lesions, 
and then to Turkish tobacco where mild to medium- 
severe mosaic symptoms were induced. All single-lesion 
eultures differed slightly in their mosaic expression, but 
all formed nucleoprotein, rod-shaped viral particles that 
could not be distinguished from typical TMV in the 
electron micrdscope. 

Atherton! has reported that infection of B-SC-1 cell 
monolayers with single-stranded TMV RNA (from whole 
virus) produced particles that appeared to be similar to 
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TMV in infectivity, sedimentation, morphology and 
serological properties. 

The TMV forms that reproduce in the chicken embryo 
systems may be poor plant pathogens. Plant patho- 
genicity appears to be reinforced by repeated passages in 
plant suscepts. Experiments now in progress are testing 
whether a form of TMV can be selected that will be highly 
virulent in both plants and animals. 

This study was aided by a grant from the American 
Medical Association Education and Research Foundation. 
We thank G. K. Dhaliwal, A. S. Dhaliwal, B. Forghani, 
C. Lamborn, D. L. Mumford and M. Hsiao for their 
participation in this research. 
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Malignancy of Somatic Cell Hybrids 


Harris et alt have observed the suppression of the malig- 
nancy of three types of malignant cell as a result of their 
fusion with cells of line A9, which they considered non- 
malignant. Here we supplement their data with informa- 
tion neglected by or unavailable to them. As will be seen, 
this information supplies answers to at least some of the 
questions raised by Harris et al’. 

Harris eż al.) studied three kinds of hybrid obtained by 
crossing cells of clone A9 (an 8-azaguanine resistant, 
inosinie acid pyrophosphorylase deficient derivative of 
line L isolated by Littlefield?) with each of the following 
highly malignant cell types: (a) Ehrlich ascites; (b) SEWA, 
a polyoma virus induced ascites sarcoma; and (c) MSWBS, 
a methyleholanthrene induced ascites sarcoma. Inocula- 
tions of the hybrid cells into appropriate hosts resulted in 
the development of progressively growing tumours in only 
8 per cent of the test animals, a frequency equal to that 
obtained by inoculations of A9. Furthermore, the karyo- 
logical analysis of three of the transplantable tumours 
which did develop after inoculations of A9x Ehrlich 
hybrids revealed that these tumours were formed by 
hybrid cells having lost about 40 of the initial complement 
of about 130 chromosomes (ineluding about 10 of the 20 
bi-armed chromosomes of A9). From these observations 
the authors conclude: “(1) that malignancy can be sup- 
pressed when malignant cells are fused with certain non- 
malignant cells; (2) that the hybrids resulting from such 
fusions produce segregants in which a loss of chromosomes 
is associated with reversion to malignancy” 
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Comparing these conclusions with those drawn by 
several authors*~* from earlier observations on the malig- 
nancy of hybrids between highly malignant and less 
malignant or normal cells, Harris et al.’ suggest either that 
the conclusions of earlier investigations (that malignancy 
is dominant) may be incorrect because of the lack of data 
on the karyological characteristics of the tumours pro- 
duced, or that AQ is a cell line presenting some special 
feature responsible for the suppression of malignancy. 
Harris et al.’ suggest further that this property of AY may 
be a result of the metabolic consequences of prolonged 
selection for azaguanine resistance”, 

We should like to present some data relevant to these 
various points. 

(1) In one of the earliest publications on the malignant 
properties of somatic hybrids* (a paper cited by Harris et 
al.1), karyological data were indeed presented by Barski 
and Cornefert, showing that tumours produced by hybrids 
between the highly malignant line NCTC 2472 and line 
NCTC 2555 (whose tumorogenic potential 1s as low as 
that of A97) contained essentially the complete expected 
chromosome complement, identical with that of the 
inoculated hybrid cells. 

Similarly in a more recent study, unfortunately over- 
looked by Harris ef alt, Silagi® investigated the karyo- 
logical characteristics of a tumour produced by the inocu- 
lation of hybrid cells resulting from the fusion of a highly 
malignant melanoma (line B16) with the same cell line (A9) 
as that used by Harris et a/l.t. Like Barski and Cornefert’, 
Siagi? observed that the karyotype of the tumour cells 
corresponded closely to that of the inoculated cells, which 
contained essentially all of the chromosomes of the two 
parents. 

Thus, contrary to the statement of Harris et alt (“In 
none of these cases, however, were the chromosomes of the 
tumours analysed in detail, so that no assessment can be 
made of the extent to which the results might have been 
complicated by loss of chromosomes or by selection of 
atypical variants in vivo”), karyological data on hybrid 
cell tumours are available in the published literature, 
and these data show that gross chromosome segregation 
is not necessarily required for hybrid cells to be malig- 
nant. 

(2) Turning to the suggestion that A9 may present some 
special feature responsible for the suppression of malig- 
nancy, we should like to mention that evidence in support 
of this hypothesis has been obtained from the study of 
hybrids between a highly malignant testicular teratoma 
and A9 cells (ref. 9 and unpublished results of B. Finch 
and B.E.) One hybrid clone having the expected 
ehromosome number at the time of inoculation was tested 
by intraperitoneal injection of 2-10 x 10® cells into nine 
(irradiated and non-irradiated) Fl C3H x 129 mice. No 
tumours developed in any of the moculated animals. But, 
on the other hand, the already mentioned work of Silagi® 
shows that most (but not all) of the clones of hybrids 
between melanoma B16 and A9 can apparently give rise 
to transplantable tumours in compatible mice. The time 
of appearance of 90 per cent of the tumours was equivalent 
to that of melanoma tumours. It thus seems that, although 
A9 can suppress malignancy in some combinations, it does 
not in others. Whether this is caused by different inter- 
actions between A9 and the several malignant cells with 
which it was fused, or by differences in the properties of 
A9 sublines used in various laboratories, cannot be 
decided at this time. Granted the preliminary nature of 
the article by Harris et al. we shall not discuss other 
possibilities which are suggested by their own data. For 
example, one may question whether it is justifiable to 
measure the malignancy of a given cell by the proportion 
of takes in all inoculated animals, whatever the route of 
inoculation, when one route is clearly more efficient than 
another. 

One property of A9 which, however, is common to the 
cells used in all the laboratories is 8-azaguanine resistance. 
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This makes it seem unlikely “that the metabole conse- 
quences of prolonged selection for azaguamine *resistance 
have conferred on the A9 cell the ability to suppress the 
malignant character of the mouse tumour cells, 

The available information thus makes it premature to 
generalize the conclusions of Harris et a/.', or, im any case, 
to state that their results “fly in the face of earher reports 
that the fusion of a cancer and a non-cancer cell gives a 
mahgnant hybrid™?, 

Boris EPHRUSSI 
Ricuarp L. DAVIDSON 
Mary C, WeErss 


Centre de Génétique Moléculaire, 
CNRS, 91, 

aif-sur- ¥ vette, 
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H. Harris and G. Klein, who saw the above ietter before it 
went to press, have sent the following reply; 


We thank Dr Ephrussi and his colleagues for their interest- 
ing remarks, but regret that we cannot accept the mter- 
pretations which they offer. 

(1) The article by Barski and Cornefert' does not contain 
any data on the chromosomal constitution of the tumours 
produced by the injection of their hybrid cells. What is 
described in this article is the chromosomal constitution of 
two lines of cells, each derived from a single tumour, two 
months after the establishment of these lines an vitro. To 
what extent the chromosomal constitutions of these two 
established lines were representative of the cells im the 
tumours from which they were derived can only be a 
matter of conjecture: the explantation of tumours in vitro 
is a selective procedure. Even so, the results obtained by 
Barski and Cornefert on these two cell lines hardly lend 
themselves to the conclusion that their chromosome 
complement was “identical with that of the inoculated 
hybrid cells”. One line contained not only cells having an 
apparently hybrid karyotype, but also “an admixture of 
N1 type cells”, that is, cells having the karyotype of the 
highly malignant parent cell. The other cell lme had 
chromosome numbers ‘grouped chiefly in the 97—117 area, 
with a rather wide dispersion of values”. “Precise modal 
chromosome numbers were sometimes difficult to determine. 
There were possibly 116 for clone 1, 107 for clone 2, 106 for 
clone 22 and 99-100 for clone 19” (clones isolated from the 
established line). ‘“‘The extra-long telocentric marker 
chromosome, reminiscent of a similar chromosome regularly 
found in the N1 cells ..., was observed regularly only in 
the mitoses of the 2 clone.” It is obvious that, even in this 
cell line, the observations by no means exclude chromo- 
some loss. In another paper dealing with these same hybrids, 
Barski, Sorieul and Cornefert? remark that “generally, the 
M cells (the hybrids), after passgge in animals, have shown 
a tendency toward wider dispersion and decrease of mean 
chromosome numbers.” 3 

(2) We were not aware of the work of Dr Selma Silagi? 
at the time we submitted our report for publication, but, 
shortly after the appearance of our paper, Dr Silagi kindly 
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Table 1*, 


. All animals 

No. Of takes (Na, 

with progressive tumours/ 
No. inoculated) 


Hybrid cell type Genotype of 


test animal 


A9-Ehrlich C3H 2/30 
AQ-SEWA CAH x ASW FI 3/38 
AQ-MSW EBS ASW x C3H FL 11/34 
BR2- Ehriich 3H 3/52 
ASEI-Ehrlich CEH 30/142 


AH animals were newborn mice, The radiation dose was 400 rads. 


of animals 


The inocula varied from 4 x 10* to 3-3 x 10° cells. 
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GROWTH OF HYBRID CELLS in vico 


Lnirradiated animals irradiated animals 


Percentage NO, Of takes Percentage No. of takes Percentage 
Of takes of takes of fakes 
7 — = 2/30 7 
ž 0/6 {} 3/32 4 
32 O/4 9 11/30 Ni 
6 O/1d G 34l 7 
2i 6/51 E 24/01 ag 


Ehrlich, SEWA and MSWBS cells 


produce turmours in 100 per cent of irradiated genetically compatible mice with inoenla of 100 cells or less. 


* This table does not include the tests previously reported’, 


drew our attention to her experiments. We are happy to 
have this opportunity to make public apology to Dr Silagi 
for our oversight. Her results with hybrids between A9 
cells and cells of a malignant me ‘lanoma are not. howev rer, 
at variance with our findings, as Dr Ephrussi and his 
colleagues imply. For the five clones of hybrid cells tested 
by injection into histocompatible mice the take incidences 
were 6/10, 2/8, 4/9, 0/11, 1/10 and 5/10. The number of 
tests is far too small to permit any serious statement about 
clonal variation, but the overall take incidence (18/58) is 
not very different from that observed in some of our own 
experiments. Dr Silagi’s results clearly do not demonstrate 
dominanee of the malignancy. The batch of cells which 
showed the highest take incidence ‘e (6/10) contained at the 
time of injection a modal value of 107 chromosomes, 
whereas the uncloned hybrid population had a modal 
value of 110 chromosomes. The one tumour examined had a 
modal chromosome number of 106. The results thus sug- 
gest that. im this case also, a loss of chromosomes has 
occurred. It is, of course, no part of our thesis that malig- 
nant variants can be generated from a non-malignant 
hybrid cell pon enet only by a process of “gross chromo- 
some segregation”; the loss of a single chromosome may 
be enough. W e therefore see no reason to modify our views 
about the e experiments whieh purport to show that malig- 
nancy is a dominant character in somatie cell hvbrids*-’. 
The comment to which Dr Ephrussi and his colleagues 
appear to have taken exception still seems to us to be 
appropriate: in none of these cases have the chromosomes 
of the tumours been analysed in detail. so that no assess- 
ment can be made of the extent to which the results mi ight 
have been complicated by loss of chromosomes or by 
selection of atypical variants in vivo, 

(3) The work recorded in Dr Finch’s PhD thesis was, 
needless to say, unavailable to us; but we are pleased to 
hear that her experiments with AÑ cells are in agreement 
with our own. We look forward to learning more about 
these experiments when they are published. 

Readers may be interested to see the results of some 
further tests that we have made since our initial communi- 
cation® was submitted for publication. These tests, carried 
out on about 300 newborn mice, are summarized in Table 1; 
they confirm and extend our original conclusions. It is 
clear that A9 cells do indeed possess the ability to suppress 
the mahgnaney of the Ehrlich, SEWA and MSWBS 
tumours: but this ability is not peculiar to A9 cells. The 
B82 cell, an L cell derivative lacking thymidine kinase, also 
has this ability; and so does the A9RT cell, a revertant with 
restored inosinie acid pyrophosphorylase activity, which 
we have isolated from cultures of A9 cells. This last finding 
establishes that the ability of the A9 cell to suppress 
malignancy is not simply linked to the presence or 
absence of inosinic acid pyrophosphorylase. The interesting 
consequences of fusing these tumour cells with normal 
diploid cells will be the subject of a later communication. 

Henry Harris 
GEORGE KLEIN 
Wiliam Dunn School of Pathology, 
University of Oxford ; 
and Department of Tumour Biology. 
Karolinska Institutet, Stockholm. 
teceived November 10, 1969. 
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Effect of a Murine Leukaemia Virus on 

“Background” Antibody Plaque-forming 
Cells to Sheep Erythrocytes and E. coli 

Antigen 

INJECTION of susceptible mice with a murine leukaemia 
virus markedly affects the immune response, A number 
of recent studies have demonstrated that mice infected 
with either Friend or Rauscher leukaemia disease viruses 
have a marked immunological deficiency, as demonatrated 
by challenge immunization with a variety of antigens! ~'6, 
Many of these studies have been concerned with individual 
antibody-forming cells and have shown that the number of 
haemolysin -produeing cells in spleens of infected mice is 
markedly reduced®-™4_ Similarly, the number of antibody- 
forming cells to Escherichia coli is also suppressed in spleens 
of infected mice4®, A direct relationship exists between 
the time of infection and the degree of such immuno- 
depression. 

These results, especially those from the study concerned 
iwith spleen cell transfert, suggest that virus infection may 
nterfere with normal development of antibody stem or 
precursor cells, and thus deplete the pool of leucocytes 
capable of interacting with antigen and proliferating or 
differentiating into specific immunocompetent cells. 

Certain investigators have also reported that infection 
of mice with Friend virus does not affect “background” 
haemolysin-forming cells in spleens of non-immunized 
mice’ 2012) but such observations have been made only 
as a side issue and rarely on more than a few animals. 
Experiments in our laboratory, however, have demon- 
strated variable numbers of “background” antibody- 
forming cells in non-immunized mice infected with this 
virus. In addition, it was observed that Æ. coli antigen 
often stimulated antibody-forming cells to sheep red cells 
in both normal and infected mice® 1:18, Further, results of 
a previous study revealed that Friend virus could stimu- 
late a moderate increase in the number of cells forming 7S 
and 19S haemolysin m spleens of mice primed several 
weeks before with sheep erythrocytes*!. The nature and 
significance of these effects are unknown. In the present 
experiments an attempt was made to study closely the 
effects, if any. of the leukaemia virus infection on the 
number of ‘ ‘background”’ antibody-forming cells to both 
sheep ervthrocytes and E, coli in spleens of non-immunized 
mice. 

Young adult BALB/e mice were infected with a stock 
preparation of Friend disease virus (FDV), containing 
approximately 500 to 1,000 LD; per 0-1 ml. inceulum®"’. 
At various times five or more mice per group were killed 
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and spleens were obtained. Single cell suspensions were 
prepared and used for determining the number of antibody- 
plaque forming cells (PFC) to sheep erythrocytes and to 
E. colt using the appropriate immunoplaque procedure, as 
follows. (1) The number of haemolytic PFCs per spleen 
was determined by plating 10 to 20 million nucleated cells 
inagar plates containing sheep erythrocytes as the target®~!°. 
Following | h incubation at 37° C, the plates were treated 
with guinea-pig serum as the source of complement. The 
plates were further incubated for 30 to 60 min until 
localized zones of haemolysis appeared. These were 
considered to represent “background” antibody-forming 
cells secreting high efficiency 198 IgM antibody. (2) The 
bacteriolytic plaque assay of Schwartz and Braun was used 
to determine the number of antibody-forming cells to £. 
colt somatic antigen’®°. For this purpose duplicate 
aliquots of the spleen cell suspensions were plated in agar 
plates containing approximately 4x 10° viable E. coli 
prepared from an overnight culture of the microorganism, 
Following incubation of the plates for 1 h at 37° C, they 
were treated with guinea-pig complement and incubated 
further for 1 h at 4° C and an additional hour at 37° C. 
The complement was then decanted, the plates were 
washed several times with sterile Hanks solution, and 
incubated for 6 to 18 h at 37° C until a confluent “lawn” 
of bacteria appeared. Discrete zones of bacteriolysis which 
appeared against this lawn were considered to be due to 
formation of specific bacteriolysins by individual antibody- 
forming cells!®4*. Equal numbers of control and infected 
animals were used for each experiment. 

There was a rapid rise in the number of “background” 
PFCs to the sheep erythrocytes in spleens of infected 
animals (Table 1). Three days after infection there were 
approximately 750 PFCs per spleen. The number de- 
creased to a level of about 350 by day 7 and 250 by day 14. 
This number was still significantly greater than the average 
of approximately 100 PFCs in the spleens of non- infected 
control mice, which rarely had more than 150 PFCs. When 
the number of PFCs was calculated per million splenic 
leucocytes, there was only a temporary and moderate rise 
in the number of PFCs. The background of less than one 
PFC per 10° leucocytes increased to five PFCs by the third 
day after infection, then decreased rapidly. so that by 
day 7 there was only about 1 PFC per million. 


able 1, SCT OF F NFEC € THE NUMBER OF “BACKGRO ) 
Table 1. EFFECT OF F DV INFECTION ON THE NUMBE F * KGROEND”’ 


PECS TO SHEEP ERYTHROCYTES 


Haemolysin-forming cells + 


Per cent Per 10° Per cent 
Mouse groun* Per spleen of nucleated of 
control eats control 
Control, non-infected 100-04 41-2 — G8+O015 a 
Infected +1 day 64-04 135 64-0 7 +010 16-6 
+3 day 745-0 + 203-3 745-03 pb its 50-0 
+7 day 353-3 + 147-6 343-3 1-2 40-33 200-9 
+14 day Pas D+ 62-0 258-0 Hiro 16-6 


* Infected mice injected intraperitoneally on day indicated, relative to 
day of assay, with PF DV preparation (0-1 mi. undiluted virus). 


+ Mean number of PFC + standard errors; five mice per group. 


A contrast with the marked increase in the number of 
PFCs to sheep erythrocytes, there was little or no effect on 
the eee of background PFCs to E. colt in mice in- 
fected with FDV (Table 2). The average number of 
bacteriolytic PFCs in spleens of control mice was approxi- 
mately 30 (range 15-50). Mice killed one day after 
infection manifested little change. Similarly, on days 3 
and 7 after infection the average number of PFCs per 
spleen was only moderately different from that of the 
controls. On the fourteenth day of infection, when 
splenomegaly was quite noticeable, there were few, if any, 
detectable PFCs to Æ. coli. 

These results indicate that FDV infection of mice is 
associated with a detectable decline in the number of 

“background” antibody-forming cells to Æ. colt late in the 
course of the disease. There was little or no effect during 
the first week of infection. By contrast, “background” 
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antibody -forming cells to sheep erythrocyies were moder- 
ately stimulated = FDV infection. espec ially when the 
number of PFCs was calculated on the basis of the entire 
spleen. When the number of PFCs was calculated per 
million leucocytes, an enhancement was apparent only 
on the third day after infection. 

Table 2. “BACKGROUND” 


EFFECT GF FDV INFECTION ON THE 


PFCS to E. culi 


NUMBER OF 


Bacterioly tic plaque-forming cells t 
Percent Per 10 Per cent 


Mouse group” Per spleen of nucleated OF 
control cells control 
Control, non-infected B00 + 8-4 ee 15 4 O44 Rone 
Infected +1 day PO + Sed Hyo bd + UP OY G 
+3 day 19-0441 63-0 O12 40-02 BOG 
+7 day 20-44 5-4 HRQ O06 + OD 4i 
+14 day <16+0 < 1-0 <1-03 6 a 1 
* Infected mice injected eeu teria pace) on day ladicated, relative to day 


of assay, with EDV prepation (Œi mi. undiluted virus), 
+ Mean numbers of PFC + standard errors, five mice per group. 


The discrepancy between the stimulatory effects noted 
in this study and their absence in other studies® t? may be 
attributed to differences in the time of assay and the 
concentration of virus used for infection. The stock virus 
preparation in this study was a clarified 10 per cent spleen. 
cell homogenate. This preparation contained at least 5,000 
LD, per ml. when injected by the intraperitoneal route. 
5 the previous experiments, a 1071 to 107 dilution of virus 

vas usually used as the inoculum and little if any stimula- 
Hon occurred’ 8, Although the studies by Salaman and 
Wedderburn??? as well as by Odaka et al. ® seam to have 
been performed with high dosages of virus, the inoculum 
consisted of diluted supernatants or plasma pellets 
containing virus. 

The mechanism whereby FDV, a typical leukaemogenic: 
virus known to suppress antibody formation in actively 
immunized mice, stimulates ‘ ‘natural’ or “background” 
antibody formation is unknown. Several explanations 

seem possible. (1) There may be an antigenic relationship 

between the virus and sheep erythrocytes, but not to E. colt: 
such a shared or cross-reacting antigen could induce a 
moderate but specific immune response, This possibility 
seems remote, however, for it is well documented that 
FDV infection markedly depresses the active immune 
response to sheep erthrocytes. Nevertheless, this possi- 
bility can be tested by appropriate serologica Lo means. 
Further, a cross-reaction between Gram-negative bacteria 
and sheep red cells has been proposed as the stimulator 
of the normal “background” of conventional micet. (2) A 
second explanation is the possibility that FDV directly 
infects the naturally occurring “background” PFCs and 
induces rapid proliferation of these cells. This also seems 
unlikely, because other studies have indicated that the 
virus probably affects stem cells or antibody precursor cells 
only, and not antibody-forming cells per e8511, Neverthe- 
less, there is no pertinent evidence that FDV does not 
directly stimulate already committed antibody-forming 
cells. (3) A third possibility is that the relatively large 
amount of RNA in the virus preparation serves as a non- 
specific stimulator of PFCs to sheep erythrocytes. It is 
widely known that nucleic acid products, including com- 
plex oligonucleotides and synthetic nucleic acid prepara- 
tions, can stimulate antibody formation to red blood cells 
m non-immunized animals. But the greatest stimulation 
occurs in immunized mice, suggesting that the nucleie acid 
acts merely as a potent adjuvant.. 

The third possibility listed above is being examined 
experimentally. If the FDV preparation acts m this system 
only as a non- specific stimulator of antibody formation, a 
similar effeet should oecur after injection of Jarg ge amounts 
of non-infectious virus preparations. There should, 
furthermore. be a direct dose-related effec? if viral nucleic 
acid, not infeetion per se, stimulates haemolysin-forming 
cells. Such a mechanism should. however, affect PFCs to 
both erythrocytes and E. coll, 
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Murine Virus Leukaemogenesis: 
Relationship between Susceptibility 
and Immunodepression 


Previous studies have demonstrated that infection of 
BALB/e mice with a murine leukaemia virus such as 
Friend disease virus (FDV) before challenge immuniza- 
tion results in a profound depression of both the primary 
and secondary immune response!~§, The degree of immu- 
nological deficiency was directly related to the time 
interval between infection and immunization. 

There is now considerable information concerning the 
susceptibility of various inbred strains of mice to a variety 
of leukaemogenic viruses, including FDV. The initial 
report concerning FDV described the characteristics of 
the disease and the isolation of the virus from adult Swiss- 
Webster mice’. More recent studies have demonstrated 
considerable differences in susceptibility of different strains 
of inbred mice: adult CS57B1/6 mice. for example, are 
highly resistant to infection by this virus. Odaka and 
Ikawa, however, have reported that FDV can induce 
transplantable tumours in C57B1/6 mice when admini- 
stered during the first week of life, The genetic nature of 
the susceptibility of mice to infection by FDV has been 
studied by Franker and Quilligan!* and by Lilly'*. More 
recently, ‘Lilly studied the quantitative aspects of sus- 
ceptibility and found that the H2 histocompatibility type 
of the animal strain appears to determine the degree 
of susceptibility to FDV tumorigenesis’, Gillespie and 
Rowson!* have also demofistrated that there are certain 
differences in the development of Friend virus leukaemia 
between male and female mice. 

Our study was designed to determine the generality of 
the relationship between the susceptibility of mice to 
infection with FDV and suppression of the iramune 
response. Six*inbred strains of mice, ranging from highly 
susceptible to resistant, were inoculated with a stock 
preparation of the virus. Representative mice from each 
of the strains-~either infected or non-infected—-were then 
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immunized withsheep erythrocytes and assayed for immune 
responsiveness, on the cellular and humoral level. The 
responses of F, hybrid mice of a cross between a suscep- 
tible strain male and a resistant strain female were also 
studied. 

Inbred female mice of strain DBA/2, AKR, C57B1/6 
and Fl hybrid BD2F1 (C57B1/6 females x DBA/2 males) 
were obtained from Jackson Laboratories, Bar Harbor, 
Maine. Inbred female BALB/c mice were obtained from 
Dublin Laboratory Animals, Dublin, Virginia. Inbred 
female BSVS and BRVR mice were obtained from Dr 
D. H. M. Gréschel, at Temple University School of Medi- 
cine. The animals were 5 to 6 weeks old at the start of the 
experiment. 

The virus preparation was obtained from the American 
Type Culture Collection and passaged in BALB/c mice. 
Virus pools were prepared and stored in a mechanical low 
temperature freezer and thawed and diluted as needed’. 
Sheep red blood cells were obtained commercially, and 
0-5 ml. of a standardized 10 per cent suspension of the cells 
was injected intraperitoneally into test animals. The 
number of specific antibody plaque-forming cells (PFC) to 
the erythrocytes was determined 5 days later using the 
haemolytic plaque technique in agar gel, as described 
previously?*4, 

Groups consisting of twenty-five mice of each of the test 
strains were divided into four sub-groups with the follow- 
ing treatment: group Il-—unimmunized, non-infected 
controls; group 2—unimmunized, infected controls; 
group 3-—immunized, non-infected controls; group 4—~ 
immunized and infected animals. All mice were injected 8 
days before immunization with 0-5 ml. of a 10-7? dilution 
of the stock virus preparation. Development of spleno- 
megaly was used as the indicator of infection. Animals 
from the group exhibiting no immunosuppression (C57B1/6) 
were maintained for a period of at least 4 weeks; they were 
then killed, the spleens were weighed, and spleen cell 
homogenates prepared and inoculated in susceptible 
BALB-c mice. These recipients were observed for a 
period of 3 weeks for the development of leukaemia. 

There was almost a direct relationship between the 
susceptibility of the various strains of mice and the degree 
of immunosuppression (Table 1). The C57B1/6 mice, for 
example, had only slightly heavier spleens following 
injection of virus; they had an average of more than 
70,000 PFCs m their spleens 5 days after challenge 
immunization. By contrast, the BSVS mice were highly 
susceptible to the virus infection and had spleen weights 
greater than 1,000 mg within 2 weeks after infection. The 
number of PFCs in the spleens of these infected mice after 
immunization was no more than the “background” 
observed in control mice of this strain. The B6D2F1 mice, 
the offspring of susceptible DBA and resistant C57 mice, 
had a marked splenomegaly and were also markedly 
immunosuppressed, After immunization, infected hybrid 
mice had less than 4,000 PFCs per spleen. Control, non- 
infected hybrids, had 63,000 PFCs per spleen. 

Table 1 also indicates the “rank” of the mouse strains 
according to susceptibility to FDV infection. It seems 
noteworthy that BSVS mice were most susceptible, and 
had the lowest immune response; the C57Bl/6 mice were 
the least susceptible to FDV and had no immunosuppres- 
sion. This finding agrees with that of Odaka et al.®. Most 
infected C57B1/6 mice responded better to the erythro- 
cytes than did the controls. BRVR mice were ranked fifth 
in susceptibility and sixth in immunosuppression; for the 
AKR mice the assignments were the reverse. Similarly, 
BALB/e mice were fourth in susceptibility and third in 
immunosuppression. The hybrid mice were slightiy more 
susceptible to both infeetion and immunosuppression. The 
DBA/2 mice ranked second in susceptibility and fourth in 
immunosuppression. 

Our results indicate that there is an inverse relationship 
between susceptibility of mice to FDV-induced leukaemo- 
genesis and the capacity to respond to sheep erythrocytes 
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Table 1. 


Group Treatment BSVS B6D2F1 
1 Background control 
spleen wt (mg) 36 80 
PFC/spleen 16 52 
2 Infected control | 
apleen wt (mg) 1,440 1,320 
PFC/spleen 39 46 
3 Imimunized control l 
spleen wt (mg) 5S 110 
PEC spleen TR x 105 6-3 x 104 
4 Infected and immunized 
spleen wt (mg) 1,174 1,420 
PFC/spleen 32 3-8 x 105 
Eres , QV le ORE ; 
Ratio PFC infected immunized 0-004 0-06 
PEC immunized control 
Rank According to susceptibility to FDV* 1 3 
Rank According to degree of immuno- 
suppression observed f 1 2 
* Susceptibility Infected immunized spleen wt 


Immunized control spleen wt 
cctan PEC infected immunized grou 
t Degree of immunosuppression ne control atoap 
by formation of antibody PFC. Such results favour the 
concept that “target” cells for both leukaemogenesis and 
immunogenesis may be similar or related, but it should be 
pointed out that recent studies by Glasgow and Friedman” 
suggest that host resistance of Rauscher virus induced 
leukaemia may be associated with the ability of an animal 
to produce interferon’. 

Although a relationship between susceptibility and 
immunosuppression has been observed, its relevance to 
leukaemogenesis is not clear. It seems probable that some 
degree of immunosuppression may be necessary for 
successful oncogenesis by a tumour virus. All control non- 
infected mice in this study, however, responded essentially 
equally well to challenge immunization with erythrocytes. 
Except for the BSVS mice, the range of PFC was from 
14,000 to 69,000. There was no correlation between the 
magnitude of the PFC response among the strains and 
susceptibility to FDV. The BSVS mice had both the lowest 
PFC response and were the most susceptible. 

Experiments in progress concerning the number of 
antigen-sensitive and antibody-precursor cells in spleens 
of mice, as related to FDV susceptibility and immuno- 
suppression, should provide additional information on the 
significance of these parameters of murine virus-induced 
leukaemia and its relation to immune mechanisms. 

This study was supported in part by an Ethel A. Shaffer 
memorial grant from the American Cancer Society, and a 
grant from the US National Science Foundation. We 
thank Mrs Vivian Simmons and Miss Linda Hawkins for 
technical assistance. 
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THE RELATIONSHIP BETWEEN SUSCEPTIBILITY TO FDV AND IMMUNOSUPPRESSION AMONG SEVERAL INBRED MOUSE STRAINS 


Mouse strain tested 


BALB/c DBA. AKR BRVR * CST BUG 
100 60 76 TA aå 
99 34 36 44 Al 
1,150 1,456 740 R9 110 
120 46 42x10 48 838 
115 96 ma- T RS 110 
6-9 x 10t 40% 10° 6-5 x 1" p4 x 104 7x 19% 
1,330 | 1,380 720 734 166 
£5 x 108 5-4 x 103 2-5 x 108 6-0 « 10° Oh x TGS 
0-07 O14 0-38 (42 1-62 
4 2 6 5 7 
3 4 5 6 7 


3 Franker, ©., K., and Quilligan, J. J., Proc. Sec. Exp. Biol, and Med., 181, 
1090 (1966). 

"Lilly, F., Setence, 155, 461 (1967). 

3 Lilly, F., J. Bap. Med., 127, 465 (1968). 

= Gillespie, A. V., and Rowson, K. E. K., Int. J. Caneer, 3, 867 (1968), 

n Glasgow, L. A., and Friedman, 8., 7. Kirol, 3 1969}. 


Rapid Changes of Nuclease Activities in 
Spleens of Leukaemia Virus Infected Mice 


InFection of mice with some leukaemia viruses results in 
marked alterations of spleen size, as well as in the number 
and type of spleen cells, A few days after infection with 
a virus such as that which causes Friend disease leukaemia, 
many blast cells appear in the spleen, and splenomegaly 
oceurs'. During studies concerning the effects of murine 
virus induced leukaemia on the immune responses of 
infected mice we found that major biochemical changes 
occurred very rapidly in the spleen®-*. Nucleic acid and 
protein synthesis increased markedly. It was also found 
that nuclease activity changed rapidly’. 

Relatively large concentrations of nucleases occur in 
the lymphoid tissue of normal animals. Many investi- 
gators have encountered difficulty in isolating RNA and 
polysomes from lymphoid tissue because of the rapid 
release of large quantities of highly active ribonuclease 
during preparative procedures*-"', This enzyme has also 
interfered with studies on antibody synthesis. We have 
noted a possible relationship between splenic nuclease 
activity and infection with leukaemic virus. Nuclease 
activity was rapidly depressed within the first 3 to 6 
days after infection. The activity of deoxyribonuclease 
decreased most rapidly in the spleen, and then recovered 
to near normal levels. The splenic ribonuclease activity 
decreased less rapidly, but remained depressed throughout 
the course of infection. 

Young adult female BALB/c mice were infected intra- 
peritoneally with Friend disease virus (FDV) as described 
previously**, Groups of five or more infected animals, as 
well as similar nurnbers of non-infected controls, were 
killed at closely spaced intervals during the course of 
infection. The spleen, and other organs as needed, were 
obtained from each mouse at death and cell homogenates 
prepared with 0-15 M KCI solution (pH 7-2) using pooled 
spleens from each group. Protein was precipitated with 
trichloroacetic acid and assayed using bovine serum 
albumin as the standard'?. Ribonuclease was assayed at 
pH 58 according to the method of Eichel, using yeast 
RNA as the substrate’. Deoxyribonuclease activity 
was assayed at pH 5-0 in the presence of Mg**, using the 
method of DeDuve!!. The substrate was polymerized 
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sperm DNA. One unit of either enzyme activity was 
defined as an increase of 0-01 unit of absorbance at 
260 nm. The specific activity of the enzyme was recorded 
as one unit per mg protein. Enzyme activity was cal- 
culated per whole spleen, per mg protein, and per mg 
spleen tissue. 

There was a rapid decrease of deoxyribonuclease 
activity within 3 days after infection (Table 1). Spleens 
of FDV infected mice generally had less than 20 per cent of 
the total deoxyribonuclease activity detected in spleens 
of control animals, calculated either per mg protein or 
mg spleen weight. There was only a slight decrease 
according to caleulations per whole spleen. By the sixth 
to ninth day of the infection specific deoxyribonucles ase 
activity returned to near norinal levels. Mice infected 
for 9 to 12 days had almost normal levels of deoxyribo- 
nuclease, as compared with controls. When activity was 
calculated per whole spleen there was a marked increase 
in the 6 to 12 day infected animals (Table 1). 


EFFECT OF INFECTION OF MICE WITH FDV ON SPLENE! DEOXY- 
RIBONUCLEASE (pH 6-0) 


Deoxyvribonuclease activity + 


Table 1, 


Day of infection* Per whole Per 100 mg Per mg 
organ tissue protein 
Normal, non-infected 575 1,290 105 
Infected +1 day 820 1,015 75 
+3 days 750 320 27 
+6 days §,200 760 65 
+9 days 11,500 890 T 
+12 days 14,670 910 85 


* Groups of five or more mice were killed on indicated day after intra- 
peritoneal injection of 10-50 LD, of FDV, and spleens were pooled for 
enzyme assay. 

+ One unit=0-01 As nm 


EFFECT OF INFECTION OF arg WITH FDV ON SPLEEN RIBONUCLEASE 
(pH 58) 


Ribonuclease activity t 


‘Table 2. 


Day of infection" Per whole Per 100 ma Per mg 
organ tissue protein 
Normal, non-infected 3,625 1,950 145 
Infected +1 day 3,682 1,820 137 
+3 days 700 1,640 131 
+6 days 2,000 240 20 
+9 days 2,370 170 16 
+12 days 2,250 180 14 


* Groups of five or more mice were killed on day indicated after intra- 
peritoneal injection of 10-50 LD,, EDY, and apleens were pooled for enzyme 
HSSav’. 


+ Cine unit=0-01 A ses nri 


Ribonuclease activity declined more slowly in spleens of 
infected animals (Table 2). There was a 20-40 per cent 
decrease by day 3 after infection and approximately a 
60-70 per cent decrease at day 6-—-calculated per 100 mg 
tissue or per mg protein. By the ninth to twelfth day 
after infection the level of ribonuclease—caleulated either 
way—-was generally 85-95 per cent lower than that in 
spleens of control mice. This depression remained 
throughout the course of the infection, which usually 
resulted in death 5 to 6 weeks after virus inoculation. 
Even when marked splenomegaly occurred, with spleen 
sizes of 1-5 to 2-5 g, ribonuclease activity per whole spleen 
was depressed (Table 2). 

These results indicate that a leukaemia virus infection 
may result in marked changes in nuclease activities in 
mouse spleens. Whereas spleens on normal mice had a 
relatively high nuclease activity, the activity decreases 
rapidly within a few days after virus infection, generally 
before or concomitant with the first appearance of 
splenomegaly. In the case of deoxyribonuclease, a 70-80 
per cent (or more) decrease occurred within 3 days after 
infection. Deoxyribonuclease activity, however, rapidly 
returned to near normal levels during the following few 
days. The lowest level octurred just before overt spleno- 
megaly and development of morphological and cellular 
changes. The decrease in the level of splenic ribonuclease 
occurred more slowly and paralleled the development of 
overt symptoms of leukaemia. It seems noteworthy that 
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the greatest degree of immunosuppression, as well as the 
maximum development of splenomegaly and other 
symptoms of the disease, occurs about 10 days after 
FDV infeetion®:*. This coincides with the lowest level of 
ribonuclease activity in the spleens. 

The anatomical site and cellular distribution of nucleases 
in the spleen or other tissues of infected mice are not known. 
Preliminary results indicate that most of the nuclease 
activity resides in the cell supernatant, with some in the 
mitochondrial fractions of whole tissue homogenates. By 
contrast, significant amounts of ribonuclease are present 
in the nuclear, mitochondrial and microsomal fractions of 
spleens of normal mice. It seems plausible that much of 
the nuclease aetivity, especially ribonuclease, may be 
compartmentalized in the lysosomes of macrophages, 
rather than m lymphocytes or plasma cells. Phagocytic 
activity is suppressed in leukaemic individuals and it is 
thought that macrophages may become ‘“‘diluted out” 
rapidly by neoplastic cells: nuclease activity may there- 
fore seern to decrease because of diminished numbers of 
phagocytie cells. Such cells, however, constitute only a 
fraction of the total spleen cell population. Thus the 
marked decrease Os ribonuclease activity, in spite of an 
that neoplastic ne tack ribonuclease. 

It is also possible that nucleases are directly involved 
in metabolic pathways associated with the function of 
lymphocytes and their precursors. Such cells may need 
to conserve RNA for rapid growth and division. Rapidly 
dividing cells may also need considerable quantities of 
new messenger RNA, as well as nucleic acid precursors 
for virus multiplication. Thus a decrease in ribonuclease 
activity, as well as deoxyribonuclease, could be an im- 
portant mechanism for controllmg the level and synthesis 
of nucleic acid macromolecules. 

We thank Mrs Marlene Soffer and Miss Ann Godonick 
for technical assistance. The work was supported in part 
by grants from the American Cancer Society and the 
US National Science Foundation. 
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Effect of Prostaglandin E, on 
Adjuvant Arthritis 


THE prostaglandins are a class of cyclic, unsaturated, 
oxygenated fatty acids!? and their effects on capillary 
permeability®, corticosteroidogenesis* and peripheral cir- 
culation’, as well as the prostaglandin-like activity found 
in inflammatory exudate, suggested to us a possible 
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The Pye Trap Index Level Selector is a brilliant new addition 
to the accessories available with the Series 105 Automatic 
Preparative Chromatograph. In conjunction with the 
instrument's punch tape control system, this highly 
sophisticated control unit, with an electric comparator 
circuit, achieves an exceptional degree of accuracy in 
component and fraction collection -even atthe end ofa 
separation lasting several hours. Trap rotation and sample 
collection at any level on the chromatogram are initiated 
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independently of the recorder by the amplifiers signal. And 
up to six different actuation stages are available. Programming 
is straightforward — you press the command buttons either 

to synchronise the tape with the chromatogram and index 

a trap, or simply to index a trap, then dial the amplifier output 
level at which the operation is to be carried out. 

Write or ‘phone for full details of the Pye Series 105 


Automatic Preparative Chromatograph and its Index of 
Quality. 
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We sell just about every peptide reagent, were the first to offer DCC (and remember with a slight 
shudder the 39 complaints we received because our material was a waxy solid; the first literature 
reference had stated that it was a liquid which would not crystallize !) and have even sold thousands 
of bottles of Woodward’s Reagent K, despite its relatively high price. However, no peptide reagent 

has excited our imagination quite as much as EEDQ™?. Not only because it is also a most interesting 
pharmacologic tool? for the study of both the central and peripheral adrenergie nervous system but 
because it really appears to be the meal peptide reagent: peptide formation in high yields at room 
temperature with practically no racemization. For instance, in two peptide syntheses? Woodward's 
Reagent K gave after 24 hours 72 and 95°% yields and 1-7 and 1-8% racemization. EEDQ gave after 
7 hours yields of the same peptides of 91 and 97°, with 0-29, racemization. Probably that racemiza- 
tion was due only to the tertiary amines used; Professor Belleau recommends that EEDQ be used 
without tertiary amines. Also, EE DQ is so inexpensive that it will become a general reagent for 
amide formation. Its advantages over DCC are obvious: it is not a skin-irritant, vields are generally 
higher, and all the reaction byproducts are volatile, leaving the peptide as the only solid residue. 


No. 14,983-7 EEDQ puriss., 99%+, 5 g.— $5.75; 25 g.—$15.50 


No. 15,207-2 EEDO 98%+ (satisfactory for all synthetic reactions) 
25 g.— $6.25; 100 g.— $16.75; 5 kg. $95/kg. 


FED is hcensed under U.S. Patent No. 3389742, 


. Bellean and G. Malek, J. Am. Chem. Soee., 90, 1651 (1985), 

. Bellean, ihid., 90, 823 (1968). 

. Martel, R. Berman and B. Belleau, Can. J. Physiol. Pharmacol., 47, 900 (LOO), 
Izumiya and M. Muraoka, J. Am, Chem, Soc., 91, Z391 41960). 
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OTHER PEPTIDE COUPLING REAGENTS AVAILABLE 


Nao. 11,553-3  N,N’-carbonyldiimidazole 5 g.-$10; 109.~$16.75; 25 ge- $32.00 
No. C10.640-2 1-cyclohexyl-3-(2-morpholinoethyl)-carbodiimide metho-p-toluenesulfonate 

{the water soluble carbodiimide of choice) 25 g.- $12.75 
No. D8000-2 DCC 25 g.- $3; 100 g—-$10; 1 kg.-$45; 70 kg.--$32/kg. 
No. 77260-5  Trimethylacetyl chloride (pivaloy! chloride) 100 g. $6 
No. E4526-0 Woodward's Reagent K (NEPIS) 5g $10.75 
No. B9695-3 Woodward's Reagent L 10 g.- $18 
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therapeutic use in inflammatory conditions. We have 
studied the effects of prostaglandin E, (PGE,) on the 
© development and course of adjuvant arthritis in rats. 
Adjuvant arthritis?’ is a laboratory model for chronic 
joint inflammation, and the lesions produced resemble 
those seen in clinical rheumatoid arthritis’. PGE, 
proved effective in both prophylactic and therapeutic 
regimens, 

PGE, was prepared from arachidonic acid’, dissolved in 
iso-osmotic sodium phosphate buffer, pH 7-4, and kept 
frozen until used. Male Sprague-Dawley rats, 160-180 g, 
were inoculated intradermally on the base of the tail with 
0-6 mg dry, heat-killed Mycobacterium butyricum (Difco) 
suspended in 0-05 ml. of paraffin oil, The rats were 
randomly divided into groups of twelve and injected 
subcutaneously with PGE, daily for 15 days. Control 
groups received the buffer only. Under this prophylactic 
regime, we expected that PGE,, if active, would prevent 
the development or reduce the severity of peripheral 
arthritic inflammation which, in control animals, reaches 
a maximum 15-20 days after inoculation. On day 16 
(day l=day of inoculation) the rats were killed and 
weighed. The circumference of the tibiotarsal (ankle) 
joint was used as a measure of the severity of the disease’’. 
The ankle measurements of each rat were then totalled, 
and the values for the treated and control groups were 
compared statistically, using the Wilcoxon rank sum 
method!!! (Table 1). 


Table 1, EFFECT OF PGE, ON THE DEVELOPMENT OF ADJUVANT ARTHRITIS 
Experi- Daily Mean reduction in Signifi- 
ment dose circumference units X] Activity cance 
designation (ug) from controls” (one-tailed) 
A 500 bid. 28 3°40 Active P<O01 
B 500 bid. 38 407 Active P<001 
E 200 bid. 20 242 Active P<GQO01 

D 100 bid. & 1-06 Inactive n.s. 
E 400 is 2-42 Active P<001 


* I8 units “lem. 


t Wilcoxon rank sum values. 


PGE,, in twice daily doses of 200-500 ug, reduced the 
development of swelling i in the ankles of adjuvant arthritic 
rats; twice daily doses. of 100 ug were inactive. A single 
daily injection of 400 ug was also active. Central nervous 
system effects, identical with those reported earlier'*, were 
noted with these doses. Body weight changes did not 
differ from controls. 

To test the therapeutic effect of PGE, on established 
adjuvant arthritis, afflicted rats were selected on the 
basis of ankle circumference from a group inoculated 15 
days earlier. The test animals were divided randomly 
into groups of nine and treated subcutaneously, twice 
daily for 3 days. A vehicle-treated group served as 
control. The animals were killed on the day after the last 
injection and ankle circumferences again measured. The 
mean change in swelling, in circumference units, of treated 
groups during the 3 days was compared with changes in 
controls during the same period (Table 2). 

Table 2, 


THERAPEUTIC EPPECT OF PGE, ON ADJUVANT ARTHRITIS 


Mean reduction in 


Experiment Daily dose circumference units Activity 
designation (288) from controls* 
A 500 Did. 17:6 Active 
B 250 bid. 4-7 Inactive 
7 100 bid. 2-4 Inactive 


* A mean difference of 6 units or greater has arbitrarily been set as the 
limit for significant activity. 


In this experiment, the dose of 500 ug twice daily was 
effective in reducing the swelling of established arthritis. 

PGE, was also tested in two other standard anti- 
inflammatory tests, the carrageenin rat paw oedema 
assay? and the cotton pellet granuloma assay. In the 
rat paw oedema test, 500 ug of PGE, was administered 
subcutaneously 1 h before the injection of an irritant, 
earrageenin (402-1, Marine Colloids, Ine.), into the 
plantar surface of the hind paws. Five hours later (6 h 
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after PGE, treatment) the circumference of the paws was 
measured and compared with controls. PGE, did not 
reduce the oedematous swelling caused by the irritant. 

In a modified form of the cotton pellet granuloma test, 
cotton dental pellets were implanted subcutaneously in 
adrenalectomized rats. PGE, was injected twice daily for 
2 days in an effort to inhibit the amount of connective 
tissue formed around the pellets. PGE, was inactive at 
100 pg twice daily and the twice daily doses of 250 and 
500 ug were lethal. 

The most widely accepted explanation of the aetiology 
of adjuvant arthritis is that the disease is a manifestation 
of delayed hypersensitivity to the wax D constituents of 
Mycobacterium butyricum™, but how this hypersensitivity 
results in peripheral joint inflammation is unknown. 
Agents with immunosuppressive and/or anti-inflammatory 
properties are active in this model'*, 

Our results do not reveal the mode of action of PGE, 
in adjuvant arthritis. The failure of PGE, to affect rat 
paw oedema and cotton pellet granuloma formation 
implies that PGE, does not affect inflammation per se, 
at least in these two models, but PGE, may not have 
reached therapeutic concentrations in the tissue because 
of its rapid clearance from the blood and its high rate 
of metabolism in tissues. Thus an ilibrtory effeet of 
PGE, on inflammation cannot yet be ruled out. 

In spite of its short half-life, PGE, has a definite pro- 
phylactic and therapeutic effect on adjuvant arthritis, 
which indicates high sonia and specificity for the 
processes involved. If PGE, does not act on the inflam- 
matory process per se, an effect of PGE, on delayed hyper- 
sensitivity and/or the subsequent. processes which preface 
joint inflammation is suggested. The stimulation by 
PGE, of corticosteroidogenesis* implies that the effect on 
adjuvant arthritis may be indirect via the adrenal. 

The effects on the central nervous system and the known 
cardiovascular effects of exogenous PGE, may preclude 
its use in treating arthritic conditions. But because the 
association of these properties varies soe ee the prosta- 

glandins, and because the properties are both dose and 
species dependent, further investigations are needed. 
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Passive Transfer of Adjuvant-induced 
Arthritis and Allergic Encephalomyelitis 
in Rats using Thoracic Duct 
Lymphocytes 


SUSPENSIONS of cells derived from lymph nodes or the 
spleen have been used to transfer adjuvant-induced 
arthritis? and allergic erlcephalomyelitis®:4 in rats. We 
have now successfully transferred both these experi- 
mental diseases in rats using cells obtained from the 
thoracic duct. 

Highly inbred Wistar rats (Lewis strain), obtained 
from Microbiological Associates (Walkersville, Maryland), 
were used. Arthritis was induced in donor animals by the 
intradermal injection into one hind foot of 0-05 ml. of a 
suspension of finely ground, heat-killed Myocobact. tuber- 
culosis H-37 (Difeo Laboratories, Detroit, Michigan) in 
mineral oil (10 mg/ml.). Allergic encephalomyelitis was 
induced in donor animals by the injection into each 
inguinal lymph node’ of about 0-005 ml. of a water-in-oil 
emulsion containing in the aqueous phase a 25 per cent 
homogenate of guinea-pig spinal cord and, in the oil 
phase, 0-5 mg/ml. heat-killed Mycobact. tuberculosis 
(strains PN, DT and C) and 5 per cent (v/v) ‘Arlacel A’ 
(Atlas Chemical Industries, Wilmington. Delaware). 

Thoracic duct lymph was obtained by the conventional 
technique! from male animals weighing 180-220 g. Cell- 
free lymph was returned to these donor animals by slow 
infusion through a polythene cannula inserted into a left 
leg vein. Animals were restrained in a Bollman cage’ 
throughout the period of lymph collection and cell trans- 
fer, with unrestricted access to food and to water con- 
taining 0-4 per cent (w/v) sodium chloride and some 
sucrose. Lymph from each animal was collected over a 
period of 25 or 50 h, following cannulation of the thoracic 
duct. into flasks containing 1 ml. of Hanks solution with 
added heparin (10 10) and penicillin G (0-5 mg buffered 
potassium salt) kept at room temperature; these flasks 
were changed at 2-5 h intervals. Cells were isolated from 
each 2-5 h lymph collection (from 3 to 12 ml. in volume) 
by centrifugation at room temperature at 180-200g for 
5 min. The bulk of the supernatant fluid (more than 80 
per cent of volume) was re-infused, together with added 
penicillin (1-2 mg), mto the appropriate animal donor. 
The cells were resuspended in 0-5 ml. homologous lymph 
for infusion through a cannulated leg vein into normal 
Lewis rats of either sex, weighing 200-250 g. Usually 
the resuspended cells from four donors were combined 
for infusion into a single recipient. Large numbers of 
erythrocytes were frequently present in the cell fraction 
collected and transferred during the first 6-10 h after 
cannulation of the thoracic duct. Thereafter the erythro- 
cyte contamination was minimal so that the 25-50 h 
collections were composed of 80 per cent or more mono- 
nuclear cells. Control animals received 2 ml. of pooled. 
cell-free lymph from the same animal donors (contribut- 
ing the cells) by slow intravenous infusion at 25 h 
intervals for 25 h. 

In six out of seven consecutive experiments. animals 
receiving cells from donors which had been injected with 
the adjuvant 9 or 10 days previously, developed some of 
the external symptoms of adjuvant arthritis within 4 
days. Florid disease was consistently seen by 10 days 
from the time of transfer. The recipients suffered lung, 
spleen and ear lesions, ‘reduction in serum albumen, 
marked increase in the plasma inflammation units? and 
articular and periarticular inflammation in at least three 
paws and sometimes the tail. These signs closely re- 
sembled those seen in adjuvant-inoculated rats with fully 
developed disease®™?. Céncurrent recipients which had 
received lymph only (no cells) did not develop any disease. 
The arthritis was successfully transferred with thoracic 
duct lymphoeytes from male donors to both male and 
female recipients and with both the first 25 h cell collec- 
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tion (0-9-1-4 x 10° Jeucocytes/four donors) and with the 
subsequent, 25-50 h collection (0-6-0-9 x 10° leucocytes/ 
four donors). The disease was not transferred with cells 
taken from donors recerving the adjuvant 7 or fewer 
days previously or from donors which had received only 
mineral oil (in place of adjuvant) 9 days previously. 
Recipients of cells from the “seventh day” (post-adjuvant) 
donors did, however, exhibit higher “plasma inflammation 
units s than the corresponding controls which received 
lymph from the same donors. 

Arthritis could be transferred as late as the fifteenth 
day after injecting adjuvant into the donors, when these 
donors themselves had fully developed all of the signs of 
the disease. Recipients with the clisease continued to show 
symptoms (including retarded weight gain in males) for 
at least 4 weeks after cell transfer, when observations 
were discontinued. 

Encephalomyelitis was also successfully transferred with 
thoracic duct lymphocytes, using four donors per recipient 
and 0-6-0-8 x 10° cells/25 h collection, beginning on the 
ninth day after injection of the encephalitogen. Re- 
eipients began to lose weight on the second day after 
transfer and their tails and hind limbs were partially or 
totally paralysed on the fourth day. They regained these 
functions by the eighth day and their basal weight (that 
at the time of transfer) by the eleventh day after transfer. 
Cell transfer on the seventh day (post-encephalitogen) 
induced only a transient loss of weight and no other overt 
symptoms. 

We conclude that a certain population of lymphocytes, 
contained within the blood-lymph circulation and present 
in sufficient number 7 days or more after the injection of 
adjuvant or encephalitogen, is capable of transfer- 
ring these two experimental autoallergic/hypersensitivity 
diseases. While previous studies'-* had indicated that 
lymphoid tissue cells, present in either nodes or spleen, 
could transfer these diseases, they did not exclude the 
participation of cells other than lymphocytes present m 
these tissues. 

As a partial corollary to these studies, we have in- 
variably found that the donor animals from which thoracic 
duct lymphocytes were taken on or after the eighth day 
after the adjuvant injection, subsequently suffered much 
less severe arthritic symptoms than the control animals 
(which had been injected with adjuvant and then sham- 
operated 8 or more days later—in other words, stressed 
but not depleted of lymphocytes)'®. Animals donating 
lymphocytes for the suecessful transfer of encephalo- 
myelitis, however, still suffered paralysis as severe as 
that of the unoperated control animals, though the 
appearance of symptoms was sometimes delayed l or 
2 days. 

We thank Dr B. B. Newbould for his help in initiating 
allergic encephalomyelitis in these experiments. This 
work was supported by grants from the US National 
Institutes of Health. 
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Growth of Differentiating Testes 
and Ovaries 


Ix mammals the presence of testes is required for male 
sexual differentiation of the embryo. By contrast. 
embryonic ovaries seem to play only a minor part in the 
determination of the female phenotype’. Cytogenetic 
evidence has made it clear that the mammalian Y- 
chromosome is strongly male determining; that is, 
directly or indirectly, it causes the differentiation of the 
indifferent gonad into a testis. Ovaries are formed even 
if only a single X-chromosome (and no other sex chromo- 
some) is present?, although in human embryos such ovaries 
will degenerate in the absence of a second X-chromosome. 
The Y-chromosome is therefore the basic sex differentiator 
in mammals*: if present, it determines testes and a male 
phenotype, while in its absence the embryo will develop 
into a female. 

The gonads have a double origin. The somatic parts 
arise as ridges on the medial aspect of the middle half of 
the mesonephros while the germ cells migrate into these 
ridges from an extra-embryonic site’. For a while, the 
histological appearance of the gonads is the same in both 
sexes, but the differentiation of the testis occurs before 
that of the ovary*:*. 

It has been suggested that the Y-chromosome may 
speed up development by increasing the rate of growth 
of the gonads in male embryos’. We have tested this 
supposition by measuring the volumes of differentiating 
gonads in embryos of the rat with male and female sex 
chromosome constitutions. Our results show that the 
gonads of male embryos are significantly larger than those 
of their female litter mates. 

We selected the rat (Rattus norvegicus) because of its 
small size and large litters and because the sex chromo- 
somes of males and females can be unequivocally dis- 
tinguished*. Females of the Sprague-Dawley strain 
were put together with males overnight and vaginal 
smears were made in the morning; pregnancy was timed 
from midnight of the night of mating. The heads of 
embryos aged 13-5, 14-5 and 15-5 days were cultured’ 
for chromosome analysis and sex chromatin investiga- 
tions. The remainders of the embryos were fixed in 
Bouin’s solution, serially sectioned at 10 um and stained 
with haematoxylin and eosin. The visceral yolk sacs 
were fixed in 95 per cent ethanol and stained by the 
Feulgen reaction for sex chromatin investigations. 

The sex chromosomes of female rats consist of two 
medium sized acrocentric X-chromosomes, while the 
Y-chromosome of the male is a small acrocentric chromo- 
some*. A proportion of all cultured fibroblast cells from 
females contained a Barr body (Fig. 1), and Barr bodies 





Fig. 1. Nucleus of cultured rat fibroblast showing Barr body. (x 2,750.) 
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Fig. 2. 


Nucleus of rat yolk sac showing Marr body. (x 2,750.) 


could also be demonstrated in squash preparations of 
yolk sae (Fig. 2). 

Morphological sexing of the gonads was not possible at 
13-5 days (Fig. 3), but visible differentiation of the testis 
began at 14:5 days and was well advanced at 15-5 days 
(Fig. 4). The primordial gonad was examined in the 
absence of a knowledge of the chromosomal sex and a 
correct identification was achieved in all embryos aged 
14-5 days and over. A well defined tunica albuginea was 
present in the testis just deep to the surface mesothelium, 
and well defined sex chords were separated by spindle 
shaped interstitial cells, but even at 15-5 days the increase 
in the relative mass of the interstitial cells characteristic 
of later stages of development could not be detected"’. 
The concentration of nuclei in measured areas of the 
gonadal sections remained constant between 13-5 and 
15-5 days, irrespective of sex or gestational age, and this 
confirmed the absence of appreciable hypertrophy of 
interstitial cells. Identification of the ovary was less 
positive, but at 15-5 days there was a fairly thick outer 
cellular layer; sex chords—such as they were—tended 
to be centrally placed and ill defined, and there was no 
distinct tunica albuginea. 

Gonadal sizes were estimated by a point counting 
method, which is based on the simple fact that the 
number of equidistant points which may be superimposed 
on a sectioned object is proportional to the area of the 
sectioned object™. A ‘Perspex’ disk containing a network 
of 300 points at intervals of 5 mm was fitted to a projection 
screen attached to the microscope. The number of points 
which were superimposed on every sixth section of the 
right gonad was counted. The total number of points 
obtained for each gonad was converted into absolute 
measurements by means of a stage micrometer: if n 
spaces between points=2z um, l point corresponds to x/n 
um, and an area of (2/n)? um*. Given a thickness of 60 urn, 
l point corresponds to (x/n)* x 60 um’. 

The results are shown in Tables 1-3. It is evident that 
the gonads of male embryos were larger than those of 
their female litter mates even at 13-5 days’ gestation time 
when no histological difference between testes and ovaries 


Table 1. GONADAL VOLUMES OF RAT EMBRYOS FROM LITTER MATES AGED 
18:5 DAYS (um* x 10°) 


Males Females 
285 160 
281 196 
236 o 189 
250 179 
260 200 . 
200 
183 
Means 262 187 


t=7:53. P<0-0001. 
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was detectable. Further, the results suggest that the 
difference, in size inereases as histological differentiation 
takes place. The ratios of mean testicular to ovarian 
volumes in the present data were 1-41 at 13-5 days, 
1-63 at 14-5 days and 2-12 at 15-5 days. 

After publication of a report of some preliminary 
results of this work!*, our attention was drawn to a thesis 
by J. Lindh, who measured gonadal volumes in embryos 
of the rat as well as the golden hamster (Mesocricetus 
auratus) and found the testes to be consistently larger 
than the ovaries in both species. These results were not 
further published; however, they coineide with our own 
data and place the validity of the findings beyond reason- 
able doubt. 
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It is unlikely that these size differences are entirely 
unconnected with the subsequent divergence in develop- 
ment, and a number of pointers suggest a possible rela- 
tionship between cell number and differentiation. First, 
human cell cultures at low densities require certain 
metabolites which are unnecessary when the cells are 
present at higher densities™, Second, clones derived from 
single cells can differentiate into muscle cells, but only 
after the colonies reach a certain size; medium recovered 
from confluent monolayer cultures induces differentiation 
earlier than freshly prepared medium". Third, if a tooth 
rudiment in the mouse fails to reach a critical size, the 
chance of the tooth developing is diminished'*®. For 
mammalan gonads we may postulate that a rudiment 
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Fig. 3. Gonadal primordia from 13-5 day rat embryos: a, chromosomal male; b, chromosomal female. No evidence of differen- 


tiation is apparent. 


(x 175.) 





Fig. 4. 


Gonadal primordia from 15-5 day rat embryos: a, chromosomal male showing Histinet tunica albuginea and sex chords: 
b, chromosomal female showing a fairly thick outer cellular layer and no tunica albuginea. (x 175.) 
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Sable 2, GONADAL VOLUMES OF RAT EMBRYOS FROM LITTER MATES AGED 


14:5 DAYS (um? x 10°) 


Males Females 

436 250 

390 241 

$i 284 

22t} 

SAG 

347 

189 

Means 4358 PRY 

teitiS. P=0-905-) 001. 


Fable 3, GONADAL VOLUMES OF RAT EMBRYOS FROM LITTER MATES AGED 


15-5 DAYS (uM? x 105) 


Males Females 
730 472 
O4] 454 
873 
ün 
1,166 
1,208 
1.017 
Mean gs3 483 


f= 4283, P=O-005-0-001. 


requires critical size before a certain stage in embryo- 
genesis to develop into a testis and that, if it fails to reach 
that size, it develops into an ovary. 

The results for gonadal sizes are clearly compatible 
with the view that the Y-chromosome may speed up 
development by increasing the rate of cell proliferation 
in the developing gonad’. Of course, other processes 
concerned with the regulation of gonadal size might also 
be speeded up. Further, the possibility cannot yet be 
ruled out that the difference in gonadal size may be the 
result of a humoral action, rather than the direct effect 
of the Y-chromosome. If this were so, the direct effect 
of the Y-chromosome would have to be sought at an 
earlier stage, because it must ultimately be responsible 
for the process of sex differentiation. 

In several species of Drosophila, the Y-chromosome 
ensures the motility of the sperm and also affects its length. 
It has been shown!® that the Y-chromosome forms evan- 
escent lampbrush-like structures, active in RNA synthesis, 
in the nuclei of the spermatocytes of these animals. It 
must be assumed that certain parts of the mammalian 
Y-chromosome are also active in the sequence of develop- 
ment, but that in this ease they are perhaps temporally 
confined to certain cells of the gonadal rudiment. The 
result might be, for example, the formation of specific 
intranuclear RNA, which stimulates cell division. This is 
sc far merely conjecture. The results obtained, however, 
make it likely that investigations correlating different 
sex chromosome constitutions with rates of growth of 
male and female gonads, as well as other organs, should 
lead to a better understanding of the role of the chromo- 
somes during development. 

We thank Dr M. Armstrong-James and Professor 
©. A. B. Smith for advice on the measurement and com- 
putations of gonadal sizes, Dr Gilan M. Truslove for 
cooperation and Mr D. Dixon for technical assistance. 

URSULA MITTWOCH 
Joy D. A. DELHANTY 


Galton Laboratory, 
University College, London. 
Ferry BECK 
Department of Anatomy., 
London Hospital Medical College. 


Reeeived August 14; revised September 25, 1969, 


* Fost. A., in Organogenesis (edit, by de Haan, R. L., and Ursprung, H.), 
611 (Holt, Rinehart and Winston, New York, 1965). 

* Singh, R. P., and Carr, D. H., Anat. Rec., 155, 369 (1966). 

® Beatty, R. A., in Interseruality (edit. by Armstrong, C. N., and Marshall, 
A. J.3, 17 (Academie Press, London and New York, 1964). 

4Witchi, E., Contrib. Embryol. Carnegie Irst., 32, 67 (1948). 

i Torrey, T. W., Amer. J. Anat., 76,375 (945). 

tvan Wagenen, C., and Simpson, M, E., Embryology of the Ovary and Testis 
of Homo Sapiens and Macaca Muiaita (Yale University Press, New Haven 
and London, 1965), 


1325 


* Mittwoch, U., Nature, 221, 446 (1969), 

* Benirschke, K., and Hsu, T. C., An Atlas of Mammatian Chromosomes 
iSpringer, Berlin, 1967). + 

® Harnden, D. G., Brit. J. Exp. Pathel..11, 31 (1960). 

” Lindh, J., Quantitative Aspects of Prenatal Gonad Growth in Albino Rat and 
Golden Hamster studied by Morpholagic and Experimental Methods 
(Department of Anatomy, Lund, 1961). 

Weibel, B. R., Kistler, 6. 9., and Scherle W. F., J. Cell Biol, BO, 23 (1966). 

i: Mittwoch, U., Proe. Roy. Soe.. B Un the press). 

Eagle, H., and Piez, K., J. Erp. Med., 118. 29 (1062). 

n Konigsberg, 1. R., Science, 140, 1273 (1983). 

i Grüneberg, H., Proe, Roy. Soc., B, 188, 487 (1951) 

i8 Hess, O., and Meyer, F., Adr. Genet., 14, 171 (1985). 


Uric Acid and Urea Excretion in the 
Tuatara Sphenodon punctatus 


QUALITATIVE tests have shown that the only surviving 
member of the reptile family Rhynchocephalia, the 
tuatara, excretes both urea and uric acid. Snakes 
(Squamata) eliminate nitrogen principally in the form of 
urie acid?-4, while the Crocodilia excrete uric acid and 
ammonia®, Some chelonians (turtles and tortoises) 
excrete urie acid, others exerete urea or amrnenia’! 
and a few can change from one to the other’. 
Quantitative experiments on the tuatara have now been 
carried out on animals maintained with water on demand 
but with differing levels of protein in their diet. The 
levels of protein were: mealworms 8-89 g per cent, snails 
11-55 g per cent and ox heart 15-41 g percent. The three 
diets simulate the beetles and other insects, snails and 
earthworms, seabird chicks eaten by tuataras under 
natural conditions?. Total nitrogen was determined by 
micro-Kjeldahl digestion, ammonia and urea by the 
methods of Conway, and uric acid by the method of 
Bergmeyer. Analyses were carried out on twenty-four 
7-day samples of urine, the liquid and the solid portions 
being treated separately. The values for minor con- 


stituents of urine—amino-acids, creatinine, creatine and 
protein--are reported elsewhere’. . 
In the liquid portion, the total nitrogen mereases with 


increase in the level of protein, and Table 1 shows that it 
is largely caused by a parallel increase im urea from 
4-51 mg N/24 h with small quantities of protein to 10-86 mg 
with the larger quantities. There is little change im the 
small amount of urie acid, but there is some increase in 
ammonia with rise in the level of protein. In the solid 
excreta, the total nitrogen decreases with imerease in 
protein level, and Table 1 shows that this is chiefly caused 
by a decrease of uric acid from 38-02 mg N/24 h to 28:39, 
The contained traces of ammonia also decrease while the 
small amount of urea increases but may be derived from 
traces of liquid urine present with the serm-solid samples. 

If the values of liquid and solid excreta are combined, it 
is clear that the principal nitrogenous end product is uric 
acid. Fig. 1 shows that the smallest value obtained (on a 
high protein diet) was 65-04 per cent of total nitrogen 
rising to 80-64 per cent in animals fed on alow pretein diet. 
On the other hand, urea increased by a factor of nearly 
three from 10-66 per cent to 27-23 per cent with merease 





Table 1. PRINCIPAL NITROGEN CONSTITUENTS OF TUATARA URINE 


Total nitrogen Uric acid roa Ammonia 
High protein 
Liquid urine 13 55 30 JOG bee 
Solid urine 30-67 28°30 115 O60 
Combined 44-22 28-78 1204 Pee 
Intermediate protein 
Liquid urine 9-24 0-30 764 DSa 
Solid urine 35-3 33-37 as ee 
Combined 45-17 3876 Re? 7-80 
Low protein e 
Liquid urine 512 O16 434 0-33 
Solid urine 42-15 38-02 0-35 1-46 
Combined 47-27 38-32 oO 1-70 


Constituents of urine shown as mg N/24 h. 
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Fig. 1. Percentage composition of whole urine Giquid+solid) of the 


tuatara Sphenodon punctatus on diets of varying protein composition. 
a, Ammonia: b, urea: e, urie acid. 


in protem, while the level of ammonia showed no significant 
changes from a value of approximately 4 per cent. 

The tuatara therefore resembles snakes in being predom- 
inantly uricotelic, but, like some lizards, it can excrete 
significant amounts of urea. In the latter characteristic, 
however, it resembles some chelonians which can change 
during dehydration from predominantly ureotelism to 
uncotelism™, Dehydration alone will also cause an 
imerease in the proportion of uric acid and a decrease in 
urea excreted by the tuatara (unpublished data). The 
changes in proportion of urea to urie acid described here 
are, however, caused by changes in diet while there was 
a constant water supply available, and indicate that the 
level of protein in food can be a significant factor in 
influencing these proportions in at least some reptiles. 

The loeation of the principal enzymes concerned in 
nitrogen excretion have been investigated: the 
enzymes of the urea eyele occur in the liver, xanthine 
oxidase for the urie acid eyele occurs in the kidney, and 
glutaminase producing ammonia oceurs in both liver 
and kidney!*. 

In many other diapsid reptiles, there has been some 
reduction in the activity of urea cycle enzymes especially 
in the Crocodilia and in some but not all Squamata. AHN 
the principal series of enzymes are inferred as present in 
most chelonians. The tuatara is therefore more or less 
intermediate in its excretory enzymes to the condition in 
Chelonia. on the one hand, and that in Crocodilia and most 
Squamata on the other. 
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Hyperactivity in Rats bred and 
raised on Relatively Low 
Amounts of Cyclamates 


CALCIUM and sodium cyclamate and the metabolite 
cyclohexylamine have been shown to induce chromosome 
breakage in human leucocytes in vitro! and in rat sperma- 
togonial cells in vivo*. The similarity between this type 
of chromosomal damage and that reported for the psycho- 
mimetic drug, lysergie acid diethylamide’, as well as for 
caffeine when used in large doses*, suggested that the 
behavioural effects of cyclamate should be investigated. 


Table 1. MEAN ERROR SCORE FOR CONTROL AND CYCLAMATR-TREATED? 
RATS IN ¥-MAZE REVERSAL LEARNING 


Experiment 1 


Original Firat Second 

learning reversal reversal 
Control rata (n= 18) 778 9-73 O67 
Cyclamate-treated rats (z = 11) S98 3:30 5°94 
Mann-Whitney U test, second reversal: U=11-5, P< 0-002. 

Experiment 2 a 

Original First Second 

learning reversal reversal 
eontrol rats (n=8) 4°87 10-50 8°50 
Cyclamate-treated rats {n = 8) 3:75 9-75 O75 


í 
Mann-Whitney U test, second reversal: U=120, P=0019, 
* 30 mg per cent calcium cyclamate solution available ad libitum. 


Charles River rats were selected from several litters 
which had been bred and raised on a 30 mg per cent 
solution of cyclamate as their only fluid intake. The 
experimental rats were the F, generations of such treat- 
ment. Control animals were similarly bred and raised in 
the same animal colony as the experimental litters, but 
on a fluid intake of tapwater only. While large amounts 
of cyclamate (1-10 per cent of the diet) have been reported 
to cause a reduction in both average sizes of litters and 
body weights of offspring in rats*®, the relatively small 
amounts used in this study produced no such effects. 
In appearance and growth characteristics the rats bred 
and raised on cyclamate resembled the controls. 

The initial behavioural studies were carried out on an 
empirical basis. A group of eleven cyclamate and eighteen 
control rats (on a food deprivation diet) were trained for 
food reward on spatial-reversal in a Y-maze to a criterion 
of ten consecutive, errorless trials. After the original 
run to either the right or left arm of the maze, the arnmals 
were trained on two spatial reversals. The evclamate 
rats had a lower mean error score in all runs, although 
statistically no overall significant differences were seen 
for the original learning and the first reversal. The 
cyclamate group did, however, make significantly fewer 
errors on the second reversal (Mann-Whitney U test, 
U=11-5, ny= 11, ny =18, P< 0-002), A second group of 
control and cyclamate rats was run on a slightly different 
pattern. All animals were run on a fixed block of twenty- 
five trials for the mitial learning and each of the reversals. 
No significant differences were seen in error scores between 
the control and cyclamate rats for the original learning 
and first reversal, but again there was a significant 
difference for the second reversal (Mann-Whitney U test, 
U=12-0, ny, no=8, P=0-019). Although the results 
(see Table 1) were not decisive, they seemed important 
enough to warrant further investigation. 

The apparent facilitation in maze performance suggested 
the possibility that cyclamate, even at the low dosage 
used, might enhance drive levels m conditions of food 
deprivation. To examine this possibility another group 
of animals was tested on wheel running activity and 
straight runway performance under a similar food 
deprivation schedule, on the hypothesis that the cyclamate 
animals would show higher activity levels and lower 
runmng times, respectively, compared with the control 
rats, 

Wheel running activity was examined in a further series 
of sixteen cyclamate and sixteen control rats, each con- 
sisting of eight males and eight females. Wahmann 
activity wheels were used to measure running behaviour, 
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Table 2. TOTAL REVOLUTIONS PERFORMED BY CONTROL AND CYCLAMATE 


RATS IN THE ad [ib AND DEPRIVATION PERIODS 


4-Day 4-Day 
Control 4-Day depriv- Control 4-Day  depriv- 
male adlib. ation A female ad hib, ation A 

No. period period No. period period 
} 3,449 1,289 ~— 2,160 1 2,724 9.498 + 6,772 
2 2,541 #793 + 252 2 3,912 6.617 + 2,705 
3 O77 1,058 — aa 3 9.858 10.697 ~+ &41 
4 1,458 1,548 + 95 4 9,213 14,812 + 5,099 
3 1,403 883 — 420 5 12,287 5,643 — 6,644 
6 1,319 1,327 + & ë 2,803 6,616 + 3,813 
i 524 481 ~ 43 T 2,459 2,961 + 502 
8 1,402 1208 - 1094 R 5,524 5,663 + 1389 

Cycla- 4-Day Cycla- 4-Day 

mate 4-Day depriv- mate 4-Day depriv- 

male adlib. ation A female god itb. ation A 

No., period period No. period period 
i 42 1,483 + 1,891 1 22,344 43,941 421,597 
2 4,877 19,185 414,258 2 8,542 28,505 + 19,963 
3 1.395 6178 + 4,778 3 13,761 40,165 +26,404 
4 1,321 2,650 + 1,339 4 7,013 31,898 + 24,885 
fy 1,793 1,924 + 131 a 8,392 21,4381 + 13,0389 
6 505 1,184 + 529 6 6,136 8,272 + 2,136 
7 1,572 4,783 + 3,161 7 3,728 11,406 + 7,678 
ni 3,746 2,100 — 1,646 a 9,967 19,204 + 9,237 


and the animals were tested in blocks of four (a cyclamate 
male and female, and a control male and female). After 
a 24 hour habituation period, daily wheel revolations 
were recorded for four days under feeding ad libitum. 
followed by four days on a 23 hour food deprivation 
schedule. Total revolutions for each four-day period are 
presented in Table 2, so as to reduce variations due to the 
oestrous cycle of the females. A computer analysis of vari- 
ance (Fortran Analysis of Variance,see Table 4). performed 
on the data in Table 2 with cyclamate, sex and deprivation 
as fixed factors, revealed all three factors significant. 
These effects are obscured by the fact that interactions of 
sex by cyclamate, cyclamate by deprivation, sex by 
deprivation and cyclamate by sex by deprivation are 
significant. The fact that females exhibit significantly 
higher levels of wheel-running activity than males has 
been reported®, Fig. 1 shows the mean daily revolutions 
performed by each group of animals. The high levels of 
activity of cvelamate females compared with the controls, 
particularly under deprivation (Table 2 and Fig. 1), are 
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Fig. 1. Comparison of activities (activity wheel revolutions) between 
control (@— @) and cyclamate bred and raised (© --- >) rats under 
ad libitum and food deprivation conditions. a =. 
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Fig. 2. Comparison of activities (open field) between control (@-—~ @) 
and cyclamate bred and raised (© ) rats under ad libiturn 


conditions, 


er cy} 
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probably responsible for the significant interactions of 
sex, cyclamate and deprivation. 

In order to clarify the effects of cyclamate, particulariy 
in the male, separate ¢ tests for each sex were performed 
between control and cyclamate rats. No significant 
difference was found between the cyclamate and control 
males for the ad libitum condition, but a £ value of 4-4 


(d.f.=14, P<0-005) was found for the deprivation 
condition. Examination of Table 2 and Fig. l shows 


that the cyclamate males do exhibit large increases i 
activity in food deprivation conditions as compared with 
control males. Significant differences between cyclamate 
and control females were found for both the ad libitum 
conditions (t= 5-4, d.f.=14, P<0-005) and food depriva- 
tion conditions (t= 5-4, df.=-14, P<0-005). The results 
indicate that the higher activity of the cyclamate females 
compared with control females under ad libitum conditions 
is also enhanced by food deprivation. 

Following testing on the activity wheels, the same 
animals (maintained at 80 per cent of their previous body 
weights under ad libitum feeding) were trained on a straight 
runway. The times taken for the experimental and control 
animals to run a 6 foot runway to food reward were re- 
corded. All animals received five trials a day for five 
days. Analysis of the data failed to reveal any suggestion 
of a significant difference between the cyclamate and con- 
trol rats, indicating that the maze reversal and wheel 
activity results are not due to enhanced drive levels in 
the cyclamate animals. 

In view of the higher wheel running activity of the 
cyclamate rats in comparison to controls, examination of 
activity in another situation (open field) was carried out. 
The open field apparatus is a board 4 x 4 feet divided into 
6 inch squares, with sides 1 foot high. Each animal is 
placed in the centre of the board and two experimenters 
independently count the number of squares the animal 
enters within a 3-min period for each of five daily 
sessions. Both experimenters are “blinded” with 
respect to the identity of the rats. A further group of 
twenty-four animals (six male*and female each of evela- 
mate and control groups) have been examined in this 
situation, with results similar to those seen in the wheel 
running experiments. The correlation between the two 
experimenters was close to 1-0.. Fig. 2 presents the mean 
activity scores for each group over the five sessions. As 
expected, cyclamate females show the highest level of 
activity, while the cyclamate males are higher than 
control males. Table 3 shows the mean activities of the 
cyclamate and control male and female groups, and the 
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Fig. 3. Increments in activity wheel revolutions (4 day totals) due to 


food deprivation, in rats kept on or switched from original water or 
cyclamate regimes, @, € 'ontrol; A. control to cyclamate solution; <, 
cyclamate; A, cyclamate to water. 


results of £ tests which demonstrate that cyclamate bred 
and raised male and female rats are significantly more 
active than their respective controls. Because all animals 
were tested under ad libitum feeding conditions, it is clear 
that food deprivation is not a necessary condition for 
demonstrating a significant cyclamate effect, and these 
results further arene against a hypothesis that cyclamate 
enhances drive levels. 


Table 3. OPEN FIELD ACTIVITY: 


Female rats 
Cyclamate Control 
686-0 «649-0 
=F, df= 10 
P<0:005 


AVERAGE SCORES (5 DAY SESSIONS) 


Male rats 
Cyclamate Control 


458-0 414-0 
t= 157% 4h 10 
P<0-05 

Table 4, 
Subjects 
Between subjects 


FORTRAN ANALYSIS OF VARIANCE 


Sum of squares DLE. Mean square 


A, Cyclamate 65470x 10% 4 6-470 x 10% 11-87% 

B, Sex 15721x 10° 1 L572 x 10" 27 84* 

AB 320i xi 1 20164 x10% 5-677 
N 


Subjects within groups 15-8185 108 2s 56476x 10? 


Within subjects 
C (deprivation) 39909 «10% 39-74" 
AC 


29803 x 10% 23-80" 


39909 x 107 1 
é 23808 x 168 1 
BC 2:1212 x 10? 1 
1 1 
“¥ aè 


212 10> 21-21" 
ABC , 1-1369 x 10% 11389 x 108 11-36% 
C x Subjects within groups 28129x 10% 2x 1-0041 x 10° 
*P<001. 7 P<005, 


It is of importance to determine whether the effects of 
cyclamate are permanent or reversible. Using wheel 
running activity as a convenient first- -step measure, 
animals previously tested in wheel running activity 
(Fig. 1, Table 2) were put through wheel running and 
runway tests, after which one half of the males and females 
of the cyclamate and control groups were switched to 

rater or 30 mg per cent cyclamate solution, respectively. 
The selection was random and the rats were maintained on 
the new regime for 4-6 weeks before re-testing. The 
remaining control and cyclamate animals were maintained 
on their original water or cyclamate solution. Wheel 
testing and activity records were made under conditions 
identical with those used previously, and a total of thirty- 
two animals have compltted this experiment to date. 
Fig. 3 shows the difference in activity in wheel revolutions 
for each animal, when removed from the ad libitum 
condition and placed on food deprivation. In comparison 
with controls, rats bred and raised on cyclamate exhibit 
characteristically large ificreases in activity when food 
intake is restricted (see Table 2). Although further data 
are needed, the results in Fig. 3 appear to be quite clear; 
there is no indication that removing rats from cyclamate 
for 4-6 weeks reduces this increment in activity (or, 
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indeed, total activity) to control levels. (Similar data to 
those shown in Fig. 3 are obtained if, rather than the 
merement itself, the percentage change in revolutions 
from ad libitum to food deprivation is plotted.) As 
shown, one cyclamate male switched to water exhibited a 
decrease in activity; but this particular animal was the 
only one which showed a similar decrease in the initial 
tests (see Table 2, cyclamate male No. 8). It should be 
noted that control animals switched to cyclamate appear 
to be no different from control animals retained on water. 


Apparently, the cyclamate effect, at least on wheel 
running, is not easily reversed nor easily induced im 


adult rats, and suggests the possibility that evelamate 
exerts its effect during embryonic or neonatal stages to 
produce permanent behavioural changes. In a similar 
manner, neonatal steroid treatment or early cietary 
mampulations have been reported to produce permanent 
behavioural changes in activity in rats?>s, 
In summary, our findings are that rats bred and raised 
on a low concentration of cyclamate (equivalent to 
approximately 20 mg per kg ‘daily intake} appear to 
exhibit. differences in Y-maze learning, and are significantly 
more active in wheel running and open field tests than are 
control animals bred and raised on water. Removal of 
the animals from cyclamate does not prevent the increases 
in wheel running activity characteristic of the cyclamate 
rats under moderate food deprivation, nor does eyclamate 
alter wheel activities when given to adult, control animals. 
Such data suggest that cyclamate produces effects which 
may be permanent, and are possibly induced in utero or in 
the young animal. Because of the previously large 
human consumption of the cyclamates, particularly im 
pregnant women, further intensive investigation is under 
way, especially using dosage levels lower than that 
reported, and using more sophistics ated techniques for 
comparing oe behaviour. 
This research was supported by grants from the 
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Specific Genetic Deletions by a 
Carcinogenic Hydrocarbon in Drosophila 


THE unequivocal establishment of the somatic mutation 
theory of cancer requires the demonstration that all 
carcinogenic agents can induce some viable alterations in 
the genic DNA. Earlier studies of the mutagenicity of 
chemical carcinogens (reviewed in ref. 1) vielded positive 

results for alkylating and nitroso compounds, but not for 
hydrocarbons and aromatic amines. On the whole, how- 

ever, these studies were restricted to point mutations: 
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either at few loci in microorganisms or as exemplified by 
recessive lethals in Drosophila. The possibility therefore 
remained that mutability with some agents might have 
eecurred at uninvestigated loci, or involved mutational 
mechanisms unrelated to those resulting m point muta- 
tions. Another complication was that carcinogenicity with 
certain compounds seemed to require previous metabolic 
activation’, which might not occur in some of the genetic 
test systems used. An extensive investigation was there- 
fore undertaken of the mutational spectra of a wide range 
of carcinogens—or their active metabolites in Drosophila 
-and most of the results have recently been published 
already*. The only genetic aberrations induced by all the 
compounds tested were the dominant visible mutations 
resulting in the “Minute” phenotype. These are deletion 
mutations, hemizygously and homozygously lethal, which 
have often been located in the heterochromatin‘-*. This 
suggested that the significant genetic change in caremo- 
genesis might well be the elimination of specitic hetero- 
chromatic gene loci, and experiments were designed to test 
this possibility. 

The specific mutability tests with carcinogens were 
undertaken on four X chromosome loci selected in relation 
to the distribution of the euchromatin and heterochromatin : 
white (w, 1-5), forked (f, 56-7), maroon-like (mal, 64:8)— 
demarking the full length of the euchromatic segment— 
and bobbed (bb, 66-0), which is within the heterochromatic 
nucleolar organizer. The bb locus is known to have a wild 
type allele on the Y chromosome, which means that any 
pre-existing bb mutations in the test stock will be carried 
heterozygously in the males, thus concealing their pheno- 
typic expression. To guard against this situation, a Y 
chromosome carrying a deletion for bb (¥~-%) was entered 
into the males (+ /¥~%4) and only those of wild type pheno- 
type, and therefore free from 6b, were injected by the 
carcinogen being tested. The cross used in the mutability 
test was: + /Y~- treated males x f mallz bb/ scS! B (InS) we 
sc? marker females. Induced point-mutations or deletions 
at any of the wild-type alleles of the four test markers 
would be detectable in the F, females: in the pheno- 
typically heterozygous B for ws, and in the alternative 
class for f, malèz and bb. Apparent bb females were genetic- 
ally tested to distinguish the genuine instances from the 
autosomal Minutes. Suspected mutants at all loci were 
invariably subjected to confirmatory breeding tests. There 
were cases, however, of typical bb phenotypes (short 
bristles and etched abdominal sclerites) which proved 
sterile; these were taken into consideration but recorded 
separately. 

The clearest results with respect to the specific muta- 
genicity of carcinogens were obtained with the hydro- 
carbon 7.12-dimethyl benz[a@janthracene (DMBA), and 
only these are summarized here. In all the genetic tests, 
the compound was injected in solution (1 mM in 2 per cent 
v/v dimethylformamide/arachis oil) into the haemocoel of 
adult males (0-15+0-05 ul. to each individual). As in 
previous studies?, the general mutagenicity of DMBA was 
assayed for recessive mutations (in the X chromosomes 
and chromosomes II), autosomal dominants and X frag- 
ments; but only the Minutes were induced. The specific 
mutability test on the four X chromosome loci also proved 
convincingly negative for the three genes in the euchroma- 
tin: 0/26496 for wt and 0/29204 for ft and mal». In 
contrast, the heterochromatic bbt locus—on the ft malt 
homologue—was most responsive, yielding 193 mutations 
(Table 1 B). The difference in response between the tested 
loci cannot be an artefact of the penetration of DMBA 
within the genome, for mal is only 1-2 crossover units distal 
to bb. Nor is it a consequence of the exceptional stability 
of the tested euchromatic loci or the inviability of their 
mutants. On the contary, these loci were selected because 
they were shown to be among the more mutable sites on 
the X chromosome, both after irradiation’:* and biological 
alkylation’, as well as yielding fully viable mutants, It 
should, nevertheless, be pointed out that the high response 


of bb+t—relative to the other tested loci—could not be 
entirely attributed to the selective mutagenicity gf DMB. 
There was a noticeable yield of the same mutations arnong 
the controls (Table 14), and there was evidence that 
this was mainly a result of the activity of the organic 
solvent. But there can be no doubt as to the Ingh activity 
of DMBA on the bb+t locus, which reached some nine times 
that among the controls for all stages of the testis and 
was considerably more pronounted in the carher progeny 
fractions: representing the sperm and spermatids (com- 


pare broods I-HI, Table ] A and B). 


Table 1. MUTAGENIC ACTIVITY GF DMBA ON THE òb LOCUS 


Broods Females bh mutations 








in days observed Contirmed Sterile 

A, Control; 2 per cent DMF in arachis of} 

I 0- 3 17,809 31 5 15 

H: 4~- § 18,622 8 3 ed 

HI: 7-9 11,601 a l 

IV: 10-12 7,114 a 2 Og 

V: 18-15 4,401 i) Q GG 

Vi: 16-22 3,416 t H 1-5 
R.DMBA: lmMin 2 per cent DMF in arachis oil 

I: 0-3 3,556 60 (2) l 17-2 

il 4- 6 7,250 87 i 13-6 

iTi 7-10 7,297 ot à 23 

IV: 11-13 5,094 ü ca 

V 14-17 3,931 ü (2) t} id 

VI: 8-22 2,056 2 ü O 

Total 29,204 183 li 6O+405 
Figures show the mutation frequencies in the successive progeny fractions 


of males injected with (4) the administration vehicle alone, 2 per cent 
dimethylformamide (DMF) in arachis oi], and (8) the vehicle containing 1 mM 
of the hydrocarbon, Mosaic mutations are given in parentheses, 


The molecular basis of the mutational classes induced by 
DMBA (Minutes and bb's) has recently been revealed by 
studies of nucleic acid hybridization in Drosophiial?™. 
Evidence was adduced that the organism’s genome con- 
tained some fifty-five wild type alleles of Minutes, which 
were probably the sites of transcription of transfer ribo- 
nucleic acid (RNA). More direct and decisive results were 
obtained with the bb locus. Tt was possible to show that bd 
mutations arose as a consequence of the partial deletion 
of DNA within the nucleolar organizer heterochromatic 
X chromosome segment, which was the principal site of 
the transcription of ribosomal ribonucleic acid (FRNA). 
It therefore seems that the mutations induced by DM BA in 
Drosophila were fundamentally related, in so far as they 
were genetic deletions of loci involved in the coding of the 
various categories of RNA. Comparable mutations in other 
cellular genetic systems could easily upset the balanced 
construction of the RNA metabolic machinery of the cell. 
This could conceivably lead to disturbances in the organized 
pattern of cellular growth and replication in a manner that 
might result in carcinogenesis. 
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Effects of Micro-injections of 
L-Glutamate into the Hypothalamus on 
Attack and Flight Behaviour in Cats 


We have carried out experiments in which cannulae 
(26 gauge, insulated except for 0-25 mm at their tips) were 
implanted stereotaxically in six adult cats in regions of 
the hypothalamus that produce “direct attack behaviour”, 
“flight behaviour” or a combination of both of these 
behaviours with electrical stimulation’. Electrical thres- 
holds for “attack” and “flight” were determined with a 
secant ger sare stimulator, and 1 M L-glutamate, pH 7-4, 


ras injected with a microlitre syringe. Adult unanaesthe- 
hed rats were used as attack objects?. 
Because -glutamate has a very potent excitatory 


effect on single neurones of the cat cerebral cortex?’ and 
spinal cord?, we used it for injection directly into hypo- 
thalamic sites from which attack or flight could be elicited 
electrically. Injections of 7-45 ul. of L-glutamate into 
these points produced all the phases of attack or flight 
behaviour which were previously elicited by electrical 
stimulation in some cats, while others responded with 


various related types of behaviour (Table 1). In some 
cases the behavioural phenomena were markedly intensi- 


fied. During tests made 30 min after the attack or flight 
behaviour induced by t-glutamate had ceased, electrical 
thresholds were decreased, while in tests made 90-300 
min or more after the behaviour had ceased thresholds 
were usually increased. 


Table 1. EPFECTS OF DIRECT INJECTIONS OF L-GLUTAMATE INTO THE HYPO- 


PHALAMUS ON ATTACK AND PLIGHT BEHAVIOUR OF CATS 


Electrically 


Amount of evoked Predominant Electrical threshold after 


E-glutamate behaviour chemically injection (mind§ 
injected before induced 

fal” injection? behaviour = 80 60 120 180 240 360 

7 Attack Attack tM a: “Se 

7 Hissing Flight ļ = = =o e ae 

7 Attack/flight Flight we mn ae - e 

7 Attack Circling bosom o ~~ ee 

27 Attack Attack es See | oo Gr 

45 Attack Intense groom 4 fo go o e 


*, Increase; |. decrease; S, no change, — data not recorded. 
* Six different cats were used. 


t In all cases, electrical stimulation produced attack or flight ies 


terminated immediately after stimulation. 1 M solutions of L-gintamate-Na- 
pH 7-4, were used. 


$ “Attack” refers to recurrent episodes of biting an unanaesthetized rat; 
naihi refers to sustained flight activity; both types of behaviour lasted 
for at least 10 min when evoked by injection of L-glutamate, 


§ This represents time after attack or flight episodes induced by t-glutam- 
ate had ceased. 


The reproducible depression of the attack mechanism 
(rebound) at the later trials is presumed to be a result of 
the catabolism of wL-ghitamate to amino-butyric acid 
(GABA), a potent inhibitor of the activity of the central 
nervous system?**, and all animals seemed sleepy and 
sluggish during this period. When 7 ul. of GABA was 
injected into a point from which attack behaviour could 
be elicited electrically and in which the electrical threshold 
had been decreased by a previous injection of L-glutamate 
(10 min before), the attack mechanism was inhibited and 
thresholds for electrically evoked attack were increased 
significantly. 

It seems clear from these results that micro-injections 
of L-glutamate can mimic*the effects of electrical stimula- 
tion on areas of the hypothalamus which are responsible 
for specific, reproducible and directed behaviour in cats, 
and that GABA can block this effect. We suggest that 
L-glutamate and GABA play important parts in governing 
the irritability of neuroches concerned with the normal 
attack and fight processes in cats, and that the method 
we have used may be helpful in “‘chemically dissecting” 
specific groups of neurones associated with specific 
behavioural patterns. 
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Echo Intensity in Range 
Estimation by Bats 


Bats of the suborder Mieroptera can locate objects by 
emitting pulses of high frequency sound and listening to 
the echoes. The accuracy of this echolocation system, at 
close quarters, is shown by the ability of bats to avoid 
fine wires, catch insects and alight on small perches!, and 
entails similar accuracy in the estimation of its components 
of range and direction. 

The mechanism of range estimation is not understood. 
One possibility is that the bats can measure the time delay 
between the outgoing pulse and the returning echo®. 
Another is that estimation depends on the beat frequeney 
eaused by overlap of a frequency-modulated pulse with 
its echo’, although there is some experimental evidence 
that such an overlap does not usually oecur®. <A third 
possibility is that the two ears are ci apable of such a fine 
degree of localization that they can act in the same way 
as an optical rangefinder, so that the range of an object 
can be determined by triangulation. Finally, it could be 
that the intensity of the echo gives information about 
the range of the object®. My note deals with this final 
possibility. 

With an echo location system in which transmitter and 
receiver are close to one another, the intensity of the echo 
decreases as the distance of the object increases, provided 
that the strength of the emitted pulse is constant and 
transmitter and receiver are free from directional effects. 
The fact that large objects produce more intense echoes 
than small ones does, however, complicate the use of 
echo intensity as a clue to distance. Two ways of avoiding 
this difficulty will now be considered. 

Echo intensity is determined not merely by the size 
of the object but also by the wavelength of the sound, 
and is greater at short wavelengths. The echo from the 
smaller object will contain a relatively large proportion 
of its sound cnergy at the higher frequencies. This 
effect will be quite large when the size of the object is of 
the order of one wavelength or less, beeause the echo 
intensity is inversely proportional to the fourth power of 
the wavelength. Differentiation between small near and 
large distant objects will be slightly enhanced by the 
greater absorption of sound at high frequencies. 

Such a systern could work for bats that produce fre- 
quency-modulated pulses or pulses consisting of a funda- 
mental and a number of harmonics’. The pure tones that 
the Rhinolophidae emit could not be used in this way for 
distance estimation (although they may be used for 
detecting moving objects by the Doppler effect*), but the 
objection does not apply to the frequency-sweeps with 
which they end®'®, 

The second method only concerns flying bats. At a 
constant speed of flight towards a stationary object the 
relative rate of inerease in echo intensity rises as the 
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distance between bat and object shortens. For objects 
which are not too large in relation to the wavelength. or 
are approximately spherical in shape, the echo intensity 
is inversely proportional to the fourth power of the 
distance. I consider as an example two stationary objects 
which reflect echoes of the same intensity when the bat 
is 40 em from the smaller and 100 em from the larger. 
After the bat has flown 5 cm towards them, the intensity 
of the echo from the smaller will be slightly more than 
doubled, but that from the larger will be increased by 
only 23 per cent. 

The distance between bat and object can only be thus 
determined if the relative motion of the two is known. 
This information is not needed to compute the time that 
the bat will take to reach the object, provided that both 
bat and object are moving with constant velocity. If two 
measurements of sound intensity are separated by a time 
interval 8¢ and the proportional increase in echo intensity 
is a, then the time from the second measurement to the 
arrival of the bat at the object is 8¢/(4V/1l+a—1). An 
estimate of how long it would take to reach an object 
might be more useful to the bat than a distance estimate. 

There is little reason to suppose that bats use only one 
of the available methods of estimating the range of objects. 
The relative importance of these methods should be open 


to investigation by means of suitable conditioning 
experiments. 
D. J. AIDLEY 


School of Biological Sciences, 

University of East Anglia, 

Norwich, 
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Perception and Memory of the 
Orientation of Visually Presented 
Lines by Children 


Youne children up to the age of between 6 and 7 vears 
perform very poorly in tasks which require response on the 
basis of orientation of visually presented stimul. This 
consistent finding has been variously interpreted as being 
the result of a deficit in the child’s ability to attend to, or 
to perceive, or to memorize orientation differences'~*. I 
now report results which suggest that these broad explana- 
tions are inadequate: they indicate that young children 
adopt a perceptual code, w ‘hich is appropriate for some but 
not for all orientation discriminations. 

In the first experiment (1), two groups of twenty-four 
children each (their mean ages were 5 years 3 months and 
7 years) matched straight lines on the basis of their orienta- 
tion. The stimulus material consisted of 7 x 7 inch square 
white cards with 5 inch lines drawn across the centre. The 
lines were oriented vertically or horizontally or as one of 
two mirror image 45° obliques. On each trial, one standard 
and two choice cards were presented and the orientation of 
the line on one of the choice cards was identical to that of 
the standard line. For half the subjects in each age group 
the three cards were presented simultaneously in a row 
touching each other, with the standard in the centre. For 
the remaining subjects the presentation was successive. 
The standard was presented alone for 58, was removed and 
after a 5 s interval the choice cards were presented. 
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Each subject had to make four types of comparison: (1) 
the two choice lines were the two mirror image obliques and 
the standard was one of the obliques; (2) the two choice 
lines were horizontal and vertical and the standard was 
horizontal or vertical, ‘| we two choice lines were an 


(or ver tical). T here + were Seek êr HRI £0 ea compar ISOT 


MEAN CORRECT CHOICES IN EXPERIMENT (D) {MAX &: CHANCE 
LEVEL 4) 


5 year group 


Table 1. 


7 year group 


Stan- Choices Simultaneous Successive Simultaneous Successive 
dard “Mean S.D. Mean S.D. Mean S.D. Mean SD. 
0 OvsO 

(mirror A. aa ete: Meee. tae 
images) 7:58 059 392 1:89 T67 O82 7:35 1-08 
HorF Hxs Y T42 095 742 075 730 O85 FAIZ O76 
O° O88 x | | | be. fn 
Hor yV 750 O33 758 O49 #775 O80 PO Odo 

Hor V Ove . eae ; 
Hory 7:42 OSI TR O86 758 OSS TET Odi 


Q, Oblique: H, horizontal: V. vertical. 

Table 1] shows that very few errors were made by either 
age group in any of the simultaneous comparisons. Thus 
even the younger group could attend to and perceive 
orientation differences. The 7 year olds also made few 
errors in the successive comparisons. The 5 year olds, 
however, performed at chance level in the successive 
comparison of obliques, although they made very few errors 
in i any of e other aries eas sacar is. we o 
tion aioa and type see comparis son (F ~ 16-2 Ri: e f "H 154, 
P<0-O001). 

This specifie failure cannot be explained as a deficit in 
memory for orientation, or even in memory for the orienta- 
tion of obliq ues, because these children were very accurate 
in the successive comparison where the stand ard cade the 
correct choice lines were the same oblique, and the m- 
correct line was a horizontal (or vertical). They seem to 
remember that an oblique was an obhque, but thev do not 
rememiber its direction. 

A sec econd Daa (2 - was ¢ as a Lo see Poa 
one eecur only wit h mirror - image es Dac. group 
of 5 year olds was given simultane ‘ous, and another group 
successive, comparisons. The mean age of both groups WAS 
5 vears 3 months, and both groups contained fifteen 
subjects. The cards used were the same as in the first 
e xperiment, except that the slopes of the obliques were 
either 22°5° off vertical or 22°5° off horizontal, 

Each subject was given three types of comparison. in 
each of which the standard was always oblique: (1) the 
choices were between murror image Oblen 16 hnes: (2 
ol the choice lines had a slope of 22-5° off vertical, the other 
22-5° off horizontal; and (3) the choices were between an 
anig ue and either a horizontal or vertical line. There were 
ten trials to each comparison. 


(2) one 


MEAN CORRECT CTIGICES IN EXPERIMENT (2) [MAX 10: CHANCE 
LEVEL 5) 


Simultaneous 


Table 2. 


Succesaive 


Standard Chaiee . group group 
Mean SD. Mean Odi: 

O Ove O (mirror images) S73 1-24 5°83 pR 

QO O vs Q (non-mirror images) 8-87 1:36 moa 2°25 

O Ovs Hor ¥ oy? OOS 8-47 Eio 


9, Oblique: A, horizontal; F, vertieal, 

Table 2 shows that few errors were made in the sunulta- 
neous comparisons or in the successive comparison where 
the choice was between an oblique and a horizontal (or 
vertical). Both successive comparisons between obliques, 
however, were performed at chance level. This led to a 
significant interaction between delays and conditions 
(F-5-53, 4.7.2, 56, P< 0-05). The subjects confuse obliques 
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in suc cessive hel S whether or not these are mirror 


do not TA ita slope or its spe ae 

One explanation of these results is that the younger child- 
ren code the orientation of lines within a display in terms of 
whether or not these parallel other lines. This can be called 
a rnatch—-mismatech code. It is a relative code, because the 
orientation of one line is coded in terms of its relation to 
other lines. In simultanefbus comparisons, the correct line 
is per to the atant atd: wa mie A one is not. 


Se. compari isons, Iti is suggested aie ae the 
standard line is presented alone in successive comparisons 
it is matched against the straight edges of its card. 
Horizontal and vertical lines produce matches, the former 
with the top and bottom. the latter with the left and right, 
sides of the card. Oblique lines produce only a mismatch 
signal because they parallel none of the sides. This coding 
mechanism distinguishes horizontal from vertical lines in 
successive comparisons, because they match different sides. 
It also distinguishes oblique from horizontal or vertical 
lines, because ‘the former produces a match and the latter 
a musmatch signal. It does not, however, distinguish one 
obhque from “another beeause both produce mismatch 
ae 

If this hypothesis is correct, 5 year old children should 
distinguish oblique lines in successive comparisons when 
these lines match different sides of a constant framework. 
This prediction was tested in a third experiment (3) in 
which all the subjects made twenty successive comparisons 
between 45° oblique dines, each line bei ing 3 mebes long. 
The cards were again 7 x 7inches. The important feature of 
this experiment was that on half the trials an internal 
boundary was introduced as a matching framework within 
the cards. Fifteen subjects had a diamond boundary; a 
second group of fifteen subjects had a square boundary. 
The mean ages of the groups were respectively 5 years 3 
months and 5 years 4 months. The top sides of the diamond, 
and the left and right sides of the square, were coloured, 
one red, the other blue. For eight subjects in each group 
the red side was always on the left and the blue side always 
on the right. For the other seven the two coloured sides 
had the opposite position. Oblique lines were parallel to 
one of the coloured sides when presented in the diamond 
of the square framework. Sub jects were given pre-training 
in recognizing the framework that would be used during 
the experimental session. 


Table 3, MEAN CORRECT CHOICES IN EXPERIMENT (3) (MAX 10: 


LEVEL 5) 


CHANCE 


Square group Diamond group 
D, 


Mean S.D Mean 
Framework present 6-73 2:07 7-60 1:40 
Framework absent 15 2°03 5:73 2°05 


mate h RN T te e ia were given: a diamiond 
framework performed better when that framework was 
present than when it was absent. The subjects w ho were 
given the square framework performed badly both when 
the framework was present and when it was absent. This 
pattern led to a significant interaction between presence 
and type of framework (F-4-66, d.f.1, 28, P < 0-05). 

The hypothesis cannot, however, account for the fact 
that the older group coutd solve suecessive comparisons 
between obliques in the first experiment. One possibility 
is that they code information about the absolute position 
of a line. There is considerable evidence that children can 
remember the position of a stimulus, and I have shown that 
they can store this information when the display is moved 
from trial to trial. This absolute memory offers a 
possible mechanism for distinguishing obliques in succes- 
sive comparisons, because different obliques oecupy 
different positions within a display. 
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To test this hypothesis, a fourth experiment (4) was 
conducted where choice cards were arranged in such a way 
that the correct line could have the same orientation but a 
different position from that of the standard line. The 
cards were divided into quarters (top and bottom left, top 
and bottom right), although the actual divisions were not 
marked on the card. A straight line, 2-5 inches long, was 
centred in one of these corners in each ceard. The orienta- 
tion of the lines was either horizontal or vertical or a 45° 
oblique. There were two types of comparison. In one, the 
two choice lines were mirror image obliques; m the other 
they were a horizontal and a vertical line, the standard 
being either a horizontal or a vertical. There were sixteen 
trials to each comparison. 

On half the trials in each comparison, the standard and 
choice lines were all in the same quarter, while in the other 
half the standard was in one quarter and the two choice lines 
in a different quarter of their cards. Eighteen subjects 
made simultaneous and eighteen other subjects made 
successive comparisons. The mean age of both groups was 
7 years | month. 


Table 4. MEAN CORRECE CHOICES IN EXPERIMENT (4) (MAX B: CHANCE 
LEVEL 43 
Simultaneous group _ Suecessive group 
: Position Position Position Position 
Stan- Choices — constant varied constant varied 
dard Mean S.D. Mean S.D. Mean S.D. Mean SDP. 
O Ovs0O 
{mirror E l 
images) 7-44 093 Tit OBB TRI 07Å 444 1-54 
Hor Yë Hys K 7:30 0-73 T87 068 Ts 099 FLL 099 
O, Oblique; H, horizontal: F, vertical. 


Table 4 shows that performance was very accurate in all 
but one ease. When the position of the choice lines differed 
from that of the standard line. successive comparisons 
between obliques were at chance level. Changing the 
position of the choice lines did not, however, affect horizon- 
tal-vertical comparisons. This led to a significant inter- 
action between type of comparison, presentation method 
and position (f-4-92, d.f.1, 102, P<0-06). 

These results suggest that in successive comparisons 
7 year olds code the absolute position of oblique but not 
that of horizontal or vertical lines. It can therefore be 
argued that these children also use the match-mismatch 
code, and that they only record the absolute position of the 
line after a mismatch signal. Support for this suggestion 
has come from a further experiment in which varying the 
position of the choice lines did not impair successive com- 
parisons between obliques by 7 year olds, when a matching 
framework was introduced for these obliques. The results 
of the fourth experiment also rule out the possibility that 
the older group solves successive comparisons between 
obliques through verbal coding. A verbal code would be 
effective whatever the position of the choice lines. 

Overall, these experiments provide evidence that 5 and 
7 year old children adopt a match-mismatch code for 
orientation differences, and that 7 vear olds also record 
information about absolute position after a mismatch signal. 
These suggestions are relevant to theories of perceptual 
development and also to studies of methods of teaching 
reading. 

P. E. BRYANT 


Institute of Experimental Psychology, 
University of Oxford. 
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Book Reviews 





FOUNDATIONS OF SCIENCE 


Metaphysik, Skepsis, Wissenschaft 

Zweite, Verbesserte Auflage. By Wolfgang Stegmiiller. 
Pp. xiu +459. (Springer-Verlag: Berlin and New York, 
1969.) DM 22; $5.50. 

THis is the second edition of an important work which 
first appeared in 1954, and includes a lengthy new intro- 
duction which supplements the original arguments by 
reference to more recent discussions that have appeared. 
Not all these subjects will be of equal interest to readers 
of Nature, for whom probably some of the chief problems 
discussed, such as adequate definitions and putative 
justifications of metaphysics (though involving important 
discussions of the ‘‘verifiability theory of meaning”, of 
phenomenalism, physicalism, logico-positivism), or again, 
the problem of ‘universal scepticism”, will not lie at the 
focus of their everyday concerns, Nevertheless, there is 
plenty here that should yield material for reflexion. 
First of all, there is a very useful chapter, making up 
about twenty per cent of the book, on the philosophical 
foundations of logic and mathematics, including a careful 
and critical survey of the usual schools and the logistic, the 
intuitionist and the formalist. And all this is treated 
from the historical and the philosophical or critical point 
of view. Moreover, the results of the author's previous 
excursions into metaphysics and evidential foundations 
are here brought into play in an interesting manner. 

This is followed by a chapter, entitled “Objective or 
Conventionalist Basis of Empirical Knowledge 7’, and 
the questions here raised are discussed via three connected 
problems: (1) the problem of a “basis” for science; (2) 
the problem of confirmation or proof of empirical state- 
ments; and (3) the problem of induction or inductive 
confirmation of propositions. The problem of the founda- 
tion of scientific knowledge receives a most. thorough 
discussion. In some respects, it resembles Bertrand 
Russell's approach, by postulating a number of pre- 
suppositions, such as a principle of linguistic continuity, 
itself involving a belief in the verisimilitude of memory. 
But even with such principles we have not as yet enough 
for a foundation. Basic propositions, reporting observa- 
tions, are necessarily always controvertible. One may 
overcome this difficulty by simply “fixing” some among 
the evidential statements as being incorrigible. The 
author rejects this as an unacceptable conventionalism. 
Within a certain given variance-space there may be such 
arbitrariness; for example, one may have to make a 
decision as to where within a given measurement-interval a 
point lies. But there are limits beyond which a judgment 
does not (or cannot ?) fall. There is, however, no logical 
principle which would guarantee a decision; and the 
author hence postulates a degree of self-evidence 
(“evidenz”; in the English literature one thinks of 
“intuition”), where this aspect of intuition has previously 
been explained as one of the principal defining characteris- 
tics of metaphysics. Here, as in the other sections of this 
book, the analytical discussion is followed by a historical 
survey of the problem, such as the theories of Schlick, 
Neurath. Russell, Tarski, Popper, Carnap and Quine. 

The list of these authors will show that Stegmiiller 
belongs to the small but growing group of continental 
thinkers who try to effect some bridging between Anglo- 
Saxon and German thought in the philosophy of science. 
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Thus, in the same spirit, there are sections on ontology, on 
theories of induction (the latter with a penetratigg critique 
of Carnap), and the like. 

The new introduction attempts to bring the text 
more up to date, and in this connexion the author sug- 
gests that his somewhat inconclusive resulta concerning 
the problem of the foundation of science and of inductive 
reasoning have more recently obtained greater clarifica- 
tion, especially through the work in subjective probability ; 
and he singles out for detailed comment the work of 
R. C, Jeffrey (The Logic of Decision, New York, 1965). 
On the whole, however, one has the feeling that the new 
introduction lacks some of the freshness and enthusiasm 
of the “old wine”. And it is for the sake of the latter 
that the book must recommend itself. 

GERD BUCHDAHL 


THEORIES OF THE LIQUID STATE 


Significant Liquid Structures 
By Henry Eyring and Mu Shik Jhon. Pp. 
(Wiley: New York and London, September 1969.) 


Ir is only within the past ten years that theoretical 
physicists have been in possession of theories of liquid 
structure on which they can rely enough to make reason- 
able deductions about the form of the interactions between 
the molecuies themselves. Before then, all that could 
really be done was to make order of magnitude predic- 
tions of properties such as pressure and of the variations 
with temperature and density of transport properties 
such as viscosity and thermal conductivity. 

The first two chapters of the book give a very brief 
survey of modern distribution function theory and of 
various liquid models. Chapters three to nine then set 
up “significant structure theory” and apply it to a wide 
variety of properties of liquids. “The theory is based 
on the idea that the vapour is mirrored in the liquid as 
vacancies which transform solid-like inte gaseous degrees 
of freedom.” {Authors? words.) This is undoubtedly a 
satisfactory first approximation as is shown by the ‘law 
of rectilinear diameters” relating gas and liquid densities 
in the critical region. Moreover, it is certainly true that 
many properties of a quid should be intermediate between 
those of a solid and a gas. 

What exactly is one to make of the data collected out 
of published papers and presented in this book? In 
chapter after chapter there are experimental points and 
theoretical caleulations in beautiful agreement! Some- 
times several adjustable constants are availeble, but in 
some cases the authors claim that there are none. (See 
pages 33-35 in which some properties of simple liquids 
are discussed.) In some instances, for example, viscosity 
and thermal conductivity, it is surprising that satisfactory 
answers are obtained simply by adding separate contribu- 
tions from the solid-like and gas-like degrees of freedom, 
Why are there no cross-effects ? The theory of surface 
tension (chapter 6) required a fairly elaborate iterative 
process. Something analogous ought surely to have been 
done in the treatment of transport processes ? A further 
cause for worry is that the early work of Kirkwood and 
his school did show (quite conclusively) that predictions, 
not only of transport coefficients but also of equilibrium 
pressure, could be very drastically changed by quite 
small errors in the liquid disfribution funetion. (This 
work can show no such sensitivity, being rather like an 
interpolation process.) 

In the field of statistical mechanics, apparent agreement 
between theory and experiment is not always the oecasion 
for rejoicing that it is in other fields. eh he Debye theory 
of specific heats gave impressive agreernent® with experi- 
ment though it negleeted quite a number of considerations 
altogether.) A famous recent example of fortuitous ean- 
cellation of errors is provided by the fact that a two-body 


ix -+ 149, 
04s. 
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interaction of Lennard—Jones type will account for the 
equation Qf state and the distribution function of liquid 
argon with good accuracy, although there is now clear 
evidence both that the Lennard—Jones shape of inter- 
action function is wrong and that three-body effects are 
significant, these two errors nearly cancelling at liquid 
densities. 

It is always useful to have the findings of a series of 
papers available in book form. This book is well printed 
and produced, though it is pricey. For the above reasons, 
I can give no worthwhile opinion on how much of the 
material will ultimately survive. One can only quote 
from the authors’ preface: “Detailed justification of 
the model of significant structure theory from first prin- 
ciples is difficult”, H. N. V. TEMPERLEY 


CLASSICAL ELECTRODYNAMICS 


Electrodynamics of Particles and Plasmas 


By P. C. Clemmow and J. P. Dougherty. (Addison- 
Wesley Series in Advanced Phvsies.) Pp. ix+457. 
(Addison-Wesley: London, September 1969.) 163s. 


THis book may convemently be divided into two sections. 
Chapters one to four are concerned with the behaviour of 
a point charge in an electromagnetic field. The field 
caused by a moving charge is investigated by the con- 
ventional Lienard-Weichert potential theory and also by 
Fourier analysis. Cerenkov and gyro radiation are dis- 
cussed and the dynamical motion of a charged particle in 
various fields is analysed. Finally, the self-force of a 
particle caused by its own electromagnetic field is con- 
sidered. The remainder of the work is concerned with 
the study of plasmas. This is dealt with from two basic 
points of view—magneto-ionie theory and kinetic theory 
derived from the Boltzmann equation. 

The propagation of electromagnetic waves in the 
plasma is, of course, the subject of the first treatment. 
Standard results are derived, the effect of partial pressures 
for both ions and electrons is included and the existence 
of Landau damping is demonstrated. The analysis then 
turns to plasma streams and results derived are verified 
by the consideration of a Lorentz transformation to the 
frame moving with the plasma. The two-stream instabil- 
ity is also discussed. 

The collisionless Boltzmann (or Vlasov) equation is 
derived initially in an intuitive manner and its solution 
obtained in terms of the invariants of the particle orbits 
in a given field. Using the Vlasov equation, the propaga- 
tion of electromagnetic waves is reconsidered, including 
effects caused by the thermal spread in particle velocities. 
The initial value problem of Landau is developed, as is 
also the “Landau preseription” for evaluation of integrals. 
The situation of a plasma in an electrostatic field is fully 
dealt with and this is extended to the case of an external 
magnetic field using the method of integration along 
unperturbed orbits. The authors then give a brief treat- 
ment of the effects of collisions and discuss microinstabil- 
ties including a very clear description of the use of Nyquist 
diagrams and the Penrose criterion for instability. 

In the closing chapters, the authors discuss the transition 
to magnetohydrodynamic behaviour using, among other 
techniques, the adiabatic approximation for a collision 
dominated gas. The book ends with a more rigorous 
approach to kinetic equations for plasmas. 

Throughout, the book is very clear and thought pro- 
voking, and it should be an invaluable grounding for a 
graduate student wishing to proceed to research in some 
aspect of plasma physics. „Indeed, the book may be taken 
as the starting point for a specialized study, because refer- 
ences are giveh to the standard works on the topics dealt 
with in each chapter, and there are valuable exercises to 
illustrate the principles discussed. The text does not, 
however. give a detailed study of magnetohydrodynamics 
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for which, as the authors remark, many excellent refer- 
ences are available. 

Apart from certain standard mathematical techniques, 
nothing is assumed, and all quantities are defined on their 
introduction. The one exception to this is the quanti- 
ties Yo the vacuum admittance and impedance which, 
although subsequently defined, appear mysteriously on 
pages 38 and 48 respectively. 

This is altogether an excellent text which should be on 
the shelves of all those who wish to take the study of 
classical electrodynamics beyond undergraduate level. 

DAVID A. DUNNETT 


WAVES ROUND THE EARTH 


Propagation of Waves 

By P. David and J. Voge. Translated by J. B. Arthur. 
Pp. x + 329+ 4 plates. (Pergamon: Oxford, London and 
New York, July 1969.) 85s; $11. 


Tue title of this book is a little misleading. The book is 
not a general discussion of the propagation of all types of 
waves, but it is a discussion of the very specialized 
subject of the propagation of radio waves around the 
Earth. This is an extremely complicated problem, 
because it depends on so many factors, each one of which 
is frequency dependent. After a brief introduction to 
electromagnetic waves, the authors discuss lucidly the 
effect on radio propagation of the curvature of the Earth, 
irregularities and obstacles on the surface of the Earth, 
the troposphere, the ionosphere and various types of 
interference signals, and the results are usually presented 
graphically. The case of the propagation of radio signals 
around the Earth is then considered as a generalization 
of these discussions and again the results are usually 
presented in graphical form for various frequency ranges. 
The book should prove extremely useful to communication 
engineers, particularly if they are familiar with Maxwell’s 
equations. W. G. V. Rosser 


BOUNDARY VALUE PROBLEMS 


Boundary Value Problems in Physics and Engineering 

$ Pp. 250. (Van Nostrand: London, 
July 1969.) 70s. 

THE study of boundary value problems in the theory of 
partial differential equations occupies a central part 
in the mathematical training of scientists and 
engineers. Any new publication in this feld is there- 
fore bound to excite interest in those charged with the 
responsibility of providing courses of lectures to students in 
these disciplines. This book will prove to be a disappoint- 
ment to them. It has nothing new to offer. and what it 
does offer has been treated in a much better fashion in 
recent books in this field. 

The author covers familiar ground. He states (largely 
without any proof) the elementary properties of Bessel and 
Legendre functions and Fourier and Laplace transforms 
and their application in the solution of elementary 
boundary value problems. These are just the topics 
which have to be covered in a first course; what would be 
expected of an author is that he should develop at least 
some of the material in an original fashion. A reader 
will look in vain for any such originality m this book, and 
can only be astonished by the author’s hope that “the 
attempt to include within the sarne covers so many differ- 
ent topics that are not readily found elsewhere may 
appeal to both lecturer and student”. 

Such a claim makes me seriously doubt if the author is 
sufficiently acquainted with the literature of the subject. 
In commenting on the contents of chapter five, for 
instance, the author suggests that the methods evolved by 
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Muskhelishvili and his school “are not at all widely 
known”. A survey of the research literature of the past 
twenty years indicates quite the contrary—engineers 
working on two-dimensional problems in the theory of 
elasticity seem to be perfectly well aware that this is 
one of the basic research tools of the subject and that they 
can find excellent accounts of it in the books of Musk- 
helishvili, Green and Zerna and Ghakov. Also, the 
account given in the present text (limited to five pages) is 
too brief and confused to be intelligible to a beginner. 

Similarly, in introducing the contents of his chapter on 
integral transforms the authoi states that “it is very 
surprising to find that there is a dearth of literature on 
those aspects of the subject other than the Laplace and 
Fourier transforms”, yet his references (10) and (12) are 
widely used by engineers and physicists and they contain 
eonsiderably more, both of the theory and the applications. 
of Hankel and Mellin transforms which are here dealt 
with in six and three pages respectively. No mention is 
rade of other transforms which are widely used: those of 
Hilbert, Stieltjes, Kontorovich—-Lebedev, Mehler—Fock, 
the K-transform, the H-transform and the Y-transform. 

What I find very surprising is that in a book on 
boundary value problems no mention is made of the Robin 
problem (“‘radiation’’ boundary conditions) or of mixed 
boundary value problems. 

This book perpetuates the view held by most 
foreign mathematicians that in England the study of 
applled mathematics is reduced to training in solving 
examination-type problems; it has over a hundred prob- 
lems each with a reference to the university examination 
paper from which it was taken. This method of acknow- 
ledging the source of problems grew up in the past 
century when examiners often published original results 
in the form of tripos questions. It is doubtful if there is 
any value in continuing it today unless an author is 
prepared to take a great deal of pains to acknowledge the 
original source. For example, problems (26) and (27) of 
exercise 7, dated by the author as 1964 and 1967 respec- 
tively, appeared as worked examples on pages 136-137 of 
reference (10) which was published in 1951. 

Most publishers are keen to have a book on partial 
differential equations “on their list’. What is so sur- 
prising about the decision of the publishers to accept the 
manuscript of this book is that in M. G. Smith’s Introdue- 
tion to the Theory of Partial Differential Equations, which 
they published as recently as 1967, they already had a 
much better book written for the same class of students 
as the present one. It is a modern introduction to the 
subject which is much to be preferred to the book under 
review. I. N. SNEDDON 


ROCK ANALYSIS 


Elemental Analysis in Geochemistry 

Part A: Major Elements. By Alexis Volborth. (Methods 
in Geochemistry and Geophysics, No. 8.) Pp. xv +373. 
(Elsevier: Amsterdam, London and New York, 1969.) 
135s. 


THis book is presented as a manual of classical analysis 
of major elements for the instrumentalist and of physical 
analysis for the classical chemist and as a useful general 
addition to the library of experienced workers. To 
achieve this is a formidable task. 

Half of the text is devoted to methods of classical 
gravimetric analysis, and is followed by chapters on 
emission flame spectrophotometry, atomic absorption and 
X-ray emission spectrometry and fast neutron activation 
analysis. After considering problems of sampling and 
preparation procedures, each element (many of which 
should be more appropriately considered as minor 
elements) is introduced at an unnecessarily elementary 
level. The author sometimes chooses complicated, 
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although well founded, classical methods, and his in- 
structions are usually difficult to follow. The inclusion 
of more alternative colorimetric methods, which have 
often the same reliability as gravimetric methods, would 
have helped the imexperienced analyst. Discussion on 
problems of element interferences, often ne lected in other 
analytical works, is most welcome. 

The chapter on atomic absorption spectrometry serves 
as a useful introduction, although it is doubtful if 
sufficient coverage is given to ths and to methods of 
X-ray emission analysis. The problems of X-ray analysis 
are often oversimplified, especially on unfused rocks, and 
precision rather than accuracy is over-emphasized. No 
reference sources are supphed for matrix correction 
methods (for example, Norrish ef al.) which involves about 
a quarter of ths chapter. There is confusion about 
detection limit, precision and accuracy, which in one case 
(page 187) are used almost synonymously. 

Although Professor Volborth is justly renowned for 
developing the teehnique of fast neutron activation 
analysis of rocks, this method is hardly relevant to the 
stated aim of the book, because at this stage of geo- 
chemical analysis it is bevond the capabilities of most 
laboratories. Although there is an excellent index in the 
book (44 pages), the unfortunate lack of references to 
original sources of analytical methods places severe 
hits on its usefulness. 

The element of artificiality in this whole seres on 
“Methods in Geochemistry and Geophysics” is illustrated 
by the frequent discussion in the text of minor element 
analysis, although this will be covered in Part B of this 
volume, as well as im three other volumes. Volborth 
should be praised for recognizing the need for a manual 
combining both physical and classical methods. Tb would, 
however, have been perhaps more efficient, and certainly 
more economical, if the separate related books of the 
series were included in one volume. N. B. Price 


VIRUS—VECTOR RELATIONSHIPS 


Viruses, Vectors and Vegetation 

Edited by Karl Maramoroseh. Pp. xu +686. {Inter- 
science (Wiley): New York and London, July 1969.) 
281s. 

THIRTY-THREE contributors have provided twenty-nine 
papers for this book, and the different styles, methods 
of presentation and occasional abrupt change of topic 
inevitably make for difficult reading. The editor has 
rightly put first the stimulating paper by Oman on the 
criteria of specificity in virus—vector relat ionships. This 
paper emphasizes once again the need for a greater 
knowledge of the physiology and biochemistry of insect 
vectors and yet one sees so little evidence of this demand 
being satisfied. 

The several classes of vectors of plant viruses are well 
reported as are the various mechanisms of infection 
involved. Particular mention can be made of the thought- 
ful treatment by Teakle of fungal vectors and this could 
encourage others to take on this interesting topic. Taylor 
and Cadman have produced a clear statement of the 
complicated virus-nematode association and this should 
help to resolve the often confused ideas that circulate. 
The paper by Forbes and MacCarthy on the morphology 
of the Homoptera. i is a welcomeraddition, not only becanse 
such information is scattered in the literature but because 
an understanding of the basic structure of the vector is a 
key point in the interpretation of virus—veetor relationships. 

Fukushi has provided a fascinating recount of the 
early work on the rice dwarf vifus. He has gently shown 
us that not all ideas are new because forgetten observa- 
tions in the early literature often pre-date later claims to 
original thought. Many words have been written on the 
interaction of viruses and virus strains in plants, and it is 


1336 


therefore refreshing to find the paper by Freitag on the 
analogous situation in the insect vector. 

Mitsuhashi has not been able to draw a very encouraging 
picture in his review of the state of tissue culture studies 
of vector material. The report by Chiu and Black, how- 
ever, on the production of monolayers of epithelial-like 
eells from Agallia constricta shows what can be achieved 
and it is to be hoped that Mitsuhashi’s plea for more 
workers and more work ddes not go unheeded. 

It can only be regretted that so few papers are even 
indirectly concerned with vegetation in spite of its 
prominence in the alliterative title of the book. Indeed, 
only the paper by Broadbent on control measures can 
claim to cover the third point of this veritable triangle. 
The inclusion of material on the natural ecology of viruses 
and vectors in relation to wild and cultivated plants 
would have made for a more rounded and therefore more 
useful contribution. 

This book is well produced and the quality of repro- 
duction of the photographs is high. Complaints about the 
high cost of textbooks are now heard on all sides and are so 
commonplace that their impact is decreasing, but the price 
of this work seems to be both a curious and an irra- 
tional figure. It is, however, to be recommended strongly 
as a source book of information and ideas on plant viruses 
and their vectors. T. W. TINSLEY 


SOLITARY AND SOCIAL INSECTS 


The Lives of Wasps and Bees 
By Sir Christopher Andrewes. Pp. 204+16 plates. 
(Chatto and Windus: London, October 1969.) 35s. 


Tus is a popular and informative account of the lives 
of solitary and social bees and wasps. It is timely and 
appropriate because there is a wealth of recent information, 
especially about the social species, from which the author 
has been able to select. The use now being made in North 
America of various solitary bees to pollinate lucerne has 
aroused much interest in the biology and behaviour of 
other species of solitary bee that might be managed for 
pollmation purposes. 

A general introductory chapter, which includes a simple 
yet adequate exposition of the classification of the Hymen- 
optera, is followed by eleven chapters on solitary wasps, 
two on social wasps, five on solitary bees, six on social 
bees and two on comparative behaviour and evolution. 

Whenever possible, the description of a genus includes 
information on nest sites, locality learning, prey or forage 
and its collection and transport, and the way the nests 
are provisioned, eggs laid and the young reared. 

Although the author refers to British species whenever 
possible, some chapters inevitably rely heavily on fascinat- 
ing accounts of the work of G. W. and E. G. Peckham, 
P. and W. Rau, H. E. Evans and K. V. Krombein in 
North America, and J. H. Fabre and C. H. Ferton in 
France. Any differences in the common names of the 
same genera on different sides of the Atlantic are, however, 
carefully pointed out. There are, of course, no common 
names for most bees and wasps and a useful and unusual 
feature of this book is the inclusion at the end of each 
chapter of the names of the insects mentioned in it, 
together with a guide as to acceptable pronunciation. 

Throughout the book there are the underlying themes 
of comparative ethology And evolution; a final chapter 
discusses various aspects of the habits of solitary bees and 


the acquisition or loss of a parasitic mode of existence. 
This book is illustrated by thirty-two fascinating and 
unusual photographs of bees and wasps engaged m 
various activities. It should certainly achieve the 
author’s object of interesting more people in the diverse 
and remarkable habits of these insects. J. B. Free 
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NEW THINKING ON CANCER 


Scientific Basis of Cancer Chemotherapy 

Edited by Georges Mathé. (Recent Results in Cancer 
Research, Vol. 21.) Pp. ix+96. (Springer-Verlag: 
Berlin, Heidelberg and New York, 1969.) DM 28; $7. 
Tuis book represents the record of a symposiuin with the 
hopeful title, Scientific Basis of Cancer Chemotherapy, 
organized by the European Organization for Research 
into the Treatment of Cancer. The symposium was opened 
by M. Maurice Schumann, then France’s Minister for 
Seientific Research, whose enlightened interest in cancer 
research makes welcome reading. The scientific basis 
as set out in this book seems to be rather slim and uneven, 
but in places firmer foundations begin to show through 
the morass of uncertainty which surrounds the subject. 
Some papers are very brief reviews, some are reports of 
new work, and others a mixture of both. 

One of the main reasons for holding a symposium is 
that a subject requires new thinking, and in his review of 
what he calls operational research in cancer chemotherapy, 
Mathé collects together mueh new thought on the use of 
chemotherapeutic agents. Unfortunately, he has little space 
to analyse these thoughts eritically, but he nevertheless 
succeeds in being both stimulating and thought provoking. 
New ideas penetrate only slowly into clinical practice and 
a symposium such as this may aid their dissemination. 
Resistance to new ideas, never uncommon, becomes more 
understandable in the treatment of cancer from Tagnon’s 
review of the biological basis (or, more accurately, the 
absence of biological basis) of hormonal therapy of cancer. 

Amiel deseribes his interesting work on cancer chemo- 
therapy and immune reactions and comes to the conclusion 
that, at equal toxicity, different drugs may have quite 
different immuno-suppressive activities. Three papers 
from research workers of the Chester Beatty Research 
Institute deal with the important problems of detection 
of new anticancer agents and with extra and intracellular 
factors which may influence the effects of such agents on 
tumours. <A short critical review by Connors on the 
methods available for “‘screening’’ compounds for anti- 
tumour activity demonstrates how little progress has been 
made in this field over the past ten years when the subject 
was last extensively reviewed at a meeting of the New York 
Academy of Sciences. We were then and we are now in 
the position of having thousands of compounds in search 
of a test that will select out a true antitumour agent, 

K. HELLMANN 


PRIVILEGE OF MAN 


Principles of Skill Aquisition 

Edited by E. A. Bilodeau, with the assistance of Ina McD. 
Bilodeau. Pp. xi+368. (Academic Press: New York and 
London, May 1969.) 56s. 


ALL but two of the authors of the eleven essays in this 
book are from American southern or mid-west universi- 
ties. The choice of topics has clearly been dictated by the 
specific interests of the editors. The structure is very 
different from that which I use in teaching the subject, 
and equally different from that used by other authors 
and editors who have recently treated the same area'~‘. 
The result is a book which is very uneven; some authors 
have space to deal with the detailed experimental design 
of their sources of evidence; others are forced to write 
in generalities which reflect their own hunches rather than 
the evidence. 

It is not entirely clear for whom the book is intended. 
The preface suggests “junior and senior students of skill 
acquisition’, but this is mentioned as a distinction from 
an earlier book by the editor* which was intended for “a 
professional and near-professional audience”, and which 
contained very similar material from many of the same 
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authors. - The emphasis is academic so that most educa- 
tionists or training officers will need to be very theoretic- 
ally inclined to find it readable. It is assumed that skill 
is the prerogative of the human. 

All this is not to deny that many of the chapters are 
interesting and well written and form useful critical 
reviews of recent literature, and in this sense the claim 
that it will be of service to students is a fair one. The 
student looking for new concepts or new evidence or a 
balanced view of human skill, however, would be well 
advised to look elsewhere. Topics covered include track- 
ing, information feedback, transfer of training, retention, 
practice, motor learning and work/rest problems. Topics 
not covered include social skills, creativity, decision 
making, languages, pictorial learning, motivation and 
arousal, W. T. SINGLETON 


4 P À, ha (ed.}, Categories of Human Learning (Academic Press, New 
ror 
tE R a M., ae Posner, M. L, Human Performance (Brookes-Cole, Belmont, 
1967). 
* Welford, A. T., Fundamentals of Skill (Methuen, London, 1968). 
* Bilodeau, B. A. (ed.), Acquisition of Skill (Academic Press, New York, 1966). 


Correspondence 


More Alarums and Excursions 


Sm,—We wish to reply to your comments (Nature, 224, 
834; 1969) on the publicity surrounding the appearance 
of our article on the isolation of pure lac operon DNA 
(Nature, 224, 768; 1969). To a certain extent your 
comments were perfectly correct. The press greatly 
inflated the importance of our particular piece of work. 
This was due in part to some of our own statements, which 
were misleading. It is true, however, that progress in the 
field of molecular geneties in the last few vears has been 
extraordinary. We felt that the isolation of pure lae 
operon DNA was a graphic, useful and easily understood 
example of that progress. 

We did not publicize our work in order to add to our 
own or Harvard's prestige or to make a plea for more 
money for basic research. In a country which makes a 
prodigious use of science and technology to murder 
Vietnamese and poison the environment, such an enter- 
prise would be at best terribly irrelevant. at worst criminal. 
On the contrary, we tried to make the following political 
statement. In and of itself, our work is morally neutral— 
it can lead either to benefits or to dangers for mankind. 
But we are working in the United States in the vear 1969. 
The basic control over scientific work and its further 
development is in the hands of a few people at the head 
of large private institutions and at the top of government 
bureaucracies. These people have consistently exploited 
seience for harmful purposes in order to increase their own 
power. 

The reality of the dangers we and others point out 
should not be minimized. Social agitation does not arise 
in & vacuum, as you seem to think. In Los Angeles, air 
pollution ts often so bad that school children are prevented 
from taking physical exercise. Breast feeding in the 
United States, Sweden and Britain has become a serious 
health hazard because of the high concentrations of DDT 
and other pesticides in human milk. The American 
Incians, the Jews, the Biafrans, the Vietnamese and the 
Palestinians are no strangers to the use of technology as 
an instrument of genocide. The survivors of H TE 
and Nagasaki and the parents of thalidomide babies can 
testify to the horrors of the uncontrolled use of science by 
governments and private corporations. The lst is 
virtually endless. We do not need to expand on it here. 
Let us simply point out to those who feel we have ample 
time to deal with these problems that less than 50 years 
elapsed between Becquerel’s discovery of radioactivity in 
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1896 and the use of an atomic weapon against human 
beings in 1945. As to the specific issue of genetic engineer- 
ing, we cannot predict the future. But who in 1896 could 
have foreseen the weapons of mass destruction whieh now 
threaten us all? 

What we are advocating is that scientists, together with 
other people, should actively work for radical political 
change in this country. If we do not, we will one day be a 
group of very regretful Oppenhtimers. Scientists have e 
no right to claim a special position of intellectual leader- 
ship in this political effort. We differ from other members 
of society only in that our working conditions are generally 
more free than theirs. This is so because governments 
and industry realize that science and technology develop 
more efficiently without stringent controls. As we see it. 
scientists are obligated to inform the publie about what is 
happening in their secluded fields of research so that peopie 
can demand control over decisions which profoundix 
affect their lives. If our arguments mean that “the 
progress of science o itself may be interrupted”, that is an 
unfortunate consequence we will have to accept. it 
certainly should not inhibit us from speaking oui on 
crucial issues. 

Permit us to contradict one of your statements ("Miscel- 
laneous Intelligence’, Nature, 224, 842; 1969). You sad 
that you published our article as it was received. This is 
not so. On our manuscript there were nine authors listed 
at the head of the article. You saw fit to relegate three of 
them to the acknowledgments without informing us: Bill 
Reznikoff, Rita Arditti and Ronnie MacGillivray. (On 
the manuscript the authors were listed as “Jim Shapiro, 
Lorne MacHattie, Larry Eron, Garret Ihler, Karin Ippen 
and Jon Beckwith after discussions with Bill Reanikoff 
and Rita Arditti and with the technical assistance of 
Ronnie MacGillivray’’.) We see now that it was a mistake 
to make any distinction at all between various authors in 
our manuscript. It is an almost universal fietion in 
modern science that the only people responsible for a given 
piece of work are the professionals and students who sign 
the article. 

The signatories of this letter were responsible tor the 
various statements which appeared in the press. ‘This 
letter represents their views. pone of the Se Aan 


and some have not been aad 
Yours faithfully, 


JIM NHAPIRG 
Lanny ERON 
Jaw BECEWITH 


Department of Baeteriology and Immunology, 
Harvard Medical School, 

25 Shattuck Street, 

Boston, Massachusetts 0211 5, USA. 


Thomas, Richard and Harold 

Sir,—A recent article in Nature (224, 768; 1969) by 
Shapiro et al. acknowledges the contributions of, enter 
alia, Bl RR... , Dek B.... BobS... and def R. 
This sociability is all very jolly, but it is out of place m a 
scientific report because it is inefficient communication. Is 
Bil R ... referenced elsewhere as B. BR... , W. B... 
W.X.R...,orwhat? Is DickB... R.B... or is he 
actually R. R. B... (as we syspect from internal evi- 
dence)? The club members know, but what about the 
rest of us? Authors should use the same form in their 
text as in their references: A. B. Smith. Y. Z. Jones, etal, 


Yours faithfully, 


Jons De MORTON 
102 1 T Forest Avenue, 
Fairfax, Virginia 22030, 
USA. 
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No Peace for the Wicked 


Srr,—I Uo not wish to deal with all the points made by 
Dr Peggy Ellis in her comment on your editorial (Nature, 
224, 929; 1969), but I must deal with one major assump- 
tion she made, because it is critically important, yet 
seldom challenged. She states, “At present the world 
population is too large for the amount of food available, in 
spite of continued agricultural advances”. The assump- 
tion quite clearly is that, given our present knowledge, the 
population is too large for the world to support. 

No one ean deny that too little food is being prod uced, 
but that is far from being the same thing. The natural 
laws of economics operate for the production of food as for 
the production of ball-point pens, colour television sets or 
luxury yachts; all will be produced if, and only if. there 
is effective demand for them. And effective demand 
means not just need, but something to give in exchange. 

The general world shortage of food arises almost 
entirely because those who need food have no effective 
demand. Why this should be is unfortunately outside the 
normal scope of this publication. but 1 hope I may be 
permitted a general observation, In a community where 
wealth is moderately evenly distributed, virtually every 
person will have sufficient effective demand for the most 
basic of requirements, food. In these circumstances the 
production of food will be at a maximum. In societies 
where wealth is heavily concentrated, although the total 
effective demand may be the same, the goods produced will 
be very different, and in the midst of hunger, workers will 
turn from the production of food to the manufacture of 
luxuries. 

I hope that in time Dr Ellis and others will come to 
realize that the terrible problem of world hunger can be 
solved far more easily by slight changes in our economic 
system than by the most incredible advances in agri- 
cultural techniques. 

Yours faithfully, 


K. W. Baynes 
K. W. Baynes and Company, 
Pavement House, 
1193 High Road, 
Chadwell Heath, 
Rornford, Essex RM6 4AP. 


New Clothes for Old Body 


Sim, —I would like to correct the statement that epidemi- 
ology “will eventually be dropped” from the programme 
of the MRC Statistical Research and Services Unit’. 
Although some epidemiological enquiries have been trans- 
ferred to Oxford with Professor Doll, others remain 
among our major continuing interests; the unit is, for 
example, contributing to the development of an important 
long-term international study on the epidemiology of 
tuberculosis?. Moreover, a medical statistics unit, which 
by definition is concerned with numerical aspects of disease 
in groups of individuals, and which also has an explicit 
commitment to advise Medical Research Council staff 
over the whole range of medical statistics, must inevitably 
continue to be involved in epidemiological problems. 


Yours faithfully, 
TAN SUTHERLAND 


Medical Research Council, 

Statistical Research and Services Unit, 
University College Hospital Medical School, 
115 Gower Street, London WC1. 


i Nature, 224, 841 (1969). 
*Sivblo, E., Meijer, J., and Sutherland, T., Bull. Int. Un. Tuberc., 42, 5 
(1969) (French translation in Bull. Wid Hlth Org., in the press). 
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University News 


Dr P. P. Benham has been appointed to the second 
chair of mechanical engineering at the University of 
Belfast. 


Dr J. F. Tait, Worcester Foundation for Experimental 
Biology, Massachusetts, has been appointed to the Joel 
chair of physics as applied to medicine tenable at the 
aOR Teas Hospital Medical School, University of 
London. 


The title of professor of endocrine physiology has been 
conferred on Dr J. Lee in respect of his post at Charing 
Cross Hospital Medical School, University of London. 


The title of professor of radiation biology has been 
conferred on Dr Patricia J. Lindop in respect of her 
post at St Bartholomew’s Hospital Medical College, 
University of London. 

The title of professor of chemical pathology has been 
conferred on Dr G. R. Webster in respect of his post at 
Guy’s Hospital Medical School, University of London. 


Announcements 


The Astronomical Society of the Pacific has awarded 
its bronze medal to Dr R. L. Waterfield of The Obser- 
vatory, Woolston, Yeovil, Somerset, in recognition of 
his work on comets. i 

The City Migraine Clinic will be opened on May 20, 
1970, as an out-station of St Bartholomew’s Hospital. 
It will provide immediate medical attention for the 
migraine sufferer who has an attack during office hours. 
The clinic will be financed by The Migraine Trust, 
23 Queen Square, London WCL. 


International Meetings 


January 6, Legumes as Food—Breeding to Con- 
sumption, London (Mrs A. Shergold, Institute of Food 
Science and Technology, 41 Queen’s Gate, London SW7). 


January 19-23, Technological Economics and Inno- 
vation in Pesticide Manufacture, Stirling (Mrs B. 
Morgan, Short Course Officer, University of Stirling, 
Stirling, Scotland). 


January 26-30, Technological Economics and Innova- 
tion in Pesticide Use, Stirling (Mrs B. Morgan, Short 
Course Officer, University of Stirling, Stirling, Scotland). 
April 29-May 3, Protides of the Biological Fluids, 
Bruges (Dr H. Peeters, 18th Colloquium on Protides of 
Biological Fluids, POB 71, 8000 Brugge, Belgium). 


July 6-9, Ferrites, Kyoto (Dr M. Sugimoto, Institute 
of Physical and Chemical Research, Yamato-Machi, 
Saitama Prefecture, Japan). 


July 6-10, 3rd International Symposium on Pas- 
sivity, Cambridge (Dr T. P. Hoar, Chairman, Local 
Arrangements Committee, c/o Metallurgy Department, 
University of Cambridge, Cambridge, UK). 

July 6-12, Annual Meeting of the Society of Nuclear 
Medicine, Washington (Mrs M. Glos, Administrator, 
Society of Nuclear Medicine, 211 East 43rd Street, 
New York, NY 10017, USA). 

July 8-10, Non-Aqueous Electrochemistry, Paris 
(Dr J. Badoz-Lambling, Laboratoire de Chimie Analy- 
tique, ESPCI, 10 rue Vauquelin, Paris 5, France). 

July 8-11, Meeting of International Society of Endo- 
scopy, Copenhagen (Dr S. Stoichita, 29 rue Pital Mos, 
Bucharest, Rumania). 
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July 12-17, Industrial Measurement and Control by 
Radiation Techniques, London (Manager, Conference 
Department, Institution of Electrical Engineers, Savoy 
Place, London WC2). 


July 12-18, World Congress of Gastroenterology, 
Copenhagen (Professor M. Andreassen, Universitatets 
Kirurgiske Rigsjopitalet, Klinik C, Copenhagen, Denmark). 


July 12-18, 15th International Congress of Urology, 
Tokyo (Taiseibiru, POB Hongo 341, Tokyo, Japan). 


July 13-16, 3rd International Powder Metallurgy 
Conference, New York (Mr P. K. Johnson, Metal Powder 
Industries Federation, 201 East 42nd Street, New York, 
NY 10017, USA). 

July 14-16, Ylides, Leicester (Dr J. F. Gibson, The 
Chemical Society, Burlington House, London WIV OBN). 


July 14-18, Annual Conference of the Society for 
the Study of Fertility, Liverpool (Dr T. D. Glover, 
Conference Secretary, Department of Veterinary Anatomy, 
The University, Liverpool 3, UK). 

July 15-17, Testing Fibrous Composites for Mech- 
anical Properties, Teddington (Meetings Officer, The 
Institute of Physics and the Physical Society, 47 Belgrave 
Square, London SW1). 

July 20-24, Dielectric Materials, Measurements and 
Applications, Lancaster (Conference Department, The 
Institution of Electrical Engineers, Savoy Place, London 
WC2). 

July 20-24, Mechanisms of Reactions in Solution, 
Canterbury (Dr J. F. Gibson, The Chemical Society, 
Burlington House, London W1V OBN). 


duly 20-24, Coastal Geodesy, Munich (Institut für 
Astronomische und Physikalische Geodäsie, 8 München 
2, Arcisstrasse 21, Germany). 


July 21-23, General Meeting of the Society for 
Experimental Biology, Dublin (Dr A. P. M. Lockwood, 
Seeretary, c/o Department of Oceanography, University 
of Southampton, Southampton, UK). 


July 21-24, Technology and Potential of Tunnelling, 
Johannesburg (Secretary, Tunnelling Conference 1970, 
(Tuncon 70), POB 1183, Johannesburg, South Africa). 


July 27-30, Water Pollution Research, San Francisco 
(Dr S. H. Jenkins, Chairman of the Programme Com- 
mittee, c/o Upper Tame Main Drainage Authority, 156/170 
Newhall Street, Birmingham 3, UK, or California Host 
Committee, Room 114 McLaughlan Hall, University of 
California, Berkeley, California 94720, USA). 


July 28-30, Non-Aqueous Solvents, Manchester (Dr 
J. F. Gibson, The Chemical Society, Burlington House, 
London WIV OBN). 


August 2-5, Primatology, Zurich (Professor J. Biegert, 
Anthropological Institute, University of Zurich, Kunst- 
lergasse 15, CH 8001 Zurich, Switzerland). 


August 2-7, High Speed Photography, Denver (Society 
of Motion Picture and Television Engineers, 9 East 
4lst Street, New York, NY 10017, USA). 


August 2-7, Child Psychiatry, Jerusalem (Dr S. Lebovici, 
3 Avenue du President Wilson, 75 Paris 16, France). 


August 5-7, Applications of X-ray Analysis, Denver 
{Professor J. B. Newkirk, Conference Co-Chairman, 
Department of Metallurgy, University of Denver. Denver, 
Colorado 80210, USA). 


August 9-14, 3rd International Congress of Food 
Science and Technology, Washington (Dr W. A. Gort- 
ner, Secretariat, SOS/70—Third International Congress 
of Food Science and Technology, US Department of 
Agriculture, Beltsville, Maryland 20705, USA). 


August 9-15, Microbiology, Mexico (Dr L. F. Bojalil, 
Aptdo Postal 60-63, Mexico 18, DF, Mexico). 
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August 10-16, Geodetic Networks, Budapest (Geodetic 
and Cartographic Society of Hungary, Szabadsag Ter 
17, Budapest V, Hungary). 

August 11-14, Microelectronics, Circuits and Systems 
Theory, Sydney (c/o University of New South Wales, 
Kensington, Sydney, Australia). 


August 11-14, Automatic Control, Kyoto (Department 
of Electronics, Faculty of Engineering, University of 
Kyoto, Yoshida-Honmachi, Sakyo-Ku, Kyoto, Japan). 
August 17-20, Diseases of Cattle, Philadelphia (Pro- 
fessor Rosenberger, Secretary, World Association for 
Buiatries, Bischofscholer Damm 15, 3 Hannover, Ger- 
many). 

August 17-22, Carbohydrate Chemistry, Paris (Dr L. 
Mester, Secretary General, c/o Institut de Chimie des 
Substances Naturelles, 19 Gif-sur-Yvette, France). 
August 17-22, 9th International Anatomical Congress, 
Leningrad (Professor R. J. Scothorne, Secretary, Ana- 
tomical Society of Great Britain and Ireland, Charing 
Cross Hospital Medical School, London WCQ). 

August 18-27, International Wool Textile Research 
Conference, California (Dr H. P. Lungren, General 
Chairman, ¢/o Wool and Mohair Laboratory, US Depart- 
ment of Agriculture, 800 Buchanan Street, Albany, 
California 94710, USA). 

August 18-21, Detonation, California (Dr 8. J. Jacobs, 
5th Symposium on Detonation, US Naval Ordnance 
Laboratory, Silver Spring, Maryland 20910, USA). 
August 19-20, Industrial Applications of Thermo- 


dynamics, Adelaide (Secretary, The Institution of 
Engineers, Australia Science House, Gloucester and 


Essex Streets, Sydney, New South Wales 2600, Australia). 
August 23-26, Hydraulic Machinery and Equipment 
in the Atomic Age, Stockholm (Mr P. G. Falistrorn, 
Secretary, c/o Swedish State Power Board, S-16287 
Vallingby, Sweden). 

August 23-28, 7th Congress of the International 


August 23-28, Psychotherapy, Milan (Dr P. F. Galli, 
Centro Studi di Psicoterapia Clinica, Pizza S. Ambrogio 
1, 20123 Milan, Italy). 
August 23-29, Combustion, Salt Lake City (Combustion 
Institute, 986 Union Trust Building, Pittsburgh, Penn. 
sylvania 15219, USA). 





Sabbatical Itinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratories, Nature 
advertises the needs for housing of families about to 
take up periods of sabbatical leave. To begin with, 
no charge will be made for advertisements like this. 
It is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective. 


Jefferson University, 1015 Sansom Street, Phila- 
delphia, Pa 19107, USA. 


| 
i 
Wanted: Furnished house or flat in London for 
| 
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British Diary 
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Friday, January 2 

Gas and Oil in the ‘80s {2 p.m. Christmaslecture for young people) Dr T, F, 
Gaskell, Institute of Fuel, at Imperial College, Department of Chemical 
Engineering and Chemical Technology, Londen SWT. 


The Reputation of Realdo [Colombo: Dro Gwenneth Whitteridge ; 
Schrédinger’s Problem: What is Life? Dr R. C. Olby (5.30 p.m.) 
British Society for the History of Science, at University College 
London, Gower Street,,London WC. 


Monday, January 5 

Adhesives (8 p.m.) Mr G. H. March, Institution of the Rubber Industry, at 
the Angel Hotel, Cardiff. 

Cortical Hormones, Systemic and Topical (6.50 p.m Dr B. A. Herms, 
FRS, Society of Chemical Industry, at 14 Belgrave Square, London 
Swi, 

Establishment of Standards at High Frequency (5.50 p.m.) Mr A. E. 
Bailey, Institution of Electrical Engineers, at Savoy Place, London 
WC2. 

Estimating for Electrical Contracts (5.50 p.m.) Mr F. Hindler, Institution 
of Electrical Engineers; and the ASEE, at the Great Western Hotel, 
Reading. 

Oogenesis and papers of general interest to developmental biologists 
(10 a.m. two-day meeting) British Society for Developmental Biology, 
in the Department of Biology, Middlesex Hospital Medical School, 
London W1. 


Paint Production Today (7 p.m.) Mr R. Ward, Ou and Colour Chemists’ 
Association, at Hull College of Technology. 


The Financial Performance of Process and Plant Companies and its 
Significance in the National Economy (2.30 p.m. symposium) 
Institution of Chemical Engineers, in the Department of Chemical 
Engineering, University of Birmingham. 

The Thyristor Control of a Multi-Load System with d.c. Supply (5.50 

m.) Me R. M. Davis, Institution of Etectrical Enginecrs, at Savoy 
Place, London WC2. 


Reports and Publications 


(not ineluded in the monthly Books Supplement) 
Great Britain and Ireland 


University of Edinburgh. 
Pp. 14. (Edinburgh: The University, 1969.) 
British Cast Iron Research Association. 
the year ending 30th June, 1969. Pp. 79. 

BCIRA, 1969.) 

University of Lancaster Library Occasional Papers, No. 3: Planning 
Library Services. Proceedings of a Research Seminar held at the University 
of Lancaster, 9-11 July 1969.) Edited by A. Graham Mackenzie and n 

8. 


{1010 

Annual Report 1968-1969 for 
(Alvechurch, Birmingham: 
{1010 


Stuart. (Lancaster: University of Lancaster Library, 1969.) 

$3.50. | Lay 
Genesis One: a Theory of Planetary Origin. By Douglas Rookes. Pp. 46. 

(London: Ardilla Books, 1969.) 10s. {1310 


National Research Development Corporation. Report and Accounts for 


the year ending 3lat March, 1969. Pp. 44. (London: NRDC, 1969.) {1310 

Bulletin of the British Museum (Natural History). Geology. Vol. 18, 
No. 4: Eifelian Brachiopods from Padaukpin, Northern Shan States, Burma, 
By M. M. Anderson, A. J. Boucot and J. G. Johnson. Pp. 105-163 + 10 
The Problematic Permian Reptile Bunoto- 


plates. 60s. Vol. 18, No, 5: uno 
saurus. By Œ. B. Cox. Pp. 165-1964+1 plate. 21s. (London: Pium 


Museum (Natural History), 1969). | 

The Humane Control of Animals Living in the Wild. Pp. 40. The Use of 
Animals in Toxicological Studies. Pp. 42. The Otter Report. By Marie N., 
Stephens. Pp. 88. (Potters Bar, Herts: Universities Federation for Animal 
Welfare, 1969.) 8s. each. {1310 


HOW TO BUY NATURE 
Volumes start in January, April, July and October, but subscriptions 
may begin with any issue. 
The direct postal price per gubscription for one copy of NATURE 
each week is: 

*12 MONTHS (52 issues and 4 indexes) 
Great Britain and Eire 
United States of America 
Canada 
Elsewhere overseas by surface mail 
(Charge for delivery by air mail on application) 
*Shorter periods pro rata. (Minimum three months.) 


{by air freight) 
(by air freight) 
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Other Countries 


Annals of the South African Museum. Vol. 55, Part 1: The Systematics 
of the Fishes of the Family Clinidae in South Africa. By Mary-Louise 
Penrith, Pp. 1-121. (Cape Town: South African Museum, 1969.) 
R5.00. {1610 

Geological Survey, Borneo Region, Malaysia. Bulletin No. 7: Bau 
Mining District, West Sarawak, East Malaysia. Part 2: Krokong. By A.C. 


Pimm. Pp. x+97+46 plates. M$12. Bulletin No. 9: Geological Papers 
1967. Edited by P. Collenette and J. Goh. Pp. 101, M$10. (Kuching, 
Sarawak, Malaysia, Geological Survey, 1967 and 1968.) 1610 


OECD. Perspectives of Planning: Proceedings of the GECD Working 
Symposium on Long-Range Forecasting and Planning, Bellagio, italy, 
27th October-2nd November, 1968. Pp. 525. (Paris: Organization for 
Economie Co-operation and Development; London: HM Stationery Office, 
1669.) 48 francs; 82s., $12; 40 DM, {1610 

US Department of the Interior: Geological Survey. Techniques of 
Water- Resources Investigations of the US Geological Survey. Book 3, Chap- 
ter AS: Discharge Measurement at Gauging Stations. Ky Thomas J. 
Buchanan and William P. Somers. Pp. vii+65. $0.70. Professional Paper 
599-D: Detection of SH-Type Seismic Shear Waves by Means of Angular 
Accelerometers. By James H. Whitcomb. Pp. tii+6. $0.25. Professional 
Paper 614-F: Studies of Celadonite and Glauconite. By Margaret D. Foster. 
Pp. lii+17. $0.40. Professional Paper 618: Mineral Investigations in 
Northeastern Thailand. By Herbert S. Jacobson ef al. Pp. v +6411 
plates. (Washington, DC: Government Printing Office, 1969.) [16108 

Institut pour ? Encouragement de la Recherche Scientifique dans PIndus- 
trie et Agriculture. Rapport Annuel, Exercice 1968. Pp. 285. (Bruxelles: 
Institut pour Encouragement de la Recherche Scientifique dans l'Industrie 
et Agriculture, 1969.) . [1710 

US Department of the Interior: Geological Survey, Water-Supply 
Paper 1918: Surface Water Supply of the United States 1961-65. Part 6: 
Missouri River Basin. Vol. 3: Missouri River Basin from Sioux City, Iowa, 
to Nebraska City, Nebraska. Pp. ix+751. (Washington, DC: Government 
Printing Office, 1969.) 1719 

New Zealand Meteorological Service. Rainfall Observations for 1967-—~ 
Stations in New Zealand and OQutlving Islands, including the Cook Group. 
Pp. 538. (Wellington: Government Printer, 1969.) {2010 

Pharmaceutical Manufacturers Association. 1969 Annual Report. Pp. 24. 
(Washington, DC: Pharmaceutical Manufacturers Association, 1969.) [2010 

Lawrence Radiation Laboratory, Berkeley, 1968. Pp. 95. (Berkeley: 
University of California, 1969.) 2010 

Field Museum of Natural History. Fieldiana: Geology. Vol. 16, No. 11: 
Morphology and Relationships of Saurocephalid Fishes. By David Bardack 
and Gloria Sprinkle. Pp. 297-340. (Chicago: Field Museum of Natural 
History, 1969.) [2010 

Canada. National Museum of Canada. Bulletin No. 243: Les Jeux de 
Ficelle des Arviligiuarmiut. Par Guy Mary-Rousseliére. Pp. xvii+ 152 (10 
planches). $3. Bulletin 235: Eskimo Stories from Povungnituk, Quebec. 
By Z. Nungak and E. Arima. Pp.x+137. $3. National Museum of Natural 
Sciences. Publications in Botany, No. 1: A Taxonomic Revision of the 
Genus Plagiothecium from North America. By Robert R. Ireland, Pp. 
vili+ 118. $9.25, (Ottawa: Queen's Printer, 1969.) {2010 

Companhia de Diamantes de Angola (DIAMANG). Servicos Culturais. 
Museu do Dundo. Subsidios para o Estudo da Biologia na Lunda. Publi- 
eacoes Culturais No. 46: Nouvelles Contributions à P Etude Systématique et 
Biogéographique des Glossines (Diptera). Mamiferos de Angola ainda nao 
Citados ou puco Conbecidos. Por A De Barros Machado, Pp. 231. (Lisboa: 
Companhia de Diamantes de Angola, 1969.) 2010 

Koninklijk Nederlands Meteorologisch Instituut. Mededelingen en 
Verhandelingen, No. 92: The Influence of Solar Flares on the Tropospheric 
Circulation (Statistical Indications, Tentative Explanation and Related 
Anomalies of Weather and Climate in Western Europe). By J. E, Schuur- 
mans. Pp. 122, 19 florins. Climatological Data of Netherlands Stations. 
No. 1: Normals for the Standard Period 1931-1960. Pp. xxxvii +68., 6.50 
florins. (De Bilt: Koninklijk Nederlands Meteorologisch Instituut, 1968 and 


1969.) . [2110 
US Department of the Interior: Geological Survey. Nee 
arts 


Paper 1955: Quality of Surface Waters of the United States 1964. 
3 and 4: Ohio River Basin and St. Lawrence River Basin. Pp. xi+440. 
(Washington, DC: Government Printing Office, 1969.) $2. 2110 
Deutsche Akademie der Wissenschaften zu Berlin, Institut für Meeres- 
kunde, Beiträge zur Meereskunde Heft 24-25: Meeresgrund- und Küsten- 
forschung im Bereich der Ost- und Nordsee. THI: Sediment und Benthos. 
Pp. 192. (Berlin: Akademie-Verlag, 1969.) 92 DM. . {2110 
Smithsonian Contributions to Zoology. No. 13: An Mustrated Key to 
the Families of the Order Teuthoidea Ni eel a By Clyde F. E. Raper, 
Richard E. Young and Gilbert L. Voss. Pp. 32 (16 plates). $0.45. No. 15: 
A Monograph of the Cephalopoda of the North Atlantic-—The Family 
Joubiniteuthidae. By Richard E. Young and Clyde F. E. Roper. Pp. 10. 
$0.25. (Washington, DC: Smithsonian Institution Press, 1969. Available 
from US Government Printing Office.) . 12110 
Australian Academy of Science. Science and Industry Forum. Govern- 
ment Approaches to Science. By The Hon. Malcolm Fraser. Pp. 14. (Can- 
berra: Australian Academy of Science, 1969.) 2210 
Department of Agriculture, Fiji. Bulletin No, 51: The Banana-Root 
Nematode in Fiji, By Albert L. Taylor. Pp, 22. (Suva-Fiji: Department 
of Agriculture.) 30e. {2 
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Count on Olympus FHF-Tr | 
-for the best quality 
research microscope 


FHF models are available 

‘with any head-stage combination 
that can be changed 

easily and instantly 











Plan achromatic objectives, 
provided with type III 

but optional for types | and Il, 
have no spherical aberrations 
and no field curvature. 

The field of photomicrographic 
work can be widened 

by using low magnification 


: aioe iIt-in illuminator, 
plan achromatic objectives. Built-in illuminat 


with 3-step change of 
brightness according 
to magnification, 
needs only be centered 
once, regardless of 
iitra-sensitive magnification changes. 
fine adjustment 
system of 0.0005 mm, 
the first of 
its kind in the world, 
for easy accurate focus. 





Interchangeable accessories, 
such as photographic 
equipment, 
phase contrast accessory, 
dark field condenser and 
fluorescent light source 
Coaxial coarse and are available to suit 
fine focus knobs make the needs of 
manipulations easy. - individual researchers 








OLYMPUS 


OLYMPUS OPTICAL CO. LTD. 7, 3-chome, Kanda-Ogawamachi, Chiyoda-ku, Tokyo, Japan 
OLYMPUS OPTICAL CO., (EUROPA) GmbH. 2 Hamburg 1, Steindamm 105, Germany 
OLYMPUS CORPORATION OF AMERICA 2 Nevada Drive, New Hyde Park, N.Y. 11040. U.S.A. 








Classified Advertisements 


Ail copy is subject to the approval of the Pab- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion. 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors, 
although every care is taken to avoid mistakes, 
Semi-displayed £6 per single column inch, 
Minimum £3, each additional 1/I2th of an inch 
10s. Full page £158, Half page across £80. 
Colour (orange) £20 extra, 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number, 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T, G. Scott and Son, Limited, | Clement's 
inn, Strand, London, W.C.2. Telephone: 


01-405 4743. Telegrams: Textualist, London! 
W.C.2, 





APPOINTMENTS VACANT 


UNIVERSITY OF 
BRITISH COLUMBIA 


Department of Chemistry 


GRADUATE TEACHING 
ASSISTANTSHIPS 


Graduate Teaching Assistantships are 
available for candidates with high 
academic records who wish to pursue 
further studies towards the Ph.D. in 
Chemistry. Excellent research facili- 
ties are available in all areas of 
modern Chemical Science, ranging 
from  Bio-Organie Chemistry to 
Chemical Physics. Stipends $3,600 
(minimum) per annum. 


Application forms and further par- 
ticulars may be obtained from the 
undersigned. 


Professor C. A. McDowell, 
Department of Chemistry, 
University of British Columbia, 
Vancouver 8, British Columbia, 
Canada. 

(1932) 


UNIVERSITY OF 
WESTERN ONTARIO 
LONDON, ONTARIO, CANADA 


CHAIRMAN OF DEPARTMENT OF 
BIOPHYSICS 


Applications for this position are invited fram 
persons imerested in teaching and research in a 
health sciences environment. The successful can- 
didate would be expected to set up his own re- 
starch programme, train graduate students, and 
help maintain the existing undereraduate honours 
programme in biophysics. The existing research 
interests of the present faculty members (D jn- 
clude biophysics of blood vessels and blood flow, 
cells, cell membranes. and radiobiology. with the 
use of infrared spcctraphotometry, electron para- 
Magnetic resonance, micromanipulation, etc. The 
applicant could share these interests or bring 
any other biophysical interest which is medically 
oriented g, neurobiélogy, radiobiclogy, ew). 

Applications should be forwarded to Dean D. 
Bocking, Faculty of Medicine, Health Sciences 
Centre, with curriculum vitae, Hst of publica- 
ions, letter outlining interests, and two referees, 
Closing date. March 1, 1970. Position becomes 
available July, 1970, or later if necessary. 
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UNIVERSITY OF BIRMINGHAM 


LECTURESHIP IN MATHEMATICAL 
STATISTICS 


Applications are invited for a past of LEC- 
TURER in the Department of Mathematical 
Statistics, which at present consists of geven 
permanent teaching staf, one® temporary leeturer 
and one research fellow. Salary scale: £1,240 to 
£2,850 plus PS S.U, 

Applications (three) naming three referees, to 
Assistant Registrar (8). P.O. Box 363, Birming- 
ham 15, by Janaary 1. 1970. Please aor a 
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C STIR 
_ RESEARCH 
PHYSICIST 
AUSTRALIA 


DIVISION OF PLANT INDUSTRY 
F. C. PYE FIELD ENVIRONMENT LABORATORY 


GENERAL Scientific research in the Pye Laboratory of the Common- 
wealth Scientific and Industrial Research Organization, Division of Plant 
Industry, located at Canberra, A.C.T., aims primarily at the basic under- 
standing of biological and physical processes of the soil-plant-atrnosphere 
system. Attention is directed particularly to the interactions between 
energy, water, and nutrient transfer in the system, Facilities include 
laboratories for soil physics, gas physics, solar radiation, fluid mechanics, 
micrometeorology, and physiology, as well as mobile laboratories” for 
study of the fleld environment. A large wind-tunnel has been constructed 
recently. The Laboratory is linked by teletype with the CSIRO CDC 3600 
Computer. There is access to CERES the Division's large controlled 
environment facility, which is also nearby. 


The staff of the laboratory at present includes seven research scientists 
(biologists, physicists, and mathematicians), together with experimental 
officers and technical staff. | 


DUTIES The appointee will be required to conduct experimental and 
theoretical research into the basic physics of water movement and solute 
transfer processes in saturated and unsaturated porous media and soils. 
The laboratory has worked in this field since its inception, and physical 
facilities for experimental research are available. 


QUALIFICATIONS Applicants should have a Ph.D. degree or appro- 
priate postgraduate research experience of equivalent standard and dura- 
tion, supported by satisfactory evidence of research ability. 


SALARY Depending upon qualifications and experience, the appoint- 
ment will be made within the salary range of Research Scientist, $A5,960- 
$A7,562 p.a., or Senior Research Scientist, $A7,869-$A9,173 pa An 
applicant with an outstanding record of research achievement would be 
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considered for appointment as Principal Research Scientist, $A9,560- 


$A10,996 p.a. Salary rates for women are $A428 p.a, less than the corres- 
ponding rates for men. Promotion within CSIRO to a higher classification 
is determined by merit. 


NOTE The duration of the appointment will be determined in consul- 
tation with the successful candidate; some applicants may prefer a fixed term 
appointment for three years. The appointment will be conditional upon 
passing a medical examination and an initial probationary period of twelve 
months may be specified. An indefinite appointment carries with it 
Commonwealth Superannuation Fund or Provident Account Privileges. 
Fares paid for the appointee and his dependent family. Further details 
supplied on application. 


Applications, (quoting Appointment No. 130/1043), and stating full name, 
place, date and year of birth, nationality, marital status, present employ- 
ment, details of qualifications and experience, together with the names 
of not more than four persons acquainted with the applicant's academic 
and professional standing should reach: 


Mr. R. F. Turnbull, 

Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64 Kingsway, 

LONDON, W.C.2. 

by the 30th January, 1970. 


Applications in U.S.A. and Canada should be sent to The Scientific Attaché, 
Australian Embassy, 1601 Massachusetts Ave. NW, WASHINGTON DC 20036. 


(2103) 
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- Nestlé, Switzerland has openings in the Fermentation Sectionof its industriat akon tory 
in Orbe, swwilzel) and for i= 


Vacancies in 
Switzerland 








USMS with a Ph.D. or equivalent degree and some years’ experience inj 
mierobial biochemistry. i 
The successful candidate is expected to head a team studying the production and isolation | 
of fermentation products. } 














form. 


UNIVERSITY OF BRADFORD 


Applications are invited for the post of 
ASSISTANT ENGINEERING 
LIBRARIAN 


Candidates should have a good honours de. 
gree and an appropriate quakfication in Hbrarian- 
ship or information science, and will be expected 
to help develop information service. In the case 
of engineering and science graduates, experience 
will be accepted in lieu of a formal Ubrary quali- 
fication. — 

Salary within the range for Assistant Librarian 
TT £1,240 to £2,505 (F.S.8.U.). Removal allow- 
ances up to £150 are payable in certain circurn- 
stances, 

Further particulars and application form from 
a Registrar, University of Bradford, Brad- 
‘ord, 7. 

Closing date for application January 17, 1970. 

Please quate ref. L/AL73/X. (2076) 
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UNIVERSITY OF CAMBRIDGE 


DEPARTMENT OF AGRICULTURAL 
SCIENCE AND APPLIED BIOLOGY 

Agnlications are invited for TWO POSTS 
financed by the Ministry of Overseas Develop 
ment: 

J. Research Fellow or Senior Research Fellow 
with experience in PLANT BREEDING to work 
in Cambridge in a joint breeding programme on 
Phaseolus beans with Makerere University Col- 
lege, University of East Africa, Uganda, A 
sound knowledge of Genetics is necessary and 
some experience of working in the tropics will 
be an advantage. Salary in the range £1.530 
to £2 BAO, 

2. Junior Research Fellow with qualifications 
in BIOCHEMISTRY to work on protein qualty 
and nutritional value of Phaseolus beans, Salary 
in the range £1,240 to £1,470. 

Both appointments for three years and per- 
sionable under FSS U. 

Further information from and appHcations in 
writing, giving full personal details and names 
and addresses of at least two referees, to the 
Secretary, Department of Agricultural Science 
and Applied Biology, Downing Street, Cam- 
bridge, ta reach him not later than January 31, 
1O70. (2104) 


UUNUMIULUNIUI with a Ph.D. or equivalent degree and some years’ experience i 
preferably i in industrial microbiology. | 


GUGLO] with a M.Sc. or B.Sc. degree or equivalent to work with a senior- i 
biochemist on the production and isolation of fermentation products. | 


PANETE 
BIOÆNGINEER 


with a M.Sc. or equivalent degree. The job, as assistant to the Head i 
of the pilot plant, involves development of batch and continuous processes for fermenta- | 
tion and product isolation and their scaling up to production scale. i 


IOR & JUNIOR LABORATORY TECHNICIANS in micrbiciogy and biochemistry tol] 


assist in the research outlined above. | 
The work is carried out in modern, well-equipped laboratories. Qualified specialists) 
would give to the newcomers the opportunity to develop their professional knowledge } infi 
the field of applied research in the food industry. a 


Please write in the first instance to:— 
G. A. Smith, Personnel Department, The Nestlé Company Limited, 
St. George’ S House, Croydon CR91 NR 


applicationi is being made: or telephone01-686 3333 Ext. 2339 for an app atio n 
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SCIENTIFIC WRITER 


for Pharmaceutical 
Research Company 


Janssen Pharmaceutica n.v., require an experienced scientific writer for a 
position within their Research Department, 


Research has been the most important function in the development of our 
young company during the past 12 years from a small national to a highly 
respected international company, with products of original research marketed 

in over 125 countries. 


Our requirements are for a science graduate with a flair for data assembly 
and with the ability to write clear, concise English for the preparation of 
manuscripts for presentation to medical and scientific publications. The 
successtul applicant will report to the Director of Research but at all fimes 
will be expected to work in close liaison with al! ase lin research 
managers, A working knowledge of French would be an advantage but 
this is in no way essential as English is the common language of our 
research community. 


The post. based at our Research Laboratories near Antwerp, offers an 
attractive salary with annual holidays on double sajary and a yearend 
bonus, 
Applications with a brief curriculum vitae, which will be treated in strict 
confidence, should be addressed to the: 
Personnel Director, 
Janssen Pharmaceutica, ° 
Turnhoutsebaan 30, “ 


2340 Beerse, Belgium. 
2108) 
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CSIRO 


RESEARGH SCIENTIST 
AUSTRALIA 
DIVISION OF APPLIED MINERALOGY 


GENERAL The Division of Applied Mineralogy of the Commonwealth 
Scientific and Industrial Research Organization carries out investigations 
on the mode of origin, characterisation and utilisation of deposits of 
economic minerals at laboratories located at Fishermen's Bend, Melbourne 
and at Floreat Park, Perth. The appointee will be located at Perth, W.A. 





DUTIES The appointee will be required to conduct research into 
eocesses that contro] the migration of elements of economic significance 
in ithe weathered zones of rocks under Australian climatic geomorpho- 
logical conditions with the aim of improving techniques of geochemical 
prospecting. 


QUA LIFICATIONS Applicants should have a Ph.D. degree in an 
approfpiate field or postgraduate research experience of an equivalent 
st edard and duration, supported by satisfactory evidence of research 


ARY Within the salary range of Research Scientist, $A5,960- 
yfp.ac “Salary rates for women are $A428 p.a. less than the corres- 
ponding rates for men. 











NOTE The appointment will be for an initial period of three years 
and will be conditional upon passing a medical examination. An initial 
probationary period of twelve months may be specified. Fares paid for 
the appointee and his dependent family. Further details supplied on 
application, 


Applications, (quoting Appointment No: 604/71), and stating full name, place, 
date and year of birth, nationality, marital status, present employment, 
details of qualifications and experience, together with the names of not 
more than four persons acquainted with the applicant’s academic and 
professional standing, should reach: 


Mr. R. F. Turnbull, 

Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64 Kingsway, 

LONDON, W.C.2. 

by the [6th January, 1970. 


Applications in U.S.A. and Canada should be sent to the Scientific Attaché, 
Australian Embassy, 1601 Massachusetts Ave. NW, WASHINGTON DC 20036. 


ULSTER: 
THE NEW UNIVERSITY 


Applications are invited for the following four Posts tenable from October 1, 1970. 


SENIOR LECTURESHIP (one) and in Organic or Physical-organic 


LECTURESHIP (two) Chemistry. 

(Ref. 69/1683 

SENIOR LECTURESHIP in Inorganic Chemistry. 

(Ref, 69/169) . RORI 7 

Salary: Senior Lecturer: £2,920 to £3.670 with F.S.S.U. = 
Lecturer: £1,240 by £115 to £2,850 with PSS U. (niusi appoiniment will 


be at one of the first six points on scale). ; 
Further particulars may be obtained from The Registrar, The New University of Ulster, 
Coleraine, Northern Ireland (quoting appropriate reference number), to whom applications 
and the names and addresses of three referees, should be sent by February 14, 1970. (2100) 








G.K. BUREAU 


_Offer a Free Personal Service ro Scien. 
tific and Technical staff in the folowing 
fields : Applied Biology, Chemistry, 
Physics, Metallurgy, Electronics, Engineer- 
ing, Geology, ete. 

Ring or write 17 Shaftesbury Avenue, 
W.1, 01-734 7232. Interviews by appoint- 
ment ony. i27084 


Liverpool 
Education 


LIVERPOOL REGIONAL 
COLLEGE OF TECHNOLOGY 


Byrom Street, LIVERPOOL L3 3AF 


RESEARCH 
ASSISTANT 


(£885-£1,095 per annum) 


This post is in che Department of Chemistry 
and Biology and is for research in fungel 
genetics. Applicants should possess a good 
honours degree in a branch of Biology and 
should be interested in genetics, 


The successful candidate will work for the 
Ph.D. degree of the Council for National 
Academic Awards. General Local Govern- 
ment conditions apply. 


Application forms, returnable ro Dr. G. E. 
Anderson at the College by 9th January, 
1970, obtainable from che Director of 
Education, H4 Sir Thomas Street, Liverpool. 


Li 6B. 
STANLEY HOLMES 
Town Dierk. 
{2096} 
Sear SR ee as ae ee 
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LAURENTIAN UNIVERSITY 
SUDBURY, ONTARIO, CANADA 
DEPARTMENT OF GEOLOGY 
STAFF APPOINTMENTS 
1970-71 

Applications are invited for two staff positions 
for the Fall of 1970 in a young and developing 
department. The unique geofogical setting of 
Sudbury lends imelf parucularly to studies in 
petrogenesis, ore deposits, mineral exploration 
geophysics and geochemistry. Precambrian sirati- 
graphy, structure and sedimentation. The De- 
partment is moving into a new building in the 
Spring of 1970 providing about 20.000 square feet 
of laboratory, research and office space. Philips 
X-ray diffraction and spcctrographic research 
facilites are available, as well as hydrothermal 
and analytical laboratories for mineral synthesis 
studies, 

G@ PETROLOGY MINERALOGY—to teach 


graduate and undergraduate courses in mineral” 


ogy and petrology: to develop research in these 
fields within a co-ordinated programme inthe 
Department. Interests and cxmieyrkince in Noray 
anaiviical procedures, silica:e analysis and perro- 
genesis are desirable. 

i) SEDIMENTOLOGIST—-to teach graduate 
and undergraduate courses in sédimicntary perro- 
graphy, sedimentary processes and environments 
and their relation to sedimentary ores; to de- 
velop research in these fields within a co-ordin- 
ated programme concerning the Precambrian 
terrains of Northern Ontario. 

Applicants must bave a Ph.D. and experience 
in both teaching and research. Salary and rank 
are dependent on qualifications; appcinuments 
effective from September 1, 1976. Applications, 
giving personal résumé, research interesis and ex- 
perience, and the names of at least three referees 
who are in a position to assess the applicant's 
character, scholarly ability and aptitude for 
reaching, should be sent to: 

DO H. WILLIAMSON, 
‘hairman. 

Deparment of Geology, 

Laurentian University, l 
SUDBURY, Ontario. (20135 


